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EXECUTIVE SUMMARY 

The Kaua‗i Island Utility Cooperative (KIUC) is seeking incidental take authorization from the U.S. 

Fish and Wildlife Service (USFWS) and the Hawai‗i Department of Land and Natural Resources 

(DLNR), Division of Forestry and Wildlife (DOFAW) for the continued operation and maintenance 

of all existing KIUC facilities, and the installation, operation and maintenance of certain future KIUC 

facilities.  Its applications request coverage for a period of up to 5 years. The authorization is needed 

because some of these facilities have the potential to result in the incidental take of three federally- 

and state-listed threatened and endangered species:  the Hawaiian Petrel (Pterodroma sandwichensis), 

Newell‘s Shearwater (Puffinus auricularis newelli), and the Federal candidate for listing Band-

rumped Storm-Petrel (Oceanodroma castro).  No other listed, proposed, or candidate species have 

been found or are known or expected to be affected by KIUC facilities or activities.   

KIUC is seeking an Incidental Take Permit (ITP) from the USFWS under section 10(a)(1)(B) of the 

Federal Endangered Species Act, and an Incidental Take License (ITL) from DLNR under sections 

195D-4 and 195D-21 of the Hawai‗i Revised Statutes.  This HCP supports the issuance of these 

permits, and describes how KIUC will avoid, minimize, mitigate, and monitor the incidental take of 

threatened and endangered species that may occur as a result of existing or future facilities and 

activities.  KIUC has already implemented many measures to avoid, minimize and mitigate the 

potential impacts.  These include shielding all KIUC owned street lights to eliminate upward-

projecting light that could disorient seabirds; pursuing opportunities to underground existing and 

proposed power lines; supporting and funding the Save-Our-Shearwaters (SOS) program; 

experimenting with methods to increase the visibility of power lines; supporting seabird predator 

control on Lehua Island; and carrying out extensive research designed to identify seabird breeding 

colonies where measures can be taken to enhance the successful reproduction of the species.  KIUC 

will implement additional minimization measures at the locations that the USFWS and DOFAW have 

identified as constituting the greatest risk to the Covered Species.  These measures include 

undergrounding lines (the Wailua area), reconfiguring (including undergrounding) lines at and near 

Keālia  Beach, and reconfiguring numerous other distribution line segments to reduce the number of 

wire layers with which birds could potentially collide and lowering the height sufficiently to bring 

them beneath shielding terrain, vegetation, or structures.   

The general and species-specific mitigation measures KIUC is proposing include:  

 Implementing the SOS Program for the term of the ITP/ITL.  

 Carrying out seabird colony management and predator control in the Limahuli Valley and at the 

Hono o Na Pali Natural Area Reserve for the term of the ITP/ITL.   

 Updating Spear et al.‘s (1995) estimates of at-sea seabird populations.   

 Conducting a two-year auditory survey to locate additional seabird breeding colonies.   

 Funding development and implementation of a DOFAW-conducted underline monitoring program 

aimed at better-understanding take by overhead utility structures.   

 For each of the years that the ITP/ITL remain in effect beyond Year 3, undertake habitat 

management within Wainiha Valley or other suitable location and possibly providing financial 

support for the continuation of DOFAW‘s existing radar survey program should other funding 

sources become unavailable.  

The work that KIUC proposes to carry out will enhance knowledge of the species‘ biology and 

distribution and improve their chances of reproductive success.  This HCP incorporates adaptive 

management provisions to allow for modifications to the mitigation and monitoring measures as 

knowledge is gained during implementation. 
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CHAPTER 1 –  INTRODUCTION & BACKGROUND 

1.1 OVERVIEW & BACKGROUND  

1.1.1 APPLICANT: THE KAUA‘I ISLAND UTILITY COOPERATIVE 

The Kaua‗i Island Utility Cooperative (KIUC) is a not-for-profit, tax-exempt cooperative association 

governed by a publicly-elected nine-member Board of Directors.
1
  KIUC is entirely ratepayer-owned 

and is responsible for the production, purchase, transmission, distribution, and sale of electricity on 

the Island of Kaua‗i, Hawai‗i.  KIUC was formed to purchase and operate the assets of the previous 

owner, Kauai Electric (KE) (a division of Citizens Utilities Corporation).  KIUC completed the 

purchase of KE assets in November 2002.  KIUC is a public utility regulated by the Hawai‗i Public 

Utilities Commission, and is required by law to provide and ensure the availability of reliable 

electrical service.   

In order to carry out its responsibilities of ensuring reliable electrical service to Kaua‗i, KIUC owns 

and operates a variety of electric utility installations on the Island.  These include fossil-fuel-fired 

generating stations at Port Allen and Līhu‗e, the upper and lower Waiaihi hydroelectric stations 

within the Wailua watershed, 7 electrical substations and 5 switchyards located throughout the island, 

approximately 160 miles of electrical transmission lines, approximately 560 miles of 12.5 kV 

electrical distribution lines, and approximately 425 miles of secondary lines (120/240 volts) that carry 

power from step-down transformers that are part of the distribution network to individual homes and 

businesses.
2
  KIUC also purchases power from several independent power producers (IPPs) and 

transmits the power that is obtained from these sources through its electrical transmission system.  

Figure 1.1 contains a satellite photo of the Island of Kaua‗i.  Figure 1.2 shows the location of major 

KIUC facilities.   

1.1.2 NEED FOR THE HCP  

KIUC‘s electrical transmission and distribution system is largely above ground and consists of poles 

and wires that extend from 25 to more than 100 feet above ground.  The overhead wires and poles 

occupy airspace through which birds fly, and collisions between birds and these facilities have been 

reported.  Its other facilities, including generating stations, substations, equipment baseyards, offices, 

and other facilities are of less concern, but some take has been attributed to them.  Studies indicate 

that KIUC‘s existing facilities have affected three species of seabirds that are protected by the Federal 

Endangered Species Act, the Hawai‗i Endangered Species Act, and other Federal and State laws and 

regulations.  The species are the Federally listed endangered Hawaiian Petrel (Pterodroma 

sandwichensis), the Federally listed threatened Newell‘s Shearwater (Puffinus auricularis newelli), 

and the Federal candidate for listing Band-rumped Storm-Petrel (Oceanodroma castro).  All three 

species, hereafter referred to as the ―Covered Species,‖ are also listed by the State of Hawai‗i as 

threatened or endangered species.  These species nest and breed in certain inland locations on the 

island but spend most of their lives at sea.  They generally travel between land and sea during hours 

of darkness or near-darkness.   

 

 

 

 

 

                                                 
1 KIUC was formed as a cooperative pursuant to the provisions of Chapter 421C of the Hawai‗i Revised Statutes.   

2 Approximately 162 miles (22 percent) of the transmission and distribution lines are underground.   
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Figure 1.1 Satellite Photo of Island of Kaua‘i   
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In addition to collisions, urban lights, including streetlights KIUC owns and operates on behalf of the 

County of Kaua‗i, can attract and/or disorient fledglings of these species making their first flights to 

sea.  Birds that become disoriented by these lights can exhaust themselves by flying around the 

lighted areas before eventually landing, and can also collide with obstacles such as power lines, utility 

poles, buildings, and other tall structures.  The Covered Species have very limited ability to resume 

flight from flat surfaces, therefore once on the ground they are highly subject to predation by dogs, 

cats, and other mammals, and to injury and death by vehicles, other human activity, or due to 

dehydration or starvation.   

As discussed elsewhere in this document (see, for example, Sections 1.2 and 1.3 below, harm caused 

by collisions and light-related downings is prohibited under both Federal and State laws unless 

permits are obtained.  This HCP provides the factual basis for the determinations that must be made 

for the permits to be issued.   

1.1.3 HISTORY OF THIS HCP  

1.1.3.1 Initial Agency Discussions with Kaua‘i Electric & Interim Conservation Measures  

In 2001, KE engaged in discussions with the U.S. Fish and Wildlife Service (USFWS) and the 

Hawai‗i Department of Land and Natural Resources (DLNR) Division of Forestry and Wildlife 

(DOFAW) regarding the potential effects on threatened and endangered seabirds of a new electrical 

transmission line needed to connect a new electrical generation facility (constructed by another 

company) to the KE system.  In consultation with the agencies, KE conducted radar surveys to 

identify seabird flight paths and altitudes in the vicinity of the proposed line, then altered the initial 

location, design, and height of the line in order to avoid impacts to seabirds.   

Following these project-specific efforts, KE and the agencies then began discussing the development 

of a Habitat Conservation Plan (HCP) for the entire KE system.  Such an HCP would identify and 

implement measures to minimize impacts of KE‘s existing and future facilities (e.g., power lines, 

lights) and operations on these seabird species, and measures to mitigate for unavoidable impacts.  In 

recognition of the ongoing effects of KE‘s existing facilities on seabirds, and the fact that 

development and approval of a system-wide HCP was likely to take several years, KE and the 

agencies quickly agreed to a more proactive approach.  Rather than await the conclusion of the multi-

year HCP development and approval process to institute minimization and mitigation measures, KE 

immediately began developing and implementing a series of ―Interim Conservation Measures‖ 

(ICMs) designed to immediately reduce and mitigate impacts to seabirds.  These ICMs, and KE‘s 

commitment to develop an HCP, were memorialized in a Memorandum of Agreement (MOA) signed 

by KE and the USFWS on November 7, 2002.
3
   

1.1.3.2 KIUC Assumes Responsibility for HCP, Develops Draft HCPs for Agency Review   

KIUC continued working towards an HCP immediately after it assumed control of KE‘s assets, and 

has continued to do so ever since, entering into a second MOA containing additional ICMs in 

December 2004.  Both MOAs provided that the utility would receive full credit for all ICMs 

implemented prior to approval of the HCP and issuance of the incidental take permits, meaning that 

the USFWS would consider all of KIUC‘s actions – past, present and future – when evaluating 

KIUC‘s permit application.  

KIUC met regularly with USFWS and DLNR representatives as it completed the ICMs and sought 

agency agreement on a satisfactory avoidance, minimization, and mitigation program for the HCP.  It 

submitted a complete draft HCP to both agencies in early 2006, then a complete revised draft in 

November 2006.  In late 2006 the agencies notified it of a potential mitigation opportunity in 

Limahuli Valley.  KIUC immediately joined in discussions with the landowner and involved parties 

and incorporated Limahuli into its proposed HCP.   

                                                 
3 This MOA was also binding on KIUC, which completed the purchase of KE‘s assets later that month.   
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1.1.3.3 KIUC Submits HCP and Application for Incidental Take Authorization (October 2007)  

In October of 2007, the utility submitted its proposed HCP and associated applications for long-term 

incidental take authorization to DOFAW pursuant to Hawai‗i Revised Statutes (HRS) Chapter 195D, 

and to the USFWS pursuant to the Endangered Species Act.  The USFWS provided comments on the 

HCP to KIUC in March 2008, and KIUC responded to most of the comments by May.  Because of a 

staffing shortage, DOFAW‘s review of the Draft HCP was delayed for over a year.   

In December 2008 DOFAW and USFWS presented to KIUC a joint written response to the October 

2007 HCP.  In their response the agencies noted the following:   

 KIUC has made concerted efforts in the areas of avoidance and minimization of impacts to listed 

seabird species.   

 The utility has documented significant contributions to the Save-Our-Shearwaters (SOS) program.
4
   

 KIUC‘s support of the SOS program has contributed substantial education and community outreach 

on behalf of these species.   

 The Draft HCP itself represents a substantial effort toward meeting Federal and State requirements.   

The agencies also concluded that additional information was needed before determining the effect of 

a long-term take authorization, and that a short-term HCP would allow the opportunity to provide 

benefit to the species through implementation of mitigation and recovery actions that would not 

otherwise occur, and gather the additional information needed for long term management.  As a 

result, the agencies recommended a new, two-stage approach for obtaining incidental take permit 

coverage, as described below. 

1.1.3.4 Agencies’ Shift to Two-Stage Approach for Obtaining Take Coverage (December 2008)  

The agencies recognized KIUC‘s need for incidental take authorization.  However, in December 2008 

they concluded that the information which exists about the species is insufficient to grant long-term 

take authorization.  The agencies therefore proposed a new two-stage approach:  

 First, KIUC would modify its October 2007 HCP to seek short-term (3 to 5 years) take 

authorization.  This interim plan would commit to certain mitigation measures that would provide 

immediate conservation benefits to the species and generate new scientific information that would 

better-inform decision-making.     

 Second, for purposes of obtaining long-term take authorization, KIUC would do so not through its 

own HCP, but instead by obtaining coverage through the island-wide Kauai Seabird HCP 

(KSHCP), which DOFAW is currently developing using grant funding provided by the USFWS.  

(DOFAW and the USFWS currently intend for the KSHCP to be completed and approved by late 

2011 or early 2012.)   

In this approach the take authorization provided by the ITP for KIUC‘s Short-Term HCP would be 

superseded  by take authorization provided under the KSHCP as soon as that is available as described 

in Section 1.1.3.6 below.   

 

1.1.3.5 Agencies’ Recommended Process for Obtaining Short-Term Incidental Take Coverage  

In December 2008, DOFAW and USFWS recommended that KIUC modify its October 2007 Draft 

HCP to seek short-term take authorization and incorporate certain specific minimization, mitigation 

                                                 
4 SOS is a program begun by DOFAW in the 1970s in response to the observed grounding of fledgling seabirds each fall.  

Island residents are requested to retrieve seabirds observed on the ground and take them to designated aid stations.  The 
vast majority of grounded seabirds are uninjured but typically have great difficulty resuming flight without human 
intervention.  With the help of the SOS Program, most are released back into the wild following evaluation, rest and/or 
hydration.   
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and monitoring actions.
5
  This approach would provide the take authorization KIUC had applied for 

(though for a shorter time period), satisfy associated minimization, mitigation and monitoring needs, 

and allow for the collection of additional scientific information needed to support a longer-term 

conservation program through the KSHCP.  At that time the agencies described the recommended 

components of this new short-term HCP as follows:   

(1) Covered Activities: A description of all facilities and activities (e.g., power lines, existing and 

planned facilities, lighting, etc.) anticipated over the term of the short-term HCP.   

(2) Avoidance and Minimization Efforts: A description of the avoidance and minimization measures 

that KIUC will continue to implement over the term of the short-term HCP.   

(3) Authorized Take Limits: A single proposed take limit for each species representing anticipated 

potential take based on the best available information and estimation modeling.     

(4) Proposed Mitigation:   Description of the mitigation measures that would be implemented under 

the short-term HCP.  The agencies recommended the following:  

 Continued funding of the Save-Our-Shearwaters program at the current level.   

 Funding of half of the National Tropical Botanical Garden‘s (NTBG or other appropriate entity) 

infrastructure, helicopter, and project management costs or similar activities which provide 

benefit to the species and environment, and contribute to the recovery of the species, per 

agreement with the Parties, and 100 percent of the predator control and bird monitoring costs for 

the Upper Limahuli project, for the duration of the short-term HCP.  

 Funding an at-sea capture study to determine the proportion of birds which survive following 

release through the SOS program.  

 Funding a one-time analysis of most-recent National Oceanic and Atmospheric Administration 

(NOAA) research vessel data to update Spear et al.‘s (1995) population estimates for the covered 

species.   

(5) Monitoring: Developing (in collaboration with the agencies) and implementing (with the possible 

participation of the agencies or a third-party contractor) a monitoring protocol leading to a 

statistically valid estimate of take, which could then be used to later seek long-term take 

authorizations.   

1.1.3.6 Agencies’ Recommended Process for Obtaining Long-Term Incidental Take Coverage  

The agencies and the Cooperative envision that KIUC will ultimately satisfy its long-term incidental 

take needs by participating in DOFAW‘s development and implementation of the island-wide 

KSHCP.  DOFAW plans to have the KSHCP completed and the associated state and federal 

incidental take authorizations issued by late 2011 or early 2012.  The agencies intend that the KSHCP 

will include provisions for determining take levels for participant entities (such as KIUC), as well as 

developing long-term mitigation actions aimed at recovery of the species.  It is the agencies‘ belief 

that the island-wide KSHCP will minimize the costs to permittees/licensees such as KIUC, while 

doing more to help the species recover.  As KIUC desires to secure the long-term take authorization 

through the KSHCP, it has been and will continue to fully support the KSHCP development process.  

Once KIUC obtains incidental take authorization through the KSHCP, the KSHCP and associated 

incidental take authorizations will supersede this Short-Term HCP and associated incidental take 

authorizations.   

1.1.3.7 KIUC Agrees to Agencies’ Recommended Approach, Prepares Short-term HCP 

KIUC met with both DOFAW and the USFWS several times from December 2008 to March 2009 to 

work out the details of the agencies‘ recommended new approach.  KIUC then prepared this Short-

                                                 
5 The USFWS requested that habitat management in Wainiha Valley and support for DOFAW‘s ongoing radar monitoring 

program (if needed) during Years 4 and 5 be included as well.   
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Term HCP.  The Board of Land and Natural Resources approved the Draft HCP for public review and 

comment in August, 2009.  The official State of Hawai‗i public review period lasted from October 23 

to December 23, 2009.  As required by HRS Chapter 195D, DOFAW also conducted a public hearing 

on Kaua‗i in December 2009.  DOFAW received six comment letters, as well as oral comments 

during the public meeting.  KIUC subsequently met with DOFAW and the USFWS on several 

occasions between February and August 2010 to review the public comments, and work together on 

making changes to the Short-Term HCP document both in response to some of the comments 

(particularly with regards to incorporating additional measures to minimize impacts) and also for the 

purpose of creating a better ultimate transition from the Short-Term HCP to the KSHCP.  It provided 

a review version of the draft final HCP to the agencies in mid-August, 2010, and met with the ESRC 

on September 16, 2010.  The ESRC voted to recommend approval of the HCP subject to 

incorporation of certain refinements and clarifications which it requested.  This HCP incorporates all 

of the requested changes.   

1.2 OVERVIEW OF THE HCP 

1.2.1 TERM OF THE HCP AND TAKE AUTHORIZATIONS  

This HCP describes measures that KIUC will implement over the terms of the incidental take permit 

(ITP) and incidental take license (ITL) to minimize, mitigate, and monitor the impacts of its facilities 

and operations on the Covered Species.  The HCP provides the basis for the issuance of the following 

Federal permit and State license (hereafter referred to as the ―permits‖) that would authorize the take 

of the Covered Species incidental to the continued operation and maintenance of existing KIUC 

facilities, and the construction, operation and maintenance of certain future facilities:  

 An incidental take permit from the USFWS under section 10(a)(1)(B) of the Federal Endangered 

Species Act, and  

 An incidental take license from DLNR under sections 195D-4 and 195D-21 of the Hawai‗i Revised 

Statutes.  

This Short-Term HCP and the associated take authorizations would be valid until such time as the 

KSHCP is approved, or up to 5 years from the time of issuance, whichever is shorter.  KIUC, 

DOFAW, and the USFWS all anticipate that the Short-Term HCP and associated take authorizations 

will in fact be in place for a far shorter amount of time, as this Revised Short-Term HCP now clarifies 

that it will be superseded by the KSHCP and associated take authorizations once those are approved 

and issued, currently anticipated to occur as early as late 2011 or early 2012.  The potential 5-year 

term of this Short-Term HCP ensures that KIUC will continue implementing conservation measures 

in the event the KSHCP is delayed.   

KIUC has fully supported, and will continue to fully support, the development and ultimate approval 

of the KSHCP.  KIUC submitted its formal request to participate in the KSHCP in 2009, and has 

participated in numerous stakeholder group meetings and individual meetings with KSHCP staff 

since that time.  KIUC anticipates that its conservation measure and related obligations under this 

Short-Term HCP will ―rollover‖ and continue to be obligations under the KSHCP (unless they are 

specifically modified during the course of the KSHCP process, which itself will require public review 

and agency approval), and will be supplemented by additional obligations associated with the 

KSHCP‘s long-term take authorizations.   

In the unlikely event that long-term take authorizations under the KSHCP are not available to KIUC 

at the end of the 5-year term of this Short-Term HCP, this Short-Term HCP and its associated 

incidental take authorizations may be extended with the agreement of KIUC, DOFAW and the 

USFWS, to the extent allowed by law.   
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1.2.2 SPECIES TO BE COVERED  

As described in Section 1.1.2 above, this HCP covers the Federally listed endangered Hawaiian Petrel 

(Pterodroma sandwichensis), the Federally listed threatened Newell‘s Shearwater (Puffinus 

auricularis newelli), and the Federal candidate for listing Band-rumped Storm-Petrel (Oceanodroma 

castro).  All three species are also listed by the State of Hawai‗i as threatened or endangered species.  

The reasons why coverage for other endangered bird species known to be present on the island, e.g., 

the Hawaiian goose (Nēnē, Branta sandvicensis); Hawaiian hoary bat (‗Ōpe‗ape‗a or Lasiurus 

cinereus semotus); Hawaiian stilt (Ae‗o or Himantopus mexicanus knudseni; Hawaiian coot (‗alae 

ke‗oke‗o or Fulica alai); and Hawaiian duck (koloa maoli or Anas wyvilliana) is not being sought are 

discussed in Section 3.4.4.   

1.2.3 ACTIVITIES TO BE COVERED   

All existing KIUC facilities and activities, and those limited future facilities which KIUC anticipates 

needing within the term of the ITP/ITL.  These are described in Chapter 2 of this report.   

1.2.4 PERMIT BOUNDARY/COVERED LANDS 

This HCP and associated permits cover all of KIUC‘s facilities and activities on the Island of Kaua‗i.  

Because the Cooperative operates an island-wide system, this means that it covers the full geographic 

extent of the island (see and Figure 1.2).   

1.2.5 TAKE AUTHORIZATION BEING SOUGHT  

The amount of take sought under this HCP was developed in coordination with the Agencies, and 

consists of 125 Newell‘s shearwaters (lethal take), 55 Newell‘s shearwaters (non-lethal take), 2 

Hawaiian petrels, and 2 Band-rumped Storm Petrels per year.  On the basis of the information that is 

available to it and as discussed later in this report (see Chapter 4), KIUC expects that actual take will 

be far below these amounts.   

1.2.6 AVOIDANCE AND MINIMIZATION MEASURES  

As discussed in more detail in Section 5.4.2 of this report, KIUC will continue implementing existing 

measures, and will implement new measures to avoid and minimize adverse effects of its facilities.  

Specific minimization projects are listed in Table 5.2 and discussed in Section 5.4.2.4.  They include 

seabird collision risk-reduction measures on the line segments that previous studies, and DOFAW and 

USFWS, have identified as having the greatest potential for collisions by seabirds.   

1.2.7 IMPLEMENTATION OF MITIGATION MEASURES  

This HCP provides for the implementation of mitigation measures that provide a net recovery benefit 

to the species.  The measures are described in detail in Section 5.6 of this report.  

1.3 REGULATORY CONTEXT  

1.3.1 FEDERAL ENDANGERED SPECIES ACT (ESA) 

1.3.1.1 General Provisions of the ESA 

The ESA provides a process for identifying species needing protection, a framework for determining 

the type of protective measures needed, and enforcement measures.  Two sections of the ESA are 

most relevant to KIUC‘s facilities and operations.  

 Section 9 (16 USC 1538) prohibits the taking of a listed wildlife species; and  

 Section 10 (16 USC 1539) provides for issuance of incidental take permits for listed species to non-

Federal entities.   
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Section 9 of the ESA prohibits the ―take‖ of wildlife species listed as endangered, and it prohibits the 

take of species listed as threatened unless otherwise specifically authorized by regulation.  Under the 

ESA, the term ―take‖ means ―to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 

collect, or to engage in any such conduct.‖  [16 USC 1532(19)].  The term ―harm‖ in the definition of 

take means ―an act which actually kills or injures wildlife.  Such acts may include significant habitat 

modification or degradation where it actually kills or injures wildlife by significantly impairing 

essential behavioral patterns, including breeding, feeding or sheltering.‖  The term ―harass‖ in the 

definition of take means ―an intentional or negligent act or omission which creates the likelihood of 

injury to wildlife by annoying it to such an extent as to significantly disrupt normal behavioral 

patterns which include, but are not limited to, breeding, feeding, or sheltering.‖  [50 CFR 17.3.]   

The USFWS may permit, under certain terms and conditions, any taking otherwise prohibited by 

Section 9 if such taking is incidental to, and not the purpose of, the carrying out of an otherwise 

lawful activity.  To apply for an incidental take permit, an applicant must develop, fund, and 

implement a USFWS-approved Habitat Conservation Plan (HCP) to minimize and mitigate the 

effects of the incidental take.  Under Section 10, the HCP must satisfy the following criteria to be 

approved:    

 The taking will be incidental; 

 The applicant will, to the maximum extent practicable, minimize and mitigate the impacts of such 

takings; 

 The applicant will ensure that adequate funding for the plan and procedures to deal with unforeseen 

circumstances will be provided;  

 The taking will not appreciably reduce the likelihood of the survival and recovery of the species in 

the wild; and 

 Such other measures that the Secretary of the Interior requires as being necessary or appropriate for 

purposes of the plan.     

1.3.1.2 Section 10(a)(1)(B) Process - Habitat Conservation Plan Requirements & Guidelines 

1.3.1.2.1 HCP Development Phase  

To obtain an incidental take permit, an applicant must develop a Habitat Conservation Plan that 

provides the following information (see ESA Section 10(a)(2)(A), and 50 CFR 17.22(b)(1) and 

17.32(b)(1)):   

 The impact that will likely result from such taking;  

 The measures the applicant will undertake to monitor, minimize and mitigate such impacts, the 

funding that will be available to implement such measures, and the procedures to be used to deal 

with unforeseen circumstances;  

 The alternative actions to such taking the applicant considered and the reasons why such 

alternatives are not proposed to be utilized; and  

 Such other measures that the Director of the USFWS may require as necessary or appropriate for 

purposes of the plan.
 
 

 The Habitat Conservation Planning and Incidental Take Permit Processing Handbook, published 

by the USFWS and the National Marine Fisheries Service (NMFS) in November 1996, provides 

additional policy guidance concerning the preparation and content of HCPs.  The USFWS and 

NMFS published an addendum to the HCP Handbook on June 1, 2000 (65 FR 35242) (USFWS and 

NOAA 2000).  This addendum, also known as the Five-Point Policy guidance, provides clarifying 

guidance for the two agencies in conducting the incidental take permit program and for those 

applying for an incidental take permit under Section 10.  The five components addressed in the 

policy are:  (1) biological goals, (2) adaptive management, (3) monitoring, (4) permit duration, and 

(5) public participation.  Each of these is discussed briefly below: 
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Biological Goals and Objectives:  HCPs must include biological goals (broad guiding principles for 

the conservation program – the rationale behind the minimization and mitigation strategies), and 

biological objectives (the measurable targets for achieving the biological goals).  These goals and 

objectives must be based on the best scientific information available and are used to guide 

conservation strategies for species covered by the plan.   

Adaptive Management:  The Five-Point Policy encourages the development of adaptive 

management plans as part of the HCP process under certain circumstances.  Adaptive management is 

an integrated method for addressing biological uncertainty and devising alternative strategies for 

meeting biological goals and objectives.  An adaptive management strategy is essential for HCPs that 

would otherwise pose a significant risk to the Covered Species due to significant information gaps.   

Monitoring:  Monitoring is a mandatory element of all HCPs under the Five-Point Policy.  As such, 

an HCP must provide for monitoring programs to gauge the effectiveness of the plan in meeting the 

biological goals and objectives, and to verify that the terms and conditions of the plan are being 

properly implemented.   

Permit Duration:  Under existing regulations, several factors are used to determine the duration of 

an incidental take permit, including the duration of the applicant's proposed activities and the 

expected positive and negative effects on covered species associated with the proposed duration.  

Under the Five-Point Policy, the USFWS will also consider the level of scientific and commercial 

data underlying the proposed operating conservation program, the length of time necessary to 

implement and achieve the benefits of the operating conservation program, and the extent to which 

the program incorporates adaptive management strategies.   

Public Participation:  Under the Five-Point Policy guidance, the USFWS announced its intent to 

expand public participation in the HCP process to provide greater opportunity for the public to assess, 

review, and analyze HCPs and associated documentation (e.g., National Environmental Policy Act 

review).  As part of this effort, the USFWS has expanded the public review process for most HCPs 

from a 30-day comment period to a 60-day period.   

1.3.1.2.2 Permit-Processing Phase  

The HCP development phase concludes and the permit processing phase begins when a complete 

application package is submitted to the appropriate permit-issuing office.  A complete application 

package consists of 1) an HCP, 2) an Implementing Agreement (IA) if applicable, 3) a permit 

application, and 4) a $100 fee from the applicant.   

The USFWS must publish a Notice of Availability of the HCP package in the Federal Register to 

allow for public comment.  It also prepares an Intra-Service Section 7 Biological Opinion, and a set of 

Findings which evaluate the permit application against the Section 10(a)(1)(B) permit issuance 

criteria (see below).  An Environmental Action Statement, Environmental Assessment, or 

Environmental Impact Statement serves as the Service‘s record of compliance with the National 

Environmental Policy Act (NEPA), which has gone out for a 30-day, 60-day, or 90-day public 

comment period.  An implementing agreement is required for the HCP as well.   

A Section 10(a)(1)(B) incidental take permit is granted upon a determination by the Service that all 

requirements for permit issuance have been met.  Statutory criteria for issuance of the permit specify 

that:  

  the taking will be incidental;  

  the impacts of incidental take will be minimized and mitigated to the maximum extent practicable;  

  adequate funding for the HCP and procedures to handle unforeseen circumstances will be provided;  

 the taking will not appreciably reduce the likelihood of survival and recovery of the species in the 

wild;  
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 the applicant will provide additional measures that the Service requires as being necessary or 

appropriate; and  

 the Service has received assurances, as may be required, that the HCP will be implemented.   

1.3.1.2.3 Post-Issuance Phase  

During the post-issuance phase, the Permittee and other responsible entities implement the HCP, and 

the Service and DOFAW monitor the Permittee‘s compliance with the HCP as well as the long-term 

progress and success of the HCP.     

1.3.2 HAWAI‘I REVISED STATUTES: CHAPTER 195D 

Chapter 195D, Hawai‗i Revised Statutes (HRS) is the Hawai‗i equivalent of the ESA.  Chapter 195D 

formally declares it the State‘s policy to insure proactively that the survival of indigenous aquatic life, 

wildlife, and land plants and their habitat is perpetuated.  Section 195D-3 expressly prohibits, except 

as permitted by rules, any person to take, possess, transport, transplant, export, process, sell, offer for 

sale, or ship any species that the Department of Land and Natural Resources (DLNR) has determined 

to be in need of conservation.  (See also §195D-4(e)). 

Under §195D-4, any species listed as endangered or threatened pursuant to the ESA (such as the 

Newell‘s Shearwater and the Hawaiian Petrel) is automatically deemed to be an endangered or 

threatened species under Chapter 195D.  Section 195D-4 also authorizes  DLNR to declare any other 

indigenous species of aquatic life, wildlife, or land plant to be an endangered species or a threatened 

species pursuant to §195D.  Pursuant to this authority, DLNR has listed the Band-rumped Storm 

Petrel as endangered, even though it is not listed as threatened or endangered under the ESA but is 

instead just a Candidate for federal listing.     

Under §195D-4(g), the Board of Land and Natural Resources (BLNR), after consultation with the 

State‘s Endangered Species Recovery Committee (ESRC), may issue a temporary license 

(subsequently referred to as a ―§195D incidental take license‖) as part of a habitat conservation plan 

to allow a take otherwise prohibited if the take is incidental to, and not the purpose of, the carrying 

out of an otherwise lawful activity.  In order to qualify for the license, the following must occur:   

 The applicant minimizes and mitigates the impacts of the take to the maximum extent practicable;   

 The applicant guarantees that adequate funding for the plan will be provided;   

 The applicant posts a bond, provides an irrevocable letter of credit, insurance, or surety bond, or 

provides other similar financial tools, including depositing a sum of money in the endangered 

species trust fund created by §195D-31, or provides other means approved by BLNR, adequate to 

ensure monitoring of the species by the State and to ensure that the applicant takes all actions 

necessary to minimize and mitigate the impacts of the take;   

 The plan increases the likelihood that the species will survive and recover;   

 The plan takes into consideration the full range of the species on the island so that cumulative 

impacts associated with the take can be adequately assessed;   

 The activity permitted and facilitated by the license to take a species does not involve the use of 

submerged lands, mining, or blasting;   

 The cumulative impact of the activity, which is permitted and facilitated by the license, provides net 

environmental benefits; and   

 The take is not likely to cause the loss of genetic representation of an affected population of any 

endangered, threatened, proposed, or candidate plant species.   

§195D-4(i) directs DLNR to work cooperatively with Federal agencies in concurrently processing 

habitat conservation plans and incidental take licenses pursuant to the Endangered Species Act.  

§195D-21 deals specifically with habitat conservation plans.  The provisions are similar to those in 

Federal regulations.  HCPs submitted in support of an incidental take license application must:  
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 Identify the geographic area encompassed by the plan; the ecosystems, natural communities, or 

habitat types within the plan area that are the focus of the plan; and the endangered, threatened, 

proposed, and candidate species known or reasonably expected to be present in those ecosystems, 

natural communities, or habitat types in the plan area;  

 Describe the activities contemplated to be undertaken within the plan area with sufficient detail to 

allow DLNR to evaluate the impact of the activities on the particular ecosystems, natural 

communities, or habitat types within the plan area that are the focus of the plan;  

 Identify the steps that will be taken to minimize and mitigate all negative impacts, including 

without limitation the impact of any authorized incidental take, with consideration of the full range 

of the species on the island so that cumulative impacts associated with the take can be adequately 

assessed; and the funding that will be available to implement those steps;  

 Identify the measures or actions to be undertaken; a schedule for implementation of the measures or 

actions; and an adequate funding source to ensure that the actions or measures are undertaken in 

accordance with the schedule;  

 Be consistent with the goals and objectives of any approved recovery plan for any endangered 

species or threatened species known or reasonably expected to occur in the ecosystems, natural 

communities, or habitat types in the plan area;  

 Provide reasonable certainty that the ecosystems, natural communities, or habitat types will be 

maintained in the plan area, throughout the life of the plan;  

 Contain objective, measurable goals; time frames within which the goals are to be achieved; 

provisions for monitoring; and provisions for evaluating progress in achieving the goals 

quantitatively and qualitatively; and  

 Provide for an adaptive management strategy that specifies the actions to be taken periodically if 

the plan is not achieving its goals.      

§195D-25 provides for the creation of an Endangered Species Recovery Committee (ESRC) 

composed of biological experts, representatives of relevant Federal and State agencies (i.e., USFWS, 

USGS, DLNR), and appropriate governmental and non-governmental members to serve as a 

consultant to the Department of Land and Natural Resources and the Board of Land and Natural 

Resources on matters relating to endangered, threatened, proposed, and candidate species.  The 

ESRC‘s duties include reviewing all applications for Habitat Conservation Plans, safe harbor 

agreements, and incidental take licenses, and making recommendations to the Department and the 

Board on whether they should be approved, amended or rejected; reviewing all existing HCPs, safe 

harbor agreements and incidental take licenses annually to ensure compliance, and making 

recommendations for any necessary changes; and considering and recommending appropriate 

incentives to encourage landowners to voluntarily engage in efforts that restore and conserve 

endangered, threatened, proposed, and candidate species.  Hence, the ESRC plays a significant role in 

the HCP planning process.  KIUC has met with the ESRC several times during the preparation of this 

HCP.   

1.3.3 NATIONAL ENVIRONMENTAL POLICY ACT (NEPA)  

Congress enacted the National Environmental Policy Act (NEPA) in 1969 to ensure that Federal 

agencies consider the environmental impacts of their actions and decisions (in this case deciding 

whether to issue an incidental take permit).  NEPA requires the Federal government to use all 

practicable means and measures to protect environmental values and makes environmental protection 

a part of the mandate of every Federal agency and department.  NEPA requires analysis of the 

potential environmental impacts of any proposed Federal action that significantly affects the quality 

of the human environment, and public disclosure of that analysis.  The results of the NEPA analysis 

help the Service understand the direct, indirect, and cumulative impacts of the alternatives and decide 

whether to issue an incidental take permit (ITP or section 10(a)(1)(B) permit).   
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Issuance of an incidental take permit by the USFWS is a Federal action subject to NEPA compliance.  

Hence, the Service must prepare a NEPA analysis for each HCP as part of the incidental take permit 

application process.  Before deciding whether to approve KIUC‘s proposed HCP and issue an 

incidental take permit to the Cooperative, the USFWS will prepare and distribute an Environmental 

Assessment that addresses the direct, indirect, and cumulative effects of the incidental take authorized 

by permit issuance, and the direct, indirect, and cumulative effects associated with the 

implementation of mitigation and minimization measures described in the HCP.     

1.3.4 HAWAI‘I  STATE ENVIRONMENTAL REVIEW LAW 

The Hawai‗i State Environmental Impact Statement Law (Hawai‗i Revised Statutes Chapter 343) and 

its implementing regulations (Hawai‗i Administrative Rules §11-200) establishes a system of 

environmental review to ensure that environmental concerns are given appropriate consideration in 

decision-making along with economic and technical considerations.  The Hawai‗i Office of 

Environmental Quality Control (OEQC) is responsible for environmental oversight and review under 

Chapter 343.  §343-5 mandates the preparation of an Environmental Assessment for activities by 

agencies [§343-5(a)] or applicants [§343-5(b)] meeting certain conditions.
6
  KIUC will comply with 

the requirements of Chapter 343, Hawai‗i Revised Statutes for all actions that it undertakes pursuant 

to this HCP.   

1.3.5  FEDERAL MIGRATORY BIRD TREATY ACT 

The Migratory Bird Treaty Act (MBTA) of 1918, as amended (16 USC 703-712), prohibits the take 

of migratory birds.  A list of birds protected under MBTA implementing regulations is provided at 50 

CFR 10.13.  Unless permitted by regulations, the MBTA makes it unlawful to pursue, hunt, take, 

capture, kill, possess, offer to or sell, barter, purchase, deliver or cause to be shipped, exported, 

imported, transported, carried or received any migratory bird, part, nest, egg or product.  In addition, 

USFWS regulations
7
 require a permit for the banding or marking of migratory birds protected under 

the MBTA.     

All three Covered Species addressed in this HCP are protected under the MBTA.  If the HCP is 

approved and USFWS issues an ESA incidental take permit to KIUC, the terms and conditions of that 

incidental take permit will also constitute a Special Purpose Permit under 50 CFR 21.27 for the take 

of the Hawaiian Petrel, Newell‘s Shearwater, and Band-rumped Storm-Petrel under the MBTA.  

Therefore, subject to the terms and conditions to be specified in the ESA incidental take permit, any 

authorized take of the three Covered Species will not be in violation of the MBTA.   

1.3.6 NATIONAL HISTORIC PRESERVATION ACT  

USFWS issuance of a Section 10 incidental take permit is considered an “undertaking” under Section 

106 of the National Historic Preservation Act (NHPA) (16 USC 470).  The undertaking is defined as 

the land-use activity that may proceed once incidental take authorization is obtained by the applicant.  

Section 106 requires the USFWS to assess and determine whether the undertaking has the potential to 

affect “designated historic properties.”  If so, the USFWS must consult with the Advisory Council on 

Historic Preservation, the State Historic Preservation Officer (SHPO), affected Tribes, the applicant, 

and other interested parties, and make a good-faith effort to consider and incorporate their comments 

into project planning.  To carry out this obligation, the USFWS must identify the “area of potential 

effects” associated with the proposed undertaking, which is usually defined as the geographic area 

where the undertaking may directly or indirectly change the character or use of designated historic 

properties.  The USFWS generally interprets the area of potential effects as the specific location 

                                                 
6 Because it is a private entity, KIUC is governed by the provisions of §343-5(b).  However, if HCP-related activities require 

the use of  State or county lands or funds, the agency approving the use of these resources would have to fulfill the 
requirements of §343-5(a).   

7 50 CFR Part 13 
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where incidental take will occur and where ground-disturbing activities may affect historic properties.  

The USFWS in consultation with the SHPO must make a reasonable and good-faith effort to identify 

undiscovered historic properties, and determine the extent of any archeological investigations that 

may be required.  The cost of NHPA compliance, however, rests with the applicant.   

The majority of the actions that would be covered by the Section 10 permit that KIUC has requested 

are existing facilities.  With the exception of certain hydroelectric facilities, none of these qualify for 

designation as historic properties.  Continued maintenance of the facilities that would be covered by 

the permit does not involve activities with the potential to affect known historic properties.  

1.4 ORGANIZATION OF THE HABITAT CONSERVATION PLAN   

This Habitat Conservation Plan (HCP) consists of a Plan Summary table and the following sections.   

 Chapter 1 – Introduction and Background provides an overview of the KIUC System, the purpose 

and need for the HCP, and the regulatory framework within which it is being prepared.   

 Chapter 2 –  Covered Activities describes KIUC‘s existing and future activities, and existing and 

future facilities, that are covered by the HCP.   

 Chapter 3 – Environmental Setting contains an overview of the existing environment in the area 

covered by the HCP.  This includes physical features (geography/geology/ topography, climate, 

hydrology, etc.), biological characteristics (e.g., vegetation and wildlife), characteristics of the 

species to be covered by the HCP, and land use.   

 Chapter 4 –  Potential Biological Impacts provides an estimate of the take which KIUC‘s facilities 

may cause.  It assesses the direct, indirect, and cumulative impacts on each species. 

 Chapter 5 – Conservation Program describes the biological goals and objectives, the kinds of 

measures that were considered for avoiding and minimizing existing and future impacts, and the 

measures that will be taken to mitigate unavoidable impacts.  It also describes the monitoring and 

reporting measures that are incorporated into the plan and the adaptive management provisions that 

are included to allow management practices to keep pace with increasing knowledge and/or 

changing conditions.   

 Chapter 6 –  Alternatives Considered briefly describes alternatives not discussed in detail in the 

previous Chapter, including the no-action alternative and other alternatives that would not result in 

take.  

 Chapter 7 –  Plan Implementation discusses how the plan is to be implemented over time, including 

timeframes and success criteria.   

 Chapter 8 –  References lists the documents and sources cited and used in preparing this HCP.   

 Chapter 9 –  Glossary contains a glossary of the terms used in the report.   

Appendices grouped at the end of this document contain reports and other supplemental information.    

 

 



KIUC SHORT-TERM SEABIRD HABITAT CONSERVATION PLAN 

 COVERED ACTIVITIES 

 PAGE  2-1 

CHAPTER 2 –  COVERED ACTIVITIES 

This HCP and the associated Federal and State incidental take permits to be issued by the USFWS 

and DLNR will cover and provide incidental take authorization for the continued existence, operation 

and maintenance of all existing KIUC facilities, and the installation, operation and maintenance of 

certain future KIUC facilities.  The short term (approximately 1 year, but potentially up to 5 years) for 

which coverage is being sought stems from the expectation that KIUC will obtain long-term 

incidental take authorization through participation in the island-wide Kaua‗i Seabird Habitat 

Conservation Plan (KSHCP) being prepared by DLNR/DOFAW under grants from the USFWS.  

Existing facilities and activities are described in Section 2.1 below, and future additional facilities and 

activities are described in Section 2.2.   

2.1 EXISTING FACILITIES & ACTIVITIES  

2.1.1 OVERVIEW  

KIUC owns and operates a variety of electric utility installations on the Island.  The locations of 

major KIUC facilities are depicted in Figure 1.2.  These include fossil-fuel-fired generating stations at 

Port Allen and Līhu‗e, the upper and lower Waiahi hydroelectric stations in the Wailua watershed, 

seven electrical substations and five switchyards located throughout the island, over 160 miles of 

electrical transmission lines, approximately 560 miles of 12.5 kV electrical distribution lines, and 

approximately 425 miles of secondary lines (120/240 volts) that carry power from step-down 

transformers that are part of the distribution network to individual homes and businesses.   

KIUC also owns and operates approximately 3,100 streetlights on behalf of the County of Kaua‗i, the 

State of Hawai‗i, and private entities.
8
  While these represent most of the streetlights on the island, a 

number of public facilities and private developments also own and operate streetlights that are not 

under KIUC‘s control.   

2.1.2 KIUC GENERATING STATIONS  

Port Allen Generating Station.  The two largest facilities in the system are KIUC‘s two fossil fuel-

fired generating stations.  The Port Allen Generating Station is located on the southern side of the 

island near the town of ‗Ele‗ele (see Figure 2.1).  It is the older of the two and, as shown in Table 2.1, 

has the most installed generating capacity (approximately 96 MW).  In addition to the generating 

units, the facility includes a switchyard, offices, and warehouse space.  The total area of the site is 

approximately 9 acres.  The gas turbines, diesels, and steam plant at the Port Allen Generating Station 

are all fired on No. 2 diesel oil.  The gas turbines are connected to a heat recovery steam generator 

and can be operated in both a simple-cycle and combined-cycle mode.  Except for small on-site day 

tanks, fuel storage is provided through a contract with Chevron, which maintains a Tank Farm 

immediately makai (seaward) of the Port Allen Generating Station.   

 

 

                                                 
8 June 12, 2003, Press release by KIUC announced: ―All 3,049 [KIUC-owned] street lights on Kauai are now equipped with 

special shields designed to keep light from shooting skyward and distracting endangered, low-flying seabirds.‖  The 
number has increased slightly since that time as KIUC has installed streetlights in newly developed areas.   
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Table 2.1 Capacity and Location of Existing KIUC System Generating Units  

Location Unit Name Year Installed Capacity (MW) 

Port Allen Generating Station Gas Turbine No. 1 1973 17.5 

Port Allen Generating Station Gas Turbine No. 2 1977 22.6 

Port Allen Generating Station Steam Plant 1968 10.00 

Port Allen Generating Station EMD Diesel  1 1964 1.8 

Port Allen Generating Station EMD Diesel  2 1964 1.8 

Port Allen Generating Station EMD Diesel  3 1968 2.7 

Port Allen Generating Station EMD Diesel  4 1968 2.7 

Port Allen Generating Station EMD Diesel  5 1968 2.7 

Port Allen Generating Station SWD 6 1990 7.85 

Port Allen Generating Station SWD 7 1990 7.85 

Port Allen Generating Station SWD 8 1991 7.85 

Port Allen Generating Station SWD 9 1991 7.85 

Kapaia Power Station CT1 2002 27.5 

Source:  Kaua‗i Island Utility Cooperative, October 13, 2007.   

Kapaia Power Station.  The Kapaia Power Station (KPS) is located in Kapaia on the outskirts of 

Līhu‗e (see Figure 2.2).  At present, the 14-acre KPS site contains a 27.5 MW advanced steam-

injected combined cycle power plant and support facilities, including fuel storage tanks, water 

treatment facilities, a control and maintenance building, warehouse and office space, and various 

mechanical and electrical equipment.  The generating facility delivers electrical power to a 

switchyard at the southwestern corner of the KPS.  A 1.1-mile-long transmission line that runs along 

an old cane haul road connects the switchyard to the remainder of KIUC‘s transmission system.  In 

addition to these fossil-fuel fired generating facilities, KIUC also owns and operates two small 

hydroelectric units near Līhu‗e that it purchased from the Līhu‗e Plantation Company.   

2.1.3 ELECTRICAL SWITCHYARDS, SUBSTATIONS, AND POWER LINES AND POLES  

2.1.3.1 Electrical Switchyards and Substations   

KIUC‘s generating units produce energy at various lower voltages; this is then ―stepped up‖ by power 

station transformers to a common higher voltage for transmission over long distances to grid exit 

points (substations).  On Kaua‗i the transmission is typically done at 57 kV.
9
  Switchyards also serve 

as interconnecting and switching points for transmission lines and distribution circuits.  Substations 

are used to reduce the voltage from transmission lines through ―step-down‖ transformers and to route 

it to the areas where it is needed through distribution circuits.  While they all perform similar 

functions, the electrical substations and switchyards in KIUC‘s system vary in age, size, and location 

with respect to existing urban development.  Most are between one and two acres in size.  They are all 

surrounded by 7-foot or higher chain link fences and all contain a variety of electrical transformers 

and switchgear that allow KIUC to step-up or step-down the voltage.  The largest of the transformers 

are a little more than ten feet high.  The tallest structures in most of the substations and switchyards 

                                                 
9 The 57 kV voltage is a non-standard level that the utility inherited from the plantation systems which it acquired when it 

was first created.  That voltage is no longer in wide use, and so all of the equipment that has been installed for many years 
is designed to handle 69 kV.  Once all of the old, lower-rated equipment has been replaced, KIUC will be able to energize 
its system at 69 kV.  While the need to continue to supply customers while making the switch-over will make this a 
challenging task from an operational viewpoint, it will not require substantial construction or other activities relevant to 
this HCP.  Hereafter in this document, all references to transmission facilities will be referred to as 69 kV. 
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are the structures that support wires coming into and out of the facilities; these are typically about 25 

feet high.   

The names and principal functions of equipment typically located at electrical switchyards and 

substations are as follows:  

 Power Transformers.  Electrical power transformers are used to raise or lower the voltage in 

electric power systems.  The transformers found in electrical switchyards at KIUC‘s generating 

stations are ―step-up‖ transformers that increase the voltage of the electricity to 69 kV.  The 

transformers located in substations are generally ―step-down‖ transformers that reduce the voltage 

to 12 kV.  Finally, pole-mounted transformers reduce the voltage further to the 120/240 volts that is 

used by the ultimate customers.  The system has a large number of these final low-voltage step-

down transformers located closer to customers‘ as a way to minimize energy losses from the 

system. 

 Circuit Breakers.  These are mechanical switches capable of carrying electrical currents and of 

breaking the electrical connection when there is an electrical overload or other problem.  In 

concept, these are like the circuit breakers that people have in their homes.  However, because they 

must handle much greater loads, they are designed quite differently.  The kinds of circuit breakers 

used on Kaua‗i are generally less than 10 feet tall.   

 Electrical Busses.  Busses transfer power between two or more electrical circuits within a 

switchyard.  They can be in the form of solid metal bars.  Busses are chosen instead of conductors 

since they can carry high amounts of energy in a confined space.   

 Control Structures.  Some switchyards and substations have small (usually less than 10 feet by 20 

feet) one-story structures that house control equipment.  This room is air conditioned and has no 

windows.  The control room is used to house equipment that monitors, controls, and communicates 

with the equipment (e.g., breakers, transformers, and switches) within the substation and also 

communicates outside of the substation.  The equipment within the control structure usually 

consists of sensitive electronics such as panel meters, protective relays, control switches, remote 

terminal units (for remote communications), air-conditioner, and a battery bank for backup control 

power.     

 Communication Equipment.  Good communication is essential for the reliable operation of the 

system; fault-sensing protective relays must communicate to monitor the flow of power.  Protection 

of the transmission line from short circuits and other faults is usually so critical that KIUC uses its 

own communications links for some applications, and the equipment for this is typically located in 

the substations.     

Photographs of typical switchyard and substation equipment, as well as various transmission and 

distribution line configurations are presented in Figure 2.3 below.   

2.1.3.2 Utility Pole Heights and Cable Arrangements   

The wire sizes and pole heights vary widely for each type of line according to the particular physical 

circumstances of their installation.  Moreover, the configuration switches from one type to another 

(and often back again) within distances of as little as a few hundred feet.  The changeability makes it 

impossible to map the differences on a system-wide scale.   

 69 kV transmission lines are typically carried on poles that are 70 to 85 feet tall.
10

  A wide variety 

of line arrangements are used.  These include vertical arrays, where the wires are immediately 

above one another on the pole; diamond arrays, where cables are mounted on the top and on either 

side of the pole; and horizontal arrays, where the lines are mounted on horizontal crossarms or post 

type insulators.  Sometimes lower-voltage distribution lines are mounted lower on the same poles.   

                                                 
10 Note that the height of power lines when measured as ―above ground level‖ can be greater than the height of the pole 

where the power line crosses a drainage.  Similarly, the height of power lines ―above vegetation level‖ is less than the 
height of the pole; in many cases it is actually lower than surrounding vegetation.  
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Figure 2.3 Photographs of Substation & Switchyard Equipment 

PHOTO PHOTO DESCRIPTION 

 

Typical steel transmission poles supporting twin, vertically stacked 

69 kV circuits.  Orange marker balls are visible on the lightning 

arrestor wire that extends from the top of one pole to the next.  This 

segment is located near Hanahanapuni.  Note large sag in wires 

associated with large pole-to-pole separation typically used in rough 

terrain.   

 

 

Typical wood pole, double-circuit 69 kV transmission line with 

single 12 kV distribution line under-build.  The three wires in each of 

the transmission circuits are arrayed vertically (i.e., one above 

another).  The distribution circuit uses three wires on a wooden 

crossarm.  The thick cables low on the poles are telecommunication 

cables owned by others.  This picture was taken west of Waimea 

town.   



KIUC SHORT-TERM SEABIRD HABITAT CONSERVATION PLAN 

 COVERED ACTIVITIES 

   PAGE  2-7 

Figure 2.3 Photographs of Substation & Switchyard Equipment 

PHOTO PHOTO DESCRIPTION 

               

Typical wood pole, single-circuit 69 kV transmission line with twin 

12 kV distribution line under-build.  The line crew is performing 

maintenance on the lines using a bucket-truck.  The three wires in the 

transmission circuit are arrayed vertically (i.e., one above another).  

Each of the two distribution circuits has three wires on two separate 

horizontal wooden crossarms.  The thick cables low on the poles are 

telecommunication cables owned by others.  This picture was taken 

at ‗Ele‗ele.   

 

Close-up of typical wood pole, single-circuit 69 kV transmission line 

with twin 12 kV distribution line under-build shown above.   
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Figure 2.3 Photographs of Substation & Switchyard Equipment 

PHOTO PHOTO DESCRIPTION 

 

The green box in the foreground is a step-down transformer that 

reduces the 69 kV voltage used for transmission to the 12 kV voltage 

used in the electrical distribution system.  It is approximately 11 feet 

high to the top of the bushings.  This example is located in Kapa‗a 

and is typical of the many others are located in switchyards and 

substations around the island. 

 

This is a 69 kV transmission circuit breaker.  This one, which is 

located in the Kapa‗a substation, is approximately 9 feet tall.   
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Figure 2.3 Photographs of Substation & Switchyard Equipment 

PHOTO PHOTO DESCRIPTION 

 

     

This is the T-11 Distribution Bus at the Kapa‗a Substation.  The 

maximum height of the structure is approximately 20 feet.   

 
 

On the left are typical steel pole transmission poles supporting twin, 

vertically stacked 69 kV circuits.  These have a 3-wire 12 kV under-

build arranged in a triangular configuration (one wire on one side of 

the pole and two on the other).  Orange marker balls are visible on 

the lightning arrestor wire (static wire) that extends from the top of 

one pole to the next.  This segment is located at Kapa‗a.  Note that 

there is much less sag in these wires than in wires in remote areas 

that have longer runs (i.e., distance between poles).  These poles are 

approximately 85 feet tall, with the transmission lines separated from 

one another vertically by approximately 6 feet.  The wood pole line 

on the right carries a three-wire 69 kV circuit in a triangular 

arrangement at the top with a 12 kV under-build, also in a triangular 

arrangement.  The wood poles are approximately 75 feet tall.  There 

are no telecommunications lines on any of these poles.   
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Figure 2.3 Photographs of Substation & Switchyard Equipment 

PHOTO PHOTO DESCRIPTION 

 
 

This is a small transformer substation located at Mānā.  The pole on 

the left carries a 12 kV distribution circuit arranged horizontally.  

The light green structure in the left-hand corner of the substation 

contains control and protection equipment.  The A-frame structure 

immediately to its right supports the wires as they enter and leave the 

substation. 

 

 
 

Typical wood pole transmission line supporting twin, vertically 

stacked 69 kV circuits.  These have a 3-wire 12 kV under-build 

arranged in a horizontal configuration (one wire on one side of the 

pole and two on the other).  Thick telecommunications cables are 

supported on a horizontal crossarm on the lowest position on the 

poles.  A single lightning arrestor wire extends from the top of one 

pole to the next, and the pole in the foreground has three small 

cylindrical transformers typical of those used to reduce the 12 kV 

distribution voltage down to the 120 volts used in homes and 

businesses; the service line from the transformer to the customer 

extends to the left off of the picture at a height of about 20 feet on the 

pole.  This segment is located between Waimea and Kekaha.  These 

poles are approximately 75 feet tall, with the transmission lines 

separated from one another vertically by approximately 6 feet. 
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Figure 2.3 Photographs of Substation & Switchyard Equipment 

PHOTO PHOTO DESCRIPTION 

       

  

This is a close-up of one of the wooden poles shown on the previous 

picture.   

 

 

 

This is a ―Power-Mini-Sub.‖  It exhibits a dual pole structure which 

supports an elevated cross-member.  The three barrel-shaped objects 

supported on the cross-member are voltage regulators.  The overall 

height of the structure is approximately 40 feet; note that it is well 

below the top of the nearby vegetation.  This facility is located in 

Wainiha. 
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 12 kV distribution lines are typically on poles that are 40 to 50 feet tall.  As with the poles carrying 

transmission lines, the electrical cables carrying the power are arranged in a variety of ways 

depending upon each pole‘s specific circumstances.  Moreover, circuits frequently change from one 

configuration to another over a short distance.  Small, pole-mounted step-down transformers make 

the final voltage reduction (to 120/240 volts) at which power is delivered to individual homes.   

KIUC has a joint pole agreement with the telephone company providing for joint ownership of many 

of the poles in the KIUC system.  The poles subject to this agreement carry KIUC lines and Hawaiian 

Telcom lines.  The agreement also allows for leasing space on the poles to third parties so that many 

poles also carry cable television lines.  The agreement establishes a ―Joint Pole Committee‖ which 

has jurisdiction over all matters relating to the replacement, remediation, use and maintenance of the 

poles (subject to applicable Public Utilities Commission, State, and County regulations).  KIUC‘s 

ability to dictate the design and use of the poles is severely limited by the fact that Hawaiian Telcom 

shares ownership in the poles.  This means that even if KIUC were to withdraw from the agreement 

and remove its wires from the utility poles, the poles and the other wires (e.g., telephone and cable 

television) would remain.  Moreover, the agreement does not prohibit the parties from erecting and 

maintaining poles outside of the joint use agreement, and it does not prohibit third parties (such as 

cable companies) from also using the poles subject to the agreement of the original parties.  This HCP 

does not address telephone, cable, and other lines affixed to KIUC‘s poles because KIUC has no 

ownership or control over such lines.    

2.1.4 MISCELLANEOUS OTHER FACILITIES 

Streetlights.  In addition to this joint pole agreement, KIUC also maintains and operates the majority 

of the streetlights (more than 3,000 of them) that illuminate the island‘s roadways under agreements 

with State and County governments.  KIUC bills the County and State monthly for their operation.  

The majority of these lights are on poles that also carry electric lines, but some of the lights are stand-

alone fixtures on their own stanchions.  Nearly all of the lights are switched on and off automatically 

by photo-sensitive switches installed in the individual lights.   

KIUC Headquarters/Offices.  KIUC‘s main offices are located in offices that it leases from the owner 

of the two story building located at 4463 Pahe‗e Street in Līhu‗e.  It is not responsible for 

maintenance of the exterior of the building or of any of the exterior lighting.   

Radio Transmitters.  KIUC owns and operates several small radio transmitters that it uses to 

coordinate and control the generating units and transmission and distribution facilities in its 

islandwide system.  These consist of the following:   

 A single-story shack located at the top of Mount Kāhili houses radio transmitters, batteries, and 

ancillary equipment.  A standard height (40-50-foot-high) guyed utility pole (see the left-most pole 

in the photo at left below) supports the antenna that serves these (the transmitter‘s antenna is about 

half-way up the pole, and UHF antennas are located at top of pole, pointing to Kapa‗a and Kōke‗e).  

KIUC shares the location with other companies, which own and operate the antennae that are on the 

two other poles visible in the picture.   

 A 12-foot by 15-foot single-story control building made of fiberglass is located just above horse 

shoe bend at the old Pu‗u ka Pele Station at the Kōke‗e National Air Guard facility.  The antenna 

serving this equipment is attached to the Air Guard tower.   

 KIUC also owns and operates a 12-foot by 15-foot single-story fiberglass control building located 

in Kīlauea.  The 50-foot-high utility pole that is the second from the left in the right-hand photo 

below) supports the antennae that serves this facility.  The facility‘s VHF whip antenna is on top.  

The UHF antenna is below that (and well below the top of the utility pole).   
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Mount Kāhili Kīlauea 

 

KIUC purchases power from several independent power producers (IPPs) and transmits the power 

through its electrical transmission system.  IPP facilities and activities are not covered by this HCP.   

2.1.5 ONGOING OPERATION & MAINTENANCE ACTIVITIES 

Existing KIUC facilities require ongoing maintenance to ensure safe and efficient operation.  Most of 

the activities associated with maintaining KIUC facilities do not significantly affect the configuration 

of existing facilities and electrical power lines.  Examples of such maintenance include responding to 

mechanical failures of equipment within substations or on electrical power lines due to corrosion and 

wear, replacing damaged and rotting poles, trimming tree branches near lines, and restoring and 

testing wood poles.   

Some regular maintenance activities necessarily result in raising pole heights, relocating poles, and/or 

increasing the number of poles in the system.  One example is ―reconductoring‖, or the replacement 

of a smaller conductor with a heavier one.  This must be done occasionally to accommodate 

increasing electrical loads on the electrical power lines.  In order to maintain a proper offset distance 

between the lines strung on the poles, the line height must be increased (usually by five feet) and/or 

the distance between poles reduced, which may entail replacing poles, adding more poles, and 

replacing insulators.  KIUC is also required to move their facilities from time to time to accommodate 

road widening or other County and State projects.  This HCP and the associated ITP and ITL cover 

the installation of up to 425 such new, replacement or relocated poles that result in a pole height 

increase (an average of 85 per year for five years), but not to exceed a maximum of 140 such poles in 

any one year.   

2.1.6 IMPLEMENTATION OF THE HCP’S CONSERVATION PROGRAM 

Chapter 5 of this HCP describes a conservation program which, among other things, involves 

handling of and other activities involving the Covered Species.  Implementation of all aspects of the 

conservation program is covered under the incidental take permits. 

2.2 FUTURE KIUC ACTIVITIES AND FACILITIES 

KIUC is required by the State Public Utilities Commission (PUC) to provide and ensure the 

availability of reliable electrical service.  As Kauai‗s population and demand for electricity continues 

to grow, new facilities will be needed to improve the transmission and distribution of electricity.  

Some specific additional facilities are already slated for development, while others are in the early 

planning stages.  
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This HCP divides future additional facilities into two categories for purposes of incidental take 

authorization:  

 Future additional facilities that are relatively minor in terms of size and extent, are constructed 

routinely, but are unlikely to have any observable or measurable effect on the Covered Species 

(e.g., a new, low-elevation distribution line to provide service to a new home).  These facilities are 

to be covered under the incidental take permits. 

 Specific reasonably foreseeable future additional facilities that are larger in size and extent, already 

planned, and towards which KIUC expects it must begin to make substantial financial commitments 

within the term of this HCP.  These facilities are to be covered under the requested incidental take 

permits.   

If, during the term of this HCP and related permits, the need arises to construct facilities that are not 

known at this time and are not, therefore, discussed in this document, KIUC will review the concept 

plans for such facilities to determine potential impacts to Covered Species.  Only those presently 

unidentified projects which it is clear (either from analysis or from discussion with the regulatory 

agencies) will not cause harm will be pursued without seeking additional permit coverage.  

Implementation of any projects which KIUC determines will require incidental take authorization for 

the Covered Species will be delayed until that coverage is available (presumably through the KSHCP)  

Facilities and activities in each of the two categories are discussed in detail below.   

2.2.1 FUTURE ADDITIONAL FACILITIES: COVERED MINOR FACILITIES AND ACTIVITIES 

The following categories of routine KIUC facilities and activities necessary to serve the utility‘s 

customers are minor in size and extent and, due to their physical attributes, have extremely limited, if 

any, potential to affect the Covered Species.  The construction and operation of these facilities are to 

be Covered Activities under the incidental take permits for the term of the HCP.  These activities will 

also be covered under the longer-term permit coverage KIUC plans to seek under the KSHCP.   

2.2.1.1 New Connections within Existing Service Areas (< 1,320 feet)  

New residential and commercial customers regularly request new connections to the existing 

electrical distribution network.  When this occurs, KIUC is obligated by the Public Utilities 

Commission tariff under which it operates to provide the requested service from the nearest 

distribution line to the customer.  Approximately 75 percent of these requests can be satisfied by 

installing 50 to 125 feet of new wire from an existing pole or line to the customer‘s meter.  The 

remaining requests typically require installation of one to three poles (and often a transformer), but 

they are occasionally longer.  The top of the poles used for this purpose typically extend no more than 

35 to 45 feet above ground level, and the service lines from poles to homes typically start from the 

pole at a takeoff height of approximately 30 feet above the ground and descend to attachment points 

on the eaves of homes at about 8 feet above the ground.  Hence, their average height above the 

ground is a little under 20 feet.
11

  This is below the height at which most individuals of the Covered 

Species typically fly.  Under very rare circumstances, poles slightly higher than 45 feet above ground 

(e.g., 50 feet) may need to be installed as ―risers‖ (i.e., poles used when power lines are transitioning 

from overhead to underground) or may be needed in order to maintain minimum code-required 

clearances between poles in areas of uneven terrain.  In such rare situations, all installations will 

ensure that the average ground clearance of conductors between two adjacent poles is less than 45 

feet.  In addition, any potential impact will be minimized by using such higher poles only when 

absolutely necessary, and when used all lines strung to such poles will utilize a horizontal rather than 

vertical configuration.  In addition, if any such new connections require the installation of new poles 

that extend higher than 45 feet above ground level, KIUC will submit the proposed exception to 

USFWS and DOFAW for review and approval.  If an agency objects to the proposed exception, it 

                                                 
11 30 feet above ground level at pole less 8 feet above ground level at roof/2 ) = 19 feet.    



KIUC SHORT-TERM SEABIRD HABITAT CONSERVATION PLAN 

 COVERED ACTIVITIES 

 PAGE  2-15 

must notify KIUC of its objections within 30 calendar days of receipt of the request.  The agencies 

may request up to ten (10) additional business days of review time so long as they submit their 

request for an extension no later than 25 calendar days after their receipt of KIUC‘s request.  If the 

agencies do not respond within the allotted time, their lack of response will mean that agencies have 

no objections to KIUC‘s request.   

This HCP and the associated ITP and ITL cover the installation of up to 375 new connection poles 

over five years (an average of 75 per year), but not to exceed a maximum of 150 new connection 

poles in any one year.  In addition, to limit the number of new connection poles that could be installed 

in the relatively dark northern portion of the island (west of Princeville), no more than 13 new 

connection poles will be placed in the area west of Kumu Road and Highway 56 during the five-year 

permit term; or no more than five will be installed in any one year.
 12

  All new connections installed 

within this area will be included in the underline monitoring program developed and implemented 

during the term of the HCP.  In the Annual Report prepared pursuant to Section 7.2.3, KIUC will 

include a list (with locations, pole heights and line heights) of all new connection poles installed 

during the preceding year.   

2.2.1.2 Electrical Equipment Additions to Existing Substations and Switchyards  

Periodically, KIUC must install additional electrical equipment in its existing substations and 

switchyards.  In some cases the need stems from KIUC‘s ongoing conversion from 57 kV to the 69 

kV transmission system that is more compatible with standard equipment now being produced by 

electrical equipment manufacturers.
13

  In other cases the equipment additions are related to the need 

to expand the substation capacity to meet growing electrical demand.
14

  The tallest additional 

equipment that might be installed at a substation is less than 20 feet high, well below the elevation at 

which the Covered Species would normally fly.     

2.2.1.3 Minor Generating Station Equipment and Structure Additions 

Mechanical and electrical equipment must periodically be added to generating stations to 

accommodate changes in operating procedures, improved technology, or governmental permitting 

requirements.  This equipment is typically less than 25 feet high (i.e., well below the height of 

existing structures on the generating station sites).  Low structures containing space for storage (e.g., 

warehouses), offices, training, and other utility related activities may also be added from time to time 

to allow the facilities to carry out their functions.  Some of these may involve a few, low-intensity 

outdoor lights.  Any new lights will be shielded and used only when needed.  In the context of the 

already-developed industrial nature of the generating stations, such additions are unlikely to affect the 

Covered Species.   

2.2.1.4 Voltage Upgrade on Existing Poles  

As discussed above, while the island‘s electrical transmission system was initially designed to operate 

at 57 kV, all of the new facilities installed over the past several decades have been designed to 69 kV 

standards to facilitate eventual conversion to this industry-standard voltage.  Hence, it will not be 

necessary to modify transmission lines if and when a complete voltage conversion to 69 kV is made.  

Instead, relatively straightforward changes in connections at substations will suffice.  The steel 

transmission poles along KIUC‘s main transmission corridor across the center of the island have been 

designed so that they could accommodate 138 kV should the utility reach the point where this is 

                                                 
12  The limitation on the number of additional new connection poles (and new lights) is based on the proportional area 

occupied by the KIUC service area within the relatively dark northern portion of the island (approximately 3.47 percent).   

13 KIUC has nearly completed the equipment changes needed to convert its transmission voltage from 57 kV to 69 kV.  
Once the remaining transformers, switches, and other remaining 57kV-rated equipment have been replaced, the 
cooperative will increase the line voltage of its transmission system.  This will not require modifications to equipment 
that have the potential to affect the covered species.   

14 Some of the growth in demand is due to additional development, but much is due to the increased per-capita use of 
electrical power.   
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needed to reduce line-losses and increase long-distance transmission capacity.  Such voltage upgrades 

are unlikely to affect the Covered Species.   

2.2.1.5 Installation of Shielded Street Lights at Government or Private Request  

KIUC periodically receives requests from the County and State agencies to install and operate 

additional streetlights to serve new subdivisions or existing thoroughfares.  In some cases the 

streetlights that are installed in new developments to comply with County code requirements are on 

their own poles, with electrical and telecommunications cables being placed underground.
15

  In other 

cases the lights are placed on poles that also carry overhead electrical and telecommunication cables.  

KIUC will continue obliging those requests and responding to them in a timely manner.  As with all 

the existing KIUC-owned streetlights on Kaua‗i, any new streetlights would be equipped with full-

cutoff lights to eliminate upward-projecting light that could disorient seabirds.  This HCP and the 

associated ITP and ITL cover the installation of up to 375 new shielded streetlights over five years 

(an average of 75 per year), but not to exceed a maximum of 100 new shielded streetlights in any one 

year.  In addition, to limit the number of new lights that could be installed in the relatively dark 

northern portion of the island (west of Princeville), no more than 13 new lights may be placed in the 

area west of Kumu Road and Highway 56 during the five-year permit term; or no more than three 

would be installed in any one year.  All new lights installed within this area will be included in the 

underline monitoring program developed and implemented during the term of the HCP.   

In addition KIUC will forward to the USFWS and DOFAW, within five business days, all requests 

and/or applications it receives to install new streetlights.  This will provide the USFWS and DOFAW 

with the opportunity to evaluate the requested new streetlights, and then contact the requesting entity 

should the Agencies have any concerns.  In the Annual Report prepared pursuant to Section 7.2.3, 

KIUC will include a list (with locations) of all new streetlights installed during the preceding year. 

2.2.1.6 Fiberoptic Cable Installation 

KIUC is continuing to install fiberoptic cables that link major facilities in its system.  These will 

complement fiberoptic cables it has already installed linking the Port Allen Generating Station, Kōloa 

Switchyard, Līhu‗e Switchyard, Hana Kukui Main Office, Kapaia Power Station, Lydgate Substation 

and Kapa‗a Switchyard.  The additional communication ability will increase the stability of its 

transmission and distribution system and have the added benefit of improving other types of 

communication between its major facilities.   

These fiberoptic cables come in two forms: ADSS (All Dielectric Self Supporting) and Optical 

Ground Wire (OPGW).  ADSS fiber cable has its strength built in and requires no externally lashed 

messenger; it is installed on existing utility poles, either in the space allocated for communication 

lines (approximately 21 feet above the ground) or at the lowest position in the electrical space 

(approximately 27 feet above the ground).  OPGW (which looks like a normal aluminum stranded 

cable) is usually strung at the top of the pole, in place of the static wire.  It provides both lightning 

protection and fiber communications.  KIUC will continue to install OPGW fiber conductors in place 

of, and at no greater height than, the existing static wire.
16

   

2.2.1.7 In-situ Replacement of Existing Lines or Other Facilities  

KIUC is periodically required to replace existing lines or other facilities in their current location for 

maintenance, service reliability or other such reasons.  For example, KIUC on occasion must replace 

an existing segment of power line because of line age or damage.  So long as the line is replaced in its 

current location, and the new line is installed at a height which is equal to or lower than that of the 

                                                 
15 As provided for under existing PUC guidance, KIUC installs new transmission and distribution lines overhead unless the 

landowner or developer requests that they be placed underground.  Where such requests are made, the developer pays the 
cost differential between underground and overhead installation.   

16 For those locations where existing static wires are not already installed, KIUC will pursue the procedures outlined in 
Section 2.2.3 for future additional facilities.   
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line being replaced, then the installation and operation of that new line segment is covered by the 

incidental take permits.  Another effort that is ongoing within the KIUC system is the preparation to 

energize the transmission lines at 69 kV rather than the 57 kV at which they now operate.  All of the 

transmission lines themselves now meet 69 kV standards, but they will continue to be energized at 57 

kV until the last substation and other control equipment has been upgraded to the higher 69 kV 

standard, at which point the switch-over will be made.  The eventual switchover does not involve 

physical or other changes that have the potential to affect the Covered Species.   

KIUC normally performs in-situ replacement work during daylight hours.  It will only conduct such 

work during nighttime hours in emergency situations or when system conditions require nighttime 

work.  Lighting of the work area will be required in such situations.  Such lights will be shielded and 

directed downward to the maximum extent practicable, and KIUC workers will be trained in how to 

handle any downed birds and will have appropriate equipment onsite to hold and transport any 

retrieved downed birds to an SOS facility.  

2.2.1.8 Reconstruction of Facilities as Part of Minimization Work  

As discussed in Section 5.4.2.3, KIUC will reconstruct certain facilities to minimize their potential to 

affect the Covered Species.  Planned activities include such things as rearranging wires (to reduce the 

number of layers and/or reduce their height above ground), placing lines underground or in conduits 

attached to bridges, various combinations of undergrounding, maintaining vegetative barriers, and 

other similar activities undertaken in accordance with the provisions of this HCP.    

2.2.1.9 Conducting Field Tests of Minimization Measures  

KIUC will continue to field-test measures designed to reduce the potential for its facilities to 

adversely affect the Covered Species.  This could include such things as erecting and monitoring bird 

diverters, setting up and manning stations from which bird behavior in the vicinity of KIUC facilities 

can be observed, and carrying out tests of various facility lighting options.   

2.2.2 FUTURE ADDITIONAL FACILITIES: LARGER, PLANNED, SHORT-TERM PROJECTS  

KIUC has, or may need to, commit to a few new facilities within the term of the permits that are 

larger in size and extent than the categories of facilities described above, but are sufficiently well 

defined such that the construction and operation of these facilities are Covered Activities under the 

incidental take permits.   

2.2.2.1 Aepo (formerly Kumanu)Substation   

The South Shore of Kaua‗i is presently served by KIUC‘s electrical substations in Kōloa and Lāwa‗i, 

both of which are already operating near their full capacities.
17

  Construction has begun on the first 

phase of the Kukui‗ula project, a 1,000-acre master planned resort/residential community, and other 

development is ongoing in the region as well.  Additional substation capacity is being installed to 

accommodate the increased load resulting from this development.  In addition to supporting 

anticipated area loads, the new substation will also provide redundancy for the Kōloa, Lāwa‗i, and 

Port Allen Substations during the next decade or more.   

The new electrical substation will be located on a portion of TMK: 2-6-003:001 adjacent to an 

existing field road and next to a 69kV overhead transmission line (see Figure 2.4).  It is 

approximately six miles from the switchyard at the Port Allen Power Plant and three miles from the 

Kōloa Substation.  The electrical substation site is in the State Agricultural District; it is designated as 

Agricultural by the Kaua‗i County General Plan and by County Zoning.  The new substation will 

                                                 
17 The original Kōloa Substation was expanded in 1982 to meet increased load demands in the Kōloa and Po‗ipū areas.  The 

expanded Kōloa Substation contains two 7.5/10.5 MVA power transformers and four 12.5kV distribution circuits.  The 
station is presently loaded to over 80 percent of its base rating, which exceeds the load the substation can reliably support 
during peak-load periods.  The Lāwa‗i Substation provides limited redundancy for Kōloa Substation; however, during peak 
periods Lāwa‗i Substation also operates near maximum capacity.   
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require one acre of land and is planned as an outdoor station with two 69kV circuit breaker line 

terminals, one for each 69kV line exiting the station.  Full build-out of the substation is designed with 

three power transformers and six 12.5kV distribution circuits.  Initial construction will only employ 

one transformer and two distribution circuits.   

Most of the equipment in the proposed substation is quite low, with all of the transformers and 

switches being less than 20 feet in height.  The tallest structures, the two A-frames that hold the 

incoming and outgoing electrical lines, are less than 40 feet tall.  The only outdoor lighting at the site 

would be for emergency use only and would be provided using shielded fixtures.  Hence, it is unlikely 

that this project would adversely affect the Covered Species.   

2.2.2.2 Lydgate Substation Upgrade  

KIUC‘s Lydgate substation is on the eastern side of Kaua‗i approximately one mile south of the 

Wailua River and approximately a quarter of a mile inland from the ocean.  The substation serves 

portions of the County‘s Kawaihau and Līhu‗e Planning Districts, including Waipouli, Hanamā‗ulu, 

Wailua Houselots, and Wailua Homesteads.  When it first began preparing this HCP, KIUC had not 

yet started this project.  Reconstruction was subsequently completed in late 2009 placing most of the 

equipment in a new building; only the transformers remain outside (two initially with space for a third 

if needed).   

As mentioned in Section 5.4.2.3, KIUC is participating with the State of Hawai‗i, Department of 

Transportation to underground its existing overhead electrical lines within the Kūhiō Highway right-

of-way between the reconstructed Lydgate Substation and the Kapa‗a Bypass Road.  In order to 

protect the new underground cable from the effect of lightning strikes, KIUC has installed a static 

wire (running pole-top to pole-top) for one half mile from the Lydgate Substation towards Līhu‗e.  A 

half-mile of static wire has also been added to the top of the transmission poles northward from the 

Substation to the Wailua River Bridge.  A similar wire is scheduled to be installed for one-half mile 

northward along the highway from the Kāpa‗a Bypass Road as part of the Wailua Undergrounding 

project.  The existing 69 kV electrical conductors have been/will be lowered to accommodate 

installation of the additional static wire; in no instance will these changes increase the elevation of the 

highest wire.   
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2.2.2.3 North Shore Reliability Enhancement Project  

The first power line on the North Shore of Kaua‗i was a 35-mile line connecting Wainiha Hydro with 

McBryde Sugar Company‘s irrigation system pumps located on the Hanapēpē River.  The line was 

completed in 1906 and remained in service for over thirty years.  In 1938, the original line was 

replaced with a steel lattice tower line, a part of which is still in service between Wainiha and 

Hanalei.  The lattice tower line operation was changed from 33 kV to 57 kV in 1938.  Growth on the 

North Shore and a deteriorating lattice tower line prompted KIUC‘s predecessor, Kaua‘i Electric 

(KE) to undertake two large transmission line projects in the early 1990s.  One of these is a 69 kV 

steel-pole line that runs from the Hanahanapuni Tap to the Princeville Substation that was 

reconstructed in 1992-1993 following hurricane Iniki.  The other is a 69 kV wood pole line to connect 

the Kapa‗a Substation to the Princeville Substation.  The 20-mile line was designed to run alongside  

Kūhiō Highway and Kalihiwai Road.  Approximately 16 miles of the line had been built when local 

opposition caused KE to suspend construction, thus creating a gap of approximately 4.5 miles.    

The Princeville Substation, which serves the area from Hanalei to Moloa‗a, is fed by just one 69kV 

transmission circuit.  A second 69 kV circuit is required to enable KIUC to provide reliable service to 

Princeville, Hanalei, Kilauea, and other communities within this service area.  The need for the 

additional transmission circuit will increase as development of the area between Kapa‗a and 

Princeville consumes more and more of the power that can be supplied by the existing Kapa‗a 12 kV 

distribution system, and thereby reduces the amount of power that the existing Kapa‗a 12 kV system 

can transmit to Kilauea, Princeville, and beyond on those occasions when power from the 69 kV 

circuit is not available.   

In 2005, KIUC identified and evaluated options it could pursue to improve service to its customers in 

this area in a manner that is cost-effective, environmentally sound, and responsive to community 

concerns.  After identifying the operational objectives for the second 69 kV circuit and identifying 

factors that shape the project environment and influence the appropriateness of alternative solutions, 

the study team explored ways to meet the operational objectives in light of the many economic, 

community, and ecological constraints that exist.  KIUC evaluated the dozen alternatives it identified 

from four perspectives: engineering and operations, cost, community compatibility, and ecological 

compatibility (specifically including minimization of impacts to threatened and endangered birds that 

may collide with power lines).  Its ensuing analysis of the twelve identified four alternatives as best 

with respect to their ability to meet KIUC‘s objectives.
18

  After consulting with the 28 different 

community members and further investigating the top-ranked alternatives, KIUC refined its design 

concept to arrive at the plan shown in Figure 2.5.   

 

                                                 
18 During this process, KIUC considered complete and partial undergrounding alternatives.  It rejected complete 

undergrounding because of its extremely high cost (see Section 6.2 for cost estimates).   
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The proposed plan places a high priority on minimizing the potential effect on the Covered Species.  

In all of the areas where the plan calls for wires where none presently exist the additions are either 

shielded by existing vegetation and/or topography or are attached to the side of the Kūhiō Highway 

bridge across the Kalihiwai River.  This design choice completely eliminates the potential adverse 

effect on the species in this route segment.
19

  Most of the portion of the line that is on the Princeville 

side of the intersection of Kūhiō Highway and ‗Anini Road would be above ground and would use the 

same poles that carry the existing 12 kV line.  In all cases where additional above-ground 

transmission wires are proposed KIUC would offset the effect of the additional circuit by changing 

the existing 12 kV distribution wires to a horizontal (i.e., one-level) arrangement (in lieu of their 

present vertical configuration).  Because the four wires in the proposed 69 kV circuit would be 

limited to two levels (instead of the traditional four), the total number of levels at which wires would 

be present would be lower with the project (3 levels) than it is at present (4 levels), thereby reducing 

the potential for bird/line collisions relative to the present.   

At present, the 69kV-capable poles end at the golf course approximately 1,500 feet east of the main 

entrance to the Princeville development.  Beyond that point all of the electrical service is 

underground.  In order to avoid increasing the possibility of bird strikes in this area, KIUC is planning 

on the use of an underground cable, completely eliminating the potential for adverse effect.   

2.2.2.4  Kapaia Power Station Generation Addition   

KIUC‘s present integrated resource plan calls for it to install its next firm-capacity generating unit at 

the Kapaia Power Station.  One alternative consists of a single combustion turbine (CT), a heat-

recovery unit, a steam turbine, and electrical equipment.
20

  The CT and steam turbine will be housed 

in separate structures.  The heat recovery unit will be either a once-through steam generator (OTSG) 

or a heat-recovery steam generating unit (HRSG).  The structure housing the OTSG or the HRSG 

(whichever is selected) will be the tallest of the proposed buildings; at ~70-feet, it will be about the 

same height as the existing OTSG for Combustion Turbine Unit 1 (CT-1), which stands at 71‘6‖.  

The exact height of the exhaust stack that will be used will be determined when the air quality 

analyses that KIUC is presently conducting have been completed.  However, KIUC expects that it 

will be approximately the same height as the existing stack on the site.  The stack may require FAA 

compliant lighting.  Any additional lighting, if required, will follow current bird-friendly design and 

operating criteria.  The switchyard will require an additional breaker that will be mounted on an 

existing structure.  The other leading alternative being considered consists of smaller-capacity diesel 

units.  While the exact size of such a diesel alternative plant has not been determined, it would be 

physically smaller than the CT-based system described above and would have even less potential to 

affect the Covered Species.  All of this work would be conducted in areas where only grasses and low 

shrubs are present.   

The Kapaia Power Station is not located in an area that is known to have a high passage rate by the 

Covered Species.  As the proposed addition does not involve structures or lighting that are 

significantly different from those that already exist, KIUC does not anticipate that the proposed 

addition represents a significant new source of potential take.  Nevertheless, it is KIUC‘s intention 

that the proposed addition be covered by the requested ITP/ITL.   

                                                 
19 It is worth noting that the proposed design would have less effect on the Covered Species than the line proposed in the 

early 1990s.  For example, the Kalihiwai River crossing is in a conduit attached to the side of the highway bridge rather 
than overhead near the mouth of the stream.  Similarly, the transmission cables are arranged on two levels, rather than 
four, and the existing 12 kV cables are being reconfigured from four levels to one.  A portion will be underground.   

20 The unit will be a renewable multi-fuel unit with an approximate output of 18MW.   
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2.2.2.5 Green Energy Switchyard/Substation   

 KIUC has entered into a Purchase Power Agreement with Green Energy Hawaii LLC, which 

proposes to construct and operate a biomass electric generating facility which will burn woodchips 

from locally grown albizia trees and other agricultural waste products to generate electricity that will 

be sold to KIUC.  Occupying a portion of TMK 2-7-001-001, the Green Energy site is located 

between Ku‗ia Stream and Weoweopilau Streams approximately one-quarter mile mauka of 

Kaumuali‗i Highway and just west of Half-Way Bridge (see Figure 2.6).  If the biomass project 

receives all required approvals and is constructed, Green Energy Hawaii LLC will also construct a 

substation on its site that will allow it to connect to KIUC‘s existing Koloa-Fujita transmission line 

(which passes over the western portion of the Green Energy site).
21

  The existing steel poles 

supporting the Koloa-Fujita lines are typically 70 feet high; the additional takeoff structure required 

for the interconnection would be at or below that height.  The only outdoor lighting at the site would 

be for emergency use only and would be provided using shielded fixtures.  Although Green Energy 

Hawaii LLC will construct the substation and interconnection, upon commissioning and approval by 

KIUC it will then convey those facilities to KIUC which will thereafter operate and maintain them.  

Because the proposed new generating facility is located adjacent to an existing transmission line, it 

will not require new transmission line construction. 

Because the substation structure will be small, will require no regular outdoor lighting, and the 

interconnection will require only a relatively short takeoff structure, these facilities are unlikely to 

have any significant adverse effects on the Covered Species.    

 

 

                                                 
21The substation would have three transmission breakers, a spare bay for a future distribution bus and transformers, and a 

control room.   
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2.2.3 SCREENING, ANALYSIS AND POTENTIAL HCP AMENDMENT PROCESS FOR OTHER 

FUTURE ADDITIONAL FACILITIES  

For future additional facilities which do not fall into one of the two categories described above, KIUC 

will prepare an internal analysis of whether the construction and operation of the facility will cause 

take of the Covered Species.   

 If KIUC concludes that no take will occur, then it will not seek incidental take authorization and 

KIUC will construct the facility without seeking an amendment to this HCP or the incidental take 

authorizations.  In that case, the construction and operation of this new facility will not be covered 

under the ITP/ITL.  At its discretion, KIUC may seek USFWS and DLNR concurrence with its 

conclusion that no take will occur.  KIUC may also elect to seek an amendment to the HCP and the 

incidental take permits to cover the new facility notwithstanding its conclusion that no take will 

occur.  

 If KIUC concludes that take of the Covered Species may or is likely to occur, it will employ its best 

efforts to design the new facility so as to minimize the potential impact on the Covered Species to 

the maximum extent practicable, utilizing the design standards described in Chapter 5.  For a new 

power line, for example, this could involve adjusting the line route, height, or configuration, and 

incorporating bird collision avoidance features such as line markers or tall vegetation.  KIUC will 

then present to the USFWS and DLNR a detailed written description of the new facility and such 

minimization measures, and an assessment of the likely impact of the new facility on the Covered 

Species.  The USFWS and DLNR will then review this submittal and promptly inform KIUC in 

writing that either KIUC has in fact minimized the impact to the maximum extent practicable, or 

identify for KIUC in writing specific ways in which the impacts can practicably be minimized 

further; the agencies shall also inform KIUC whether the project (either as originally proposed by 

KIUC, or as modified with additional impact minimization measures agreed to by KIUC, USFWS 

and DLNR) is likely to result in take of protected species.   

Incidental take coverage for facilities determined to have a minor impact can be provided through a 

Minor Amendment to the HCP and incidental take permits, as described in Chapter 7  Incidental take 

coverage for facilities determined to have a significant or potentially significant impact on the 

Covered Species can be provided through a Major Amendment to the HCP and incidental take 

permits as described in Chapter 8.  Either form of amendment may require additional mitigation for 

unavoidable impacts, which mitigation shall be commensurate with the degree of additional impact.
22

   

 

 

 

 

 

 

 

 

 

 

                                                 
22 Given the short-term duration of this HCP, it is unlikely that the need will arise to amend the HCP to cover future 

additional facilities. 
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CHAPTER 3 –  ENVIRONMENTAL SETTING  

3.1 INTRODUCTION  

This chapter provides an overview of the existing environment on Kaua‗i.  While the breadth of 

KIUC‘s system means that the discussion is necessarily islandwide, the discussion below pays special 

attention to the relationship between KIUC‘s facilities, known seabird colonies, and the routes that 

the Covered Species are believed to fly while traveling between nesting areas and the ocean.  It is 

divided into four main parts:  

 Section 3.2 discusses the physical environment, including physiography, geology, soils, hydrology, 

climate, and air quality.   

 Section 3.3 covers the overall biological environment.  

 Section 3.5 provides an overview of the socio-economic environment on Kaua‗i.   

 Section 3.5 summarizes the existing land use patterns on the island.   

3.2 AFFECTED PHYSICAL ENVIRONMENT 

3.2.1 PHYSIOGRAPHY, GEOLOGY AND SOILS  

3.2.1.1 Physiography  

Kaua‗i has a land area of slightly more than 550 square 

miles.  Roughly circular in shape, its most striking 

physiographic features are a high central plateau topping out 

at over 5,000 feet at the summits of Wai‗ale‗ale (5,148 feet) 

and Kawaikini (5,243 feet), steep cliffs and deeply incised 

valleys along the northern Nāpali coast, the 3,600-foot deep 

Waimea Canyon, the broad Līhu‗e Basin on the southeastern 

quadrant of the island, and extensive coastal plains.  These 

can be seen on the shaded relief map to the left.   

 

As evidenced by these pictures of Honopū and Ho‗olulu 

Valleys, the Nāpali coast, on the northwest coast of Kaua‗i, consists of huge cliffs, knife-edge ridges, 

and deep canyons.   
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The Waimea Canyon, was formed as the Waimea River cut deeply into lavas of the Waimea Canyon 

Basalt.  As can be seen in the photo to the left, it is a wilderness of deep gorges and labyrinthine 

canyons.  The Waimea River and its tributaries are 

fed by vast swamps in the very wet plateau of the 

central highlands.  The picture to the left is a view 

looking up the canyon (i.e., northward), from its 

western rim.   

The west side of Kaua‗i, south of the Nāpali coast 

has a shape that is typical of shield volcanoes.  It 

consists of a gently sloping surface, cut by a series 

of deep canyons.  The land meets the ocean with 

either abrupt steep shoreline cliffs or, as in the 

Polihale area, miles of sandy beaches.  The broad, 

flat Māna Plain is located on the southwest corner 

of the Island.  It is just above (and in a few areas slightly below) sea level.  Another feature of the 

west side is a 15 to 80-foot high cliff at the interface between the lava that forms the mountains and 

the Māna Plain.   

The North Coast of Kaua‗i consists of two 

distinct parts.  The portion from Kalihiwai to 

Wailua consists of a reasonably broad, gently 

sloping makai (seaward) portion backed by the 

steeper slopes of the Wai‗ale‗ale massif.  

These can be seen in this view of the central 

highlands of Kaua‗i and Wai‗ale‗ale from a 

point near the shoreline.  The portion from 

Kalihiwai to Hā‗ena, where the Nāpali coast 

begins, is composed of three deeply incised 

valleys (Hanalei, Lumaha‗i, and Wainiha).   

 

 

 

The character of the shoreline varies greatly along this side of 

the island.  It ranges from sandy beaches (as at Hanalei) to 

rocky sea cliffs.  The view of the shoreline adjacent to the 

historic lighthouse at Lae O Kīlauea near the Kīlauea Point 

National Wildlife Refuge (shown in the photo to the left) is a 

good example of the latter.   
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3.2.1.2 Geology  

Kaua‗i, like the other Hawaiian Islands, was formed by magma that emerged from a hotspot on the 

earth‘s crust.  As this magma moved towards the surface, it erupted as lava, pouring out over the 

ocean floor.  Over time, the eruptions formed a typical Hawaiian shield volcano.  It was long thought 

that the island was formed by a single shield volcano, but more recent investigations suggest that it 

almost certainly represents two or more.   

Figure 3.1 Generalized Geology of Kaua‘i 

The main mass of Kaua‗i is believed to be about 

3 to 5 million years old, although there were a 

few very small eruptions on the island as late as 

about 400,000 years ago.  As shown in Figure 

3.1, two basic rock units are found in the 

stratigraphy.  The oldest is the Makaweli 

member of the Waimea Series lavas and is 

shown in green (Clague & Dalrymple, 1988).  

The Olokele Member of the Waimea Series 

(shown in blue) occupies a large area in the 

center of the island.  The Waimea Canyon scarp 

probably represents a major collapse at the 

beginning of the post-shield (or declining) 

stage.  Post-shield-building volcanic soils of the Olokele Member of the Waimea Canyon Basalt may 

have in filled a major caldera-like collapse structure to form the present day broad summit area of Mt. 

Wai‗ale‗ale and the Alaka‗i Swamp.  The Makaweli series volcanics fill a graben-like feature in the 

southern part of the island.
23

  The major east-west trending Haupu Mountain ridge, between Po‗ipū 

and Līhu‗e, is composed of the Haupu Member of the Waimea Canyon Basalt.  This is thought to be a 

structural remnant of the original shield-building and/or post-shield volcanic stage of the island.   

After a long period (probably about 0.5 to 1.5 million years) of no eruptions and great erosion of the 

Waimea Series lavas, eruptions began again.  Lavas from this second period of great eruptive activity 

formed the Kōloa series volcanics.  These are shown in red on the map.  This post-erosional stage of 

volcanism on Kaua‗i is particularly well-developed, especially on the eastern side of the island.  Very 

late stage explosive volcanic vents and cones of the Kōloa Volcanics such as Kilohana Crater, 

Kīlauea Crater, and 35 to 40 other smaller but similar features are present throughout the eastern 

portion of the island.  The very steep eastern facing scarp of Wai‗ale‗ale was formed in part by the 

collapse of the Līhu‗e Basin.   

3.2.1.3 Soils  

A generalized map showing the main soil associations on the Island of Kaua‗i is reproduced in Figure 

3.2.  A soil association is a landscape that has a distinctive proportional pattern of soils.  It normally 

consists of one or more major soils and at least one minor soil, and it is named for the major soils.  

The soils in one association may occur in another, but in a different pattern.  Table 3.1 contains brief 

descriptions of the soil associations on Kaua‗i.   

 

 

 

 

                                                 
23 A graben is an elongate block of the earth‘s crust that is relatively depressed (i.e., that has dropped down) between two 

fault systems.   
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Table 3.1   Soil Associations on the Island of Kaua‘i 

Association Characteristics 

Jaucas-Mokulē‗ia  

Deep, nearly level to moderately sloping, excessively drained and well-

drained soils that have coarse-textured underlying material; on coastal 

plains.   

Hanalei-Kolokolo-Pākalā 

Deep, nearly level, poorly drained to well-drained soils that have 

dominantly moderately fine textured or medium-textured subsoil or 

underlying material; on bottom land. 

Kekaha-Nohili 
Deep, nearly level, weld-drained and poorly drained soils that have a fine-

textured subsoil; on coastal plains. 

Kapa‗a-Po‗okū-Hāli‗i-Makapili  
Deep, nearly level to steep, well drained and moderately well drained soils 

that have a fine textured or moderately fine textured subsoil; on upland.   

Līhu‗e-Puhi  
Deep, nearly level to steep, well-drained soils that have a fine textured or 

moderately fine textured subsoil; on uplands. 

Makaweli-Waiawa-Niu  

Deep, gently sloping to steep, well-drained soils that have a dominantly 

moderately fine textured or fine textured subsoil and shallow, steep and 

very steep, well-drained soils over basalt bedrock; on uplands 

Waikomo-Kalihi-Kōloa  

Moderately deep, gently sloping, well-drained upland soils that have a 

moderately fine textured or fine textured subsoil; deep, nearly level, poorly 

drained, bottom-land soils that have a fine-textured subsoil. 

Rough broken land-Mahana-

Kōke‗e  

Shallow to deep, very steep, rough broken land and deep, moderately 

sloping to very steep, well-drained soils that have a medium-textured to 

fine-textured subsoil.   

Wai‗ale‗ale-Alaka‗i 

Moderately deep, very steep, somewhat poorly drained soils that have a 

moderately fine textured subsoil and level to moderately steep, very poorly 

drained organic soils over fine-textured material; on uplands.   

Rough mountainous land-

Rough broken land-Rock 

outcrop  

Well-drained to excessively drained, very steep to precipitous lands of 

mountains and gulches.   

Source: Sato et al., 1972.   
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Figure 3.2 Soil Associations on the Island of Kaua‘i 
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3.2.2 HYDROLOGY  

Kaua‗i‘s hydrology differs somewhat from 

that of the other main Hawaiian Islands.  As 

can be seen in Figure 3.4, most of the 

streams radiate out from the Wai‗ale‗ale-

Kawaikini massif in all directions, cutting 

through intrusive dikes that retard the 

groundwater movement toward the ocean 

from high rainfall areas in the interior.  In the 

process they tend to receive large influxes of 

groundwater throughout their length.  Thus, 

unlike most Hawaiian streams, many of 

those on Kaua‗i actually gain flow as they 

descend (i.e., they are ―gaining‖ streams).  

As a result of this, in some parts of Kaua‗i 

more than 65 percent of the water falling on 

the ground appears as streamflow.  This 

proportion is far higher than the 30 percent 

of mean annual rainfall that the U.S. 

Geological Survey estimates runs off as 

streamflow statewide.  

Even on Kaua‗i, the percentage of rainfall 

that directly runs off varies spatially among 

basins and temporally within a basin.  Within 

a basin, the percentage of rainfall that runs 

off varies temporally among individual 

storms, and may range from less than 5 to 

greater than 90 percent.  The percentage of rainfall that runs off is generally highest in areas which 

have relatively high average rainfall, experience high-intensity rainfall, have low-permeability soils, 

have steep slopes, possess a water table at or near the land surface, or where the antecedent soil 

moisture is high.   

As illustrated by the examples shown on the figure at right, there are substantial differences between 

different drainages with respect to the seasonality of streamflow, the percentage of the flow that 

represents base flow, total discharge, and other factors.  

At 19.5 miles, the Waimea River-Po‗omau Stream is the longest stream on Kaua‗i.  Other long rivers 

on the island include the Makaweli River (15.1 miles), the Wainiha River (13.8 miles), the Hanapēpē 

River (13.3 miles), and the Wailua River (11.8 miles).  At 140 million gallons per day, the Hanalei 

River has the highest average discharge.  Occupying 424 acres, the Waita Reservoir, which is located 

on the southern side of the island near Kōloa, is the largest surface water body.    

 

Figure 3.3. Streamflow at Selected Locations.  
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3.2.3 CLIMATE AND WEATHER  

3.2.3.1 Wind   

The northeast trade winds are the most important determinant of Kaua‗i‘s climate.  They represent the 

outflow of air from the high pressure region known as the Pacific Anticyclone, whose typical location 

is well north and east of Hawai‗i.  The trade wind zone moves north and south seasonally with the 

sun, so that it reaches its northernmost position in the summer half-year.  Consequently, the trade 

winds are strongest and most persistent from May through September, when the trades are prevalent 

80 to 95 percent of the time.  From October through April, Hawai‗i is located to the north of the heart 

of the trade winds, and their frequency decreases to about 50 percent (as a monthly average).  On a 

few exposed headlands and in mountains that catch and concentrate the full force of the trades, winds 

above 40 miles per hour may occur several days each month of the year.  In nearly all other locations, 

however, such winds occur only occasionally, and then only as the result of a major storm, the 

passage of a cold front, or an unusual local situation.   

The land and sea circulations are on a far smaller scale than the circulations of the major storm 

systems, with the exchange of air often being confined to a few square miles.  Circulations of this 

kind are most common on the southern and western coast, in locations that are to the leeward with 

reference to the trade winds and topographically sheltered from them, e.g., the Barking Sands area.  

Land and sea air circulation exhibit a diurnal rhythm. From the late morning until the early evening 

air moves inland on a sea breeze; sometimes these sea breezes are fairly brisk.  During the night and 

until shortly after sunrise, the air drifts back from land to sea; this movement is usually quite gentle.   

Kaua‗i‘s topography interacts with the winds to produce large variations in conditions from one 

locality to another.  Air blowing inland as part of the trade wind flow is redirected horizontally and 

vertically by the mountains and valleys.  This complex three-dimensional flow of air results in 

marked differences from place to place in wind speed, cloudiness, and rainfall.  Together with 

variations in the elevation of the land, it results in differences in air temperature.   

3.2.3.2 Rainfall   

Rainfall on Kaua‗i varies greatly from place-to-place.  Average annual rainfall at Waimea on the 

island‘s southwestern shore is less than 30 inches.  Twenty miles away at the summit of Wai‗ale‗ale, 

it is more than 450 inches.  The majority of inland areas that represent potential nesting habitat for 

Hawaiian Petrels and Newell‘s Shearwaters exhibit average annual rainfall of 100 inches or more.  

Extreme rainfall intensities are high.  To take the most extreme instance on record, during the storm 

of January 24-25, 1956, over 38 inches of rain fell at the Kīlauea Sugar Plantation Office within a 24-

hour period, out of a storm total of 43.5 inches.  During the same storm six inches of rain fell during a 

single 30-minute period and about 12 inches fell in a single hour.   

While rainfall can be extremely heavy, very light showers are extremely frequent in most localities.  

On windward coasts, for example, it is common to have up to ten brief showers in a single day, none 

of them producing more than 0.01 inch of rain.  This seeming contradiction is explained by the fact 

that the usual run of trade-wind weather yields many light showers in the lowlands.  Mountain slopes 

and crests within the cloud belt receive water in the form of fog drip or cloud mists as well as outright 

rainfall.  This ―fog drip‖ may contribute two-thirds as much water to vegetation and soil in that area 

as does rainfall itself – and proportionately more when rainfall is light.   
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3.2.3.3 Temperature   

The temperature regime is not as variable from place to place as is rainfall but there are substantial 

geographic differences, chiefly as the result of variations in elevation.  Diurnal temperature ranges are 

smallest in the lowlands, with daytime temperatures commonly in the 70‘s to 80‘s and nighttime 

temperatures in the 60‘s to 70‘s.  Mean annual temperatures, which range between about 72° and 75° 

F. near sea level, decrease by about 2.5° to 3° F. for each 1,000 feet of elevation.   

Outside the dry, leeward areas, temperatures of 90° F and above are quite uncommon.  In the leeward 

areas, temperatures in the low 90‘s may be reached on several days during the year, but temperatures 

higher than these are uncommon.  The warmest days are usually during Kona weather, when the trade 

winds, which come from cooler latitudes, fail and air stagnates over the heated islands.  At elevations 

below 1,000 feet, the lowest nighttime temperatures on record have been in the 50‘s, except in 

relatively cloudless areas such as the leeward coasts where temperatures in the high 40‘s have been 

known to occur.  These are extreme values, and it is possible for several years to pass without 

temperatures near 50° F being experienced near sea level.  August is the warmest month of the year 

on Kaua‗i, and February is the coolest.  The average difference between the highest and lowest 

temperature experienced on any one day is typically between 10° and 20° F; the higher readings occur 

in areas that are lower, drier, and less exposed to the wind.     

3.2.3.4 Hurricanes, Tropical Storms, and Waterspouts   

In addition to the trade winds, major storm systems affect the Hawaiian Islands.  These occur most 

frequently from October through March, when there may be two, three, or even as many as six or 

seven major storm events in any particular year.  Such storms typically bring heavy rains and are 

sometimes accompanied by strong winds.  The storms may be associated with the passage of a cold 

front – the leading edge of a mass of relatively cool air that is moving from west to east or from 

northwest to southeast.  The storms may also be associated with a large eddy, or Low, that draws in 

moist, warm air, producing tremendous clouds and torrential rains. 

Hurricanes and tropical storms
24

 have directly affected Kaua‗i on a number of occasions over the past 

50 years.  Figure 3.6 shows the tracks of hurricanes that have affected the Hawaiian Islands since 

1950 and Table 3.2 summarizes their most important characteristics.  Hurricanes are infrequent, but 

they have had a great effect on Kaua‗i.  The two most recent hurricanes to hit Kaua‗i (Iwa, which 

struck the Island on Nov. 23, 1982, and ‗Iniki, which hit on Sept. 11, 1992) have been the most 

devastating with respect to KIUC‘s facilities and operations.   

The County estimates that Hurricane ‗Iniki caused more than $1.8 billion damage to the island, not 

including the impact on employment and the quality of life for Kauai citizens.  In addition to 

damaging or destroying over 14,000 homes, the storm decimated the island‘s electrical infrastructure.  

While the power plants suffered relatively little damage, the transmission and distribution lines that 

deliver the power to customers was largely destroyed and had to be largely rebuilt (see Table 3.3).  

Kauai Electric, KIUC‘s predecessor, estimates that Hurricane Iniki caused $62,298,000 in damages.  

Since it recovered only $3,308,000 from insurance, the net cost of the storm was nearly 59 million.   

 

                                                 
24 A ―Hurricane‖ is an intense tropical weather systems with well defined circulation and maximum sustained winds of 74 

mph (64 knots) or higher.  A ―Tropical Storm‖ is an organized system of strong thunderstorms with a defined circulation 
and maximum sustained winds of 39 to 73 mph.   
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Figure 3.6 Tracks of Major Storms: 1950 to 2000 

 

 

Table 3.2 Major Hurricanes Affecting Kaua‘i:  1950 to 2002 

Name Date  

Maximum recorded                                

winds ashore (m.p.h.) Category
* 

Deaths 

Property 

damage                 

(mil. $) Sustained Peak gusts 

Hiki   Aug. 15-17, 1950 68 (NA) 1 1          0.2        

Nina   Dec. 1-2, 1957 (NA) 92 1 1          0.1        

Dot   Aug. 6, 1959 81 103 2 -          5.5+        

Iwa   Nov. 23, 1982 65 117 3 1          234.0        

‗Iniki   Sept. 11, 1992 92 143 4 8          1,900        

*
Note: Category is based on the Saffir-Simpson Hurricane Scale:   

 Category 1, wind speed of 74-95 mph, minimal damage.   

 Category 2, wind speed of 96-110 mph, Moderate damage.   

 Category 3 wind speed of 111-130 mph, Extensive damage.   

 Category 4 wind speed of 131-155 mph, Extreme damage.   

 Category 5 wind speed of >155 mph, Catastrophic damage.   

Source:  State of Hawai„i Data Book: 2008.   
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Table 3.3 Damage to KIUC Facilities by Hurricane Iniki 

Transmission and Distribution 
Poles and Lines Downed Poles as % 

of Total Total No. No. Downed 

Transmission Poles 1,700  450  26% 

Distribution Poles 15,300  4,545  30% 

Total 17,000 4,995 29% 

Source: Oahu Civil Defense Agency, City And County Of Honolulu, Hawai‗i,  http://www.mothernature-

hawaii.com/files/honolulu_planning-09.pdf 

 

Both hurricanes ‗Iwa and ‗Iniki had direct and indirect impacts on the three Covered Species. 

Hurricane ‗Iwa likely resulted in few direct deaths, since it hit the Island very late in the nesting 

season. ‗Iniki on the other hand, likely did directly kill a number of birds, since it‘s landfall coincided 

with the height of the nesting season.  However, it is not possible to quantify the direct effect that 

either storm had on populations of these species.  

Both hurricanes resulted in significant changes in vegetation on the Island, especially that found 

within the more remote areas of the interior. Hurricane force winds denuded large areas of densely 

forested valley walls. At one known Newell‘s Shearwater colony at Kaluahonu, located on the south 

facing flank of Hā‗upu Ridge, between Kawaimanu and Kāmaulele peaks, north of the abandoned 

Kōloa Mill, most of the ‗Ōhi‗a lehua (Metrosideros polymorpha)/ uluhe (Dicranopteris linearis) 

forest was destroyed. This damage allowed more aggressive alien plant species, including, rose 

myrtle (Rhodomyrtus tomentosa), strawberry guava (Psidium cattleianum), common guava (Psidium 

guajava), Moluccan albizia, (Paraserianthes falcataria), Java plum (Syzygium cumini), silk oak 

(Grevillea robusta), and kiawe (Prosopis pallida), to almost completely overrun the colony site, 

resulting in it‘s abandonment (David 2003).  Whether this phenomenon was repeated at other colonies 

is unknown, however, the habitat conversion resulting from wind damage was extensive in many 

areas on the island.    

3.2.3.5 Tsunami  

As is true throughout Hawai‗i, low-lying shoreline areas are susceptible to periodic inundation by 

tsunami.  The greatest wave heights usually occur near where the offshore bathymetry is steepest, and 

a tsunami‘s size and run-up can vary considerably within very short distances.  For example, during 

the 1965 tsunami on the north shore of Kaua‗i, a run-up of 35 feet was recorded at Haena, while only 

a few miles away in Hanalei Bay, the run-up was only three feet.  While tsunami can have substantial 

effects on low-lying coastal areas, their effects do not extend inland to the habitat used by the 

Covered Species.   

3.2.3.6 El Niño/Southern Oscillation   

Fishermen along the Pacific coast of South America coined the term El Niño to refer to a seasonal 

invasion of warm southward ocean current that displaces the more typical north-flowing cold current 

in which they normally fished.  Today, the term no longer refers to the local seasonal current shift but 

to part of a phenomenon known as El Niño-Southern Oscillation (ENSO), a continual but irregular 

cycle of shifts in ocean and atmospheric conditions that affect the globe.  El Niño has come to refer to 

the more pronounced weather effects associated with anomalously warm sea surface temperatures 

interacting with the air above it in the eastern and central Pacific Ocean.  Its counterpart – effects   

associated with colder-than-usual sea surface temperatures in the region – is known as ―La Niña‖.   

Pelagic seabirds are generally thought to depend on often distant, limited, or ephemeral food supplies 

of small fish and squid. Seabird population are restricted by the availability of these prey items in 

their pelagic feeding grounds (Diamond 1978, Schreiber and Schreiber 1984).  ENSO events 



KIUC SHORT-TERM SEABIRD HABITAT CONSERVATION PLAN 

ENVIRONMENTAL SETTING 
 

  PAGE 3-13 

temporarily change climatic conditions, ocean currents and the productivity and abundance of seabird 

prey.  The impact of ENSO events on seabirds has been well documented along the coasts of Ecuador 

and Peru (Cushing 1982).  In the Central Pacific, ENSO events have been shown to have resulted in 

almost total reproductive failure and the deaths of tens of thousands of birds in large seabird colonies 

on Christmas Island (Schreiber and Schreiber 1984).  These anomalous abiotic events serve as a 

natural evolutionary forcing mechanism, controlling populations of seabirds in the tropical Pacific 

Ocean.   

3.2.4 AIR QUALITY  

Air quality on the island is generally good.  This is a function of the island‘s mid-ocean location, the 

persistent regional winds, and the absence of substantial industry.  In 2006, 24-hour PM10 (10-micron 

size particulate matter) concentrations at the single State of Hawai‗i Department of Health monitoring 

station in Līhu‗e ranged from a low of 0 microgram per cubic meter to a high of 34 microgram per 

cubic meter.  The average for the entire year was 11 microgram per cubic meter.  At no time did the 

concentration exceed 25 percent of the 150 microgram per cubic meter State Standard for PM10  

(DOH 2007).     

3.3 EXISTING BIOLOGICAL ENVIRONMENT 

3.3.1 FLORA  

Because of the age of the island and its relative isolation, the island of Kaua‗i has the highest levels of 

floristic diversity and endemism in Hawai‗i.  However, the native vegetation has undergone extreme 

alterations because of (1) past and present land use (primarily agriculture) and (2) the intentional and 

inadvertent introduction of non-native plants and animals.  Browsing, digging and trampling by 

ungulates (pigs, goats, cattle, sheep and deer) have resulted in increased numbers of non-native plants 

because many of the non-native plants can colonize newly disturbed areas more quickly and 

effectively than can Hawai‗i‘s native plants.  Introduced rodents (rats and mice) feed on the fruits, 

seeds and new growth of many endemic plant species.  In many instances rats have completely halted 

the recruitment of native palms and other species.  Many of these endemic plants are now extinct, 

forced out by ―alien‖, or introduced, plants, of which there are now more than 4,600 species.  Many 

of the remaining endemic species are now listed as threatened or endangered.  As a result, native 

forests are now limited to Kaua‗i‘s upper-elevation, moist and wet regions.   

The USFWS has recently designated approximately 99,200 acres of the island in 15 units as Critical 

Habitat for 83 threatened and endangered plant species on Kaua‗i (USFWS 2003b, 2002b).  Each of 

these Critical Habitat units provides one or more of the primary constituent elements essential for the 

conservation of the plant species.
25

  Nearly all of the acreage is in uninhabited, remote areas (see 

Figure 3.7).    

 

                                                 
25 Because existing man-made features and structures within the mapped Critical Habitat units do not contain and are 

unlikely to develop primary constituent elements of Critical Habitat, they are excluded from designated Critical Habitat 
areas.  Excluded man-made features and structures include: aqueducts and other water system features; arboreta and 
gardens; buildings, electrical power transmission lines and associated rights-of-way; heiau (indigenous places of worship 
or shrines); hydroelectric power plants; missile launch sites; radars; residences—single-family homes and condominiums; 
roads; shoreline navigational aids; State parks; telecommunications towers and associated structures and equipment; 
telemetry antennas; and trails.  (Federal Register 2003a) 
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3.3.2 FAUNA  

3.3.2.1 Mammals  

The only native terrestrial mammalian species known from the Islands are the Hawaiian monk seal 

(Monachus schauinslandi) and the Hawaiian hoary bat (Lasiurus cinereus semotus).  All other 

mammalian species on Kaua‗i are alien species.  Both the Hawaiian monk seal and the Hawaiian 

hoary bat are Federally listed endangered species.  The endemic Hawaiian monk seal, though an 

ocean dwelling mammal, does spend part of its life on land.  The monk seal is occasionally seen 

hauled out, either sleeping or sunning on beaches and within intertidal zones around the island.  It 

does not occupy areas where KIUC facilities are, or are likely to be, located.   

Hawaiian hoary bats have an island-wide distribution, occurring seasonally from sea level to the 

summit of Mount Wai‗ale‗ale.  Thus, individuals of this species do occupy inland areas where the 

potential for interaction with KIUC facilities is present.  The Hawaiian hoary bat is a typical lasurine 

bat, and as such, they primarily lead a solitary existence, described as ―over-dispersed‖.  They 

generally roost cryptically in foliage, which makes them difficult to study (Findley and Tomich 1983, 

Jacobs 1994, Carter et al. 2000).  Very little research into the life cycle, distribution, or population 

estimates of this species has been conducted; and much of what has been studied, were small, 

disconnected, or anecdotal studies as opposed to coherent controlled experiments.  Fundamental 

research into this species distribution and life cycle has just begun (Bonaccorso et al. 2005).  The 

Hawaiian hoary bat is primarily a nocturnal species, foraging on flying insects, which it tracks and 

captures using ultrasonic echo location.  

Unlike nocturnally flying seabirds, which regularly collide with man-made structures, bats are 

uniquely adapted to avoid collision with most obstacles, man-made or natural.  They navigate and 

locate their prey primarily by using ultrasonic echolocation, which is sensitive enough to allow them 

to locate and capture small flying insects at night.  No bat/power line impacts have been documented 

on Kaua‗i.   

The other 13 mammalian species occurring on Kaua‗i are all alien species that were introduced to the 

Hawaiian Islands by humans at different times since the Islands were first colonized by aboriginal 

settlers.
26

  Rats, cats, dogs and pigs are known to directly predate adult seabirds, their eggs and 

chicks.  The six ungulates present on the Island (pigs, goats, sheep, cows, black tailed deer and 

horses) also impact seabirds by converting native species-dominated vegetation habitats into alien-

dominated ones.  This habitat modification often eliminates key components necessary for the 

continued survival of native wildlife species.   

3.3.2.2 Birds  

There are currently 59 breeding avian species known from the Island of Kaua‗i.  Fourteen of these are 

endemic (i.e., native and unique to the Hawaiian Islands) species or sub-species, and 12 of these are 

listed as either threatened or endangered under the ESA.  There are no documented effects of KIUC 

facilities or activities on nēnē, stilt, koloa, moorhen, or other listed bird species (other than the 

Covered Species).  An additional 8 species are indigenous (i.e., native to the Hawaiian Islands, but 

also found elsewhere naturally).  In addition to the breeding species, about 100 additional species 

have been recorded as non-breeding migratory or extra-limital species over the past 50 years (Pyle 

2002, Engilis et al., 2004, R. David unpublished field notes 1973-2007).  A detailed discussion of the 

three avian species covered under the HCP is presented in Section 3.4.   

                                                 
26 Because numerous island bird populations evolved in the absence of mammalian predators, they often are naïve to the 

threat that rats, cats, dogs and other continental predators pose to them.  The scientific literature is replete with case studies 
documenting the wholesale destruction that mammalian predators have wreaked on island bird populations.  In New 
Zealand, for example, cats are considered the primary cause of the extinction of 8 island endemic bird species, including 
the Stephens Island Wren, Chatham Island Fernbird, and the Auckland Island Merganser, while at the same time 
eradicating another 41 indigenous species from New Zealand islands.  It has been estimated that cats were killing 450,000 
seabirds on an annual basis on one small island in New Zealand alone, prior to their eradication (Veitch, C. R. 1985).   
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3.3.2.3 Herpetofauna  

The herpetofauna of the Hawaiian Islands currently consists of 28 species of reptiles and eight species 

of amphibians (McKeown 1996, Kraus et al. 1999, R. David unpublished field notes 1973-2007).  

Kaua‗i currently hosts 18 species of terrestrial and semi-aquatic reptiles and amphibians and two 

ocean dwelling reptiles.  All of these with the exception of the two sea turtles are likely alien species, 

though as further genetic research is undertaken, it is possible that one or two of the small geckos will 

turn out to be indigenous (McKeown 1996).  The two listed marine reptiles, Pacific green sea turtle 

(Chelonia mydas agassizii), and the Pacific hawksbill turtle (Eretmochelys imbricata bissa) are 

limited to the immediate shoreline where they are occasionally seen sleeping or sunning on beaches 

and within intertidal zones around the Island.  Both species nest on sandy beaches, laying their eggs 

in a nest excavated in the sand by the laying turtle.  The terrestrial areas used by these turtles are in 

areas where no KIUC facilities exist or are likely to be located in the future.    

3.3.2.4 Insects and Mollusks 

Insects are the dominant animals in most terrestrial ecosystems, especially on isolated oceanic islands 

such as Kaua‗i where many larger animals are absent.  In Hawai‗i, the original colonizing species 

evolved into perhaps 10,000 or more new species and adapted to live in the diverse island habitats.
27

  

These insects are important as pollinators of native plants, recyclers of nutrients in ecosystems, and 

food for native birds and other animals.  Hawai‗i is home to close to 8,000 species of insects; some 

5,300 of those are endemic, 84 are indigenous and over 2,600 are alien.  There are occurrence records 

of over 4,000 alien insects in the Islands, though only about two-thirds of these have become 

established.  Of the approximately 5,400 native insects currently known in Hawai‗i, roughly 98 

percent are endemic.  Moreover, it is likely that as additional entomological studies are conducted this 

number will double.  Today, many native species are declining from the combined effects of invasive 

non-native organisms and human alteration of habitats.   

Only 16 out of 30 insect orders recognized worldwide are represented in the native fauna.  Another 11 

orders have become established through human activities.  The beetles (Coleoptera), flies (Diptera), 

bees and wasps (Hymenoptera), and moths (Lepidoptera) are the largest groups in the Hawaiian 

Islands.  About 63 percent of the identified species occur on only one island, and many have 

extremely restricted ranges within their island.  Gagné and Howarth (1985) and Howarth (1991) have 

argued that alien parasitoids are the major factor contributing to the decline and extinction of many 

native insect species.  Lepidopteran caterpillars were an important food source for native forest birds 

and other native organisms.  Consequently, their observed decline may be affecting other parts of the 

forest community.     

It is likely that Hawai‗i has already lost a significant proportion of its terrestrial arthropod fauna.  

While 36 arthropod species are recognized as extinct by the USFWS, populations of 2 species, a 

damselfly (Megalagrion nesiotes) and a sphinx moth (Manduca blackburni), have recently been 

rediscovered.  Many Hawaiian insect groups are extremely host-specific; for example, some genera of 

long-horned beetles (Plagithmysus), with 139 known species, and leaf bugs (Nesiomiris), with over 

50 species, occur on rare native plant hosts.  As their hosts are replaced by alien plant species, they 

will inevitably disappear.  

Kaua‗i is home to two endangered arthropod species, the Kaua‗i cave wolf spider (Adelecosa anops) 

and the Kaua‗i cave amphipod (Spelaeorchestia koloana) which dwell in mesocaverns and caves.  

Currently both species are known only from the Po‗ipu and Kukui‗ula areas of the Island.  It is 

conceivable that either or both species could be affected by undergrounding utility lines in that area if 

care is not taken to avoid the known populations and designated Critical Habitat for the two species 

(Federal Register 2003b).   

                                                 
27 Information on the status of Hawaiian insects came from a data base compiled at the Bishop Museum of all published 

records on the taxonomy, biology, and distribution of Hawaiian arthropods (Nishida 1992).   
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The only mollusk species currently listed under the ESA on Kaua‗i is the threatened Newcomb‘s snail 

(Erinna newcombi).  The current known range of Newcomb‘s snail is limited to very small sites 

located within six stream systems in north- and east-facing drainages on Kaua‗i.  They are: Kalalau 

Stream, Lumaha‗i River, Hanalei River, Waipahe‗e Stream (a tributary to Keālia Stream), Makaleha 

Stream (a tributary to Kapa‗a Stream), and the North Fork Wailua River.  Critical habitat has been 

designated for Newcomb‘s Snail along eight stream segments and associated tributaries, springs and 

seeps on Kaua‗i, totaling 19.76 kilometers (12.28 miles) of stream channel (USFWS 2002a).  There 

are no documented effects of KIUC facilities or activities on these species.   

3.4 COVERED SPECIES  

This section contains relevant biological information concerning the three species of seabirds covered 

by this Habitat Conservation Plan.
28

  Section 3.4.1 covers the Hawaiian Petrel, Section 3.4.2 discusses 

the Newell‘s Shearwater, and Section 3.4.3 provides information on the Band-rumped Storm Petrel.  

The discussions for each species include: (i) a description of their ecology and population biology; (ii) 

their distribution, range, and abundance; and (iii) known current threats to their survival.   

3.4.1 HAWAIIAN PETREL 

3.4.1.1 Ecology and Population Biology 

The Hawaiian Petrel or ‗Ua‗u (Pterodroma sandwichensis) is a pelagic seabird of the Order 

Procellariiformes, Family Procellaridae.  It was formerly considered to be a Hawaiian endemic 

subspecies of the nominate race of the Dark-rumped Petrel (Pterodroma. p. phaeophygia) (USFWS 

1983).  The Hawaiian sub-species has recently been elevated to a full species, based on work 

conducted by Tomkins and Milne (1991), and Browne et al. (1997), that differentiated the 

vocalizations and morphology between it and the nominate species (Banks et al. 2002).  The 

nominate race has been renamed the Galapagos Petrel (Pterodroma phaeophygia).  Both species are 

typical long-winged gadfly petrels, easily confused in flight with several other like species.  

Within and close to the breeding colonies Hawaiian Petrels are quite vocal, and their vocalizations are 

distinctive.  Hawaiian Petrels are nocturnal feeders, subsisting primarily on squid, fish, and 

crustaceans caught near the sea surface (Simons 1985).  Unlike shearwaters, Hawaiian Petrels are not 

known to dive or swim below the surface (Pitman 1986).  Hawaiian Petrels forage widely across the 

central, northern and eastern Pacific Ocean, even during the breeding season (Pittman 1986, Warham 

1990, Spear et al 1995, Simons et al. 1998, Adam 2007).  Satellite tagged birds have been tracked 

traveling more than 10,000 kilometers on a single foraging trip to–and-from their breeding colony on 

the island of Maui (Adams 2007).  

Hawaiian Petrels produce and store a high-calorie oil in their foregut, which most scientists presume 

functions to ensure nourishment for chicks despite the Petrels‘ often unpredictable and widely 

dispersed food supply (Warham et al. 1976, Warham 1996, 1997, Jacob 1982).  This oil production is 

unique to birds in the order Procellariiformes (Warham et al. 1976).  Hawaiian Petrels feed during 

both daylight hours as well as at night where they search for squid, flying fish, goatfish, lantern fish, 

skipjack tuna, hatchetfish, and similar species, which they find near the surface of the water (Wheeler 

1975, Nelson 1976, Ballance et al. 1997, Simons 1985).  Hawaiian Petrels capture prey items 

primarily by scavenging on the surface of the ocean, though they have been recorded feeding by 

aerial dipping, pattering, scavenging and surface-seizing (Ashmole 1971, Pittman 1986). 

Known Hawaiian Petrel breeding areas on Kaua‗i are within interior valleys.  Petrels on Kaua‗i 

excavate burrows beneath dense vegetation along valley headwalls, particularly favoring steep slopes 

covered with ‗uluhe fern (Dicranopteris spp.), though in at least one valley, petrel burrows are 

                                                 
28 As discussed below in Section 3.4.4, since KIUC‘s facilities and the Covered Activities described in this HCP do not 

affect other threatened or endangered species which occur on Kaua‗i (e.g., nēnē, kōloa, Hawaiian stilt, moorhen and 
Newcomb‘s snail), no other such species are included as Covered Species in this HCP.   
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concentrated on the valley floor in dense native forest (R. David, unpublished field notes 2003).  On 

Maui and Hawai‗i, relictual colonies
29

 are mainly found in sparsely vegetated sub-humid and sub-

alpine areas on Haleakalā and Mauna Loa, respectively.  Hawaiian Petrel nests in colonies on Maui 

and Hawai‗i are typically widely dispersed, however densities in at least one colony matrix in 

Lumaha‗i Valley on Kaua‗i are apparently quite dense.  Hawaiian Petrels, like most other 

Procellariiformes, appear to exhibit high degrees of nest-site and mate fidelity year after year.  

Hawaiian Petrels, along with the other Covered Species and other forest nesting seabirds, are an 

integral part of the forest nutrient cycle.  The birds deposit a large quantity of nitrogen-rich fertilizer 

in the form of excrement in and around their burrows.  In very wet forests such as those found on 

many Pacific Islands, soils are often relatively infertile and thus the added seabird generated nitrogen 

is significant.   

The Hawaiian Petrel breeding cycle is quite synchronous and follows a timing pattern characteristic 

of Procellariiformes in general.  First, breeding occurs at approximately five to six years of age, with 

an estimated 89 percent of the adult population breeding each year.  Birds begin arriving on breeding 

grounds and pairing in mid-February.  A distinct pre-laying exodus occurs in late March.  Egg-laying 

typically transpires between late April and mid-May, with chicks hatching in July and August after an 

average incubation period of 55 days (Simons 1985).  Each pair produces only one egg per year.  

Hatching success at Haleakalā has been estimated at approximately 70 percent (Hodges 1994), but no 

comparable data are available from Kaua‗i, where the nests have never been studied (principally 

because of their very remote location, on very steep and inaccessible terrain).  At the time of hatching 

failed breeders and non-breeding adults depart the colony.   

Although there have been no studies of the breeding biology of this species on Kaua‗i it is probable 

that their breeding biology is similar to that of birds studied on Maui, and likely similar to that of 

other similar petrels such as the Galapagos Petrel, which has been studied extensively.  If so, then it 

can be stated that chicks are born with a soft, powdery down, which is replaced after a fortnight by a 

slightly heavier down.  The chicks spend most of their time sleeping, although they can move around 

the nest burrow.  Both adults spend their time flying to sea to feed and bring food home for the 

chicks; this occurs at diminishing intervals over the span of the nestling period, which averages about 

110 days total.  Growth rate of the chicks is extremely fast.  The size of a meal can vary from 10 to 

110 grams, the latter figure represents more than one quarter of a parent‘s weight.  This amount of 

food is likely the most an adult can carry.  

Fledging begins in late September, during which time breeding adults begin to leave the nest.  By the 

end of November most adult and successful fledgling birds (estimated at about 85 percent of 

nestlings) have departed the islands (Simons 1985).  It is probable that parental feeding visits drop to 

just one or two in the final month, causing the weight of the chicks to drop precipitously.  Some 

individuals are deserted by their parents up to six weeks before they fledge, while others are fed right 

up to the day of departure.  Once the chicks leave they will not return to land again for several years, 

when they will return to nest.  Hawaiian Petrels are long-lived, with birds banded on Maui commonly 

reaching 35 years of age (Simons and Hodges 1998).  

3.4.1.2 Distribution, Range, and Abundance 

Historical information on the distribution of this species in the Hawaiian Islands is very spotty.  

Following the initial description of this species in the 1880‘s there were few records of the species 

between the early 1900‘s and the 1930‘s, followed by a steady accumulation of reports and 

information between the 1940‘s and the present day (Banko 1980).  Whether Hawaiian Petrels were 

truly extremely rare in those years, possibly due to human and introduced mammalian predation, or 

rather people simply were unaware of these nocturnal seabirds is unclear.   

 

                                                 
29 The term ―relictual colony‖ refers to a colony of a species which is extinct over much of its former range but which 

persists in a few areas.   
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Figure 3.8 Photographs of the Covered Species 

a)  Hawaiian Petrel (Pterodroma sandwichensis) 

 

b) Newell‘s Shearwater (Puffinus auricularis newelli) 

Source: Jack Jeffrey Photography© 

c) Band-rumped Storm-Petrel (Oceanodroma castro) 

 
 

          Source: Alabama Ornithological Society (Steve McConnell) 



KIUC SHORT-TERM SEABIRD HABITAT CONSERVATION PLAN 

ENVIRONMENTAL SETTING 
 

PAGE  3-20 

 Within recent historic times, Hawaiian Petrels have bred on Maui, Kaua‗i, Lāna‗i and Hawai‗i 

(Richardson and Woodside 1954, Simons and Hodges 1998, Pyle 1987, Telfer et al. 1987, DOFAW 

unpublished data 2006, 2007).  The species is thought to be extinct on O‗ahu (Harrison 1990). 

All attempts to estimate either world or individual island populations have been fraught with major 

problems.  Spear et al. (1995) estimated from at-sea densities that the world population of Dark-

rumped Petrels was 19,000, with at least 5,000 pairs nesting on Kaua‗i and 1,600 pairs on Maui 

(Ainley et al.  1997).  A few thousand birds are now believed to attend the recently re-discovered 

Hawaiian Petrel Lana‗ihale colony on Lana‗i (Jay Penniman, DOFAW, pers. comm. with R. David 

June 22, 2009).      

The breeding population on Maui is relatively stable, due in large part to predator control efforts and 

protection by the National Park Service (Simons 1985, Hodges 1994).  The population nesting within 

Haleakala National Park is increasing (Cathleen Bailey, pers. comm. April 11, 2008).  DOFAW also 

reports that the species has been observed breeding in west Maui (Paula Hartzell, pers. comm. June 

16, 2009).  The status of the Hawaiian Petrel population on the Island of Hawai‗i is unknown, 

although it is believed to be declining due to continued predation by introduced mammals.  The 

breeding populations on Kaua‗i are similarly under-researched, although the number of fledglings 

grounded each year and retrieved by the Save Our Shearwater (SOS) program has remained steady, 

averaging 10 individuals per year from 1979 to 2006 (SOS Program Data).   

3.4.1.3 Current Threats  

Most Procellariiformes, including Hawaiian Petrels, have evolved in ecosystems free of terrestrial 

mammalian predators, and they are for the most part naïve of the threats that these predators pose to 

them.  The only known native predator of Hawaiian Petrels is the Short-eared Owl or Pueo (Asio 

flammeus sandwichensis), which causes some mortality at breeding colonies.  The Common Barn 

Owl (Tyto alba) is also believed to be a threat.  Many biologists believe that predation of nesting 

Hawaiian Petrels by introduced mammals such as the roof rat (Rattus r. rattus), Norway rat (Rattus n. 

norvegicus) Polynesian rat (Rattus exulans hawaiiensis), domestic cat (Felis catus), domestic dogs 

(Canis f. familiaris) and the small Indian mongoose (Herpestes a. auropunctatus) is the most serious 

cause of mortality and breeding failure.  Furthermore, they believe it has contributed significantly to 

the decline of the species.  Small Indian Mongooses (Herpestes a. auropunctatus) have been thought 

to be absent from Kaua‗i, but there have been a few recent reported sightings.
30

  Habitat destruction 

and alteration from pigs (Sus s. scrofa) uprooting burrows and facilitating the introduction of non-

native plant species poses another serious threat to Hawaiian Petrels (Ainley et al. 1997, Cooper and 

Day 2003).   

Artificial light sources and associated structures (e.g., fences, buildings, utility lines and poles) 

constitute another anthropogenic threat to Hawaiian Petrels.  Particularly in urbanized areas of Maui 

and Kaua‗i, Petrels have fallen to the ground after colliding with structures or becoming disoriented 

by artificial lights.  While the numbers of downed Petrels documented on Kaua‗i per year have 

remained relatively small (averaging 10 birds annually), the threat posed by artificial lighting and 

structures will likely increase over time unless more bird-friendly designs are incorporated into new 

lights, power lines, etc.      

Hawaiian Petrels once grounded become extremely vulnerable to alien mammalian predators and 

other hazards, as it is very difficult for them to take flight from flat ground (Ainley et al. 1997).  The 

SOS program on Kaua‗i has retrieved 286 Hawaiian Petrels since 1979, an average of 9.40 birds per 

year (SOS Database 1979-2006, Rana Productions, Ltd, and Planning Solutions, Inc. 2008, Kaua‗i 

                                                 
30 In late February 2004, State wildlife officials and environmentalists on the Kauai Invasive Species Committee set traps in 

East Kauai after a reported mongoose sighting.  There have been previous reported sightings, but trapping efforts in the 
locales where the sightings took place failed to catch any of the animals.  Wildlife Services / USDA has taken over the 
duties of looking into reported mongoose sightings on Kauai, but has not documented mongoose on the island either.  
Hence, at least at present this predator is presumed absent from Kaua‗i.   
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Humane Society 2009).  In 2008, the SOS program handled four Hawaiian Petrels, all of which 

survived and were released back to the wild (Kaua‗i Humane Society 2009).   

3.4.2 NEWELL’S SHEARWATER 

3.4.2.1 Ecology and Population Biology  

The Newell‘s Shearwater or ‗A‗o (Puffinus auricularis newelli), is an endemic Hawaiian sub-species 

of the nominate species, the Townsend‘s Shearwater (Puffinus a. auricularis) of the eastern Pacific.
31

  

Its size and black and white coloring make it superficially similar in appearance to several other 

shearwater species that occur in the central and northern Pacific which are sometimes referred to as 

Manx-type shearwaters (see Figure 3-8b).  

Currently most Newell‘s Shearwater colonies are found at high elevations (160 to 1,200 meters), 

often in isolated locations and/or on slopes greater than 65 degrees (Ainley et al. 1997).  Typical 

vegetation around colonies consists of open native forest dominated by ‗ōhia (Metrosideros 

polymorpha) with a dense understory of ‗uluhe fern (Dicranopteris linearis).  The birds nest in short 

burrows excavated into the crumbly volcanic rock and ground, usually under dense vegetation, and 

under the base of trees.  Burrows on Kaua‗i ranged in depth from 46-175 cm with an average of 

87.78cm ± 22.2 SD (Telfer 1986).  A single egg is laid in the burrow and one adult bird remains on 

the egg while the second adult goes to sea to feed.  Newell‘s Shearwaters will not usually lay their 

eggs straight onto the ground if a nesting burrow is not available.  Some colonies on Kaua‗i are 

located in vertical cliff faces, where birds presumably are nesting in rock crevices rather than creating 

burrows (Wood et al. 2001).  Once the chick has hatched and is large enough to withstand the cool 

temperatures of the mountains, both parents will go to sea to provide the growing chick with a daily 

supply of food.  Newell‘s Shearwaters arrive and leave their burrows in the mountains during 

darkness and birds are seldom seen near land during daylight hours.   

The Newell‘s Shearwater is a pelagic bird which forages over deep water east and south of Hawai‗i, 

concentrating feeding in areas where tuna (Thunnus spp.) and other large, predatory fish have chased 

squid and other prey near to the ocean surface (Ainley et al. 1997).  The birds feed by pursuit-

plunging, diving 10 meters or more below the ocean surface to retrieve prey (Ashmole 1971).   

First breeding occurs at approximately 6 years of age, after which breeding pairs produce up to one 

egg per year.  The high rate of non-breeding, among experienced adults occupying the colony during 

the summer breeding season, is comparable to that of similar species (Ainley et al. 2001).  No 

specific data exist on longevity for this species, but other shearwaters may reach 30 years of age or 

more (see for example Bradley et al., 1989, del Hoyo et al. 1992).  The Newell‘s Shearwater breeding 

season begins in April, when birds return to prospect for nest sites.  A pre-laying exodus follows in 

late April and possibly May, and egg-laying begins in the first two weeks of June and likely continues 

through the early part of July.  Pairs produce one egg, and the average incubation period is thought to 

be approximately 51 days (Telfer 1986).  The fledging period is approximately 90 days.  Most 

fledging takes place in October and November, with a few birds still fledging into December (SOS 

Data).   

Biologists have long believed that adult Newell‘s Shearwaters leave the nesting colony before or 

during fledging.  However, very recent radar and at-nest electronic monitoring indicate that at least 

some adults continue to feed their young through fledging, and in fact some adults remain in the 

colonies after the fledglings have left (R. David unpublished field notes 2004, R. David and B. Zaun 

personal communication 2004).    

                                                 
31 While the U.S. Fish and Wildlife Service recognizes the Newell‘s Shearwater as a subspecies, it should be noted that the 

International Union for Conservation of Nature redlist and modern taxonomists recognize it as a full species. 
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3.4.2.2 Distribution, Range, and Abundance 

The Newell‘s Shearwater is known to nest on Kaua‗i, Moloka‗i, and Hawai‗i (Ainley et al. 1997, Day 

et al., 2003, Day and Cooper 2002, Day et al. 2003).  Newell‘s Shearwaters may also nest on Maui 

(Cooper and Day 2003), and possibly in very small numbers on O‗ahu and Lāna‗i.  Numbers of 

colonies and individuals are greatest on Kaua‗i (Ainley et al. 1997).   

The marine range of Newell‘s Shearwater closely overlaps that of the Hawaiian Petrel, extending east 

as far as 120ºW, north up to 22ºN, and south to the equator near Hawai‗i (Ainley et al. 1997).  

Isolated records exist as far west as the Mariana Islands and Johnston Atoll and as far south as the 

Marquesas Islands and Samoa, with at least one record from California (Pratt et al. 1987; Maryl 

Faulkner, email of 8/3/07).   

Spear et al. (August 1995: 624) estimated the total year-round at-sea population of Newell‘s 

Shearwaters in the Hawaiian Islands during the early 1990s at roughly 84,000 individuals (95 percent 

confidence interval of 57,000 to 115,000 for spring and 58,000 to 113,000 for autumn).  Using Spear 

et al.‘s total population estimate and allowing for an estimated 7,600 one-year-old birds that do not 

visit Kaua‗i, Ainley et al. (1995a) estimated that the Kaua‗i Island population in the mid-1990s was 

approximately 65,000 birds, with a breeding population of about 14,600 pairs (Ainley et al. 

1995a:42).
32

  

Using population models incorporating best estimates of breeding effort and success, Ainley et al. 

(2001) projected an annual population decrease of 3.2 percent.  When anthropogenic variables 

influencing Newell‘s Shearwater mortality (e.g., predation, light attraction, and power line collision) 

were included, their models predicted an annual population decline of 6.1 percent, or approximately 

60 percent every 10 years.  If this projection is accurate, then the current population ought to be 

around 50,000 birds.  There is little empirical data to confirm whether this estimate is in fact valid.  

However, the available scientific data (particularly radar studies conducted over the past decade and 

SOS data (Day et al., 2003; Planning Solutions Inc., 2003a, 2003b, 2004)) strongly suggest that the 

population of Newell‘s Shearwater on Kaua‗i has declined sharply over the past 10 years.     

The number of fledglings retrieved by the SOS program on Kaua‗i has steadily declined since 1979, 

from an average of about 1,500 per year between 1979 and 1990 to an average of less than 500 

collected between 1999 and 2006 (SOS Database).  While sharply higher than the number retrieved 

by the SOS Program in 2005, the number of fledglings retrieved in 2006 (467) was still slightly below 

the 1999-2005 average.  Day et al. 2003 reported analysis of data trends from radar surveys showing 

an overall decline of roughly 50-70 percent in detection rates between 1993 and 2001, although 

detections for 1999, 2000, and 2001 were similar.  Preliminary summaries of the results of radar 

studies conducted by the State indicate a decline of approximately 75 percent between 1993 and 2008 

(Nick Holms personal comm., May 12, 2009).   

Cooper and Day (1995:4) states that the leading cause of the decline in population is predation by 

introduced mammals, although it acknowledges that there are a number of other potential contributing 

causes.  The Newell‟s Shearwater Five-year Workplan drafted by the Newell‘s Shearwater Working 

Group
33

 (October 2005) summarizes the causes contributing to the species population decline as 

predation, habitat degradation and loss, light attraction, collision with manmade structures, and 

natural disturbance.  All these threats are discussed in detail in the following section.       

                                                 
32 The breeding population of 14,600 pairs was estimated by multiplying the total population of 84,000 by 0.637 (proportion 

of total population of breeding age [6 years or older]), and then by 0.547 (the breeding probability).  This estimate assumes 
that all Newell‘s Shearwater breeding occurs on Kaua‗i.   

33 The Newell‘s Shearwater Working Group, created by the USFWS, is an informal working group consisting of 
experienced seabird scientists from USFWS, DLNR and other entities. 
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3.4.2.3 Current Threats 

3.4.2.3.1 Terrestrial Threats  

Loss of existing and potential nesting habitat due to clearing of forests for agriculture and urban 

development, mining of cinder cones, and recent volcanic eruptions on the Island of Hawai‗i are 

among the terrestrial factors believed to be contributing to the decline of Newell‘s Shearwater.  

Newell‘s Shearwater habitat has also been degraded by feral ungulates such as pigs (Sus s. scrofa) 

and goats (Capra h. hirca), which now are managed as game species.  Pigs and goats facilitate the 

invasion of nonnative plants and perhaps predators.  These animals also crush burrows and compact 

the soil.  Invasive nonnative plants, such as Moluccan albizia (Albizia falcataria), guava (Psidium 

spp.), and rose myrtle (Rhodomyrtus tomentosa), displace native vegetation and can completely alter 

vegetation structure and substrates typical of Shearwater nesting habitat.  For example, the habitat at 

the Kāluahonu colony (southeastern Kaua‗i) has been almost completely and perhaps irreversibly 

transformed in just a few years and is now dominated by nearly pure and impenetrable stands of rose 

myrtle and guava.  Intensive surveys in 2003 indicate that the colony has either dramatically declined 

or been abandoned entirely (David 2003).   

Ground-nesting and fossorial (i.e., birds that are adapted for burrowing or digging) bird species, 

including shearwaters, petrels, and Storm-Petrels are especially vulnerable to predation by alien 

mammals (Hodges and Nagata 2001, Smith et al. 2002).  Island nesting pelagic seabirds are 

particularly naïve to introduced predators, making predation a serious threat to adult seabirds as well 

as eggs and chicks.  Predation by cats (Felis catus), and dogs (Canis f. familiaris) on adult and sub-

adult Newell‘s Shearwaters, and Hawaiian Petrels has been documented on Kaua‗i, and Hawai‗i, and 

rats are assumed to prey on the eggs and chicks of the Covered Species, although at present no data 

exist to document this.  The nonnative Barn Owl (Tyto alba) also preys on adult Newell‘s 

Shearwaters, to the point where Barn Owls respond to recorded Shearwater vocalizations (Ainley et 

al. 1997).  Both Barn and Short-eared Owls (Asio flammeus sandwichensis) have been recorded 

during the course of ornithological radar studies at several colonies on Kaua‗i (David et al. 2002).  Up 

to 9 Barn Owls were recorded in the air at one time above the Kaluahonu, and the Anahola  Memorial 

Site during the course of radar surveys conducted in 2002 (David et al. 2002).  Other researchers have 

also recorded similar owl concentrations over suspected Newell‘s Shearwater colonies on Kaua‗i (R. 

David and T. Savre, personal communication, 2004). 

Urbanization on Kaua‗i, chiefly on the eastern and northern shores, has been positively correlated 

with increased groundings or ―fallout‖ of fledgling Shearwaters on their first nocturnal flight from the 

burrow to the sea (Telfer et al. 1987, Ainley et al. 2001).  The young birds are attracted to and 

disoriented by light sources, and they occasionally collide with buildings, cars, and other obstacles, 

including power lines.  More frequently they simply fall to the ground, exhausted after fluttering 

around lights for long periods (Ainley et al. 1997, Podolsky et al. 1998).  Risk of grounding for 

fledglings seems to increase on and around the new moon.  Adult Shearwaters apparently are not 

attracted to lights to the same degree as fledglings, but adults do collide with power lines, particularly 

along flight paths used by the Covered Species to travel to and from inland nesting colonies (Cooper 

and Day 1998).   

Once Shearwaters are grounded they become extremely vulnerable to alien mammalian predators and 

other hazards, as it is very difficult for them to take flight from flat ground (Ainley et al. 1997).  The 

SOS program on Kaua‗i has retrieved and released over 30,000 downed Newell‘s Shearwaters since 

1979, giving them veterinary attention as needed, and then releasing them at elevated hack sites 

overlooking the ocean from which they can easily take flight.  These efforts result in about 90 percent 

of retrieved birds being returned to the wild each year, most of whom would almost certainly have 

perished otherwise (SOS Database 1979-2006).  In 2009, the SOS program handled 265 retrieved 

Shearwaters, of which 231 (87 percent) survived and were released back to the wild.  
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3.4.2.3.2 Non-Terrestrial Threats  

While the terrestrial threats noted above have been the focus of much of the attention that researchers 

and resource managers have paid to the species, this does not mean that those factors are the most 

important with respect to the species‘ long-term survival on the Island of Kaua‗i.  On the contrary, the 

available data show far greater fluctuation (both apparent increases and seeming declines) in the 

species numbers on Kaua‗i than can be readily explained by changes believed to have occurred on the 

ground.  Because this affects the extent to which on-ground management can ensure the survival of 

the species, consideration of these factors is warranted.  Both federal and State wildlife agencies, as 

well as numerous NGOs are working hard to gather at-sea information on the life histories, foraging 

strategies, movement and a host of other critical issues related to identifying non-terrestrial threats 

and limiting factors that affect the long term viability of these species.  

One possible explanation is that changes in the ocean have contributed substantially to the observed 

seabird population fluctuations.  The exact nature of these oceanic changes and the way in which they 

actually affect the Covered Species are unknown.  However, because scientists have documented 

decreased reproduction and increased mortality in seabirds coinciding with warmer water, one line of 

thinking is that it could be related to changes brought about by global warming.   

Reductions in phytoplankton caused by warming sea temperatures can dramatically affect the food 

chain and, therefore, the health of seabirds near the top of the food chain, such as the Newell‘s 

Shearwater, Hawaiian Petrel and Band-rumped Storm-Petrel.  For example, the U.S. Environmental 

Protection Agency (May 1999) reports that between 1987 and 1994 populations of Sooty shearwaters 

off the coast of California and Washington dropped to 10 percent of their former levels during a 

period when sea surface temperatures increased.  Shaffer et al. (August 22, 2006) report a decline in 

Sooty shearwater populations in recent years both at breeding colonies in New Zealand and at 

wintering grounds in the eastern North Pacific that they associate with concomitant increases in 

oceanic temperatures that may have limited regional biological productivity.  Bradley (Summer 2005) 

reported a mass abandonment of nests by Cassin‘s Auklets, a plankton-eater that dives for its krill 

prey.  In 2005 Farallon auklets began breeding very late in April, and most abandoned their eggs 

during May.  Noting that food web productivity and krill abundance depend on seasonal upwelling of 

cold, nutrient-rich water, which had been weak and intermittent that year, Bradley speculated that this 

could be evidence of a warming trend in the Earth‘s ocean-climate.  Veit and Montevecchi (2006) 

correlate a 70 percent decrease in zooplankton abundance and a 0.75 °C surface temperatures increase 

in the California Current with a concomitant decline in upper trophic level predators such as 

salmonids and seabirds; they conclude that the decline in sooty shearwaters is due, at least in part, to a 

decline in their prey base in the California Current.   

Poor reproductive success has been repeatedly documented in warmer years, including El Niño years 

(Cushing 1982, Schreiber and Schreiber 1984, Ainley et al. 1995).  Seabirds in the Farallon Islands 

off California laid fewer eggs, and fewer chicks hatched during warmer years (Ainley et al. 1994, 

1996b).  Total reproductive failure and the deaths of tens of thousands of birds in large Sooty Terns 

(Onychoprion) colonies on Christmas Island have been documented following significant El Niño 

years (Schreiber and Schreiber 1984).  

A final, indirect threat to Newell‘s Shearwaters relates to their dependence upon tuna to chase small 

prey items to the near-surface zone where they are within the birds‘ reach.  Commercial tuna fishing 

has already placed several tuna species in jeopardy, and Ainley et al. (1997) speculate that this may 

have made it more difficult for Newell‘s Shearwaters to find food, thereby reducing the reproductive 

success of the species.     

The abundance of prey is only one problem facing pelagic species such as the Covered Species as the 

climate changes – both the timing of peak prey abundances as well as the visibility of prey (due to 

ocean conditions) are also becoming issues for several seabirds in the northeastern Pacific and the 

eastern Atlantic.  As regional sea surface temperatures increase off the Queen Charlotte Islands in 

British Columbia, Canada, populations of Common Murres, Tufted Puffins (Fratercua cirrhata), 
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Rhinoceros Auklets (Cerorhinca monocerata), and Cassin‘s Auklets (Ptychoramphus aleuticus) have 

all begun breeding earlier.  Puffins and auklets have been observed to start their breeding season two 

weeks earlier than normal, and the Common Murres have started breeding a full month earlier than 

the same populations did in the 1970s.  

The earlier breeding season is not a problem in and of itself; however, it means that these birds may 

be out of synch with their primary prey.  Cassin‘s Auklets eat zooplankton, and normally time their 

breeding cycle so their chicks hatch right after the zooplankton bloom.  The zooplankton also respond 

to higher sea surface temperatures by blooming earlier than normal, but the zooplankton are blooming 

even earlier than the auklets are hatching, and thus the birds are unable to catch up.   

Studies have shown that storms can significantly impact some bird populations, suggesting that 

increased storm activity expected from global warming may harm some species (Dunn 1975; Odsjo & 

Sondell 1976; Blake 1984; Poole 1989).  Studies on Common Murre populations in the north Atlantic 

show that storms appear to impede fishing activities, so chicks are either fed less often (Birkhead 

1976) or brought smaller fish by the adults (Finney et al. 1999).  The foraging adults also had to work 

harder to find their prey, spending more time underwater, and were away from the nest for longer 

periods of time (Finney et al. 1999).  If storms increase in either frequency or severity as predicted, 

reproductive success of these birds could diminish. 

Seabird populations currently are threatened by a number of factors beyond climate change, including 

over-fishing, pollution, and by-catch (being caught incidentally through fishing practices).  These 

impacts may compound effects of climate change, and it is often difficult or impossible to determine 

the relative importance of the different factors involved.  This is particularly true in the case of 

seabirds such as the covered species that are relatively long-lived with low recruitment.  Reduced 

reproduction will occur before the adult population decreases very much.   

3.4.3 BAND-RUMPED STORM-PETREL 

3.4.3.1 Ecology and Population Biology 

The Band-rumped Storm-Petrel or ‗ake‗ake (Oceanodroma castro) is a small seabird about 20 

centimeters (8 inches) long, weighing less than 40 grams (1.5 ounces).  It is an overall blackish-brown 

bird with an evenly-cut white rump band and uppertail-coverts.  Sexes are alike in size and 

appearance.  There is little or no seasonal variation in plumage.  Field identification can be difficult, 

because several other white-rumped species of Storm-Petrels are similar in size, color, and shape.  

However, vocalizations at breeding colonies are distinctive and can be used to identify the species 

(Allan 1962).   

During the day, adults spend their time foraging on the ocean surface.  Food consists mainly of small 

fish, squid, crustaceans, oily scraps of marine animal carcasses, and garbage remnants (King 1967; 

Harris 1969).  Adults visit the nest site after dark, where they can be detected by their distinctive 

calls.  Since no nests have ever been found in Hawai‗i, information on the breeding biology of this 

species can only be surmised based on the known breeding biology of this species in other locales, 

such as the Galapagos Islands.  Nests are placed in crevices, holes, and protected ledges along cliff 

faces, where a single egg is laid (Allan 1962; Harris 1969).   

The species is long-lived (15 to 20 years) and probably does not breed until its third year (Ainley 

1984). The nesting season occurs during the summer months, with adults establishing nesting 

territories in April or May.  The incubation period averages 42 days (Harris 1969) and the young 

reach fledging stage in 64 to 70 days (Allan 1962; Harris 1969).   

3.4.3.2 Distribution, Range, and Abundance 

The Band-rumped Storm-Petrel is a wide ranging species found in the subtropics of the Pacific and 

Atlantic Oceans (Harris 1969).  Breeding populations in the Atlantic are restricted to the eastern 

portions of the ocean, primarily in the Azores island group off northwestern Africa (Cramp and 

Simmons 1977).  Wintering populations may occur as far west as the mid-Atlantic, with small 
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numbers regularly reaching the coasts of North and South America (Cramp and Simmons 1977).  In 

the Pacific, there are three widely separated breeding populations--one in Japan, one in Hawai‗i, and 

one in the Galapagos (Harris 1969; Richardson 1957).  Populations in Japan and the Galapagos are 

comparatively large and number in the thousands (Coulter 1984; Hasegawa 1984), while the 

Hawaiian birds represent a small, remnant population of possibly only a few hundred pairs (Harrison 

et al.1984; Harrison et al. 1990).  Extensive at-sea surveys of the Pacific have revealed a broad gap in 

distribution of the Band-rumped Storm-Petrel to the east and west of Hawai‗i (Pitman 1986; Spear et 

al. 1994).  The Hawaiian population of the Band-rumped Storm-Petrel is the only population within 

U.S. borders or under U.S. jurisdiction, and is thus a high priority for conservation efforts.    

Evidence of existing nesting populations of Band-rumped Storm-Petrels in the Hawaiian Islands is 

based on detection of adult birds during breeding-season surveys and by retrieval of fledglings in the 

fall by persons involved in the SOS Program.  Fledglings have been retrieved sporadically on the 

islands of Hawai‗i and Kaua‗i, providing additional evidence of nesting colonies within the Hawaiian 

archipelago (Harrison et al. 1990, Banko et al. 1991).   

Recent work by Wood et al. (2002) provides good evidence that the species nests on Kaua‗i.  Despite 

the suggestion by Harrison et al. (1990) that the island of Kaua‗i had the largest population in the 

islands, breeding bird surveys on Kaua‗i in 1992 by the USFWS (USFWS, unpublished data, 1992) 

detected only a few Band-rumped Storm-Petrels, and only along the north shore in Nu‗alolo Valley.  

Harrison et al. (1990) reported many Band-rumped Storm-Petrels over the last 12 years on the south 

and southwest side of Kaua‗i at the mouths of Waimea Canyon and Hanapēpē Valley, and concluded 

that Band-rumped Storm-Petrels probably nested along the cliffs of these two valleys and elsewhere 

on the island. A search of Hanapēpē Valley in 1980 by J. Sincock revealed what appeared to be 

burrows, feathers, and feces on a cliff face 50 to 70 meters (165 to 230 feet) from the top of the cliff 

(Harrison et al. 1990).  In 1992, almost the same location was occupied by Common Mynas 

(Acridotheres tristis), and Band-rumped Storm-Petrels were not heard during nocturnal surveys 

(USFWS, unpublished data 1992).  Crossin (1974) found Band-rumped Storm-Petrels off the 

southern coast of Kaua‗i but speculated that the population on the island ―cannot be large‖.  In 

September 2001, Wood et al. (2001a, 2001b) heard Band-rumped Storm-Petrels in Pōhakuao Valley, 

an isolated hanging valley on the Nāpali coast, and estimated that 50 to 60 birds were nesting on cliffs 

370 to 460 meters (1,200 to 1,500 feet) in elevation.   

Between April and October of 2002, Wood et al. (2002) gathered data on the distribution and 

abundance of the Band-rumped Storm-Petrel at several locations on Kaua‗i.  They concluded that 

there are nesting populations at several locations on the Island.  These include Waimea Canyon (east 

of Waimea Canyon lookout); four sub-populations along the Nāpali Coast (Kalalau, Pōhakuao, 

Nu‗ololo Aina, Nu‗ololo Kai); one site in the Koke‗e region of Awa‗awapuhi; one site, called 

Awa‗awapuhi vista, at the eastern rim of Nu‗alolo and Awa‗awapuhi Valleys (accessed from the 

Awa‗awapuhi Trail, Koke‗e State Park); and Lehua Islet off the north coast of Ni‗ihau.  Three other 

sites were monitored and appear to be general fly-by sites where the petrels are in transit to nearby 

nests, including upper Waimea Canyon; Honopu (Kōke‗e); and Kalalau Rim (Koke‗e).  Five of the 

sites that this team investigated represent previously unpublished locations.   

Worldwide population of the species is uncertain, but is most likely less than 25,000 breeding pairs.  

Based on their field investigations, Wood et al. (2001a, 2001b) estimated that there are approximately 

200 nesting pairs on Kaua‗i.
34, 35

  Despite the strong evidence of the species presence described above, 

                                                 
34 According to Wood et al., the range of nesting pairs stated for the Awa‗awapuhi and Waimea Canyon sites were general 

estimates.  They expressed greater confidence in their estimates at the remaining sites as they were based on pin-pointing 
distinctive arriving calls, but not including calls that were repeated around general nesting locations.  They recommended 
further research to better evaluate the number of nesting birds in each region. 

35 Despite the strong evidence of the species presence described above, Band-rumped Storm-Petrels remain the only seabird 
in the Hawaiian Islands for which the nests and eggs are unknown to science.   
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Band-rumped Storm-Petrels remain the only seabird in the Hawaiian Islands for which the nest and 

eggs have not been found after western contact.   

Wood et al. (2002) provide relatively detailed information on the vegetation characterizing the sea 

cliffs where the Band-rumped Storm-Petrel is nesting:   

The Pōhakuao cliffs where storm-petrels nest are dominated by the shrub Chamaesyce 

celastroides var. hanapepensis (akoko), and two native grasses, Eragrostis variabilis 

(kawelu) and Panicum lineale (panic grass).     

Common herbs included Plectranthus parviflorus ('ala'ala-wai-nui), Dianella sandwicensis 

('uki 'uki), Peperomia tetraphylla, P. blanda var. floribunda, & P. cookiana ('ala'ala wai 

nui), Pilea peploides, and Peucedanum sandwicense (makou).  Sedges included Carex 

meyenii and Cyperus phleoides.  Vines included Alyxia oliviformis (maile), and Cocculus 

trilobus (huehue). Occasional ferns (and fern allies) were also a component of these cliff 

regions.  

Tree species were distributed randomly around small ledges and terraces where soil 

pockets could accumulate and included Dodonaea viscosa ('a'ali'i), Psydrax odoratum 

(alahe'e), Metrosideros polymorpha var. glaberrima ('ohi'a), Hibiscus kokio subsp. 

saintjohnianus (koki'o 'ula 'ula), Diospyros spp. (lama), Acacia koaia (koai'e), Antidesma 

platyphyllum var. hillebrandii (hame), Bobea elatior ('ahakea), and Melicope pallida 

('alani) (Wood and LeGrande 2001; Wood et al. 2001). 

3.4.3.3 Current Threats 

Sub-fossil remains of Band-rumped Storm-Petrels have been found on O‗ahu and Moloka‗i and 

Hawai‗i (Olson and James 1982, A. Ziegler personal communication, 1982), and their bones are 

abundant in some ancient Hawaiian midden (Wood et al. 2002).  Slotterback (2002) and Athens et al. 

(1991) found bones of this species in sea level midden.  They speculate that Hawaiian populations 

once nested in coastal sites throughout Hawai‗i and loss of habitat and predation by introduced 

mammalian predators including humans has been an important factor in the decline of this species.   

Introduced predators are believed to be the most serious terrestrial threats facing the Band-rumped 

Storm-Petrel in Hawai‗i. Rats, cats, dogs, mongoose and barn-owls are likely culprits.  The Band-

rumped Storm-Petrel, like the other seabirds covered by this HCP, lacks effective anti-predator 

behavior, and has a lengthy incubation and fledgling period, making adults, eggs, and young highly 

vulnerable to predation by introduced mammals.    

Wood et al. (2002) observed owls flying along basalt cliff faces where the Band-rumped Storm-

Petrels nest in Pōhakuao.  These observations included consistent traffic of the Short-eared owl or 

pueo during the day and the screeching of barn owls in the evening.  The topic of owl predation on 

Hawaiian seabirds was covered in an article in the „Elepaio (Byrd and Telfer 1980) and evidence of it 

has also been reported in studies done as part of KIUC‘s efforts to identify suitable locations for 

mitigation measures.   

Another impact to the Band-rumped Storm-Petrel results from the effects of artificial lights on 

fledgling young and, to a lesser degree, adults.  Artificial lighting of roadways, resorts, ballparks, 

residences, and other development in lower elevation areas both attracts and confuses night-flying 

Storm-Petrel fledglings, resulting in ―fall-out‖ (Harrison et al. 1990) and collisions with buildings and 

other objects (Banko et al. 1991).  Additional, unstudied factors that could affect the continued 

existence of the Band-rumped Storm-Petrel include commercial fisheries interactions or alteration of 

the prey base upon which the Storm-Petrel depends.   

It is unclear how difficult it is for Band-rumped Storm-Petrels to take off once they have been 

grounded.  Unlike the other Covered Species, it appears that the wing morphology of Band-rumped 

Storm-Petrels should enable them to regain flight after being grounded.  Nevertheless, once on the 

ground, Band-rumped Storm-Petrels are extremely vulnerable to alien mammalian predators and 
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other hazards.  The SOS program on Kaua‗i retrieved 24 Band-rumped Storm-Petrels between 1979 

and 2005, an average of less than one bird a year (SOS Database 1979-2006, Rana Productions, Ltd, 

and Planning Solutions 2008, Kaua‗i Humane Society 2009).  The SOS program handled two Band-

rumped Storm-Petrels in 2008, and six birds in 2007 which were all retrieved from cruise ships.  All 

of the Band-rumped Storm-Petrels handled by the SOS Program in 2007 and 2008 were released alive 

following veterinarian and rehabilitation care.  Recent increases in the number of Band-rumped 

Storm-Petrels being recovered by the SOS Program is attributed to more birds downed on ships at sea 

being turned into the SOS Program at Nāwiliwili Harbor.   

3.4.4 PROTECTED SPECIES NOT COVERED BY THE HCP 

As previously noted, other endangered species are present on Kaua‗i in areas where KIUC has on-

ground infrastructure.  Those species are Nēnē (Hawaiian Goose, Branta sandvicensis); kōloa maoli 

(Hawaiian Duck, Anas wyvilliana); ‗alae‗ula (Common Moorhen Gallinula chloropus sandvicensis);   

‗alae ke‗oke‗o (Hawaiian Coot, Fulica alai), ae‗o (Hawaiian Stilt, Himantopus mexicanus knudseni), 

and ‗ōpe‗ape‗a (Hawaiian hoary bat, Lasiurus cinereus semotus).   

KIUC is not requesting coverage for take of any of these species for the following reasons.  Unlike 

the three seabird species for which coverage is being sought (which fly to and from their nesting 

colonies under the cover of darkness), all five of the bird species identified above typically fly during 

daylight.  This, together with their acute vision, mean that it is unlikely that KIUC‘s on-ground 

infrastructure poses a direct threat to any of these species, as they readily can and do avoid utility 

lines.
36

   

The Hawaiian hoary bat is widely distributed on Kaua‗i, especially in lowland areas.  However, there 

are no data suggesting that bats have collided or will likely collide with utility structures on Kaua‗i.  

This species, which is well-sighted, feeds during both crepuscular periods and to a lesser degree after 

dark.  They are drawn to outdoor lighting, as these tend to attract and concentrate flying insects that 

the bats forage on.  However, their excellent visual and echolocation abilities together with their 

relatively low flying speed mean that they are unlikely to collide with KIUC facilities.
37

   

The routine management of vegetation near power lines necessary to ensure service reliability does 

have some potential to disturb bats if performed during the bat birthing and pup rearing season (May 

15 to August 15).  This is because heavily pregnant bats or females carrying their pups may be less 

able to vacate a roost site rapidly in order to avoid harm as the vegetation is cleared.  Additionally, 

female bats may leave their pups in the roost tree while they themselves forage, leaving young bat 

pups unable to flee a tree that is being trimmed.  In order to ensure that take of bats does not occur in 

connection with routine vegetation management, KIUC will only remove, disturb or trim woody 

plants taller than 15 feet between May 15 and August 15 each year if it has first confirmed the 

absence of bats (except, as discussed in the following paragraph, when responding to a specific 

service problem).  To confirm absence, an audio bat detector will be operated for one night within 

100 feet of the vegetation to be disturbed.  If no bat detections are recorded, the vegetation can be 

trimmed if done before the following night.  If bats are detected, no removal/trimming/disturbance 

will be conducted in that area until the end of the pupping/rearing season.
38

  KIUC will provide 

monthly reports to DOFAW and USFWS summarizing the results/locations where bat monitoring 

                                                 
36 It is worth noting that unlike their continental cousins none of these species are migratory.  This is important because 

when migrating in continental land areas, birds tend to congregate in large numbers and fly through relatively narrow 
corridors en masse, and often at night).  Those behavioral characteristics, absent in the species in Hawai‗i, create a risk of 
collision with tall man-made structures, such as large guyed television towers, that does not exist for the five species for 
which coverage is not being requested.   

37 The only currently available data documenting Hawaiian hoary bats having been harmed by man-made structures are of 
bats having been caught on barbed wire fencing, and collision with rotating wind turbines.   

38 At their discretion, the agencies may approve the use of alternate bat detection technologies.   
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was conducted and will provide copies of the audio detector files at the end of each pupping/rearing 

season.   

In the rare circumstances when removing/trimming/disturbing trees is necessary to correct a location-

specific service problem (such as a trouble call reporting that a tree limb had fallen against lines or 

due to wind repeatedly striking a line, causing light flickering or breaker openings) during the bat 

pupping/rearing season, KIUC may do so without confirming absence of bats.  In such instances, 

KIUC will only perform the minimum amount of tree trimming absolutely necessary to alleviate the 

immediate service problem; any additional tree trimming at that location must comply with the 

approach described in the preceding paragraph..     

3.5 EXISTING SOCIO-ECONOMIC ENVIRONMENT  

3.5.1 HUMAN POPULATION  

According to the 2000 U.S. Census, Kaua‗i‘s Year 2000 resident population was 58,500, about 14 

percent higher than in 1990.  The total island population amounted to 4.8 percent of the Hawai‗i‘s 

population, making it the least populated of the State‘s four major counties (Honolulu, Maui, Kaua‗i, 

and Hawai‗i, excluding Kalawao County).  The U.S. Census estimated that by July 1, 2009 the Kaua‗i 

County population had grown to 64,529 (http://quickfacts.census.gov/qfd/states/15/15007.html), a 10 

percent increase since 2000.  It remains the least populated of the State‘s four major counties.
39

  

Most of the residents live in towns scattered around the perimeter of the island, primarily along the 

eastern and southern shores.  A few smaller communities are found on the north shore of the island.  

There are no towns on the northwest side of the island (the Nāpali coast) or in the mountainous 

interior.  Consequently, the primary interaction between birds and human activity occurs as the birds 

fly between their nests in the mountains and the ocean.  The principal economic driving forces for the 

economy of Kaua'i County are tourism, agriculture, and defense expenditures (UHERO 2009).   

Over the next 10 years, most of the population and urban growth on the island is expected to be in 

Kukui‗ula and Pō‗ipu along the south shore; Līhu‗e, Wailua, and Kapa‗a on the windward side; the 

Princeville area on the north shore; other existing urban centers; and some agricultural subdivisions.  

Little or no growth is anticipated in the mountainous interior of the island.  Slow to moderate 

economic and population growth is anticipated over the next decade.   

3.5.2 TOURISM 

Over 1.25 million people visited Kaua‗i in 2006.  The average daily visitor census in that year was 

just under 21,000.  This means that on average one visitor was present for approximately every three 

residents (DBEDT 2007).  The visitor count rose to almost 1.3 million people in 2007, but declined 

sharply in 2008 as a result of the precipitous downturn in the world economy.  DBEDT‘s provisional 

estimate of Kaua‗i visitor arrivals for all of 2008 is 1,033,449, down over 20 percent from the 

previous year.  At this time, no one has accurate estimates of the speed at which the visitor arrivals 

are likely to recover, but DBEDT forecasts dated February 20, 2009, suggest that the number of 

statewide visitor arrivals in 2012 will still be over 6 percent below the number recorded in 2007.   

3.5.3 DEFENSE 

The Pacific Missile Range Facility (PMRF) at Barking Sands on the southwestern shore is the 

world‘s largest instrumented multi-environment range to support surface, subsurface, air and space 

missile operations.  Operations vary from small, single-unit exercises to large, multiple-unit battle-

                                                 
39Source U.S. Census Bureau: State and County QuickFacts.  Data derived from Population Estimates, Census of Population 

and Housing, Small Area Income and Poverty Estimates, State and County Housing Unit Estimates, County Business 
Patterns, Nonemployer Statistics, Economic Census, Survey of Business Owners, Building Permits, Consolidated Federal 
Funds Report.  Last Revised: Thursday, 22-Apr-2010.   
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group scenarios.  These are expected to continue and expand in coming years.  PMRF is a major 

contributor to Kaua‗i‘s economy (USFWS 2002b).   

3.5.4 AGRICULTURE 

Sugarcane cultivation was the economic mainstay of Kaua‗i for more than a century.  Its importance 

has declined greatly over the past several decades, and it is now only a shadow of its former self.  

Today, only one plantation remains in business, and despite the efficiency of its operation, it remains 

on an economically shaky footing.  Over 45,000 acres of former sugarcane land have been taken out 

of production as the industry has contracted.  Some of the fields have been planted in diversified 

crops, including coffee, papaya and other fruits, seed corn, flowers and nursery products, vegetables 

and melons.  A few areas have been converted to aquaculture, and some former sugarcane fields have 

been used for residential and other urban development.  Despite this, most of the former sugarcane 

land is now used for grazing cattle which, in recent years, has allowed a growing cattle industry on 

Kaua‗i even though grazing is a comparatively low-value use of the land.  Due to the contraction in 

the sugar industry, agriculture is now the smallest of the three major industries (USFWS 2002b).  

This is likely to remain true, though it is possible that some expansion may occur, especially if 

biofuels become a viable source of power.   

3.6 EXISTING LAND USE PATTERNS 

No island-wide land use maps are available for Kaua‗i.  However, the breakdown of land use district 

acreages shown in Table 3.4 and depicted in Figure 3.9 illustrate two important points with respect to 

the island from the perspective of endangered seabirds.  The first point is the generally rural nature of 

Kaua‗i.  Despite the development that has occurred on the island over the past 50 years, it remains 

largely rural in character.  Over 56 percent of the total acreage is classified as Conservation District 

and has virtually no development.  Of the roughly 40 percent of the total land area that is in the 

Agricultural District, much is now fallow.  Much of this land has been disturbed by intensive 

agricultural practices that were used in the cultivation of sugarcane, although a substantial portion of 

the agriculturally zoned land was not cultivated.  The second point is that the Conservation land 

overlaps the areas that have been identified as existing or potential habitat for one or more of the 

Covered Species.   

 

 

Table 3.4 Estimated Kaua‘i Acreage by State Land Use District Classification 

Total 

area 

(acres) 

Classification by State Land Use District  

Urban Conservation Agricultural Rural 

Acres Percent Acres Percent Acres Percent Acres Percent 

353,900     14,550       4.11% 198,769      56.17% 139,328      39.37% 1,253        0.35% 

Note: Total acreage, including inland water, as classified by the Hawai‗i State Land Use Commission 

under the provisions of Chapter 205, Hawai‗i Revised Statutes, as amended.   

Source: Hawai‗i State Department of Business, Economic Development & Tourism, Land Use Commission, records. 
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CHAPTER 4 –  POTENTIAL BIOLOGICAL IMPACTS  

4.1 INTRODUCTION 

Following KIUC‘s submittal of its proposed HCP and associated applications to DOFAW and the 

USFWS for incidental take authorization in October 2007, the agencies concluded that they lack 

sufficient data about the population of the Covered Species, the actual effects of KIUC‘s facilities and 

activities on the Covered Species, and the effectiveness of the mitigation proposed, to be able to issue 

long-term take authorization.  This conclusion is partly due to the fact that few studies have ever 

sought to monitor and quantify actual bird-power line collisions on Kaua‗i.  As discussed below, the 

best available information consists of population estimates and utility structure impact estimates 

based on limited radar studies and modeling efforts conducted in the mid-1990s and radar studies at 

selected locations commissioned by KIUC in 2007.  As a result, as described in Chapter 1 the 

agencies recommended in December 2008 that KIUC seek short-term take authorization using take 

estimates based on these mid-1990s analyses, and develop and implement a power line monitoring 

protocol to generate new data and analyses which can later be utilized to seek long-term take 

authorization.
40

   

4.2 EPRI STUDY: OVERVIEW 

In the mid-1990s, the Electric Power Research Institute (EPRI), with financial support from Kaua‗i 

Electric, sponsored the Kaua‗i Endangered Seabird Study (Cooper and Day 1995, Ainley et al. 1995).  

The study examined threats to the Dark-Rumped Petrel (later re-classified as the Hawaiian Petrel) and 

Newell‘s Shearwater on Kaua‗i.  Researchers tracked the flight patterns of the night-flying seabirds 

via a mobile unit equipped with modified marine radar.  They also studied the natural history of the 

birds and identified possible causes of an apparent population decline.  The research was guided and 

reviewed by a panel of technical experts from the U.S. Fish and Wildlife Service, the academic 

scientific community, utilities, and environmental groups.  While subsequent work has provided 

additional insights into specific aspects of the species‘ behavior, the two-volume EPRI report 

constitutes the best available information about the species‘ behavior on Kaua‗i.   

The EPRI study also included an analysis of the impacts of utility structures on these seabirds.  The 

EPRI estimate represents the best scientific and commercial data available.  When adjusted to account 

for utility structures that have been installed since the EPRI study was completed, and for estimated 

changes in Covered Species population size, it remains the best basis for estimating take from KIUC 

structural facilities.  Consequently, the Agencies and KIUC have used estimates from that study, 

together with the correction factors described below, to estimate take by KIUC‘s existing facilities for 

this short-term HCP.  KIUC believes based on anecdotal information and its collective experience 

with these species that the take estimates included herein represent a likely ―worst case‖ scenario, and 

that the actual take caused by KIUC facilities and activities is likely substantially less.  Nevertheless, 

pending the implementation of additional research and the development of new data, the estimation 

approach described below is the best approach available.    

                                                 
40 The research projects that would be covered under this permit (principally the at-sea capture study, but possibly other 

work as well, e.g., colony investigations) will involve the careful capture, handling and banding and release of birds.  This 
will be done by trained qualified personnel approved by USFWS and DOFAW.  No harm or mortality is expected as a 
result of these activities.   
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4.3 ESTIMATED ANNUAL TAKE: NEWELL’S SHEARWATERS 

4.3.1 ESTIMATING POWER LINE MORTALITY OF NEWELL’S SHEARWATERS: 1993-1994  

Ainley et al. (1995) modeled data collected by the Save Our Shearwater (SOS) Program between 

1980 and 1993 and field data collected by its authors in 1993 and 1994, using corrective indices to 

account for various perceived shortcomings in the SOS Program data.  Among other things, these 

indices compensate for incomplete on-ground survey coverage and for scavenger and observer bias; 

but they do not account for the impact of adult (i.e. parent) mortality on egg and chick survival (i.e., 

indirect take).   

Based on their analyses, Ainley at al. (1995) concluded that during the 1980-1993 period, ‗utility 

structures‘ (which included overhead electric power lines as well as telephone lines and cable 

television lines strung on the same poles) were responsible for the deaths of between 122 and 350 

birds per year, with the high figure being considered the ―best estimate‖ (Ainley et al. 1995:44).  The 

total pelagic population of the species at that time was estimated to be on the order of 84,000 birds 

(Spear et al. 1995:624) and the number on Kaua‗i estimated to be 65,000 (Cooper and Day 1994:iv).  

Based on the age distribution of the birds collected, Ainley et al. (1995:44) estimated that of the 350 

annual power line mortalities they modeled, 70 were breeding adults and 280 were either non-

breeding adults or subadults (i.e., 2 to 5 years old).   

Because the EPRI estimate encompassed all utility structures, not just those owned by KIUC, the 

mortality estimates likely include harm caused by bird collisions with telephone and cable television 

lines as well as electrical power lines.  KIUC electric power lines are located higher up on joint-use 

utility poles than are telephone and cable television lines.  Based on that fact, on unpublished flight 

altitude data collected by ABR Inc., and on observations of flight behavior obtained during its own 

radar studies at locations previously identified as high bird activity areas (Denis and Verschuyl 2007; 

Verschuyl and Denis 2007; Verschuyl, Denis, and Colclazier 2008; Verschuyl and Denis 2008; Denis 

and Jake Verschuyl 2008; Denis, Colclazier, and Verschuyl 2008) KIUC concluded that KIUC 

facilities probably account for between 80 and 95 percent of all collisions between the Covered 

Species and utility structures.  For the purposes of this short-term HCP, KIUC assumes that its power 

lines and associated structures are responsible for 90 percent of such collisions.   

Although not accounted for in Ainley et al. (1995), Newell‘s Shearwater chicks require parental care 

from both adults until very near fledging, therefore, it is expected that one chick is indirectly taken for 

each breeding adult killed due to power line collisions and this indirect take is included in the analysis 

of take authorized under this HCP.   

4.3.2 ESTIMATING LIGHT-RELATED MORTALITY OF NEWELL’S SHEARWATER: 1993-1994 

In an attempt to estimate the number of fledglings that die due to light-related impacts during the fall, 

Ainley et al. (1995: Table 17) assessed various assumptions regarding:  (i) the discovery rate of bird 

downings associated with artificial lights (using rates ranging from 50 to 100 percent) and (ii) the 

morbidity rate of downed birds (using rates ranging from 7.7 to 43 percent).  Ainley et al. (1995: 

Table 17) used the midpoint between 7.7 and 43 percent (25 percent), which they considered to be the 

best estimate of morbidity, along with the most conservative discovery rate of 50 percent, resulting in 

an estimate that 7.4 percent of all fledglings die due to light-related impacts.  Ainley et al. (1995:43) 

estimated that during their study period, there were an average of 9,636 fledglings produced each 

year, making an estimate of the total mortality due to lights at 716 fledglings annually.  

While the proximity to lights was identified as the most influential factor in the distribution of 

downed fledglings, Ainley et al. (1995:29) were not able to allocate any proportion of the mortalities 

to the owners of individual lights.  Since that time, KIUC has completed its program of replacing all 

of its more than 3,000 unshielded street lights with shielded lights and also completed extensive 

modifications to its facility lighting at Port Allen and elsewhere.  While these efforts clearly reduce 

light-related impacts on the Covered Species, some impact from these lights probably remains.  Reed, 
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Sincock, and Hailman (1985) conducted lighting experiments on Kaua‗i during the early 1980‘s, 

finding that shielding lights that illuminated the grounds of a resort reduced the average number of 

Newell‘s Shearwaters found by an average of 40 percent (the results were variable, ranging from 28.6 

to 52.1 percent).  There are some specific instances of lights or facilities under KIUC control 

identified as the location where downed birds were collected via the SOS program since the lights 

were shielded.  Because of the non-systematic way in which birds are collected, however, those 

figures are not being used to allocate KIUC‘s proportion of the island-wide impacts.  Absent 

additional information, KIUC is estimating that 10 percent of light-related impacts could be 

attributable to KIUC actions.  This figure, as well as other assumptions that are incorporated in the 

Ainley et al. (1995) model, likely overestimate the actual effect of KIUC‘s facilities and will be re-

assessed after new bird-power line collision monitoring is conducted; revised estimates will then be 

used for any future long-term HCP.   

4.3.3 ESTIMATING KIUC LIGHT-RELATED INJURY/HARASSMENT (NON-LETHAL TAKE) OF 

NEWELL’S SHEARWATER: 1993-1994 

Using their assumed ―conservative‖ discovery rate (i.e., the lowest numerical ratio of discovered 

downed birds to actual downed birds, with 1.0 being the highest possible) of 50 percent, Ainley et al. 

(1995:28) estimated 2,864 fledglings were downed associated with artificial lights each year during 

their study period.
41

  They calculated that 2,148 of these downed fledglings (86.6 percent) did not die.  

As with light-related mortalities, specific information that could be used to estimate the proportion of 

this total island-wide take to KIUC actions with high statistical certainty is not available.  

Consequently, KIUC is estimating that 10 percent of light-related impacts could be attributable to 

KIUC actions, and should be included when consideration of authorized take and mitigation levels.  

Again, this figure likely overstates the actual affects of KIUC‘s facilities and will be re-assessed after 

additional monitoring is conducted and an updated estimate will be used for any future long-term 

HCP.   

4.3.4 ADJUSTMENT FOR CURRENT (2008) SEABIRD POPULATION SIZE 

Other things being equal, we assume that the number of Newell‘s Shearwaters colliding with power 

lines or attracted to lights is proportional to the size of their population on Kaua‗i.  The best available 

scientific information indicates that the population of Newell‘s Shearwaters on Kaua‗i declined 

dramatically during the period 1993 to 2008.   

Day, Cooper, and Telfer (2003) compared trends in the number of Hawaiian Petrels and Newell‘s 

Shearwaters observed on Kaua‗i using ornithological radar surveys conducted in June 1993 and 

during 1999-2001, with trends in the number of young Newell‘s Shearwaters retrieved by the SOS 

Program over the same period.  This comparison led them to estimate a decline in the number of 

Newell‘s Shearwaters visiting Kaua‗i of more than 60 percent between 1993 and 1999-2001.  The 

number of birds retrieved by the SOS program also declined over the same period at nearly the same 

rate (52 percent), from 1,111 birds in 1993 to an average of 533 birds a year during the 1999-2001 

period.   

The Hawai‗i Division of Forestry and Wildlife have analyzed additional radar data from the years 

1993 through 2008 to estimate that the population of Newell‘s shearwaters has declined 75 percent 

(Holmes, May 12, 2009).  For the purposes of deriving take estimates for this short-term HCP, 

therefore, all take estimates calculated by Ainley et al. (1995) were reduced by 75 percent (see Table 

4.1 for derivation).   

 

                                                 
41 This number was calculated by dividing the 1,432 fledglings reported per year by the SOS Program by 0.5, the proportion 

of all downed fledglings that the investigators conservatively estimated were actually found.   
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Table 4.1 Annual Take Estimates for KIUC Lights and Facilities Using EPRI-Derived 

Figures Corrected for Changes in the Population between 1994 and 2008  

Take Categories 1993-1994 
(Ainley et al. 1995) 

2008 Island-

wide Take 
(25% of Ainley et 

al. 1995) 

2008 KIUC 

Proportion 
(90% of utility line take 

and 10% of light 

attraction) 

POWER LINES    

   Breeding Adult Mortalities 70 17.5 15.75 

   Non-breeding Adult/Subadult Mortalities 280 70.0 63.0 

   Chick Mortalities 70 17.5 15.75 

LIGHT ATTRACTION    

   Fledgling Mortalities 716 179 17.9 

   Fledgling Downings 2,148 537 53.7 

 

4.3.5 CHANGES IN KIUC FACILITIES SINCE 1994 

The current take assessment must consider changes in KIUC facilities that have occurred since the 

take estimates developed by Ainley et al. (1995).  Overall, the number of miles of overhead wire in 

the KIUC system increased by 8.7 percent between 1994 and 2001; through 2006, the total increase 

has been about 10 percent.  Nearly all of this increase has been in the form of lower voltage (12 kV or 

less)/lower height (<12.2 meter) distribution wire in already developed areas, however.  It is unlikely 

these distribution lines have a significant adverse effect on the Covered Species.  Consequently, no 

correction factor is applied to reflect the addition of these lower lines.   

The electrical power lines along the Power Line Trail between Wailua Reservoir and Hanalei on the 

North shore of the island were upgraded, specifically replacing 20 kilometers of lower lines that run 

across the island from the Hanahanapuni Tap to and across Hanalei Valley with higher lines.  This 

area, particularly the Hanalei Valley, has been documented to have some of the highest seabird 

passage rates on the island.  No underline monitoring has been conducted under these lines to 

determine how many collisions may be occurring.  For the purposes of this short-term HCP, KIUC is 

assuming that an additional 10 percent to the adjusted take estimates, i.e., an additional 1.6 breeding 

adults, 6.3 non-breeding adults and subadults, and 1.6 chicks.   

 

Table 4.2 Estimated Annual Take of Newell’s Shearwaters by KIUC Lights and Facilities 

Take Categories 
Estimated  Annual Take  

Mortalities Non-Lethal Downings 

POWER LINES   

   Breeding Adult Mortalities 17.3  

   Non-breeding Adult/Subadult Mortalities 69.3  

   Indirect Chick Mortalities  17.3  

LIGHT ATTRACTION 0  

   Fledgling Mortalities 17.9  

   Fledgling Downings 0 53.7 

TOTAL 121.8 53.7 
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4.3.6 ESTIMATED TOTAL ANNUAL KIUC TAKE OF NEWELL’S SHEARWATERS 

Table 4.2 combines all of the factors relevant to estimating take using the approach developed by 

Ainley et al. to arrive at an estimated annual take by KIUC power lines and lights.  Based on these 

estimates, KIUC seeks incidental take authorization through this short-term HCP for 125 Newell‘s 

Shearwater mortalities and 55 Newell‘s Shearwaters non-lethal injuries annually.     

As indicated at the beginning of this Chapter, these estimates, while the best possible at this time, are 

not completely supported by the empirical and anecdotal evidence, which suggests that the actual 

number of Newell‘s Shearwaters mortalities is likely to be substantially less than the estimates in the 

table.  Three examples illustrate this point:  

 If we assume that the SOS program picks up 50 percent of all the birds killed (the number Ainley et 

al. used in their estimate), then SOS should have reported something on the order of 44 adults/sub-

adults in 2008 (50 percent of the 17.3+69.3=86.6 in the table).  In fact, the number of Newell‘s 

Shearwaters retrieved by SOS in 2008 that were either dead or that died in captivity was only 18, 

40 percent of that amount).   

 In their 1995 report, Ainley et al. seem to equate ―birds on the ground‖ with ―fallout due to 

attraction by lights‖ (see the discussion supporting Table 17, for example).  This is almost certainly 

erroneous.  If it were true, one would likely not see so much fallout on the relatively unlit North 

Shore (where fallout has historically been very high relative to other parts of the island).    

 In 2007 KIUC conducted the first-ever on Kaua‗i vertical radar surveys for seabirds, at four 

locations (Denis and Verschuyl 2007; Verschuyl and Denis 2007; Verschuyl, Denis, and Colclazier 

2008; Verschuyl and Denis 2008; Denis and Jake Verschuyl 2008; Denis, Colclazier, and 

Verschuyl 2008) Verschuyl and Denis, various dates in 2007 and 2008).  The results of those 

surveys show that the vast majority of seabirds flying to or from the ocean at those locations on 

those dates flew at a far higher altitude than the height of KIUC‘s power lines.   

In short, for now it seems safe to say that the estimated take in Table 4.2 is almost certainly 

conservative (i.e., higher than the actual amount) and that additional data collection and analyses is 

likely to lead to a reduction in the estimated level.  Nevertheless, in the absence of better data, these 

are the take estimates that have been used in developing the measures contained in this short-term 

HCP.   

4.4 ESTIMATED ANNUAL TAKE: HAWAIIAN PETREL 

Ainley et al. (1995: 54) concluded: ―To date impact and fallout and collisions with power lines on 

Dark-Rumped Petrels has been minimal‖.  Two major factors may account for the apparent difference 

in power line effect between the two species.  One is the smaller population of Hawaiian Petrels 

estimated to be on Kaua‗i.  The other is that Hawaiian Petrels tend to do more of their over-land 

flying before full darkness than do Newell‘s Shearwaters, a pattern which probably makes it easier for 

them to see and avoid overhead wires.  Whatever the cause, during the 30-year SOS program history 

293 Hawaiian Petrels have been retrieved, or an average of 9.8 birds a year, over 80 percent of which 

were released alive.  This is less than one percent of the number of Newell‘s Shearwaters retrieved 

during the same period.  Assuming the 50 percent ―conservative‖ discovery rate estimated by Ainley 

at al. (1995) for Newell‘s Shearwaters is similar for Hawaiian Petrels, it is possible that as many as 20 

are downed annually.   

Because the numbers of Hawaiian Petrels being downed is so much lower than the number of 

downings of Newell‘s Shearwaters, similar approaches to estimating the take occurring are not 

appropriate.  For the purposes of this HCP, the proportion of the Hawaiian Petrel take due to KIUC 

lights or facilities is estimated to be 10 percent of the total, and the annual take authorized will be two 

birds due to any source.  
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4.5 ESTIMATED ANNUAL TAKE: BAND-RUMPED STORM-PETREL 

As discussed in the preceding chapter, the number of Band-rumped Storm-Petrels on Kaua‗i is 

believed to be very small, with Wood et al. (2003) estimating the breeding population at 171 to 221 

pairs.  Not surprisingly then, very few Band-rumped Storm-Petrels have been retrieved by the SOS 

program – a total of 24 during its 30 year history.  None of these retrieved birds has been clearly 

associated with utility structures, though the fallout of at least some of these individuals was probably 

influenced by outdoor lighting, including the streetlights that KIUC owns and operates on behalf of 

the County.  With no evidence implicating KIUC utility structures with the downing of this species 

and such a small number of retrievals, statistically determining the annual KIUC-related take for this 

species is problematic.  Because of the extremely low probability that KIUC lights or facilities cause 

take to Band-rumped Storm-Petrels in any year, the annual take authorized under this HCP will be 

two birds due to any source.   
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CHAPTER 5 –  CONSERVATION PROGRAM 

5.1 INTRODUCTION  

This HCP is atypical in at least four important respects.   

 First, KIUC agreed, through two Memorandums of Agreement with the USFWS, to implement 

many ―interim conservation measures‖ concurrently with the development of an HCP, rather than 

waiting until the HCP was completed and approved and the incidental take permits issued.  This 

action-oriented approach resulted in immediate conservation benefits to the Covered Species.  As a 

consequence, conservation measures that have already been implemented are treated in the same 

fashion in this document as those which will be implemented in the future.   

 Second, preparation of an HCP entailed more fundamental research into available mitigation 

options than is typical with most HCPs.  This is because it was apparent to KIUC, USFWS, and 

DLNR from the outset that scientific information relevant to developing an effective conservation 

program for the Covered Species was lacking.  In order to reduce the information gap and prepare 

the conservation plan that it submitted to the agencies in October 2007, KIUC performed 

substantial research (see Section 5.4.1), analyzed the results of that research, and then shared both 

the raw data and the tentative findings with the agencies.  In some instances, measures which were 

initially anticipated as potential mitigation were determined to be ineffective or infeasible.  

Additional details about such measures, and the reasons why they were not selected, are described 

elsewhere in this report.   

 Third, it is unusual for an HCP covering such a large area to have such a short term.  Generally, it 

would cover a much longer period, such as the 50 years that KIUC proposed when it submitted its 

application in 2007.   

 Finally, whereas most HCPs are prepared prior to facilities being put in place, this HCP covers a 

large existing utility system (as well as certain future additions to it.)  The existence of extensive 

infrastructure limits the minimization options that are practicable.   

The conservation program set forth below is based on extensive discussions and collaboration with 

the USFWS and DLNR; knowledge and experience gained through the process of developing the 

HCP including the results of extensive research activities and implementation of the interim 

conservation measures mentioned above; recommendations of experts in the field; consultations with 

the Newell‘s Shearwater Working Group (an inter-agency group of Hawaiian seabird experts from the 

USFWS and DLNR); and review of the Working Group‘s Draft 5-Year Workplan (October 2005), the 

USFWS Recovery Plan for the Covered Species, the USFWS‘ Seabird Conservation Plan – Pacific 

Region (January 2005), the USFWS‘ Avian Protection Plan (APP) Guidelines (APLIC, and USFWS, 

April 2005), and the Avian Power Line Interaction Committee‘s (APLIC 2005) course entitled 

―Avian Interactions with Power Lines: An Overview of Laws, Mitigation Strategies, and Techniques 

for the Protection of Avian Species.‖
42

  It also contains additional minimization measures that reflect 

information received during the State of Hawai‗i public review and comment process conducted 

during the fourth quarter of 2009, and subsequent collaboration with both DLNR and USFWS.   

The remainder of this chapter is divided into the following main parts.   

 Section 5.2 reviews the USFWS Recovery Plan objectives for the Covered Species, and the related 

Draft 5-Year Workplan, as these provide a scientific framework for crafting an effective 

conservation program for the species.     

 Section 5.3 describes the biological goals and objectives of this HCP.   

                                                 
42 APLIC is an entity comprised of over twenty utilities, the National Rural Electric Cooperative Association, the Electric 

Power Research Institute, and the USFWS.  Information about APLIC, and the APP Guidelines and APLIC course noted 
above, are available at www.aplic.org. 
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 Section 5.4 describes the conservation measures KIUC will implement to minimize the impacts of 

its facilities and activities on the Covered Species.  (The heading for each conservation measure 

indicates which specific biological goal and objective it implements.) 

 Section 5.5 describes the conservation measures KIUC will implement to minimize the impacts of 

future additional facilities and activities.   

 Section 5.6 describes the conservation measures KIUC will implement to mitigate its unavoidable 

impacts on the Covered Species. 

 Section 5.7 describes how the conservation measures result in a net environmental benefit to the 

Covered Species, in accordance with H.R.S. Chapter 195D.   

 Section 5.8 describes the monitoring and reporting efforts which KIUC will implement. 

 Section 5.9 describes the adaptive management efforts which KIUC will implement. 

5.2 USFWS RECOVERY PLAN OBJECTIVES   

Under Section 4 of the ESA, after listing a species as threatened or endangered the USFWS is 

required to develop and implement a plan (referred to as a ―Recovery Plan‖) for the conservation and 

survival of the species.  The Recovery Plan must describe site-specific management actions necessary 

to recover the species‘ population so that it can be de-listed.  Although Recovery Plans do not have 

any regulatory effect, they are important guides in setting conservation priorities and providing 

blueprints for developing Habitat Conservation Plans.   

5.2.1 HAWAIIAN PETREL AND NEWELL’S SHEARWATER RECOVERY PLAN  

The USFWS issued the Recovery Plan for the Hawaiian Petrel and Newell‟s Shearwater in 1982.  

The Recovery Plan states that its primary goal is:  

“…to secure currently known breeding populations of „a„o and „ua„u from unacceptable 

levels of predation and other losses, to determine minimum numbers for self-sustaining 

populations for each species, to establish new populations as necessary, and ultimately to 

de-list the species.”   

The Recovery Plan goals and management objectives are as follows:   

1) Reducing the annual fallout of more than 1,000 Newell‟s Manx shearwaters to less than 100 

(or near zero); reducing the annual fallout of dark-rumped petrels to near zero
43

;  

2) Providing long-term protection for the eight known Newell‟s Manx shearwater nesting 

colonies on Kaua„i and the one known dark-rumped petrel nesting colony in Maui; and  

3) Developing efficient predator control methods and techniques for use in and around isolated 

nesting sites.   

Implementation of the measures contained in KIUC‘s Habitat Conservation Plan will contribute to the 

targeted reduction in fallout, provide support for colony protection, and contribute information 

concerning the effectiveness of predator control measures.   

5.2.2 NESH WORKING GROUP DRAFT 5-YEAR WORKPLAN (2005) 

5.2.2.1 Overview of NESH Working Group 5-Year Workplan 

The USFWS and DLNR have established an informal Working Group of Hawai‗i seabird experts 

from the USFWS, DLNR and the scientific community to focus on recovery of the Covered Species, 

with an emphasis on the Newell‘s Shearwater.  This group is known as the Newell‘s Shearwater 

                                                 
43 Since the publication of the Recovery Plan, the officially-recognized common names of these species changed, from 

―Newell‘s Manx shearwater‖ to ―Newell‘s Shearwater‖ and from ―Hawaiian dark-rumped petrel‖ to ―Hawaiian Petrel.‖ 
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(NESH) Working Group.  Rather than update the 1983 Recovery Plan, the Working Group instead 

developed a workplan consisting of specific recovery objectives for the Newell‘s Shearwater that 

could be met within five years.   

The NESH Working Group issued a draft Five-Year Workplan in October 2005 (NESH Working 

Group 2005).  It states that although the nature of the threats to this species remains essentially the 

same since the Recovery Plan was issued in 1983, the severity of these threats (e.g., increased 

development) and thus the urgency of addressing them has increased.  The Workplan also states that 

while the general long-term recovery strategy for the species has not changed, identification of 

interim recovery objectives and actions are needed to help ensure that initial conservation efforts by 

different agencies or groups are focused on the same ultimate goals, to see that limited recovery 

resources are used efficiently, and to provide milestones that can be used to track and evaluate 

progress toward recovery.   

5.2.2.2 Workplan Goals 

The draft Five-Year Workplan establishes five goals intended to reduce mortality, maintain or 

increase suitable nesting habitat, and to fill in gaps in scientific knowledge about the species:   

1. Minimize adult/breeder mortality and maximize fledgling production by developing and 

implementing effective predator control methods in colonies;  

2. Reduce the potential for collisions with power lines, towers, and other structures;  

3. Protect existing colonies from degradation due to invasive plants and pigs;  

4. Reduce fallout associated with lights; and  

5. Improve monitoring methods, initiate studies to determine the effects of the tuna fishery on 

Newell‘s Shearwater populations, and collect needed demographic data.   

5.2.2.3 Workplan Objectives  

The Workplan establishes the following specific objectives, designed to meet the long-term goals 

described above:   

 Implement predator control in at least two colonies and install ungulate fencing around at least two 

colonies;   

 Determine or estimate the number of adults that collide with power lines and structures;   

 Collaborate with the Kaua‗i Invasive Species Committee to identify priority areas where invasive 

alien plants are a problem and help develop effective techniques for their control and interdiction;   

 Encourage Kaua‗i County to adopt a light pollution ordinance and shield all remaining lights 

around  hotels, playing fields, shopping centers, and other areas determined to be a hazard to 

shearwaters;   

 Develop and implement effective monitoring techniques in at least two colonies that would 

facilitate the estimation of the effects of recovery actions;   

 Continue broad-scale monitoring to assess population-wide trends throughout Hawai‗i to better 

understand threats and guide recovery efforts; and   

 Develop studies to address fishery-related questions and collect demographic data.   

5.2.2.4 Workplan Recovery Actions   

The Workplan identifies specific actions needed to realize the interim recovery objectives described 

above.  It emphasizes that logistical difficulties and uncertainties surrounding implementation of 

many recovery actions make it important to evaluate the efficacy of the measures annually, modifying 

them as needed to improve results.  It also acknowledges that it will be quite difficult to quantify the 

relative impacts of the numerous threats to any given colony and the success of efforts to mitigate 

these threats.     
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The Workplan groups its specific recommended recovery actions into five broad categories:  (1) 

predator control, (2) light attraction and collision; (3) invasive plants and pigs; (4) Save Our 

Shearwaters Program; and (5) monitoring.  The specific actions are summarized briefly below.   

Predator Control.  The Workplan states that although cats, rats, owls, and to a lesser degree pigs all 

likely prey on adult and young Newell‘s Shearwaters, the feasibility of implementing predator control 

at breeding colonies is complicated by access to nesting areas, sensitivity to human disturbance, and 

inadvertent creation of access routes for predators.  To date, only two sites have been identified as 

suitable to begin some predator control, Kalaheo (trapping of cats) and Moalepe (removal of barn 

owls and trapping of cats).  The DLNR is implementing these efforts through the Kaua‗i Endangered 

Bird Recovery Team (KEBRT) staff.  The Workplan also notes that the expected future regulatory 

approval of aerial broadcasting of certain rodenticides in Hawai‗i will likely benefit Newell‘s 

Shearwaters.
44

   

Light Attraction and Collision.  The Workplan states that light attraction and collisions are 

responsible for hundreds of strandings
45

 annually and may be a major source of mortality.  Greater 

public understanding of the causes of fallout is needed to increase support for, and voluntary 

participation in, avoiding, minimizing, and mitigating this threat.  The Workplan identifies several 

measures intended to reduce light attraction and collisions, including outreach efforts with the local 

community to decrease lighting during the NESH fledging period, developing guidelines for 

minimizing light-related fallout, and identifying highest concentration fallout areas.    

Invasive Plants and Pigs.  The Workplan states that although the effect of invasive plants on NESH 

reproductive success has not been studied, some plant species alter the habitat to such a degree that 

there is little doubt that nesting would be affected.  Pigs have also been documented destroying 

fossorial seabird nesting habitat often resulting in the abandonment of colonies.  The Workplan 

recommends developing and coordinating monitoring and mitigation work with the Hawai‗i Invasive 

Species Council (HISC).   

Save Our Shearwaters (SOS) Program.  The Workplan observes that the SOS program, historically 

funded and operated by DLNR, recently funded and operated by KIUC under DLNR oversight, and 

now funded by KIUC and operated by the Kaua‗i Humane Society under DLNR oversight, has a 

long-standing history of successful community involvement to support recovery of downed birds.  It 

identifies a number of additional needs, but concludes that neither DLNR nor KEBRT presently have 

staff or funds to implement these additional actions.  The Workplan recommends that the SOS 

program continue, that modifications be made to improve the scope and effectiveness of the program 

(including the incorporation of bird rehabilitation procedures), that written protocols be developed, 

and that methods to evaluate survival rates of released birds be explored. 

Monitoring.  The Workplan states that radar surveys and other forms of monitoring are needed to 

determine several factors pertaining to the species.  These include: the species‘ distribution, 

abundance, and population trends; the geographic variability in threats; and the efficacy of various 

management actions.  The Workplan then recommends implementing numerous projects, including 

radar surveys and the compilation of a database (including GIS) for all data from all sources.  

                                                 
44 Diphacinone is a rodenticide that is very effective at controlling rat populations.  For widespread rat infestations in remote 

areas, diphacinone must be applied by aerial broadcasting in order to be effective.  However, under the Federal Insecticide, 
Fungicide and Rodenticide Act, the aerial broadcast of diphacinone is currently prohibited.  Efforts are underway at 
various State and Federal agencies to obtain regulatory approval for the aerial broadcast of diphacinone in Hawai‗i.  The 
consensus of Hawaiian seabird experts is that without such approval, the recovery of threatened and endangered seabird 
populations in Hawai‗i is unlikely to be achieved (R. David, pers. comm.).   

45 A stranding represents a bird that lands and is unable to take off again without assistance.   
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5.3 BIOLOGICAL GOALS AND OBJECTIVES OF THE SHORT-TERM HCP 

5.3.1 FRAMEWORK FOR ESTABLISHING GOALS AND OBJECTIVES  

As noted previously, the USFWS‘ ―Five Point Policy,‖ published in 2000 as an addendum to the 1996 

HCP Handbook, requires that HCPs ―clearly and consistently define the expected outcome, i.e., 

biological goal(s).‖  To quote from the Five Points Policy:   

Explicit biological goals and objectives clarify the purpose and direction of an HCP‟s 

operating conservation program.  They create parameters and benchmarks for developing 

conservation measures, provide the rationale behind the HCP‟s terms and conditions, 

promote an effective monitoring program, and, where appropriate, help determine the focus 

of an adaptive management strategy.   

In the context of HCPs, biological goals are the broad, guiding principles for the operating 

conservation program of the HCP.  They are the rationale behind the minimization and 

mitigation strategies.   

5.3.2 KIUC SHORT-TERM HCP BIOLOGICAL GOALS  

KIUC drew on several resources when it established biological goals for its conservation measures.  

These include the USFWS Recovery Plan, the related Five-year Workplan, available scientific 

literature, State conservation strategies, and extensive consultations with USFWS, DLNR, and State 

Endangered Species Recovery Committee (ESRC) experts.  These goals are listed in Table 5.1; the 

table also notes the types of measures that KIUC proposes to implement to achieve those goals.  The 

sections of the report following the table provide the details of the conservation measures.   

Before proceeding, it is worth noting that since beginning work on an HCP, KIUC has voluntarily 

implemented many ―interim conservation measures‖ (ICMs) aimed at (and in some cases fully 

achieving) various Recovery Plan and Five-year Workplan objectives.  While they are not the subject 

of this HCP, an awareness of these past measures is essential to a complete understanding of the 

situation.  Because of this, those measures that have been completed, or largely completed, are 

summarized in Appendix E.  In many cases these ICMs resulted in standalone reports; copies of the 

appendix notes are available on the Department of Land and Natural Resources website.   

5.4 MEASURES TO AVOID & MINIMIZE IMPACTS OF EXISTING FACILITIES 

5.4.1 COMPLETED EFFORTS TO AVOID & MINIMIZE IMPACTS OF EXISTING FACILITIES 

Pursuant to two Memorandums of Agreement between KIUC and the USFWS (2002, 2004), 

concurrent with developing its HCP KIUC also implemented many steps to avoid or minimize the 

effect that its facilities and activities have on the Covered Species.  Those measures that have been 

completed are noted briefly below in order to provide a context for the ongoing conservation 

measures described in Section 5.4.2.  These completed measures are described in more detail in 

Appendix E:   

 Use Only Full-Cutoff (Shielded) Streetlights.  (All of the more than 3,000 KIUC streetlights are 

now fully shielded.)     

 Evaluated Power Lines and Installed Marker Balls to Deter Bird Collisions at Highest Collision-

Risk Locations.   

 Tested Durability of Commercially Available Bird-Diverter Devices (FireFly
®
).    

 Power Line Collision Risk Field Research (Radar Surveys) and Associated Measures.   

 Installed and Maintain Shielded Lights at Port Allen Generating Station.   

 Installed and Maintain Shielded Lights at Kāpaia Power Station.  

 Implemented Seabird Training Program for KIUC Personnel.    
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Table 5.1 Biological Goals and Objectives of the Short-Term HCP 

Biological Goals Conservation Measures 

Goal 1: Minimize the impact 

of existing and future KIUC 

facilities on the Covered 

Species so as to assist in their 

recovery.   

1.A:  Continue to minimize KIUC‘s contribution to light attraction by using 

only full-cutoff light fixtures on existing and future facilities.   

1.B:  Minimize the impact of existing KIUC power lines by avoiding the 

construction of new lines that would increase take above present levels, and 

implementing specific modifications to certain power line segments to reduce 

the potential for take.   

1.C: Ensure that minimization measures at power plants, substations and 

other facilities are institutionalized (i.e., made part of each 

facility/department‘s standard operating procedures).   

1.D: Provide downed seabird and monitoring training to KIUC personnel.   

1.E: Provide sufficient support for SOS to ensure its continued operation for 

the duration of the ITP/ITL.  (Also listed as 2.A.) 

Goal 2:  Mitigate for 

unavoidable adverse impacts 

of KIUC facilities on 

Covered Species so as to 

assist in their recovery.   

2.A.  Ensure the continued operation of the SOS+ Program for the duration of 

the ITP/ITL.   

2.B:  Provide for and ensure the implementation of seabird colony habitat 

restoration, predator control, and/or other appropriate conservation strategies 

contributing to the recovery of Covered Species as approved by the agencies, 

commensurate with the level of take to provide net benefit to the species and 

environment. 

Goal 3:  Monitor impact to 

species, report, and provide 

for adaptive management so 

as to ensure that conservation 

resources provide the greatest 

possible contribution toward 

recovery.   

3.A:  Ensure that monitoring measures at power plants, substations and other 

facilities are implemented per approved monitoring  plan to track 

performance with respect to the Covered Species.   

3.B:  Continue to explore and consider alternative avoidance, minimization, 

monitoring and mitigation options for improvement, and implement as agreed 

and appropriate.   

3.C:  Provide for and ensure compliance monitoring, including but not 

limited to underline take monitoring, and review of HCP activities. 

3.D.  Fund development and implementation of underline monitoring 

program. 

Goal 4:  Assure funding for 

activities under the HCP so 

that conservation measures 

are certain to be 

implemented. 

4.A: Provide funding assurances per HRS 195-D. 

Goal 5:  Provide information 

that will inform long-term 

take authorization following 

the end of the short-term 

permit.   

5.A:  Assist efforts to develop an island-wide HCP on Kaua‗i.   

5.B. Fund update of Spear et al‘ (1995) at-sea seabird population estimates.   

5.C  Fund two-year auditory survey to locate additional seabird breeding 

colony/habitat opportunities for future mitigation. 

Source: Compiled by Planning Solutions, Inc.  
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5.4.2  ONGOING AND ADDITIONAL EFFORTS TO AVOID & MINIMIZE IMPACTS OF EXISTING 

FACILITIES  

In addition to the completed avoidance and minimization measures implemented concurrently with 

the development of this HCP, KIUC proposes to implement the additional minimization measures 

described in this section.  Making physical alterations to existing utility infrastructure that will avoid 

and minimize potential impacts to seabirds is inherently challenging.  Potential power line alterations 

involve physical, engineering, right-of-way, electrical code, service reliability, governmental approval 

and other constraints.  In addition, KIUC must operate within severe financial constraints.  First, 

KIUC is a non-profit cooperative.  As such, KIUC‘s customers are also its owners.  This is in contrast 

to the more traditional ―Investor Owned Utility‖ (IOU) model, in which the utility is a for-profit 

corporation owned and controlled by shareholding investors who in most cases are not customers of 

the utility.  Second, KIUC serves a small island community and thus has a very small ratepayer base, 

consisting of only about 30,000 customers.  Third, KIUC already has among the highest electricity 

rates in the nation.  For example, its rate for residential customers in July 2009 was over 28 cents per 

kilowatt hour; in April 2009 the national average rate was approximately 11.5 cents per kilowatt 

hour.
46

   

In addition, as a young cooperative carrying a very large debt load, KIUC must meet certain 

mandatory loan obligations which further constrain its financial resources.  KIUC was formed in 

November 2002 when it purchased the assets of the Kauai Electric division of Citizens 

Communications Company.  KIUC used a loan from the Rural Utilities Service (RUS) of the U.S. 

Department of Agriculture to finance the $215 million purchase price.  At the same time, KIUC also 

obtained a $25 million secured line of credit for working capital purposes, and a $60 million secured 

line of credit to be used in the event of a natural disaster, from the National Rural Utilities 

Cooperative Finance Corporation (CFC), a private, non-profit cooperative association.  To finance its 

December 2003 purchase of a 26.4 MW combustion turbine electric generation facility from Kapaia 

Power Partners, KIUC obtained an additional $32.96 million loan from RUS and an $8.24 million 

loan from CFC.  KIUC has been repaying the loans in accordance with its loan agreements.  

However, as of December 31, 2009, KIUC still had $210.6 million of RUS loans and $6.2 million of 

CFC debt outstanding.   

The RUS loans require KIUC to maintain certain minimum coverage ratio levels.
47

  This requires that 

KIUC‘s rates generate sufficient revenue to meet all of its expenses, and an additional ―margin‖ (i.e., 

the equivalent of ―net income‖ for an IOU).  These margins enable KIUC to meet its required 

coverage ratios, as well as provide for future funding needs and build up equity over time.  KIUC‘s 

rates are set by the Hawaii Public Utility Commission at a level designed to comply with the lender 

requirements and expectations.  Any cost increase in addition to those already considered in existing 

rates will result in financial results that are not within lender expectations.  With KIUC‘s already very 

high rates, the opportunities to increase rates to cover significant new expenditures is extremely 

limited.   

In summary, given its small ratepayer base, already very high rates, and existing financial obligations 

to its public agency lender, its financial ability to fund minimization and mitigation projects is 

limited.  Nonetheless, KIUC is committed to the following minimization efforts during the 5-year 

term of the HCP.   

                                                 
46 See www.eia.doe.gov/cneaf/electricity/epm/table5_6_a.html  Although it is working diligently to change the situation, 

KIUC currently relies on the combustion of highly refined fuel oils for over 90% of its energy supply.  Because fuel oil 
prices have fluctuated dramatically over the last few years, this fuel price volatility has caused the rate which KIUC 
charges its customers to fluctuate accordingly.  For example, KIUC‘s residential rate ranged from a high of 49 cents in 
August 2008 to a low of 22 cents in February 2009.   

47 These ratios are: Times Interest Earned Ratio, Debt Service Coverage Ratio, Operating Times Interest Earned Ratio, and 
Operating Debt Service Coverage Ratio. 
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5.4.2.1 Identify High Risk Streetlights and Implement Additional Feasible Measures 

KIUC will regularly evaluate new SOS data provided or made available to it by DOFAW, and any 

anecdotal information it may receive, to identify any specific individual KIUC streetlights that appear 

to have caused the downing of more than one seabird within one fallout season.  The first such 

evaluation shall occur within sixty days of the Agencies‘ approval of this HCP and issuance of the 

ITP and ITL.  Upon identifying any such streetlight(s), KIUC will within sixty days evaluate the 

feasibility of implementing different streetlight technologies or practices at that location, and then 

proceed immediately to implement any such feasible technologies or practices that appear likely to 

reduce effects on the Covered Species.  KIUC shall not wait for the completion of the feasibility 

analysis described in Section 5.5.1 to begin implementing this requirement, but once the feasibility 

analysis is complete KIUC will use the information and conclusions contained in that feasibility 

analysis in implementing this requirement.  

5.4.2.2 Participate with the State DOT to Underground Lines in the Wailua River Area 

The surest way to eliminate all potential for electrical utility facilities to adversely affect the Covered 

Species is to place them underground, and KIUC has been working with the State Department of 

Transportation (DOT) for several years in an effort to underground as many lines as possible as part 

of the State DOT‘s highway widening project in the Wailua River area.  As a result of this effort and 

of the availability of special funding from the Federal government, KIUC planned to underground in 

2010 the existing overhead lines between the Lydgate Substation and the Kapa‗a bypass, a distance of 

approximately 1.7 miles, subject to the resolution of pending litigation and the continued availability 

of Federal funding support.
48

  Due to delays in finding a prompt resolution to this legal issue, in 

September 2010 DOT reallocated the funds to other projects on Kaua‗i.  DOT and KIUC are seeking 

alternative means of financing this project. 

5.4.2.3 Continue to Support Undergrounding Existing Electrical Lines   

KIUC supports the undergrounding of other existing power lines as well.  However, for reasons 

outlined below, its ability to underground lines itself (i.e., without the kind of State/Federal aid that 

was anticipated for the Wailua River area) is severely constrained by its limited financial resources 

and the extraordinary cost of undergrounding on Kaua‗i.   

The cost of undergrounding existing above-ground power lines on Kaua‗i is extremely high.  KIUC‘s 

current (mid-2010) average estimates are $3,000,000 to $5,300,000 per mile for standard transmission 

lines, $4,300,000 to $7,900,000 per mile for standard transmission lines plus one circuit of 

distribution, and $5,400,000 to $8,700,000 per mile for standard transmission lines plus two circuits 

of distribution.  The average estimates for undergrounding just distribution lines is $2,600,000 per 

mile for one circuit, and $3,400,000 per mile for two circuits.  These general estimates are supported 

by location-specific and project-specific analyses.  For example, the contract that was awarded in 

2006 to the low-price bidder for construction of approximately 1.25 miles of new underground 69 kV 

line in the Kukui‗ula development was for $3,300,000, or about $2,650,000 per mile.  That price, now 

three years old, was for work on relatively level, undeveloped land with no special constraints.  That 

project also did not entail the removal of existing overhead lines, or the consequent need to 

implement measures necessary to ensure uninterrupted electrical service while overhead lines are 

removed.  A very recent analysis of a more complex project was recently completed for the Lydgate 

Substation to Kapa‗a Bypass Road undergrounding described in Section 5.4.2.1, above.  The 2010 

cost estimate for that project is $11,500,000 per mile.   

In summary, given its very limited financial resources, and the extraordinary cost of undergrounding 

existing lines, it is not financially feasible within the scope of this Short-Term HCP for KIUC to 

underground any significant amount of its existing lines except in situations (such as that described in 

                                                 
48 Implementation of this project was delayed by a lawsuit brought by individuals concerned that the excavation required for 

the undergrounding could disturb human remains, a concern present in many areas where underground lines might be 
constructed.  The ultimate fate and timing of this underground project depends upon the resolution of this litigation.  
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Section 5.4.2.1, above) where road realignments or other factors make sizeable cost-sharing possible.  

KIUC will continue to pursue and support such opportunities.   

While there are few practicable opportunities to underground lines within the scope of this Short-

Term HCP, KIUC has identified a number of existing line segments where it can reconfigure existing 

overhead wires to reduce the risk of seabird collisions.  In some cases, this involves modifying the 

overhead conductor arrangements (especially 12 kV distribution circuits) so that there are fewer wire 

layers.  In other cases, benefits can be had by placing distribution wires underground (which is much 

less costly than undergrounding transmission voltage conductors) and lowering/reconfiguring the 

overhead 69 kV transmission lines so that they are better-shielded by existing topography, trees, or 

other barriers.  The reconfiguration projects which are practicable and can be implemented during the 

potential 5-year term of this Short-Term HCP are discussed in Section 5.4.2.4 below.  KIUC believes 

that additional opportunities for useful line reconfiguration projects exist that it will be practicable to 

implement over the long term; it will include such other projects in the minimization approach it 

proposes in its application for a permit under the KSHCP.  Since even simple reconfigurations of 

existing power lines can be very expensive (though not as costly as complete undergrounding), KIUC 

anticipates that its approach will be an incremental one that prioritizes areas where the need and 

opportunity for reconfiguration offers the greatest benefit for the Covered Species.  Information that 

is collected over the term of this Short-Term HCP and of the KSHCP will inform the minimization 

decisions that are made in this regard and will allow for adaptive management.   

5.4.2.4 Reconfiguration of Existing Overhead Power Lines  

DOFAW received public comments on the Draft Short-Term HCP in the fourth quarter of 2009.
49

  

Some of those comments asserted that Short-Term HCP did not contain sufficient measures to 

minimize the effect that its existing facilities have on the Covered Species.  KIUC, DOFAW and the 

USFWS carefully evaluated those comments; KIUC then worked closely with them and with KSHCP 

staff to determine whether there are additional minimization measures that are practicable and capable 

of being implemented within the term of the Short-Term HCP.  This effort focused on, but was not 

limited to, evaluating ten segments of existing power lines that previous analyses had identified as 

having a relatively high potential for take of the Covered Species.  The approximate locations of those 

segments are shown in Figure 5.1.  They are depicted in more detail in Appendix F, and that same 

appendix contains detailed tabulations of the cost and other characteristics of all the many alternatives 

that KIUC and the agencies considered.   

The primary objective of this evaluation was to identify potential reconfiguration options that would 

(in combination with existing topography/vegetation/other obstructions) reduce or eliminate the risk 

of bird strikes by lowering power lines to a level that is at or below the average current height of 

existing obstructions (e.g., vegetation or land forms) that serve as natural barriers to bird flight.
50,

   

The evaluated electrical power line segments were broken down into sub-segments to allow 

evaluation of segments of similar characteristics in line design and land-based features.     

 

                                                 
49 KIUC submitted the Draft Short-Term HCP to both DOFAW and the USFWS in the summer of 2009.  DOFAW 

conducted a public review and comment process as required by HRS Chapter 195D in the fourth quarter of 2009, and 
received both oral and written public comments.  The USFWS did not conduct public review on that version of the HCP.   

50 Over the long term, vegetation is subject to change (gaining height and effectiveness as a protective barrier through 
growth or losing height as a result of storms or human action) and this, in turn, can lead to an increased or decreased take 
risk from a particular line segment.  KIUC anticipates that monitoring once permits are issued will provide notice of any 
such changes that occur and allow appropriate changes to be made to the minimization and/or mitigation program.  The 
power line reconfiguration projects described in Table 5.2 take advantage of adjacent shielding vegetation located on 
private land.  As it implements those projects KIUC will use its best efforts to ensure the continued and ongoing presence 
of such vegetation through the acquisition of a conservation easement or similar legal instrument from the landowner, or 
through an agreement with the landowner, but it cannot guarantee that such easements will be granted to it.  To the extent 
that the selected and implemented reconfiguration alternative relies on the shielding effects of existing vegetation, a 
subsequent loss of such shielding effect (due, for example, to tree removal by the private landowner or major storm 
damage) would constitute a Changed Circumstance, which is addressed in Section 7.4.2.5  
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Typical construction reconfigurations evaluated included various combinations of undergrounding, 

rearranging overhead wires to reduce the number of layers of wire, and rearranging the wires to 

decrease their height (with the goal of bringing them down to a height beneath adjacent barriers to 

bird flight).  In addition, KIUC evaluated various types of stream crossings, including attachment to 

bridges and horizontal direct bore under the rivers.  These did not affect the potential for take (all 

were zero), but it did lead to different costs as attachments are less costly than boring. 

The results of the analyses indicate that there are several areas where it may be practicable to reduce 

the potential for bird strikes on overhead electrical power lines within the limited time frame of this 

Short-Term HCP, and given applicable constraints as discussed above.  The list of minimization 

possibilities (see narrative summaries in Table 5.2 and illustrations of existing conditions shown in 

the photographs reproduced in Figure 5.2  through Figure 5.7) includes some that involve placing 

telecommunications and/or communications line underground; they do not include projects that 

require undergrounding of 69 kV electrical facilities in order to remove the risk of take because those 

require further analysis to determine if their extraordinarily high cost is warranted by resulting 

benefits.  That analysis will be included in the long-term minimization program that KIUC will seek 

approval for through applications submitted in conjunction with the KSHCP.   

Taking into account numerous factors such as engineering design, right-of-way constraints, site-

specific circumstances, permitting needs, cost, and likely magnitude of collision risk reduction, KIUC 

has identified in this Short-Term HCP, several power line reconfiguration projects to be implemented 

during the up to 5-year term of this Short-Term HCP.  As indicated in Table 5.2, the proposed 

reconfiguration projects, in concert with the line modifications that KIUC had already proposed (e.g., 

undergrounding in conjunction with the Kūhiō Highway widening project that the State of Hawai‗i 

Department of Transportation is implementing in the Wailua River area), addressed nearly all of the 

power line segments that DOFAW‘s evaluations conducted during the ongoing preparation of the 

Kaua‗i Seabird Habitat Conservation Plan identified as presenting a ―Very High‖ or ―High‖ potential 

risk to the Covered Species (see Table 5.3).  KIUC believes that the Short-term HCP‘s focus on 

―Very High‖ and ―High‖ take risk segments is the most appropriate course of action until further 

information on take risk from underline monitoring allows for further evaluation of medium and low 

risk segments.  This prioritization allows for the most efficacious take risk reduction based on the best 

available scientific information.   

KIUC is not able to include take minimization measures for every segment within those 

classifications.  The technical challenges and very high cost that would be faced in modifying the 

portions of Segment ―H‖ and ―G‖ that have steel poles (for example greater than $12,000,000 per 

mile in H-steel segment, undergrounding of transmission and distribution lines) is not  practicable 

within the 1- to 5-year time frame of the Short-Term HCP.  As minimal vegetation is present in these 

areas, a full undergrounding of transmission and distribution lines is the only option that would 

accomplish the objective of significantly reducing or eliminating collision risk, and the data that is 

now available do not allow KIUC to demonstrate that the slight lowering or reduction of layers of 

these power lines that may be technically possible would reduce the potential for collisions 

appreciably.   

Once underline monitoring produces sufficient data to quantify the reduction in collision risk for all 

options, it will be possible to reevaluate potential power line modifications covering these segments.  

This is particularly appropriate in view of the fact that the current take risk classification for the ―H‖ 

and ―G‖ steel pole segments is based on birds found in only a short (0.3 kilometer) stretch of 

monitored line in the 1994 EPRI driving circuit.  The continued appropriateness of the 1994 risk 

classification may no longer apply as the seabird breeding colony (Kalaheo) located closest to one of 

these segments appears to no longer be active.  KIUC commits resources to monitoring during the 

Short-Term HCP with the hope that the monitoring will provide sufficient information to reevaluate 

the cost-benefit of additional potential minimization options in the future.   
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Table 5.2 Proposed Line Reconfiguration  

Description of Segment Cost ($ & $/mi.) Justification (see Appendix F for detailed options tables & Appendix G for configuration drawings) 

Keālia Segment D1, Hwy 56 - 

mile 9.1 Kawaihau Rd. to 

Mailihuna Road.  4,600 ft.  Hill 

and tall trees, some open areas.   

$721,474 

($885,903/mile) 

KIUC selected Option 4 (shielded 69kV overhead with 12.5 kV flat-construction underbuild [Configuration drawing 3b]).  

Converting the distribution circuit to flat construction will reduce the number of layers of conductors from 9 to 5 and also allow 

lowering of the transmission circuit into a compact configuration from about 65‘ to about 57‘, at or below the average heights of the 

shielding hillside and vegetation on the mauka side of the highway.  This is with the exception of the first 900‘ (20% of segment) at 

the south end of this segment which has average shielding heights of only 45‘.  Otherwise, the hillside and vegetation directly mauka 

of the highway shields the reconfigured lines, allowing birds to pass safely over the remaining facilities.   

KIUC rejected Options 1 and 2 [Configuration drawing 1c] Option 3[Configuration drawing 1b].  The reduction in the number of 

wires could not be shown to provide a significant reduction in the risk to the Covered Species.   

Keālia, Segment D-Bridge, Hwy 

56 Kealia Stream Bridge.    
$187,680 

KIUC selected Option 4 (attaching the distribution circuit and communication wires to the bridge [Configuration drawing 1c]) was 

selected because it has only 3 wire layers and allows the highest conductor to be lowered to about 35‘ above the highway.  

Evaluation of the feasibility of attaching transmission conductors to the bridge and having adequate space available for manholes in 

and along the highway right-of-way continue to be an issue for the bridge crossing, but KIUC is optimistic that a satisfactory 

solution can be found.  [Note: KIUC temporarily reconfigured this segment and the segment adjoining it to the north (from its 

original configuration of 9 layers to 3 and from 65‘ to its current 52‘) in 2007 as part of a two-phase project intended to reduce the 

threat to seabirds.  The temporary change was possible because KIUC was not at that time energizing the circuit at its intended 69-

kV transmission circuit voltage.  Phase 2 of the Kealia reconfiguration, will return the circuit to its full 69-kV capacity.  This is 

needed to complete the long-planned second 69 kV circuit to the Princeville Substation (see discussion of the North Shore 

Reliability project for additional detail).   

KIUC rejected Option 1, which would take all lines underneath the river, eliminating all above-ground wires, because the very high 

cost ($1.2 million) was not warranted by the demonstrable reduction in collisions and due to the limited space available for  

placement of manholes in the highway right-of-way to accommodate the transmission conductors.  

KIUC did not select Option 2 because its higher cost was not warranted by a demonstrable reduction in collisions and due to the 

limited space available for placement of manholes in the highway right-of-way to accommodate the transmission conductors.  In 

addition, structural analyses have not confirmed that the bridge structure can hold the additional weight of the transmission 

conductors.  

KIUC did not select Option 3 [Configuration drawing 1c] because no further reduction in take risk for KIUC facilities would result 

from this option while its cost would be higher.     

KIUC rejected Option 5[Configuration drawing 1b] & Option 6[Option 1b] because no further reduction in take risk for KIUC 

facilities would result from this option while its cost would be higher.   

Keālia, Segment D2, Mailihuna 

Road to Ka'ao Road.  3,300 feet 

adjacent to tall ironwood trees.   

$1,939,124 

($3,102,598/mile) 

KIUC Selected Option 2 [Configuration drawing 1c] was selected because undergrounding distribution and communication 

facilities will maintain the number of layers of conductors at 3 and keep the remaining transmission conductors below the average 

height of surrounding vegetation.  KIUC will attempt to seek a vegetation easement from the land owner to preserve the existing 

ironwoods mauka of the highway and to plant trees in a 25' gap within them.  Total undergrounding will remove the potential for 

take, but is not necessary due to the shielding that is present.  [See note in above justification for temporary configuration.]   
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Description of Segment Cost ($ & $/mi.) Justification (see Appendix F for detailed options tables & Appendix G for configuration drawings) 

KIUC did not select Option 1 because trees provide 90% shielding for this line segment; hence further undergrounding will not 

provide a significant reduction of risk to seabirds.  

KIUC rejected Option 3 [Configuration drawing 1b] because this option has a greater number of layers (4) and lines 10 feet higher.   

Keālia, Segment D3.  Hwy 56  

Ka‗ao Road to Hwy 56 - mile 11 , 

near Kealia Kai.  2,700 ft.  

$0 (n/a) 

KIUC rejected all reconfiguration options, and will instead pursue tree planting.  KIUC did not propose any changes to this 

line segment because the limited vegetation along the highway meant that minimization methods short of total undergrounding 

would not reduce conductor height to vegetation level and would not, therefore, have demonstrable benefit.  This segment is 

adjacent to the immediate valley area.   

Option 1 (which involves placing all lines underground) was not selected because completely undergrounding all lines (the only 

proven way to reduce the risk of take through this area) would cost more than $4.5 million/mile and can only be justified after the 

cost-benefit analysis being performed, as part of the long-term KSHCP, is available.   

Option 2 [Configuration drawing 1c] (which entailed a compact overhead transmission circuit together with underground 

distribution and communication facilities) was not selected even though it would lower transmission wires to approximately 10 feet 

above tree-top level where trees are present because most of the segment does not have shielding trees.   

Option 3 [Configuration drawing 1b] (which entailed a compact overhead transmission circuit together with underground 

distribution and overhead communication facilities) was not selected because it would only lower transmission wires to 

approximately 20 feet above tree-top level where trees are present. 

Options 4 [Configuration drawing 3a] (which entailed a compact overhead transmission circuit together with flat distribution and 

overhead communication facilities) was not selected even though it reduced the layers (from 9 to 5) and was the least cost alternative 

because this option would not remove the risk of take, leading to the possibility of additional minimization at a later date.   

Tree planting: Upon agreement with landowners, KIUC will plant fast-growing trees of species either (a) native to Kauai, or (b) 

already introduced onto the island and assessed as ―low risk‖ according to the Hawaii-Pacific weed risk assessment.  The planting 

shall be done in a manner designed so that the trees will grow to shield the utility lines from collisions with seabirds.  If such tree 

planting is not possible due to landowner refusal or other reasons, KIUC shall select and in Year 4 or 5 KIUC shall implement one of 

the reconfiguration options described above.   

Wailua [All Underground] A1, 

Hwy 56, mile 5.0 (Lydgate Sub) 

Hwy 56, mile 5.9 (Coco Palm) 

(5,700 ft.) plus A2 Hwy 56, mile 

5.9 Coco Palms At Kuamo‗o Rd to 

Hwy 56, mile 6.4 2,640 ft. 

Segment is entirely in Wailua 

Corridor project. Includes HDD 

cost for boring beneath river.   

$1,000,000 

(KIUC paid only 

for design) 

n/a 

KIUC selected Option A (complete undergrounding) because it eliminated the potential for take of the Covered Species by KIUC 

lines in this important segment.  KIUC has worked with Hawai‗i State Department of Transportation (DOT) on the Wailua Corridor 

Road Widening project which includes undergrounding of all electrical and communication utilities between Lydgate Switchyard 

and Kapa‗a Bypass Road.  The total cost of the undergrounding is $17,300,000.  As a result of this effort and of the availability of 

special funding from the Federal government, KIUC planned to underground the existing overhead lines between the Lydgate 

Substation and the Kapa‗a bypass, a distance of approximately 1.7 miles, which was subject to the resolution of pending litigation 

and the continued availability of Federal funding support.   Due to delays in finding a prompt resolution to this legal issue, DOT has 

reallocated the funds to other projects on Kaua‗i.  DOT and KIUC are seeking alternative means of financing this project. 

Coffee Field, Segment H-Steel 

Hwy 50, mile 13.5 to Hwy 50, 

mile 16 (13,200 ft.) 

Open Areas 

- 

$0 (n/a) 

KIUC did not select any of the options for implementation as part of the short-term HCP.  The ―steel pole‖ electrical 

transmission and distribution circuits between the Port Allen Generating Station and Kalaheo cannot be modified to substantially reduce or 

eliminate take without undergrounding.  The technical challenges and very high cost of undergrounding dual-circuit steel pole segments 

(~$12,000,000 per mile) is not practicable within the timeframe of this Short-term HCP.  The data that are now available do not allow KIUC 

to demonstrate that the slight lowering or reduction of layers of these power lines, that may be technically possible, would reduce the 

potential for collisions appreciably.  See discussion in Section 5.4.2.3 for further information.   
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Description of Segment Cost ($ & $/mi.) Justification (see Appendix F for detailed options tables & Appendix G for configuration drawings) 

Port Allen, Segment H2, Port 

Allen Waialo Road Before 

Hanapepe River by the shore 

(1,800 ft.) By the pier 

$0 (n/a) 

KIUC did not select any of the options for implementation as part of the short-term HCP.  Option 1 was not selected because 

completely undergrounding all lines (the only proven way to reduce the risk of take through this open area substantially) cost more 

than $11 million/mile and can only be justified after the cost-benefit analysis being performed, as part of the long-term KSHCP, is 

available.    

Options 2, 3, & 5 were not selected because they would leave many wire layers above ground (albeit at potentially lower heights) 

and the relative benefit of the reduction (but not elimination) of wires cannot be accurately addressed at this time.  If distribution 

lines are undergrounded, transmission lines would still remain above the vegetation by more than 10 feet and would not appreciably 

reduce seabird risk more than the selected option.   

Option 4 was not selected because while it would lower the existing double circuit transmission lines on the poles approximately 10 

feet, the number of layers would remain the same (6).  If distribution lines are undergrounded, transmission lines would still remain 

above the vegetation by more than 10 feet.  Only undergrounding of all lines would eliminate take.  A cost-benefit analysis 

comparing undergrounding costs to mitigation costs (based on bird take per segment) in the long-term KSHCP will inform decisions 

for undergrounding in the future.   

Hanapēpē, Segment H3, from Port 

Allen side of Hanapepe River By 

the shore to Hanapēpē side of 

Hanapēpē River By the shore,700 

ft.   

$157,020 

($1,184,379/mile) 

KIUC selected Option 2 because it would permit lowering the dual circuit of transmission, which would leave it at or below 

average vegetation level.  That, in turn, eliminates risk except across water.  Note, however, that this preferred option needs to be 

assessed for potential risk to fishermen before a final decision can be made to implement the measure.  The area across the water 

where there is no vegetation requires full undergrounding to eliminate take, however a decision to underground in the long-term will 

be made in the KSHCP.   

KIUC rejected Option 1 (boring beneath the river) because its high cost (over $6 million/mile) mandates that it first be supported by 

the cost-benefit analysis that is being prepared in support of the long-term KSHCP.   

KIUC did not select Option 3 because the technical challenges of installing 16-foot-long crossarms and the reduction of one layer 

with lines at the same height as the selected option does not appreciably reduce take risk in the area with trees.  Crossing the river, 

the reduction of one layer with lines at the same height as the selected option would not appreciable reduce take risk.  Finally, a 

decision to completely underground transmission across the river should be first supported by the cost-benefit analysis in the long-

term KSHCP.    

Hanapēpē, Segment H4, After 

Hanapēpē River to Intersection of 

Lele Rd. (1,800 ft.)  Fronting 

Stadium/Park. 

$403,766 

($1,184,379/mile) 

KIUC selected Option 2 (which involves lowering of the dual 69 kV transmission conductors) because it would lower lines to the 

45‘ level, providing a level of minimization and could be implemented within the period covered by the Short-Term HCP.   

KIUC did not select Option 3 (which involves a dual 69 kV circuit arranged horizontally on the existing poles) because of the 

technical and right-of-way challenges of 16 foot-long crossarms on wooden poles.  

KIUC rejected Option 1 (which involves placing all lines underground) because completely undergrounding all lines would cost 

more than $11 million/mile and can only be justified after the cost-benefit analysis being performed as part of the long-term KSHCP 

is available.   

Salt Pond, Segment H5 

Intersection of Lele Rd. to 

Intersection of Hwy Marker 17 

(2,000 ft.)  Lele Road- 

$0 (n/a) 

KIUC did not select any of the options for implementation as part of the short-term HCP.  Due to the limited vegetation along 

this segment, options other than undergrounding of transmission and distribution lines will not eliminate risk to seabirds.  A decision 

to underground the transmission and distribution lines to eliminate take versus lowering/reducing layers to reduce take risk should 

be first supported by the cost-benefit analysis comparing undergrounding costs to mitigation costs (based on take per segment) in the 

long-term KSHCP.   
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Description of Segment Cost ($ & $/mi.) Justification (see Appendix F for detailed options tables & Appendix G for configuration drawings) 

Kaumakani, Segment H6, Hwy 50 

mile 17 to Hwy 50 mile 18 (5,280 

ft).  High way – makai.   

$0 (n/a) 

KIUC did not select any of the options for implementation as part of the short-term HCP.  Due to the limited vegetation along 

this segment, options other than undergrounding of transmission and distribution lines will not eliminate risk to seabirds.  A decision 

to underground the transmission and distribution lines to eliminate take versus lowering/reducing layers to reduce take risk should 

be first supported by the cost-benefit analysis comparing undergrounding costs to mitigation costs (based on take per segment) in the 

long-term KSHCP.   

Hanapēpē, Segment H7, Town 

Bridge (500 ft.) Crossing River.  

$216,000 

($2,280,960/mile) 

KIUC selected Option 2, attaching the distribution circuit to the bridge over the Hanapēpē River.  This option eliminates the 

potential for take by KIUC facilities.  Communication cables will remain overhead.  The river is an important seabird flight path and 

believed to be used for navigation.   

KIUC did not select Option 1 (horizontal boring beneath the river) because it would cost more than the selected option without 

providing a greater reduction in take risk for KIUC facilities.     

KIUC rejected Option 3 (overhead reconfiguration) because it has higher take risk than the selected option.   

Lāwai, Segment G Lāwai tap Hwy 

50, mile 9 to Kalaheo town Hwy 

50, mile13.5 (15,000 ft.).  Valleys 

Building, trees 

$0 

KIUC did not select any of the options for implementation as part of the short-term HCP.  The electrical facilities on steel pole 

in this segment cannot be modified to eliminate the potential for take without undergrounding.  The technical challenges and very 

high cost of undergrounding steel pole segments (~$12,000,000 per mile) make this impractical within the 1 to 5 year timeframe of 

this short-term HCP. The data that are now available do not allow KIUC to demonstrate that the slight lowering or reduction of 

layers of these power lines, that may be technically possible, would reduce the potential for collisions appreciably.  See discussion in 

Section 5.4.2.3 for further information.   

Kapa‗a, Segment C1, Hwy 56, 

mile 7.5 Taco Bell to Hwy 56, 

mile 8.0 Kapa‗a SUB (2,640 ft.).  

Dense load area Building 

$158,400  

($316,800/ mile) 

KIUC selected Option 2 [Configuration drawing 3b].  This option reconfigures transmission into a compact configuration, lowering 

lines to about 60 feet and reducing layers from 7 to 6 which may reduce take at a low cost ($60 per foot) relative to other options.  

KIUC rejected Options 1 & 3 [Configuration drawing 1b] because they require undergrounding.  A decision to underground should 

be first supported by the cost-benefit analysis in the long-term KSHCP.   

Kapa‗a, Segment C2, Bridge (130 

ft.).  concrete bridge 

$73,008, 

($1,800,480/mile) 

KIUC selected Option 4, attaching the dual distribution circuits to the bridge.  This option was selected because it eliminates the 

potential for take by KIUC facilities by attaching the lines to the bridge.  Communication cables will remain overhead.  The river is 

an important seabird flight path and believed to be used for navigation.   

Options 1, 2 &3 were not selected.  No further reduction in take risk by KIUC facilities would result from this option at a higher 

cost.     

Kapa‗a, Segment C3, Other side of 

Kapa‗a Stream Bridge to ABC 

Store (1,870 ft.).  Dense load area.   

$0 (n/a) 

KIUC has not proposed any changes in this segment for implementation as part of the short-term HCP.  This segment is 

already minimized.  Single-circuit distribution already has flat construction at 35 feet with 3 layers.  Because the facilities are 

shielded by surrounding buildings, further lowering would not reduce the potential for take.   

Kapa‗a, Segment C4, ABC Store 

to Lehua Street (850 ft.).  Dense 

load area. 

$0 (n/a) 

KIUC has not proposed any changes in this segment for implementation as part of the short-term HCP.  It rejected Option 1 

because it believes a decision to underground should be first supported by the cost-benefit analysis in the long-term KSHCP.  Option 

2 was not selected because this option requires horizontal configuration of existing vertical lines which is not feasible due to the 

proximity of lines to buildings.   

Kapa‗a, Segment C5, Lehua Street 

to Hwy 56, mile 9.0 Kawaihau Rd. 

(2,000 ft.) River Crossing 

(Bridge).   

$0 (n/a) 

KIUC has not proposed any changes in this segment for implementation as part of the short-term HCP.  KIUC did not select 

undergrounding (Option 1) because its benefits cannot yet be shown to warrant the high cost.  It will be evaluated further by the 

cost-benefit analysis in the long-term KSHCP.  KIUC rejected Option 2 because it requires horizontal configuration of existing 

vertical lines, which is not feasible due to the proximity of lines to buildings.   
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Table 5.3. Line Segment Risk Ranking by KSHCP 

Segments 
Total 

Km. 

Radar 

Rank 
Landscape 

EPRI 

Rank 

SOS 

Rank 

EPRI + 

SOS 

score 

EPRI + 

SOS 

combo 

rank** 

Take 

Risk 

D. Keālia , Hwy 56, mile 9.1 to 11.0 3.04 6 valley 1 1 2 1 Very High 

A. Wailua, Hwy 56, mile 5.0 to 5.9 (may overlap with 

highway widening project) 
1.44 2 valley 1 2 3 2 Very High 

H. ‗Ele‗ele/Hanapēpē, Hwy 50, mile 15.0 to 18.0 4.8 11 
coastal upland 

/ valley 
3 3,11 6 3 High 

G. Lawai/Kalaheo, Hwy 50, mile 9.5 to 13, high lines 

over the valley/town 
5.6 12 

inland valley / 

upland 
4,2 6,7 8 4 High 

C. Kapa‗a, Hwy 56, mile 7.5 to 9.0 2.4 4 
coastal 

lowland 
5 4 9 5 High 

I. Waimea, Hwy 50, mile 22.0 to 24.0 3.2 9 valley 3 12 15 6 Medium 

B. Waipouli, Hwy 56, mile 6.4 to 7.1 1.12 4 
coastal 

lowland 
5 12 17 7 Medium 

J. Moalepe, Waipouli Rd., west to Olohena Rd. (Kondo 

Gates), 2.3 miles 
3.68 4 inland upland 7 10 17 7 Low 

E. Kalihiwai, Hwy 56, mile 21.0-23.9 (actually Kilauea) 4.64 5 coastal upland 8* 9 17 8 Low 

F. Princeville, Hwy 56, mile 25.5 to 26.0 0.8 5 coastal upland 8* 9 17 8 Low 

Table Notes:   

**  Take risk based on EPRI and SOS.  Where combined score was equal, radar used as proxy measure to identify rank. EPRI rank based on number of dead adult 

NESH found by PRBO, adjusted for probability of sighting a carcass and survey period (Ainley et al. 1995a, Vol.2).  The EPRI rank does not account for line 

changes that were made since 1994 along the driving circuit.  SOS rank based on number of dead adult NESH recorded in SOS for years 1979 to 2002. See 

SOS worksheet for details.  Radar reflects only the passage rate and is generally used for assessing population trends; it does not account for how differences in 

line height, landscape, etc. may affect the risk of collision.  Radar rank based on 2006-2008 mean target rates by site (KESRP, unpublished data). 

* No dead birds found in EPRI 1994 driving circuit. 

Source: Compiled by Planning Solutions, Inc. based on DOFAW KSHCP spreadsheet dated July 26, 2010.   
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Figure 5.2. Segment D1, Kūhiō Highway - Kawaihau Road to Mailihuna Road.   

 

Southern end of Segment D1.  The hillside and 
vegetation mauka of the highway range from 45‘ 
above the highway (farthest left in picture) to about 
65‘ above the highway (farthest right in picture). 
There is very little vegetation on the makai side of 
highway, but the shielding vegetation and terrain are 
close to the power lines.   
 
Converting this from an all-vertical arrangement to a 
compact transmission/ flat distribution will reduce the 
number of conductor layers from 9 to 5 (including the 
telecommunications lines owned by others).  It will 
also lower the highest (static) wire line from about 
65‘ to about 57‘ and place all of the distribution wires 
below 45‘.  As a result, the only wires not shielded by 
terrain or vegetation will be the two top wires in the 
far southern part of the segment (the first 900'/20% of 
segment D1) from Kawaihau Road going north (left 
in picture).   

 

Middle of segment D1.  The hillside and vegetation 
mauka of the highway range from 70‘ to about 90‘ for 
this portion of Segment D1.  However, the terrain is 
less steep and the tall vegetation setback is greater 
than at the southern end of the segment.  As a result, 
the shielding effect is approximately the same as it is 
for the 65‘ vegetation discussed in the first sub-
segment.   
 
Convert the present all-vertical arrangement to a 
compact transmission configuration along with a flat 
distribution will reduce conductors from 9 layers to 5 
and height from about 65‘ to about 57‘.  This will 
place all of the conductors below the shielding 
hillside and vegetation on the mauka side of the 
highway.   

 

Northern end of Segment D1.  Overall hillside and 
vegetation mauka of the highway range from 65‘ to 
about 95‘ for this portion of the segment.  Picture 
indicates gradual slope of the land features.  Proposal 
to convert to a compact transmission configuration 
along with a flat distribution will reduce conductors 
from 9 layers to 5.  It will also reduce the height of 
the top wire from about 65‘ to about 57‘; all of the 
distribution voltage (12 kV) and telecommunications 
wires will be below (and in most cases far below) the 
shielding hillside and vegetation on the mauka side of 
the highway. 
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Figure 5.3. Segment D2, Kūhiō Highway – Keālia Beach and Bridge.   

 

Segment D2–Kealia Bridge Portion.  Ironwood trees on the mauka 
side of Kūhiō Highway immediately north of the bridge are 
approximately 90‘ high.  However, there is no immediate shielding 
of the bridge section.   
 
KIUC‘s proposal to attach the distribution and communications 
conductors to the bridge and to use a compact transmission 
configuration will result in only 3 conductor layers across this 
segment and the topmost of these will be approximately 35‘ above 
the highway pavement, 17‘ lower than at present.  This compares 
with the pre-reconfiguration arrangement which had 9 layers and a 
top elevation of 65‘.   

 

Segment D2–Kealia Beachfront  Portion.  Existing ironwood trees 
on the mauka side of Kūhiō Highway in back of Keālia Beach north 
of the bridge are about 41‘-100‘  with an average height of 57‘ and 
are situated relatively close to the power line right-of-way.  These, 
and a coconut grove with 61 to 100-foot tall trees at the northern 
end of the beach beyond Kealia Rd. (farthest right in picture) 
provide excellent shielding from the bridge to Kealia Road.   
 
KIUC‘s proposal to underground distribution and communications 
conductors and use a compact transmission configuration will result 
in only 3 wire layers across this segment and the topmost of these 
will be approximately 35‘ above the highway pavement.  This 
compares with the pre-reconfiguration arrangement which had 9 
layers and a top elevation of 65‘.  Approximately 90% of this 
segment D2 will be at or below the average height of shielding 
vegetation, with the exception being the intermittent absence of 
trees in certain areas.   

 

Segment D2–Northern Portion.  Existing trees immediately north of 
the intersection of Kūhiō Highway and Keālia Road and near the 
intersection of Kūhiō Highway and Ka‗ao Road provide shielding 
up to a height of about 50‘.  However, portions of this segment are 
unscreened.   
 
KIUC‘s proposal to underground distribution and communications 
conductors and use a compact transmission configuration will result 
in only 3 wire layers across this segment and the topmost of these 
will be approximately 35‘ above the highway pavement.  This 
compares with the pre-reconfiguration arrangement which had 9 
layers and a top elevation of 65‘.   

Figure 5.4. Segment D3 – Ka‘ao Rd to Mile Marker 11.   

 

The topography in this segment is relatively flat and the only 
vegetation present is 15-feet tall shrubs along portions of the 
makai side of Kūhiō Highway.  The mauka side is entirely open 
with no beneficial shielding.  Only undergrounding would 
eliminate opportunity for take.  As there is, at present, no 
accepted methodology for determining the extent to which this 
would decrease the potential for harm to the Covered species, no 
changes are proposed for this area at the present time.  Over the 
long term, however, reconfiguration of the lines could have a 
beneficial effect.   
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Figure 5.5. Segment A, Wailua Corridor.   

 

Wailua Bridge Segment.  The electrical power lines 
across the mouth of the Wailua River are presently 
overhead.  A small coconut grove at about 65‘ tall on the 
makai side of the highway just south of the bridge (to the 
right in this photo) provides some shielding.  As 
discussed elsewhere in this report, KIUC prepared plans 
to underground its lines in this area as part of the State 
Department of Transportation‘s Kūhiō Highway 
Widening project in the Wailua Corridor.  Delays to that 
project have resulted in a reallocation of the original 
funding source to other projects on Kaua‗i, but KIUC is 
continuing to work with the State of Hawai‗i Department 
of Transportation as it seeks alternative funds that would 
allow the project to proceed.   

 

Coco Palms Segment.  A large continuous coconut grove 
at about 60‘ tall is on the mauka side of the highway and 
various types of trees 18‘-70‘ are located on the makai 
side of the highway.  Project to underground facilities in 
this area is being worked on with the State of Hawai‗i 
Department of Transportation.   

 

Haleilio Road Segment.  Typical Kūhiō Highway 
situation between Wailua River Bridge and Haleilio 
Road.  Tall coconut and other trees provide excellent 
screening up to height of approximately 60‘ on the 
mauka side of the roadway and good screening to 
heights of 40‘ to 70‘ on the makai side of the roadway.  
Project to underground facilities in this area is being 
worked on with the State of Hawai‗i Department of 
Transportation.   

 

Lydgate Segment.  The terrain is relatively level and 
there is no tall vegetation open on the makai side of 
Kūhiō Highway in this area.  Some shrubs and low trees 
are present on the mauka side, but they do not provide 
good screening of overhead utility lines.  Project to 
underground facilities in this area is being worked on 
with the State of Hawai‗i Department of Transportation.   

 



KIUC SHORT-TERM SEABIRD HABITAT CONSERVATION PLAN 

CONSERVATION PROGRAM  
 

PAGE  5-20 

 

Figure 5.6. Segment H Steel – Coffee Field.   

 

Steel Pole line in 10‟ tall coffee fields.  Only 
undergrounding would eliminate opportunity for take.  
This would be very costly, and it is not feasible to 
implement it within the term of the Short-Term HCP.    

 

Figure 5.7. Segment H, Hanapēpē and Vicinity.   

 

Segment H2-Port Allen Waialo Road to Before 
Hanapepe River by the Shore.  Hillside and vegetation is 
at 30‘-40‘ in this segment.  Only undergrounding would 
eliminate opportunity for take.   

 

Segment H3-Port Allen side of Hanapepe River by the 
Shore to Hanapepe side of River by the Shore.  Pole line 
(right side of picture) is almost 100% hidden.  Lowering 
of lines would leave it at or below the average vegetation 
height.  Lowering of lines at the river mouth section need 
to be evaluated for safety of fishermen and boaters. 
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Segment H4-After Hanapēpē River Stadium to 
Intersection of Lele Rd.  Hanapēpē Stadium and tennis 
courts just right of picture.  Very minimal and scattered 
vegetation at 25‘ to 40‘ tall in this area.  Proposal to 
lower dual 69 kV transmission conductors will lower 
lines to the 45‘ level, providing a level of minimization, 
but not totally removing the risk of take.   

 

Segment H5- Intersection of Lele Road to Kaumuali„i  
Highway Intersection.  Only low vegetation is present 
along the middle to makai end of Lele Road.  Hence, 
options other than complete undergrounding will not 
eliminate risk to seabirds.   

 

Segment H6-Kaumakani – Hwy 50 Mile 17 to Mile 18.  
No significant vegetation is present along the highway.   
Hence, options other than complete undergrounding will 
not eliminate risk to seabirds.   

 

Segment H7 Hanapēpē Town Bridge.  Because the river 
is relatively straight, topography and vegetation do not 
provide any shielding.  Only attaching to the bridge or 
boring beneath the river would eliminate all risk.    
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For parts of Hanapēpē and Kapa‗a segments with wood poles, where lowering will not effectively 

eliminate take because of the absence of effective low-lying barriers (such as vegetation or terrain), 

monitoring data should confirm the cost-benefit analysis and choice of undergrounding transmission 

lines versus lowering and reducing layers and mitigation cost.   

KIUC estimates the total cost of the minimization measures it will implement pursuant to this Short-

Term HCP (listed in Table 7.3) is $6,106,472.
51

  This cost must be funded out of KIUC‘s working 

capital or from its capital budget.  KIUC‘s only source of income is the payments that it receives from 

customers, and the rates that determine those payments are subject to approval by the State of Hawai‗i 

Public Utilities Commission (PUC).  The PUC has just approved a rate increase application that 

KIUC submitted on June 30, 2009.  As that request was prepared and submitted at a time when the 

HCP did not include the minimization measures that are now proposed, it does not include the capital 

cost of the line minimization measures that KIUC has identified.  Since a new rate application to the 

PUC would likely take a minimum of a year to prepare, and would then require another year or more 

for PUC review and approval, KIUC will have to pay for all line minimization measures undertaken 

during at least the first two years of the Short-Term HCP by cutting operating expenses, by foregoing 

other already-budgeted projects, or by reducing the rate at which it fulfills its obligations under the 

loan that it has from the RUS.  As the loan obligations to the RUS are mandatory, and as KIUC must 

have a demonstrated record of meeting such obligations if the application for additional funding that 

it submitted to the RUS in the 4
th
 Quarter of 2009 is to be approved, KIUC cannot delay or forego 

them.   

In addition to these financial constraints, other constraints render the minimization and mitigation 

measures the maximum that can practicably be implemented within the time frame of the Short-Term 

HCP:  

 The length of time that it takes to contract for and complete detailed engineering studies required to 

optimize the design of expensive capital improvements.    

 The time needed to collect environmental and detailed bird flight data along power line routes 

sufficient to quantify the effectiveness of designs that reduce, but do not completely eliminate, the 

potential for take.   

 Logistical constraints imposed by KIUC‘s size and the limited availability of the trained technical 

staff needed to oversee large scale construction projects.   

Nevertheless, KIUC will also take advantage of opportunities presented by power line relocation or 

reconductoring projects (which sometimes are required as part of road widening projects), or the 

necessary replacement of poles for maintenance or repair purposes, to reduce seabird collision risk 

through line reconfiguration and/or lowering to the maximum extent practicable.  For example, during 

summer 2010 KIUC was required to move power lines as part of the County‘s widening of the 

Kaumuali‗i Highway near Puhi.  KIUC voluntarily took that opportunity to reconfigure the moved 

lines from vertical to horizontal arrays where feasible.
52

   

 

                                                 
51 KIUC commits to implementing these minimization projects regardless of whether the actual cost differs from the 

estimated cost.   

52 Generally speaking it is more feasible from an engineering standpoint to design and implement such reconfigurations 
when the movement and/or replacement of numerous poles are involved than when only one or a small number of poles is 
involved.    
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5.5 MEASURES TO MINIMIZE & AVOID IMPACTS OF FUTURE FACILITIES  

Because of the relatively short term of this HCP and the permits that it supports, KIUC does not 

anticipate that future facilities other than those identified in Section 2.2 will need to be constructed 

while this HCP and the associated permits are in effect.  Nevertheless, KIUC will support the 

following specific initiatives that are likely to promote impact avoidance and minimization in the 

future.
53

   

5.5.1 CONTINUE TO USE BIRD-FRIENDLY OUTDOOR LIGHTING  

The vast majority of lights owned and operated by KIUC are streetlights.  In accordance with its 

existing practice, all new or replacement streetlights will utilize luminaires with full-cutoff optics, 

which do not emit light above an angle of 90 degrees.  An example of such a light is the M-250A2 

manufactured by GE Lighting Systems, Inc.; the specifications for this model are attached as 

Appendix B.  For all other new or replacement lights, KIUC will only utilize shielded lights.
54

   

KIUC will also conduct an analysis of the feasibility of utilizing other lighting technologies and 

practices which might further reduce potential impacts of shielded streetlights on the Covered 

Species.  This analysis will evaluate, at a minimum, LED streetlights that turn on only when needed 

(e.g., through use of a motion detector or sensor located in the roadway), wireless ―smart meter‖ 

technology for controlling street lights remotely, seasonal deactivation of streetlights, and the use of 

colored light bulbs or filters.
55

  The analysis will consider cost, logistics, maintenance, public safety, 

regulatory, legal liability and other appropriate factors.  KIUC will submit to the USFWS and 

DOFAW a report documenting the results of this feasibility analysis within twelve months of the 

Agencies‘ approval of this HCP and issuance of the ITP and ITL.  For technologies and practices 

found to be feasible, KIUC will implement such technologies and practices during the normal course 

of light replacements.   

In addition, KIUC will make available to others, via its website (www.kiuc.coop) and other means, 

copies of outdoor lighting design guidelines and model lighting codes.  This information is intended 

to make it easier for other organizations to install and/or switch to outdoor lighting that causes less 

stray light than would otherwise be the case.  It would also facilitate the adoption of County-wide 

regulations designed to reduce stay light.   

5.5.2 PROMOTE BIRD-FRIENDLY PRACTICES BY ITS MEMBERS/CUSTOMERS  

KIUC will continue its practice of promoting bird-friendly practices by its members.  These efforts 

will include the following:   

                                                 
53 KIUC has adopted a ―Flat Design Standard for New 12 kV Electrical Distribution Lines‖ that it believes will help 

minimize the effect of any new facilities that the utility may construct and improve on situations where it is followed 
during retrofitting or relocation of existing facilities.  Prior to the late 1980s, nearly all of the utility‘s 12-kV distribution 
lines were constructed using what is referred to as ―Flat‖ or ―Cross-arm‖ design that places the three wires in a circuit at 
approximately the same height above the ground.  However, in response to public concerns about the possible health 
effects of electro-magnetic fields (EMF) armless, or ―Delta‖ construction began to gain favor.  ―Delta‖ power line 
configuration involves mounting two conductors on one side of a pole and attaching the third conductor in between them 
on the opposite side of the pole; this provides equal spacing between all three conductors.  While the Delta and Vertical 
configurations reduce the levels of EMF, they present a greater obstacle to low-flying birds than does the flat design.  
Accordingly, on October 15, 2007 KIUC formally adopted guidelines that mandate use of flat designs for all newly 
constructed lines except in special circumstances.    

54 In the unlikely event that KIUC is forced during emergency repairs to use outdoor lights which do not meet these 
performance standards, KIUC will replace the sub-standard lights with lights that meet the performance standard as soon 
as possible, but in no event less than twelve months after the emergency repair is completed. 

55 For example, recent tests by Philips in the Netherlands suggest that greenish-tinged lights may produce less glare than 
orange/yellow or white lights and are well received by the public, boaters, ships in their use at docks.  If proven successful 
from a performance standpoint, such technology could replace metal halide and some wattages of high pressure sodium 
(HPS).  See, for example “NAM and Philips help birds migrate safely across North Sea” (August 24, 2007), 
http://www.newscenter.philips.com/sites/philipsnews/about/news/news/20070824_Bird_Lighting.page. 
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 KIUC will continue to encourage developers of new commercial and residential developments on 

Kaua‗i to underground power lines in the areas to be developed.  This will reduce impacts on the 

Covered Species.
56

   

 Second, KIUC will encourage the County of Kaua‗i to adopt a new zoning ordinance requiring that 

all new developments on the island locate all of their utility lines underground.   

 Third, KIUC will support efforts to actively pursue alternative sources of funding to mitigate the 

high cost of undergrounding lines.   

5.6 MEASURES TO MITIGATE UNAVOIDABLE IMPACTS  

The following subsections describe a suite of completed, ongoing, and additional mitigation measures 

that are based on the most current USFWS and DOFAW seabird recovery information, plans and 

recommendations, and collectively constitute the maximum mitigation effort that is practicable to be 

implemented within the short time frame of this Short-Term HCP.   

As noted in Section 5.4.1, concurrent with developing its HCP KIUC also implemented many 

―interim conservation measures.‖  Those ICMs which mitigated unavoidable impacts, and have 

already been completed, are noted briefly below in order to provide a context for the ongoing 

mitigation measures described in Section 5.6.2.  These completed measures, which are described in 

more detail in Appendix E, include the following:  

 Provided Support for Operation of Save Our Shearwaters Program During 2003 and 2004.     

 Prepared Operations Manual in 2005 for Enhanced & Expanded SOS Program (“SOS+”).     

 Implemented SOS+ in 2005-2010 under DLNR Oversight.
57

     

 Conducted Field Evaluations of Five Potential Sites for Colony Enhancement.     

 Evaluated and Drew Conclusions from the Colony Site Field Surveys.   

 Analyzed Feasibility of Satellite & Radio Transmitter Technology For Tracking Seabirds Retrieved 

& Released by SOS+ Program.    

 Consolidated, Standardized and Analyzed 25-Years of SOS Data on the Covered Species.     

 Prepared & Distributed “Data Report and Analysis: Save Our Shearwaters Program 2003 

Update”.    

 Analyzed 25-Years of SOS Data, Then Prepared and Distributed “Data Report and Analysis: Save 

Our Shearwaters Program 2004 and 2005 Update‖.   

 Monitored and Served as Clearinghouse for information on Latest Developments in Relevant 

Technologies.     

 Assisted with Research On Retrieved Birds.     

 Contributed Funds Towards Implementation of a Seabird Predator Control Project on Lehua 

Island.     

 Conducted a Public Education and Awareness Campaign Each Summer Regarding Seabird 

Fallout, Methods of Reducing Seabird Impacts, and Public Participation in the SOS+ Program.     

 Assured Scientific Oversight and Quality Control in Implementation of SOS+.   

                                                 
56 An example of such undergrounding is described in more detail in Section 2.2.2.1.  It involves the undergrounding of an 

existing overhead power line in the greater Po‗ipū area as well as the use of underground lines in residential areas that are 
part of the new Kukui‗ula development.   

57 During the years 2003 through 2008, when KIUC either provided necessary funding and technical support for SOS (2003-
04), or KIUC itself implemented SOS (2005-07), or KIUC provided funds to the Kauai Humane Society to implement 
SOS (2008), the SOS program retrieved and released back to the wild approximately 2,000 individual members of the 
Covered Species.  As noted previously, these downed birds would have died without the efforts of the SOS Program.  
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In addition to the completed mitigation measures implemented concurrently with the development of 

this HCP, KIUC proposes to implement the additional measures indicated below.   

5.6.1 IMPLEMENT CURRENT SOS+ MANUAL FOR THE TERM OF THE HCP  

KIUC and DOFAW (which originated and continues to maintain oversight of the program) believe 

that the SOS+ program, as provided for in the updated SOS Manual, provides a substantial 

conservation benefit to the Covered Species.  It serves to both minimize the impacts of KIUC 

facilities (to the extent the program retrieves and successfully releases birds downed as a result of 

KIUC facilities), and mitigate the unavoidable impacts of KIUC‘s facilities (to the extent that it 

retrieves and successfully releases birds downed for reasons unrelated to KIUC facilities).
58

  As noted 

previously, downed seabirds will almost certainly die if not retrieved, treated, and released by the 

program.  Consequently, SOS+ saves literally hundreds of individual Covered Species birds each 

year.
59

   

Some comments received by DOFAW during the Fall 2009 public comment period questioned the 

effectiveness of the SOS+ effort.  These noted that very few of the more than 30,000 seabirds that 

have been banded and released under the SOS Program since it began in the 1970‘s have been 

recovered in subsequent years, and thus assert that seabirds released by SOS do not survive to return 

and breed.  Such criticism is misplaced, however, as the number of SOS-banded fledglings that are 

recovered in following years is in no way indicative of the survival rate of such birds.  Since 

approximately 98 percent of all birds retrieved and handled by the SOS program are fledglings 

making their maiden flight to sea (and thus would not previously have been banded), it is no surprise 

that SOS has handled few already-banded birds.  The only way to find any significant number of 

SOS-banded birds would be to conduct extensive searches within breeding colonies to determine the 

relative abundance of banded birds.  However, as conducting such searches for banded birds exposes 

the species to considerable danger, no extensive investigation of this sort has ever been conducted 

(nor does DOFAW recommend such surveys, as the intensive human intrusion into breeding colonies 

that would be required for such a survey would likely have extremely detrimental direct and indirect 

effects on seabird breeding success).   

KIUC and DOFAW agree that the actual survival rate of seabirds retrieved, evaluated, rehabilitated 

(when required), and released by the SOS+ program cannot be quantified.  However, data collected 

during the last several years by the enhanced SOS+ program (as detailed in the SOS Operations 

Manual which KIUC prepared in consultation with DOFAW, USFWS, and outside experts), in which 

every bird receives an extensive physical evaluation, documents the relative health of all released 

seabirds (as measured by parameters such as size, weight, level of hydration and nourishment, blood 

analysis, etc.).  These data show that the improved care and rehabilitation provided by SOS+ for birds 

                                                 
58 The vast majority of the SOS Program‘s effect is mitigation as the birds that it retrieves and releases back into the wild 

appear not to have been brought down by direct contact with KIUC facilities; for example, extremely few retrieved birds 
show an indication of having collided with a power line or any other object.  Instead, it appears that nearly all of the 
retrieved and released birds have become grounded as a result of other, non-KIUC, causes or of general area lighting.  
With respect to the latter, KIUC is responsible only for the limited amount of light that continues to escape from the fully 
shielded streetlights that it continues to operate on behalf of the County and from the few fully shielded lights that are 
necessary for safety and security at a few of its facilities, e.g., Port Allen Generating Station.  To the extent that the SOS 
Program retrieves and ultimately releases back to the wild birds downed as a result of KIUC facilities or activities, that 
effort would constitute a minimization of KIUC impacts, rather than mitigation. 

59 As described previously, in 2005 KIUC assumed complete responsibility for staffing and implementing SOS+ under 
DLNR oversight.  This undertaking, while very successful, also proved to be very challenging for KIUC, which is too 
small to support an in-house environmental regulatory department (unlike some other, larger utilities).  Its experience led 
KIUC to conclude that it would be better if operational responsibility for SOS+ could and should be run by another entity 
whose core mission is more closely related to seabird conservation, using funds provided by KIUC.  As noted above, in 
2006 KIUC established a working partnership with the Kauai Humane Society (KHS) in implementing SOS+, and that 
partnership continued in 2007 and 2008, with the full support of DLNR and USFWS.  In 2008 KHS took over SOS+ 
implementation, using funds provided by KIUC.  KHS was eager to do so, and both DLNR and USFWS expressed full 
support for this approach.  Going forward, KIUC anticipates that KHS will continue to implement the SOS+ program, 
using funds to be provided by KIUC pursuant to this HCP.   
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needing such attention has increased the health of birds handled by the rehabilitation program.  The 

conclusion that SOS birds are released in good health is also supported by observations of seabird 

behavior upon release from SOS release sites; their flight patterns appear to be similar to birds that 

have not been through the SOS Program.   

While the efficacy of the SOS Program cannot be documented quantitatively, it is certain that 

virtually all seabirds belonging to the Covered Species that fallout would die if not retrieved by the 

SOS Program, as these seabirds are largely unable to regain flight from flat ground regardless of their 

physical condition, and are thus subject to predation, dehydration, starvation, etc.  Consequently, 

DOFAW supports the continued operation of the enhanced SOS+ program and believes, based on the 

best available information, that it provides a significant conservation benefit to these seabirds, which 

supplements the preferred mitigation approach of conducting seabird breeding colony management 

(e.g., predator control) such as will be undertaken under this Short-Term HCP as described further 

below.   

Consequently, through and for the duration of this HCP, KIUC will implement a program to rescue 

and rehabilitate downed seabirds of the Covered Species in accordance with the provisions of the 

current SOS Manual.  Pursuant to this, KIUC will ensure that the Kaua‗i Humane Society (KHS) or 

another suitable entity approved by DLNR and USFWS fully implements SOS+ activities designed to 

benefit the Covered Species in accordance with the SOS+ Manual.
60,61

  KIUC will itself implement 

the community outreach component of the SOS+ program, and will continue to provide technical 

support as needed.   

The specific obligations for this undertaking, and the associated measures of success are as follows: 

 Within 30 days of the date the Agencies approve the HCP and issue the ITP and ITL, KIUC will 

execute an Agreement or Contract with KHS or another qualified organization, a copy of which 

will be provided to the Agencies, stipulating that KIUC will provide funding needed to operate the 

SOS+ Program measures benefitting the Covered Species in accordance with the Current version of 

the SOS Manual.  On the basis of past agreements and KHS‘ actual implementation costs in 2008 

and 2009, KIUC anticipates that the cost will be $150,000 per year (in 2010 dollars).  However, 

KIUC recognizes that its obligation to carry out the program will remain even if the cost exceeds 

the anticipated amount.   

 KIUC will implement the community outreach, education, and related aspects of the SOS+ Program 

as described in the SOS Manual, as it has done in previous years, at an estimated annual cost of 

$25,000.     

 KIUC will, through the use of expert consultants, provide KHS or other operator of the SOS 

Program with technical support on an as-needed basis, at an annual cost of up to $25,000.
62

   

 KIUC will provide the annual SOS Data Report to DLNR and to the USFWS.   

 KIUC will prepare or see to the preparation of and distribute an annual report on the SOS+ program 

as required by the SOS Manual.  The annual report will include a description of the community 

outreach and education efforts it implements.   

                                                 
60 For the 2009 and 2010 SOS seasons, KIUC voluntarily funded KHS‘ full implementation of SOS+, even though the HCP 

had not been approved by the Agencies.   

61 As noted in this HCP and in the Manual, the SOS+ program is to be evaluated each year, and appropriate modifications 
are to be considered that could improve the program.  KIUC‘s expectation is that any such modifications would reflect 
adjustments to the current SOS+ program, rather than significant additions to the overall SOS+ effort and associated costs.  
However, KIUC also recognizes that the SOS+ program could expand if other sources of funds become available in the 
future (e.g., from grants, or from mitigation measures included in other HCPs addressing the Covered Species), in which 
case the Manual could be revised to reflect such program expansion.  KIUC‘s funding obligation, however, will remain 
focused on measures benefitting the Covered Species as specified in this section. 

62 These funding levels are based on the amounts that KIUC actually expended for the 2008 and 2009 SOS seasons, which 
amounts reflect the experience gained by KIUC in implementing SOS in prior years, and which proved to be sufficient to 
successfully implement the SOS Program Manual in 2008 and 2009.   
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 Should KIUC become aware of any problems associated with implementation of the SOS+ 

program, it will notify both USFWS and DOFAW within 30 days, and all Parties will then work 

cooperatively to achieve a solution to the identified problem within the following 30 days.  

 KIUC is ultimately responsible for ensuring that the SOS+ program is fully implemented as 

described in the SOS Manual.   

In summary, KIUC anticipates expending a total of $200,000 to fund the SOS+ program annually.  

This total amount, as well as the three components of that total as described above, were more than 

sufficient to fund the described activities fully in 2009, and thus are expected to fully fund 

implementation of these same activities during the term of this Short-Term HCP.   

5.6.2 SEABIRD COLONY MANAGEMENT AND PREDATOR CONTROL IN LIMAHULI VALLEY 

DOFAW, USFWS and KIUC have been working since 2002 to identify breeding colonies on Kaua‗i 

which are suitable for conducting habitat management work which is likely to improve reproductive 

success.  At first, land ownership and other related issues prevented KIUC from identifying a specific 

location where colony management might be undertaken with some degree of certainty.  

Consequently, KIUC and the agencies were contemplating payments into a fund that would be used 

to pay for colony management as soon as a suitable location was identified.   

In late 2006, USFWS and DLNR identified a specific location where Covered Species breeding 

colony management work might be feasible and brought this to KIUC‘s attention.  The site, located in 

the Upper Limahuli Preserve (owned by the private, non-profit National Tropical Botanical Garden 

(NTBG)) was identified by the Kaua‗i Endangered Seabird Recovery Project (KESRP)
63

 survey team 

during a summer 2006 site visit.  The purpose of the KESRP team‘s trip was to identify and 

document the pattern and distribution of Newell‘s Shearwater, Hawaiian Petrel, and Band-rumped 

Storm-Petrel calling and flight activity as indicators of colony areas.  The reconnaissance-level trip 

was intended to determine whether a significant colony of any of the Covered Species exists there, 

and to begin defining the kind of follow-up work that would be needed to obtain additional, more 

definitive information necessary for effective habitat management.   

The survey identified concentrations of Hawaiian Petrel and Newell‘s Shearwater calling activity, as 

well as active burrows and other evidence of breeding activity of both species, in both major valleys 

of the Upper Limahuli Preserve.  The site is located amongst a mature mixed ohi‗a dominated forest 

along the Wainiha/Limahuli ridgeline.  Night-vision surveys also documented large numbers of birds 

traveling south along the Wainiha/Upper Limahuli ridgeline suggesting many birds also travel 

through Limahuli to access other breeding areas further inland, possibly in Wainiha Valley, Hono o 

Nā Pali and elsewhere (NTBG 2008).  

As soon as it was informed of this prospect, KIUC organized a meeting with the KESRP, NTBG, 

USFWS and DOFAW in late November 2006 to evaluate potential Covered Species conservation 

activities at this site collectively.  Since that time KIUC has had several additional meetings and 

communications with the NTBG and KESRP over how KIUC might provide funding assistance for 

Covered Species management activities in Limahuli through this HCP.  The NTBG has been 

extremely supportive of this effort, and since the November 2006 meeting KIUC has worked closely 

with KESRP and NTBG on their effort to develop an integrated on-ground natural resource 

management plan that would benefit the Covered Species.   

NTBG has received a grant of approximately $340,000 from the USFWS to construct an ungulate 

proof fence around approximately 400-acres of the Upper Limahuli Preserve.  Unfortunately, 

environmental disclosure and permitting processes have delayed the start of construction of the 

proposed fence, and construction costs have increased to the point that the grant funds are no longer 

                                                 
63 The Kaua‗i Endangered Seabird Recovery Project is a collaborative effort between the University of Hawaii, the USFWS 

and DOFAW.   
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sufficient.  NTBG has also received an additional grant of approximately $180,000 to control alien 

invasive plant species within the preserve area.  Based on the collective discussions to date, the 

agencies, NTBG and KIUC all agree that pooling all available financial resources to develop a broad, 

landscape-level conservation effort in the Upper Limahuli Preserve which encompasses multi-taxa 

and more than one order will produce greater benefits to the Covered Species and other resources 

than more narrowly focused efforts.    

As currently envisioned, and with the understanding that it will take significantly more on-ground 

work than has currently been conducted to complete an integrated natural resource management plan 

for the proposed 400-acre management area and adjacent control (monitoring) sites, NTBG and 

KESRP have identified the following list of tasks and associated cost estimates, which would be 

implemented over a five year period:  

 Construction of an ungulate-proof fence around an approximately 400-acre portion of the Upper 

Limahuli Valley.  

 The development and implementation of a comprehensive ungulate removal and management 

program.  

 The development and implementation of a feral cat removal and management plan. 

 Implementation of selective rodent control where practicable, with the long-term hope of 

implementing an aerial rodenticide program.  

 Development and implementation of an active alien plant control and monitoring program.  

 Development and implementation of a bird monitoring program.  

These types of activities will also require the development and maintenance of a number of on-ground 

structures and infrastructure to support field crew activities, including: 

 Development and maintenance of helicopter landing zones.   

 Siting and construction of a minimum of two weatherproof living structures.  

These efforts will result in significant beneficial effects for at least two (and possibly all three) of the 

Covered Species addressed in this HCP; they will also benefit numerous listed and/or rare native plant 

species and the ecosystem as a whole.  Some woody plants greater than 15 feet (4.6 meters) tall may 

be removed, disturbed, or trimmed as part of the proposed work.  However any such work will be 

scheduled outside the Hawaiian hoary bat birthing and pup rearing season (which is May 15 through 

August 15).    

Specific tasks and implementation budgets prepared by NTBG and KESRP to develop and implement 

an integrated natural resources management plan within the Limahuli Preserve are summarized in 

Table 5.4 below.  KIUC is committed to funding the specific tasks used to calculate the 

implementation budgets, even if the actual costs of the specific tasks turns out to be different.   

For each year that this HCP and associated incidental take authorizations are in effect, KIUC will 

fund and ensure the implementation of mitigation work conducted as part of the seabird breeding 

colony habitat management project currently under way at the National Tropical Botanical Garden 

(NTBG) in the upper Limahuli Valley (or, should this Limahuli Valley project become unavailable, 

then at an alternative site(s) that the Agencies and KIUC agree would provide comparable 

conservation benefits) as follows:  (i) the actual cost of 50 percent of infrastructure, helicopter and 

project management costs or similar activities which provide benefit to the species and environment, 

and contribute to the recovery of the species, per agreement with the Parties and (ii) 100 percent of 

predator control and bird monitoring costs up to, but not exceeding the amounts shown in Table 5.4.   
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Table 5.4 Total Limahuli Preserve Budget  

ITEM YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 TOTAL 

BASIC Helicopter requirements $17,820  $41,820  $41,820  $41,820  $41,820  $185,100  

PROJECT management labor costs  $12,000  $12,000  $12,000  $12,000  $12,000  $60,000  

INFRASTRUCTURE       

Fence maintenance - ongoing $20,000  $20,000  $20,000  $20,000  $20,000  $100,000  

Remote landing zone improve. & construction $9,000  $5,500  $1,000  $1,000  $1,000  $17,500  

Upper Limahuli Base camp improvement $11,900  $1,100  $1,100  $1,100  $1,100  $16,300  

Upper Limahuli Remote camp construction $8,600  $1,100  $1,100  $1,100  $1,100  $13,000  

VHF Radio Repeater station $16,000  $0  $0  $0  $0  $16,000  

Infrastructure Subtotal $65,500  $27,700  $23,200  $23,200  $23,200  $162,800  

ALIEN VERTEBRATE CONTROL         

Equipment $17,450  $13,604  $13,825  $14,200  $13,825  $72,904  

Labor $2,000  $43,800  $51,000  $51,000  $51,000  $198,800  

Alien Vertebrate Control Subtotal $19,450  $57,404  $64,825  $65,200  $64,825  $271,704  

ALIEN PLANT CONTROL       

Equipment $1,282  $915  $1,082  $915  $1,032  $5,225  

Labor $11,000  $11,000  $11,000  $11,000  $11,000  $55,000  

Helicopter over-flight surveys $0  $2,240  $0  $2,240  $0  $4,480  

Alien Plant Control Subtotal $12,282  $14,155  $12,082  $14,155  $12,032  $64,705  

BIRD MONITORING       

Labor $19,800  $28,300  $29,800  $29,800  $29,800  $137,500  

Bird monitoring equipment $15,550  $5,650  $5,650  $8,050  $5,650  $40,550  

Social attraction & chick translocation equip. $4,500  $5,750  $4,250  $4,250  $250  $19,000  

GIS mapping $0  $3,620  $0  $3,620  $0  $7,240  

Additional Helo reqmts. for slings or pax $6,720  $6,720  $6,720  $6,720  $6,720  $33,600  

Bird Monitoring Subtotal $46,570  $50,040  $46,420  $52,440  $42,420  $237,890  

NATURAL DISASTER RECOVERY RESERVE $10,000  $10,000  $10,000  $10,000  $10,000  $50,000  

INDIRECT COSTS (at 24% of direct costs) $44,069  $51,148  $50,483  $52,515  $49,511  $247,728  

GRAND TOTAL  $227,691  $264,267  $260,830  $271,330  $255,808  $1,279,927  

Note: All amounts are in 2010 U.S. dollars and anticipated beginning program in 2010; actual funding amounts for years Y1-Y5 will be adjusted for inflation 

using agreed-upon indices to account for delayed initiation.   

Source: KESRP and NTBG – July 15, 2009 spreadsheet.   
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The specific obligations for this undertaking, and the associated measures of success, are as follows:  

 KIUC, with the assistance of USFWS and DOFAW, will enter into an agreement with NTBG or 

other appropriate entity that stipulates as follows:  

 NTBG or other appropriate entity will prepare and submit to the Parties, within 30 days of 

permit issuance or at such earlier date as the Parties may agree is appropriate, a detailed 

proposal/draft contract for carrying out the work that KIUC would fund in Limahuli Valley for 

the dollar amounts shown in Table 5.2.     

 The Parties will provide to NTBG or other appropriate entity any written comments on the draft 

scope of work within 30 days of the date of submission. 

 NTBG or other appropriate entity will sign a formal letter of intent to execute a contract for the 

required work within 45 days of receipt of written comments.   

 KIUC will convey to NTBG or other appropriate entity the funds budgeted in the final scope of 

work for Year 1 work within 30 days of permit issuance or at such earlier date as the Parties may 

agree is appropriate;  

 In the second and subsequent years, KIUC will convey to NTBG or other appropriate entity the 

funds required for the next year‘s work by December 1 of the preceding year (e.g., funding for 

CY 2012 will be paid by December 1, 2011).   

 NTBG or other appropriate entity will prepare and circulate to the Parties by February 1 each 

year a draft report detailing the work implemented with KIUC funds during the prior calendar 

year.   

 The Parties will provide to NTBG or other appropriate entity any written comments on the draft 

report by March 1.   

 NTBG or other appropriate entity will prepare and distribute a final report by April 1.   

 NTBG or other appropriate entity will ensure that the work is implemented in accordance with 

this schedule, and in the event that the work is not completed, NTBG or other appropriate entity 

will return all funds for unmet deliverables to KIUC.   

 If NTBG or other contracted party fails to complete some or all of the work, the Parties will pursue 

having similar work, with an equivalent conservation benefit, performed at an alternative site using 

the remaining funds returned to KIUC.  If no alternative site is found and agreed upon within six 

months, then KIUC will deposit the remaining funds into the Endangered Species Trust Fund for 

use on activities approved by the Parties, to reach the stated objectives in the HCP.   

KIUC and the agencies agree that this Upper Limahuli Valley colony is the only one for which 

sufficient information is available to justify beginning comprehensive colony restoration and 

management work.  While other breeding colonies have been identified where habitat management 

might be productive, additional surveys of those locations are needed to better-document the presence 

of seabirds at those sites and to determine if colony management work is feasible and likely to be of 

measurable benefit (and not cause significant harm) to the species.  DOFAW has determined that 

preliminary predator control work at one of those locations (Hono o Na Pali Natural Area Reserve) 

will be beneficial and can now be implemented, and KIUC will fund such efforts as another element 

of its mitigation program (see Section 5.6.3).   

5.6.3 SEABIRD COLONY MANAGEMENT AND PREDATOR CONTROL AT THE HONO O NA PALI 

NATURAL AREA RESERVE  

On August 10, 2010, DOFAW informed KIUC that an additional Covered Species breeding colony 

had been identified as being suitable for the implementation of predator control efforts.  That location 

is the Hono o Na Pali Natural Area Reserve, located in northwestern Kaua‗i, west of the Limahuli 
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Valley.  DOFAW recommended, and KIUC agreed, to include predator control at Hono o Na Pali as a 

mitigation measure in the Short-Term HCP (see Figure 5.8).
64

  

 

Figure 5.8. Hono o Na Pali Natural Area Reserve  

 

Source: http://hawaii.gov/dlnr/dofaw/nars/reserves/kauai/honoonapali  

 

The 3,580-acre Hono o Na Pali Natural Area Reserve stretches from sea level on the Nā Pali coast to 

Pihea (4,284 feet), crossing the Kalalau Trail approximately 2.5 miles from the trail head at Hā‗ena 

State Park.  The Reserve, whose southern boundary is the south side of the Alaka‗i Swamp Trail, 

encompasses parts of Hānākapi‗ai and Hanakoa Streams and all of Waiahuakua Stream.  Its cliffs and 

                                                 
64 DOFAW had recommended this measure because at that time the opportunities for performing the strongly preferred 

mitigation approach of conducting predator removal at a known breeding colony were limited to a single site – the 
Limahuli Valley.  In August 2010, a second site (Hono o Na Pali NAR) became available.  DOFAW also suggested that 
KIUC remove from the Short-Term HCP the two-year at-sea capture study it had recommended in late 2008 that was 
included in the HCP draft which DOFAW circulated for public review in Fall 2009.  The utility of the at-sea capture study 
was strongly criticized in public comments and, as a result, was no longer considered a mitigation measure.   
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valleys along the Nā Pali coast contain many rare plant species.  Feral goats have been identified as 

the major threat to the native ecosystem at lower elevations, including the Waiahuakua and Kawelu 

Cliffs units.  Much of the native habitat in these areas has been severely degraded by goat foraging 

and activity, and DOFAW has made protecting intact habitat a high priority.  In particular, weed 

management is a priority, especially for Clidemia, blackberry, firebush, and banana poka.  

DOFAW researchers have determined that Hono o Na Pali NAR is an important breeding site for 

both the Newell‘s Shearwater and the Hawaiian Petrel.  Predation of the Covered Species by cats has 

been documented over several years in an area close to high human use (Pihea Vista), and it is likely 

that predation from cats, rats and owls is an important limiting factor to Covered Species breeding 

success in this area.   

This site is part of the Kaua‗i Watershed Alliance, a partnership of eleven public and private entities 

(including DLNR) encompassing 144,044 acres of land.  Ongoing and planned management at Hono 

o Na Pali includes habitat restoration via invasive plant control and ungulate removal, two actions 

vital to endangered seabird recovery.  In the long term, the Alliance intends to install exclusion 

fencing for ungulate control and perform extensive monitoring, and DOFAW anticipates some of that 

longer term work will be accomplished and/or funded through the KSHCP.  In the short-term, 

however, DOFAW has determined that several predator control measures likely to improve Covered 

Species breeding success can be implemented more immediately.  These include: (1) cat-trapping at 

specific high-traffic sites located near known breeding colonies; (2) rat-baiting near known breeding 

colonies; (3) owl removal; and (4) breeding success monitoring to determine the efficacy of, and 

identify potential improvements in, these management actions.   

The specific tasks and implementation budgets prepared and proposed by DOFAW are summarized in 

Table 5.5, below.  KIUC and DOFAW anticipate that the work will be performed by DOFAW 

Natural Area Reserve staff and Kaua‗i Endangered Seabird Recovery Project staff, or another 

qualified entity approved by the Parties, utilizing funds provided by KIUC.  KIUC will provide the 

funds for such work as detailed in Table 5.5.  KIUC is committed to funding the specific tasks used to 

calculate the implementation budgets, even if the actual costs of the specific tasks turns out to be 

different.   

The specific obligations for this undertaking and the associated measures of success are as follows 

(and are also identified in the attached Implementing Agreement which specifies DOFAW‘s 

obligations):  

 DOFAW or another qualified entity approved by the Parties will prepare a draft scope of work and 

circulate it within 30 days of permit issuance or at such earlier date as the Parties may agree is 

appropriate to KIUC and USFWS for review and comment.  The scope of work will include a 

detailed budget for the line items shown in Table 5.6.   

 KIUC, USFWS, and DOFAW will refine the scope of work and prepare and execute a 

Memorandum of Agreement (MOA) within 30 days of the date of receipt of the draft scope of 

work.   

 KIUC will convey to the Endangered Species Trust Fund (ESTF) the Year 1 funds budgeted in the 

final scope of work within 30 days of execution of the MOA.   
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Table 5.5. Hono o Na Pali Predator Control Annual Costs   

Item  Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Salaries 

and Fringe 

1 x 100% FTE DOFAW 

NAR Tech II 
$65,000 $65,000 $65,000 $65,000 $65,000 $325,000 

 
2 x 25% FTE DOFAW 

NAR Tech I 
$25,000 $25,000 $25,000 $25,000 $25,000 $125,000 

 
2 x 10% FTE KESRP 

Tech 
$15,000 $15,000 $15,000 $15,000 $15,000 $75,000 

Equipment 

& supplies 
Vehicle (4-wheel drive) $40,000 0 0 0 0 $40,000 

 Traps (100) $5,000 0 0 0 0 $5,000 

 Bait, ammunition, misc $1,000 $1,000 $1,000 $1,000 $1,000 $5,000 

 Remote Cameras (10) $5,000 0 0 0 0 $5,000 

 
Firearms (1 pistol, 1 22 

rifle) 
$1,500 0 0 0 0 $1,500 

 Firearms locker $3,000 0 0 0 0 $3,000 

 Fuel $4,000 $4,000 $4,000 $4,000 $4,000 $20,000 

 Field equipment $2,000 0 0 0 0 $2,000 

 Sling load to get traps in $2,000 0 0 0 0 $2,000 

 Helicopter time $5,000 $5,000 $5,000 $5,000 $5,000 $25,000 

 Laptop computer $3,000 0 0 0 0 $3,000 

Staff 

Training 

Contribution to helo, 

pesticide applicators, 

firearms, other training 

$500 0 0 0 0 $500 

TOTAL $177,000 $115,000 $115,000 $115,000 $115,000 $637,000 

Source: DOFAW Personal Communication to KIUC on August 10, 2010.   

 

 Within 30 days of the end of each program year, DOFAW or another qualified entity specified in 

the MOA will prepare and distribute to the parties a letter report describing the work performed and 

the results obtained.  

 No later than 30 days before the start of the subsequent year‘s work, KIUC will convey to the 

Endangered Species Trust Fund the funds for the next year.   

 If the responsible party fails to complete any of the above tasks, the Parties may find another entity 

to perform the incomplete work with the remaining funds. 

5.6.4 TWO-YEAR AUDITORY SURVEY TO LOCATE ADDITIONAL SEABIRD BREEDING COLONIES 

KIUC will fund a two-year auditory survey to be implemented by DOFAW or another qualified entity 

approved by the Parties (see Table 5.6).  The purpose of this study is to locate additional seabird 

breeding colonies where habitat management work could be performed in the future.  As DOFAW 

presently envisions it, the surveys would be conducted in Nā Pali, Mānoa Valley (adjacent to the 

Upper Limahuli Preserve), Lumaha‗i, Hanalei, Makaleha, Wainiha Pali, and Wai‗ale‗ale.  KIUC has 

committed an amount not to exceed $98,000 per year for this work (which includes a contingency 

factor of 10 percent) in accordance with the budget that DOFAW developed.  However, if the actual 

cost of completing the work exceeds that amount KIUC will be responsible for the additional effort.   
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The specific obligations for this undertaking, and the associated measures of success, are as follows 

(and are also identified in the attached Implementing Agreement which specifies DOFAW‘s 

obligations):  

 DOFAW or another qualified entity approved by the Parties will prepare a draft study 

implementation plan and scope of work and circulate them within 30 days of permit issuance or at 

such earlier date as the Parties may agree is appropriate to KIUC and USFWS for review and 

comment.  The scope of work will include a detailed budget for the line items shown in Table 5.6, 

which is anticipated to be less than or equal to $98,000 (2010 dollars).  However, if the actual cost 

of completing the work is higher, KIUC will be responsible for the additional effort.   

 KIUC and USFWS will complete their review, and provide any written comments to DOFAW or 

another qualified entity approved by the Parties, within 30 days of the date of submission.   

 

Table 5.6 Estimated Annual Cost for Surveys for Additional Seabird Colonies   

Budget Item Amount 

Helicopter Time, 15 hours $15,000.00 

Labor, 3 staff per trip, $5000 per trip, 9 trips total $45,000.00 

GIS etc $10,000.00 

Biological Principal Investigator Writing $8,000.00 

Biological Coordinator Coordination & Writing $8,700.00 

Administrative Cost (@3%) $2,601.00 

Subtotal: $89,301.00 

Contingency (@10%) $8,930.00 

GRAND TOTAL $98,231.00 

Source: DOFAW, Mitigation Worksheet from ―KIUC Mitigation Funds DRAFT 13DEC2008.   

 

 DOFAW or another qualified entity approved by the Parties will finalize the study implementation 

plan and scope of work, within 30 days of receipt of written comments.   

 KIUC will convey to the Endangered Species Trust Fund the funds budgeted in the final scope of 

work within 30 days of the Agencies approval of the HCP and issuance of the permits.   

 DOFAW or another qualified entity approved by the Parties will ensure that all required permits 

and approvals needed to implement the study are in place within 30 days of the Agencies approval 

of the HCP and issuance of the permits.   

 DOFAW or another qualified entity approved by the Parties will implement the Two-Year Auditory 

Survey during the peak season each year (approximately June and July).   

 DOFAW or another qualified entity approved by the Parties will prepare a draft Year 1 Auditory 

Survey report, and circulate it by September 30 of Year 1 to KIUC and USFWS for review and 

comment.   

 KIUC and USFWS will complete their review and provide any written comments to DOFAW or 

another qualified entity approved by the Parties within 30 days of the date of submission of the 

Year 1 Auditory Survey report.   

 DOFAW or another qualified entity approved by the Parties will complete and distribute the final 

Year 1 report within 30 days of receipt of written comments.   
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 DOFAW or another qualified entity approved by the Parties will prepare a draft Final report 

covering the entire two year study, and circulate it by September 30 of Year 2 to KIUC and 

USFWS for review and comment.   

 KIUC and USFWS will complete their review, and provide any written comments to DOFAW or 

another qualified entity approved by the Parties within 30 days of the date of submission.   

 DOFAW or another qualified entity approved by the Parties will complete and distribute the Final 

report covering the entire two year study within 30 days of receipt of written comments.   

If DOFAW or other qualified entity approved by the Parties fails to complete any of the above tasks, 

the Parties may find another entity to perform the remaining work with the remaining funds.   

5.6.5 UPDATE OF SPEAR ET AL.’S (1995) AT-SEA SEABIRD POPULATION ESTIMATES  

The USFWS has no updated estimates of at-sea seabird populations comparable to those prepared by 

Spear et al. in 1995.  It has indicated that the absence of this information makes it difficult for it to 

estimate the current population of the Covered Species, and in turn the effects of KIUC facilities and 

operations on such populations.  KIUC will fund the actual cost up to an anticipated maximum of 

$100,000 (which includes a contingency factor) of a one-time analysis of the most recent National 

Oceanic and Atmospheric Administration (NOAA) research vessel data to update the Spear et al. 

(1995) population estimates for Newell‘s Shearwater and Hawaiian Petrel for the eastern and central 

tropical Pacific waters of the Hawaiian Archipelago and to relate population density to environmental 

parameters.  However, if the actual cost of completing the work exceeds $100,000 KIUC will be 

responsible for the additional effort.  As DOFAW envisions it, the study would be an analysis of the 

already-collected NOAA at-sea data which would provide regulators with information about the 

birds‘ populations, as well as at-sea trends.  This work is not, as some Fall 2009 public comments 

suggested, aimed at assessing the survival of SOS-released birds.  Instead its goal is to provide an 

updated measure of absolute population numbers that will allow natural resource managers to better 

characterize large-scale avian population changes that must be understood to make rational 

management decisions about the Covered Species.   

The specific obligations for this undertaking, and the associated measures of success, are as follows 

(and are also identified in the attached Implementing Agreement): 

 KIUC, with the assistance of USFWS and DOFAW, will enter into a Memorandum of Agreement 

or other suitable instrument with NOAA (or another entity approved by the Parties and NOAA) 

within 30 days of the date the Agencies approve the HCP and issue the ITP and ITL that stipulates 

as follows: 

 NOAA (or other approved entity) will prepare and submit to the Parties, within three months of 

the Agencies‘ approvals of the HCP and issuance of the permits, a draft scope of work for 

analyzing the at-sea seabird data in order to update population estimates as originally developed 

by Spear et al. (1995); the scope of work will include a detailed budget which is anticipated to 

be $100,000 or less.  However, if the actual cost of completing the work is higher, KIUC will be 

responsible for the additional effort.   

 The Parties will provide to NOAA (or other approved entity) any written comments on the draft 

scope of work within 30 days.   

 NOAA (or other approved entity) will issue the final scope of work within an additional sixty 

days (i.e., within 6 months of HCP approval and permit issuance).   

 KIUC execute a contract with NOAA or another qualified entity approved by the Parties 

providing for the conduct of the work and will convey to NOAA (or other approved entity) the 

funds budgeted in the final scope of work within 30 days of the date the ITP/ITL have been 

issued.   
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 NOAA (or other approved entity) will prepare and circulate to the Parties a draft report within 18 

months of HCP approval and permit issuance.   

 The Parties will provide to NOAA (or other approved entity) any written comments on the draft 

report within 60 days of its receipt.   

 NOAA (or  other approved entity) will prepare and distribute a final report within 24 months of 

HCP approval and permit issuance.   

 NOAA  (or other approved entity) will ensure that the work is implemented in accordance with 

this schedule, and in the event that the work is not completed, NOAA (or other approved entity) 

will return all funds for unmet deliverables to KIUC.   

 If NOAA (or other approved entity) fails to complete some or all of the work, the Parties may find 

another entity to perform the remaining work with the remaining funds returned to KIUC.   

 

5.6.6 FUND DEVELOPMENT AND IMPLEMENTATION OF APPROPRIATE UNDERLINE 

MONITORING PROGRAM  

In order to increase the amount and quality of data that are available concerning seabirds that may be 

affected by KIUC facilities, KIUC will cooperate with DOFAW in DOFAW‘s development of and 

with DOFAW or another qualified entity approved by the Parties implementation of, an underline 

monitoring program.  The field and analytical methods used will be designed to provide information 

that the USFWS and DOFAW need for purposes of issuing long-term take authorization.  The 

Agencies will also utilize the resulting information, along with new SOS data, to evaluate KIUC‘s 

compliance with the take limits contained in this HCP and the associated incidental take 

authorizations (see Section 7.2, below).  The monitoring will consist of ground surveys and/or 

alternative methods (e.g., bird-strike indicators), possibly carried out in conjunction with concurrent 

radar observations conducted in the vicinity of an agreed-upon subset of KIUC‘s power lines.  The 

purpose of the surveys is to help quantify the likelihood of seabird collisions with such power lines, 

and to develop methods that can be used for long-term monitoring.  The specific tasks and 

implementation budgets prepared and proposed by DOFAW are summarized in Table 5.7, below, and 

KIUC will provide the funds for such work as detailed in that Table.  KIUC is committed to funding 

the specific tasks used to calculate the implementation budgets, even if the actual costs of the specific 

tasks turns out to be different.  KIUC will also fund or conduct additional follow-up monitoring in the 

remaining years of this HCP as later determined by the Parties to be appropriate based on the results 

of the first two years of monitoring. 

The specific obligations for this undertaking and the associated measures of success are as follows 

(and are also identified in the attached Implementing Agreement which specifies DOFAW‘s 

obligations):   

 At its request, DOFAW is solely responsible for designing and implementing this measure, utilizing 

funds provided by KIUC.   

 DOFAW or another qualified entity approved by the Parties will prepare a draft study 

implementation plan and detailed scope of work for the first year of work, and circulate them 

within 30 days of permit issuance or at such earlier date as the Parties may agree is appropriate to 

KIUC and USFWS for review and comment.  The scope of work will address the goals of (1) 

developing and implementing field monitoring during the term of this HCP, and (2) developing an 

analytical method(s) to assess statistical power of different monitoring approaches (and respective 

costs) to estimate take levels (including what would need to be done to obtain acceptable 

confidence intervals).  The scope of work will include a detailed budget, and the actual cost of the 

first year of work will not exceed the amounts shown in Table 5.7.   

 KIUC and USFWS will complete their review, and provide any written comments to DOFAW or 

another qualified entity approved by the Parties, within 30 days of the date of submission.   
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 DOFAW or another qualified entity approved by the Parties will prepare and distribute a final study 

implementation plan, and scope of work, within 30 days of receipt of KIUC and USFWS comments 

on the draft.   

 KIUC will convey to the Endangered Species Trust Fund the funds budgeted in the final scope of 

work, within 15 days of receipt of the final study implementation plan and scope of work.   

 DOFAW or another qualified entity approved by the Parties will ensure that all required permits 

and approvals needed to implement the scope of work, including approvals for site access, are in 

place within three months of the Agencies‘ approval of the HCP and issuance of the permits.   

 DOFAW or another qualified entity approved by the Parties will implement the study in accordance 

with the final study implementation plan and scope of work within 3 months of permit issuance.   

 

 

Table 5.7. Underline Monitoring Budget.  

Salaries (w/46% fringe) Year 1 Year 2 Years 3-5 

HCP Coordinator Salary $18,858 $26,402 $ 26,402 

HCP Asst/Team Ldr Salary $21,900 $30,660 $ 30,660 

Bio Techs Salary $30,660 $61,320 $ 61,320 

Seabird Expert Salary $  7,543 $11,315 $ 11,315 

Salaries Subtotal $78,961 $129,697 $129,697 

Supplies and Equipment 
   

Truck purchase (1)/Maintenance $15,000 $1,750 $1,750 

Radar Equipment Replacement $20,000 $20,000 
 

Night vision (2) $7,000 
  

Thermal imager $18,000 
  

Field Equipment $2,000 $2,000 $2,000 

Spotlight equipment $1,000 
  

Ofc & Field Supplies $1,250 $1,250 $1,250 

Housing or Travel $5,250 $5,250 $5,250 

Phones & Utilities $1,250 $1,250 $1,250 

Fuel $3,600 $8,400 $8,400 

DOFAW Admin $4,491 $4,836 $4,236 

Supplies and Equipment Subtotal 
   

Unforseen $7,890 $8,722 $7,692 

TOTAL $165,693 $183,154 $161,524 

 PCSU direct charge (Total cost a / 1.05) x 0.05)  $8,808 $9,736 $8,587 

 Total direct cost (total expenses + PCSU 

direct charge)  
$174,501 $192,891 $170,111 

 UH direct cost (total cost a / 1.06) x 0.06  $10,470 $11,573 $10,207 

 Total cost b (UH total + direct cost)  $184,971 $204,464 $180,317 

 GRAND TOTAL  $184,971 $204,464 $180,317 

Source: DOFAW, Draft Underline Monitoring Budget 
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 DOFAW or another qualified entity approved by the Parties will prepare a draft annual report 

(covering the previous calendar year) and circulate it by February 1 to KIUC and USFWS for 

review and comment.  This report will include a draft study implementation plan/scope of work for 

the coming year of monitoring; this submittal will include a detailed budget (the actual cost of the 

which will not exceed the amount shown in Table 5.7).  [Note: This same procedure will continue 

for each year that the HCP and related ITP/ITL remain in effect.]   

 KIUC and USFWS will complete their review and provide written comments within 30 days of 

receipt of each draft implementation plan/scope of work and budget.   

 DOFAW or another qualified entity approved by the Parties will complete and distribute the final 

annual report within 30 days of receipt of comments.   

 KIUC will convey to the Endangered Species Trust Fund the funds budgeted for subsequent years 

of monitoring no later than the end of the then-current budget year.   

 If DOFAW or another qualified entity approved by the Parties fails to complete any of the above 

tasks, the Parties may find another entity to perform the remaining work with the remaining funds.   

5.6.7 RE-ALLOCATION OF MITIGATION PROJECT FUNDS AMONG PROJECTS 

The mitigation project funds which KIUC has committed to spend on the specific projects described 

in Sections 5.6.2.2 through 5.6.2.6, above, are based on initial cost projections developed by the 

Parties.  In the event that the actual cost of implementing any of these specific projects is greater than 

the amount projected, that cost increase may be met by reallocating up to 20 percent of the cost of one 

or more of the other projects, so long as the stated goals and objectives of those other projects will 

still be satisfied.   

5.6.8 ADDITIONAL MITIGATION IN YEARS 4 AND 5   

If this Short-Term HCP and associated incidental take authorizations remain in effect beyond three 

years, then at the end of the first three years KIUC will begin implementing habitat management 

activities in the Wainiha Valley or other suitable location, in order to produce benefits to the Covered 

Species that are equivalent to the benefits derived from the work funded by KIUC in the Upper 

Limahuli Valley.   

Because the costs to conduct such equivalent habitat management within Wainiha Valley (or any 

other site) cannot currently be estimated due to the absence of necessary site-specific information, 

KIUC will provide up to $271,000 annually for the habitat management based on the assumption that 

costs will not be higher than the most costly year of the estimated costs of habitat management in 

Upper Limahuli Valley.  If information is obtained prior to year three that indicates other actions 

would be more beneficial, funds will be used to implement such action with the approval of the 

USFWS and DOFAW.   

In addition, should DOFAW not have sufficient funding in its budget to continue its annual radar 

monitoring efforts, KIUC will provide $80,000 to the agency in Year 4 so that it can conduct single-

night radar surveys at each of the 13 sites that provide historical reference in data analyses and (ii) 

perform inter-nightly radar at 10 sites in 4 night survey efforts.  At DOFAW‘s discretion, DOFAW 

may elect instead to have KIUC apply all or a portion of such funds to the Wainiha Valley work 

described above in order to supplement the $271,000 already dedicated to the Wainiha Valley work. 

5.6.9  POTENTIAL NEW MITIGATION PROJECTS 

If new mitigation projects, other than those described above, are determined to be needed during the 

term of this Short-Term HCP, they will be implemented only after amending the HCP in the manner 

described in Chapter 7, and performing any necessary environmental review.   
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5.7 CONSERVATION MEASURES AND NET ENVIRONMENTAL BENEFIT 

Under Hawai‗i‘s endangered species statute, an HCP must increase the likelihood that the Covered 

Species will survive and recover, and must provide a net environmental benefit [HRS §§195D-4(g) 

and 21(b)].  This HCP meets that standard.   

As explained above, through this HCP KIUC has minimized and is continuing to minimize the 

impacts of its streetlights and facility lighting by replacing previously unshielded lights with shielded 

lights, modifying lighting at its power stations, and adopting and adhering to standards that will 

ensure that future lighting maintains or exceeds the present standards.  KIUC is also minimizing the 

impacts of its power lines and other facilities by implementing physical modifications to certain 

locations determined to present to greatest risk of seabird collisions (see, for example, the discussion 

in Section 5.4.2.3 of its participation in a project intended to result in the undergrounding of 1.7 miles 

of power lines between the Lydgate Substation and the Kapa‗a Bypass Road, a segment which 

includes the Wailua River area in which a relatively large number of downed seabirds are retrieved by 

the SOS program each year).  See also Section 5.4.2.4 for details of other minimization measures.   

Unavoidable impacts of KIUC‘s facilities remain, but its proposed conservation program mitigates 

those impacts and provides a net benefit to the Covered Species.  Even using estimates of the effects 

of KIUC facilities that are higher than those anticipated, the habitat improvement and other mitigation 

measures described in this Chapter would increase the likelihood of species survival and recovery and 

produce a net environmental benefit.  The principal reason for this is that the KIUC-supported SOS+ 

program leads to the retrieval and safe release of far more birds that are downed by causes unrelated 

to KIUC‘s activities than its facilities adversely affect.    

This conclusion is consistent with findings reported by Ainley, et al. (1995:47-48), who assessed the 

effectiveness of the original SOS program in mitigating the impact of power line mortality on 

fledglings.  Their report observed that few of the downed birds that are aided by the SOS effort would 

recover on their own and concluded:   

“Whatever parameter values one uses for reproductive success and breeding probability, 

however, the results are qualitatively similar: the cessation of the SOS program would 

contribute significantly to the decline of the Kaua„i population of Newell‟s shearwaters.”   

Stated another way, Ainley, et al. concluded that modeling results indicated that population decline in 

the Newell‘s Shearwater population would be almost twice as great in the absence of SOS as it would 

be in its presence.   

Ainley, et al. conducted their analysis and reached this conclusion at a time when the SOS Program 

was run almost entirely by volunteers and when little effort had been made toward training the 

volunteers, to targeting specific areas with an eye to improving seabird retrieval rates, or to providing 

enhanced veterinary care for downed birds.  Moreover, in the absence of a written, peer-reviewed 

operations manual for the SOS Program, there was limited ability to use each year‘s experience to 

improve the program in subsequent years and limited ability to coordinate the SOS Program with 

other species recovery efforts.  This changed when KIUC began implementing the SOS+ Program in 

cooperation with DOFAW in 2005, and the improved program will continue to be supported as part 

of this HCP.
65

  As a consequence, SOS can become an ever-more-effective means of assisting 

Covered Species recovery efforts.   

                                                 
65 During the years that KIUC has been involved with the SOS Program, and particularly during the years when it has had 

primary responsibility for implementing and/or funding the expanded and improved SOS+ Program (2005 onward), KIUC, 
with the strong support of the USFWS and DLNR, has significantly increased the number of field personnel on the ground 
during the fallout season.  It has also instituted procedures that significantly increase the on-ground coverage and 
standardization of the SOS efforts.  The improved SOS+ Program has a much-enhanced veterinary and rehabilitation 
intervention element which is showing early signs of increasing the survivability of weak and/or injured birds.  As a result, 
the release rate among retrieved injured birds increased substantially, a change which tends to promote the survival of the 
species.   
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Comparing the number of birds that are successfully released as a result of the KIUC-funded SOS 

Program shows that they exceed the requested take authorization by a substantial amount.  Since the 

best available scientific evidence indicates that virtually all of these would have died were it not for 

the intervention of the SOS Program,  KIUC‘s SOS+ efforts under the HCP would contribute more 

birds to the species‘ Kaua‗i populations than its facilities and activities are adversely affecting.  As a 

result, KIUC believes that the SOS+ program alone would be sufficient to satisfy the Chapter 195D 

standard for producing a net environmental benefit and increasing the likelihood of species survival 

and recovery.   

Despite this, and to ensure beyond any reasonable doubt that this HCP will result in a net benefit, this 

HCP provides for many other benefits to the species as well.  It supports the protection of 400 acres 

of seabird nesting habitat in Limahuli Valley during the term of the permit, and predator control at 

known breeding colonies in Hono o Na Pali NAR, as well as habitat improvement and protection in 

Wainiha or other locations with existing seabird colonies that will increase the survival rate and 

numbers of seabirds fledging from each protected colony.  The auditory surveys that it includes will 

identify additional opportunities for management and protection of breeding colonies that will lead to 

greater reproductive success.  Underline monitoring will provide information to be used to refine and 

update the scientific understanding of avian/utility line interaction and to evaluate benefits associated 

with various power line configurations.  Updated at-sea population estimates will increase the 

accuracy of current and future modeling of the species, making it possible to stop relying on NOAA 

data that are now 15 years old.  In addition, this HCP also ensures the continuance of funding for 

radar studies should funding terminate and continued support for nesting habitat improvements.  

Finally, this HCP includes modifications to existing facilities that will reduce the potential for the 

Covered Species to collide with power lines in areas that previous studies have identified as being of 

greatest concern.  It will also help identify additional breeding colonies where active intervention 

could be beneficial and provide a basis for effective and efficient recovery of seabird populations.  

These mitigation measures demonstrate that this HCP clearly exceeds the net benefit standard of 

Chapter 195D.       
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CHAPTER 6 –  ALTERNATIVES CONSIDERED  

Section 10(a)(2)(A) of the ESA requires applicants to consider alternative actions to the take of 

Federally listed species and explain the reasons why those alternatives were not selected.  The 

Endangered Species HCP Handbook (U.S. Fish and Wildlife Service and National Marine Fisheries 

Service 1996) identifies two alternatives commonly considered in HCPs:  (1) an alternative that 

would produce take below levels anticipated for the proposed project, and (2) a ―no action‖ 

alternative, in which no permit would be issued and take would be avoided. 

This Chapter of the HCP discusses four alternatives, including a ―no action‖ alternative, a ―no take‖ 

alternative, and two alternative conservation programs.  None of these alternatives were selected for 

the reasons described below.   

6.1 NO ACTION ALTERNATIVE  

Under the ―No Action‖ alternative, KIUC would not construct any new facilities, but would continue 

to operate its existing facilities and would not receive an incidental take permit from either the 

USFWS or DLNR for its existing facilities or related operations.  Under this alternative, any ―take‖ of 

the Covered Species by KIUC‘s facilities or related operations would be unauthorized.  This 

alternative was not selected because (1) the continued growth of the residential population and the 

tourism industry on Kaua‗i make it likely that KIUC will be required to construct new energy 

production and/or distribution facilities in the future, and (2) unavoidable take of the Covered Species 

by existing facilities and related operations would continue, but would neither be minimized, 

mitigated nor authorized.  

6.2 NO TAKE ALTERNATIVE 

The ―No Take‖ alternative would require KIUC to modify its existing facilities and operations and to 

construct and operate all new facilities in such a way as to prevent any take of the Covered Species.  

As discussed in this HCP, certain existing KIUC facilities and operations presently result in take of 

Covered Species.  These include: (i) electrical transmission and distribution lines and their supporting 

poles and towers, which the Covered Species may collide with, and (ii) street lights and facility 

lighting which may attract or disorient the Covered Species and cause ―fallout.‖   

Although certain modifications to KIUC facilities may have the potential to reduce the possibility of 

take, they cannot eliminate all potential for such take.  The only ways that KIUC could eliminate the 

possibility of take from its facilities and operations are (1) undergrounding all overhead electrical 

lines (distribution lines, transmission lines, and individual services lines) and (2) eliminating street 

lighting, and divesting itself of all responsibility for the many utility poles which support telephone 

and cable television lines owned by other entities.   

These approaches are neither feasible nor practicable.  The existing KIUC system includes hundreds 

of miles of overhead electrical lines.  The estimated cost of undergrounding electrical lines on Kaua‗i 

is approximately $4-9 million per mile, depending on the type of line and site specific conditions.
66

  

Given that KIUC has among the highest electricity rates in the country and a very small base of 

                                                 
66 Estimates in 2010 for different situations are as follows: 

 Standard Single-Circuit Transmission  $3.0 million - $5.3 million per mile;  
 Standard Double-Circuit Transmission  $4.5 million  - $6.5 million per mile; 
 Standard Single-circuit Transmission  Plus 1-circuit of distribution - $4.3 million - $7.9 million per mile;  
 Standard Single-circuit Transmission  Plus 2-circuits of distribution  - $5.4 million - $8.7 million per mile;  
 Distribution Only, 1-circuit of distribution - $2.6 million per mile;  
 Distribution Only, 2- circuits of distribution - $3.4 million per mile.  

  Above estimates are average costs including typical adders like risers, pullboxes and etc.  Special digging conditions can 
vary estimates significantly up to 40%.  
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ratepayers, and given the financial requirements imposed by its federal and private sector lenders, 

undergrounding is not financially feasible.  Also, it is not feasible to eliminate nighttime lighting for 

reasons of public health and safety.  

6.3 BREEDING COLONY MANAGEMENT ONLY ALTERNATIVE  

The HCP proposes a comprehensive conservation program designed to avoid and minimize impacts 

to the Covered Species, and to mitigate unavoidable impacts.  With respect to mitigation, KIUC, the 

USFWS and DLNR considered extensively the possibility of instituting colony management that 

includes a predator control program at one or more Covered Species breeding colonies.  The best 

available scientific information indicates that the largest threat to the Covered Species is predation by 

invasive species, such as rats, cats and pigs, and by habitat change brought about by invasive plant 

species.  KIUC and the agencies initially believed that seabird breeding success could be substantially 

improved by instituting predator control measures and/or habitat enhancement measures at one or 

more existing breeding colonies, and that the mitigation measures in this HCP should focus almost 

exclusively on breeding colony management.  Such measures could include fencing, trapping of 

mammalian predators, poisoning of rats, eradication of non-native vegetation and other similar 

means.   

During the course of preparing this HCP, KIUC conducted field assessments at five different breeding 

colony sites on Kaua‗i.  These sites were selected in consultation with the USFWS and DLNR as 

having the highest potential for success.  After extensive field work, however, KIUC determined that 

predator control and/or habitat enhancement work could not be implemented effectively at any of 

these locations for one or more of the following reasons: the Covered Species appeared to no longer 

breed there; predator control work was not possible due to physical constraints (remote locations, lack 

of access, severe terrain); and on-the-ground predator control or habitat enhancement work using 

accepted and approved techniques was likely to result in more harm than benefit to the Covered 

Species (e.g., by creating new trails into colonies which could then be used by mammalian predators).  

Both USFWS and DLNR reached the same conclusion through extensive additional field research by 

DLNR and deliberations by the inter-agency Newell‘s Shearwater Working Group.   

The agencies have identified several locations at which Covered Species colony management and 

predator-control projects are currently available for immediate work and funding.  These include, but 

are not limited to, Lehua Island (VanderWerf, et. al. 2007), Lāna‗i, Upper Limahuli Preserve, and 

Hono o Na Pali Natural Area Reserve.  The latter two are included as locations for mitigation 

measures in this HCP, but work at other locations could be substituted if that became necessary.  

While breeding colony management has excellent long-term potential for benefit to the species, it‘s 

full benefits will not become available immediately.  To provide immediate benefit, this short-term 

HCP also achieves mitigation through implementation of the expanded and enhanced SOS+ program.  

Consequently, a ―breeding colony management only‖ alternative is not appropriate.   

6.4 LONG-TERM KIUC-ONLY HCP  

This HCP covering a relatively short period was prepared at the request of DOFAW and USFWS 

after those agencies reviewed the long-term HCP that KIUC submitted in October 2007.  The 

agencies determined in December 2008 that they are unable to issue long-term take authorization 

based on existing information.  As a result, this alternative is not feasible.     
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CHAPTER 7 –  PLAN IMPLEMENTATION 

7.1 HCP ADMINISTRATION  

KIUC will administer this HCP under the direction of the USFWS and DLNR.  In addition, outside 

experts may be periodically consulted, including biologists from other agencies (e.g., National Park 

Service, USGS), private conservation organizations, conservation partnerships (e.g., Nēnē Recovery 

Action Group), consultants, and academia.  When appropriate, and as requested by USFWS and 

DLNR, HCP-related issues may be brought before the ESRC for formal consideration.   

KIUC, USFWS, and DLNR will meet regularly while the permits are in place.  The purpose of the 

regular meetings will be to evaluate the efficacy of monitoring methods, compare the results of 

monitoring to the estimated take, evaluate the success of mitigation, and develop recommendations 

for future monitoring and mitigation.  Regular meetings will also provide opportunities to consider 

the need for adaptive management measures, or changes to the monitoring protocol or mitigation 

measures.  In addition, KIUC will meet annually with the ESRC to provide updates of monitoring, 

mitigation, and adaptive management, and to solicit input and recommendations for future efforts.  

Additional meetings/conferences may be called by any of the parties at any time to address immediate 

concerns.   

7.2 MONITORING AND REPORTING  

Monitoring and reporting by KIUC will address both compliance and effectiveness.  ―Compliance 

Monitoring‖ will verify KIUC‘s implementation of the HCP terms and conditions.  Annual reports 

and other deliverables as described below will be provided to USFWS and DLNR to allow them to 

verify that KIUC has performed all of the required activities and tasks on schedule.  The ESRC will 

also review the annual reports, and make any appropriate recommendations to the Board of Land and 

Natural Resources.  ―Effectiveness Monitoring‖ will evaluate the impacts of the authorized take and 

the success of the HCP‘s mitigation program.  The monitoring will involve surveys to make sure the 

authorized level of take is not exceeded, and the effects of take are minimized and mitigated to the 

maximum extent practicable (i.e., minimization and mitigation measures are sufficient and 

successful).  Detailed lists of reporting parameters have not been established at this time.  These will 

be developed and submitted for review and approval by the USFWS and DOFAW during the first 

applicable task listed in Table 7.1.  

7.2.1 COMPLIANCE MONITORING  

The purpose of compliance monitoring is to ensure that KIUC meets its obligations under the HCP.  

KIUC, DOFAW, and other agencies/entities whose work KIUC funds as detailed in Chapter 5, will 

each continually track the status of their fulfillment of their respective obligations.  KIUC will be 

responsible for ensuring that such tracking occurs.  The HCP obligations and the timetable for their 

fulfillment are described in Chapter 5, and are summarized in Table 7.1 below.   

7.2.2 EFFECTIVENESS MONITORING  

Effectiveness monitoring is intended to help determine whether the measures being implemented as 

part of the HCP‘s conservation program are as effective as had been predicted when the HCP was 

developed and approved.  Effectiveness monitoring evaluates the effectiveness of an HCP‘s 

conservation measures in achieving the stated objectives and includes an evaluation of the ongoing 

impacts to the Covered Species. 
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Table 7.1 Compliance Tracking  

Minimization/Mitigation Measure Lead Entity Task Deadline 

Wailua River Area  Undergrounding 

Design for DOT (5.4.2.1) 
KIUC

67
 

Engineer Underground Electric Lines: Kūhiō Highway – Kāpa‗a Bypass 

Road to Lydgate Substation 
Completed 2009 

Continue to Support Undergrounding 

(5.4.2.2) 
KIUC 

Continue looking for opportunities to underground lines in conjunction 

with Highway projects  
Ongoing 

Continue to encourage developers to underground lines in new 

developments 

Continue Using Bird-Friendly Lighting 

(5.5.1) 
KIUC 

Continue to use only luminaries with cutoff optics 

Ongoing Make outdoor lighting design guidelines available to public via its website 

(www.kiuc.coop) and other means 

Promote Bird-Friendly Practices (5.5.2) KIUC 

Continue to encourage developers to underground power lines    

Ongoing Once Permit is 

Issued  

Encourage the County of Kaua‗i to adopt a new zoning ordinance 

requiring that all new developments on the island locate all of their utility 

lines underground 

Actively pursue alternative sources of funding to mitigate the high cost of 

undergrounding lines   

Fully Fund SOS+ (5.6.1) KIUC Execute agreement with KHS (or other agency-approved entity) 
Within 30 days of permit 

issuance 

Conduct SOS Community Outreach 

(5.6.1) 
KIUC Implement community outreach Program Ongoing 

Provide Technical Support for SOS 

(5.6.1) 
KIUC Provide KHS with technical support Continuous 

Operate SOS+ (5.6.1)* 

KIUC/KHS 
Operate SOS+ Program in accordance with current version of SOS 

Program Manual 
Ongoing 

KIUC/KHS 
Prepare or see to preparation of annual SOS Data Report and Submit to 

DLNR and USFWS 
Annually by December 31 

KIUC/KHS Prepare and distribute annual SOS report End of Q1 Annually 

KIUC Notify DOFAW/DLNR of any problems with SOS Within 30 days of discovery 

                                                 
67 The ―Lead Entity‖ in this table refers to the entity that will likely perform the stated task, but as described elsewhere in this HCP, the responsibility for ensuring that these tasks are 

performed rests with KIUC.   
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Minimization/Mitigation Measure Lead Entity Task Deadline 

KIUC/KHS Resolve problems with SOS Work with DOFAW/DLNR w/in 30 days of notification 

Breeding Colony Habitat Management 

and Predator Control: Year 1 (5.6.2)* 

KIUC 
Negotiate framework agreement with NTBG/Other that provides budget 

for seabird colony-related habitat protection/improvement   
Targeted at Q1 of 2011 

NTBG/Other Prepare a draft scope of work covering the work KIUC will fund 

Within 30 days of permit 

issuance or at such earlier 

date agreed upon by Parties 

USFWS/ 

DOFAW/KIUC 
Comment on draft scope of work (SOW) for colony work 

Within 30 days of the date of 

submission of the draft SOW 

NTBG/Other Sign formal letter of intent to execute a contract for required work 
Within 45 days of receipt of 

final work proposal 

KIUC Convey funds for Year 1 work to Endangered Species Trust Fund (ESTF) 

Within 30 days of permit 

issuance or at such earlier 

date agreed upon by Parties 

NTBG/Other 
Prepare and circulate a draft report detailing the seabird colony work 

implemented with KIUC funds during Year 1 

February 1 following end of 

Year 1 

USFWS/ 

DOFAW/ 

KIUC 

Provide written comments on the draft Year 1 report  March 1  

NTBG/Other Prepare and distribute a final report  April 1  

Colony Work: Subsequent Years 

(5.6.2)* 

NTBG/Other 
Prepare a draft scope of work covering the work KIUC will fund for 

subsequent year 

Minimum of 3 months before 

end of previous program year  

USFWS/ 

DOFAW/KIUC 
Comment on draft scope of work for colony work 

Within 30 days of scope 

submittal 

NTBG/Other Sign formal letter of intent to execute a contract for required work 
Within 45 days of receipt of 

comments on draft scope  

KIUC Convey funds for Subsequent Year work to ESTF  
December 1, Prior to start of 

Program year  

NTBG/Other 
Prepare and circulate a draft report detailing the work implemented with 

KIUC funds during the prior calendar year 
Annually, February 1 

USFWS/ 

DOFAW/ KIUC 
Provide written comments on the draft report  Annually, March 1 

NTBG/Other Prepare and distribute a final report Annually, April 1  
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Minimization/Mitigation Measure Lead Entity Task Deadline 

 Seabird Colony Management and 

Predator Control at the Hono o Na Pali 

Natural Area Reserve (5.6.3)* 

 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Prepare a draft scope of work covering the work KIUC will fund 

Within 30 days of permit 

issuance or at such earlier 

date agreed upon by Parties 

KIUC, 

USFWS, and 

DOFAW 

Refine scope of work and prepare and execute an MOA 
Within 30 days of the date of 

receipt of draft scope of work 

KIUC 

 

Convey budgeted Year 1 funds into Endangered Species Trust Fund 

 

Within 30 days of 

finalization of scope of work 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Insure that required permits and approvals are in place to implement study  
Within 30 days of permit 

issuance  

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Implement the scope of work 
Beginning date funds are 

deposited in ESTF 

DOFAW or 

other qualified 

entity 

approved by 

the Parties 

Prepare and distribute Year 1 report to KIUC and USFWS July 31, Year 1 

KIUC Convey Year 2 funds into Endangered Species Trust Fund  
1 month before start of 

subsequent years work 
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Minimization/Mitigation Measure Lead Entity Task Deadline 

Update At-Sea Population Estimates 

(5.6.5)* 

KIUC (w/ 

USFWS & 

DOFAW) 

Enter into a Memorandum of Agreement or other suitable instrument with 

NOAA (or another approved entity) that provides for analyzing the at-sea 

seabird data in order to update population estimates as originally 

developed by Spear et al  

Sign letter of intent within 30 

days of permit issuance 

NOAA (or 

other 

approved 

entity) 

Prepare and submit a draft scope of work and detailed budget for 

analyzing the at-sea seabird data in order to update population estimates  

Within 3 months of permit 

issuance 

USFWS/ 

DOFAW/ 

KIUC 

Provide  NOAA (or other approved entity) written comments on the draft 

scope of work  

Within 30 days of receipt of 

draft scope of work 

NOAA (or 

other 

approved 

entity) 

Issue final scope of work  
Within 60 days of receipt of 

written comments 

KIUC 

Execute contract with NOAA (or other approved entity)  for conduct of 

work and convey funds budgeted in the final scope of work to NOAA (or 

other approved entity)  

Within 30 days of permit 

issuance 

NOAA (or 

other 

approved 

entity) 

Prepare and circulate a draft report  
Within 18 months of permit 

issuance 

USFWS/ 

DOFAW/ 

KIUC 

Provide written comments on draft report to NOAA/other approved entity)  
Within sixty days of report 

submittal 

NOAA (or  

other 

approved 

entity) 

Prepare and distribute a final report  
Within 24 months of permit 

issuance. 
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Minimization/Mitigation Measure Lead Entity Task Deadline 

Two-Year Auditory Survey to Locate 

Additional Seabird Breeding Colonies 

(5.6.4) * 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Prepare a draft study implementation plan, scope of work, and detailed 

budget and circulate them to KIUC and USFWS for review and comment.   

Within 30 days of permit 

issuance or at such earlier 

date agreed upon by Parties 

KIUC & 

USFWS 

Review draft study implementation plan, scope of work, and detailed 

budget, and provide any written comments to DOFAW or another 

qualified entity approved by the Parties 

Within 30 days of receipt of 

draft study plan & SOW  

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Finalize the study implementation plan and scope of work 
Within 30 days of receipt of 

comments  

KIUC 
Convey the funds budgeted in the final scope of work to the Endangered 

Species Trust Fund  

Within 30 days of permit 

issuance 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Ensure that all required permits and approvals needed to implement the 

study are in place  

Within 30 days of permit 

issuance 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Implement the study during the peak season each year  June and July, Years 1 and 2 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Prepare a draft Year 1 report, and circulate it to KIUC and USFWS for 

review and comment 
By September 30, Year 1 
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Minimization/Mitigation Measure Lead Entity Task Deadline 

KIUC and 

USFWS 

Review draft Year 1 report and provide any written comments to DOFAW 

or another qualified entity approved by the Parties 
By October 31, Year 1 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Complete and distribute the final Year 1 report By November 30, Year 1 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Prepare draft Final report covering the entire two year study, and circulate 

it to KIUC and USFWS for review and comment 
By September 30, Year 2 

KIUC and 

USFWS 

Review report and provide any written comments to DOFAW or another 

qualified entity approved by the Parties 
By October 31, Year 2 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Complete and distribute the Final report covering the entire two year study By November 30, Year 2 

Fund Development and 

Implementation of Appropriate 

Underline Monitoring Program (5.6.6)*  

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Prepare a draft study implementation plan, scope of work, and detailed 

budget for the first year of work, and circulate them to KIUC and USFWS 

for review and comment 

Within 30 days of permit 

issuance 

USFWS and 

KIUC 

Review draft study implementation plan, scope of work, and detailed 

budget, and provide written comments to DOFAW or another qualified 

entity approved by the Parties 

Within 30 days of receipt of 

draft plan 
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Minimization/Mitigation Measure Lead Entity Task Deadline 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Prepare and distribute final study implementation plan, scope of work, and 

budget 

Within 30 days of receipt of 

USFWS/KIUC comments on 

draft plan 

KIUC Convey to the Endangered Species Trust Fund the funds budgeted  
Within 15 days of receipt of 

final scope 

DOFAW or 

other qualified 

entity approved 

by the Parties 

Ensure that all required permits and approvals needed to implement the scope of 

work, including approvals for site access, are in place  

Within three months of permit 

issuance 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Implement the Year 1 study in accordance with the final study 

implementation plan and scope of work 

Within three months of 

permit issuance  

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Prepare draft Year 1 report (covering the previous calendar year) and draft 

study implementation plan, scope of work, and detailed budget for the 

next year of work 

By February 1, Year 2 

KIUC and 

USFWS 

Review draft Year 1 report and provide written comments to DOFAW or 

another qualified entity approved by the Parties  

Within 30 days of receipt of 

Year 1 report 

DOFAW or 

other 

qualified 

entity 

approved by 

the Parties 

Complete and distribute the final Year 1 report  

Within 30 days of receipt of 

comments on Draft Year 1 

Report 

KIUC 
Convey to the Endangered Species Trust Fund the funds budgeted for 

Year 2  

No later than end of the then-

current budget year 
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Minimization/Mitigation Measure Lead Entity Task Deadline 

Proposed DOFAW Compliance 

Monitoring 

DOFAW Develop draft of detailed compliance monitoring plan.   
Within 30 days of permit 

issuance 

USFWS/KIU

C 
Review and Comment on draft compliance monitoring plan.   

Within 30 days of receipt of 

draft monitoring plan 

DOFAW 
Finalize and distribute detailed compliance monitoring plan to USFWS 

and KIUC   

Within 30 days of receipt of 

comments on draft 

compliance monitoring plan 

KIUC 
Convey the funds budgeted for the compliance monitoring provided for 

elsewhere in this plan to the Endangered Species Trust Fund.   

Within 30 days of permit 

issuance 

DOFAW 
Prepare Draft Annual Compliance Monitoring Summary and circulate to 

USFWS and KIUC for 30-day review and comment.  
Annually by January 30 

USFWS/KIU

C 
Comment on draft annual compliance monitoring report Annually by February 28 

DOFAW 
Finalize and distribute annual compliance monitoring report and 

monitoring procedure modifications for following year.   
Annually by March 30 

*Note:The detailed work scopes and contract documents that will govern implementation of this measure will include a provision requiring each entity carrying out 

the work to inform KIUC promptly should they become aware of any problem that might adversely affect their ability to fulfill their obligations.  Upon receipt 

of any such notification, KIUC will work with the informing party to identify the steps that need to be taken to eliminate the problem and, within 30 days of the 

notification KIUC will present the proposed resolution to the Agencies for review and approval.  Such notification will be provided sooner if, in the opinion of 

KIUC and/or the informing party, earlier notification would promote a speedy resolution.   
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This short-term HCP is unique relative to many other HCP‘s, in that a component of its mitigation 

program consists of conducting research on the Covered Species.  The USFWS and DOFAW have 

determined that such research is necessary to develop a comprehensive conservation program for the 

Covered Species (i.e., DOFAW‘s proposed island-wide Kaua‗i Seabird HCP), and to provide longer-

term incidental take authorization.  Some of these critical research projects in effect constitute 

―Effectiveness Monitoring‖, even though in this HCP they are labeled as ―Mitigation Measures‖.   

Continued implementation of the SOS+ program also provides effectiveness monitoring benefits 

through its enhanced data gathering and analysis procedures.  Continuing to add to the decades-long 

database that has been compiled through the SOS Program will provide important insights into the 

extent to which all measures being carried out on behalf of the Covered Species are leading to 

increased numbers.  The breeding colony management and predator control efforts which this HCP 

will fund in the Limahuli Valley and Hono o Na Pali also has an effectiveness monitoring component.  

7.2.3 ANNUAL REPORT  

For each fiscal year (July 1 to June 30) that this HCP remains in effect, KIUC will prepare and submit 

to DOFAW and USFWS an Annual Report.  That report will include a description of the Program 

Year‘s activities and accomplishments, an analysis of the problems and issues encountered in meeting 

or failing to meet the objectives set forth in the HCP, areas needing additional technical advice, the 

status of funding, and plans and management objectives for the next fiscal year, including any 

proposed modifications thereto.   

As described in Chapter 5, and summarized above in Table 7.1, several different entities will be 

responsible for implementing specific tasks pursuant to this HCP.  KIUC‘s Annual Report will 

describe and discuss all of the implementation work performed by KIUC during the year (including 

the information described in Sections 2.1.5, 2.2.1.1, and 2.2.1.5).  It will also describe and discuss 

tasks implemented by other entities, based on the reports which those entities are obligated to provide 

to KIUC as described in Chapter 5 and Table 7.1.  To ensure that those other entities‘ reports provide 

the appropriate information, the entities responsible for carrying out the measures described in 

Sections 5.6.2 through 5.6.6 will prepare and circulate to all Parties for their review and comment a 

proposed Table of Contents for their future report(s) within sixty days of KIUC depositing funds for 

the work into the Endangered Species Trust Fund.  The Parties will then work cooperatively to reach 

agreement on these Tables of Contents within the following sixty days.   

The schedule for KIUC‘s production of the Annual Report is as follows:   

 KIUC will prepare and circulate to USFWS and DOFAW a draft Annual Report for review and 

comment by July 31.   

  USFWS and DOFAW will provide to KIUC any comments they may have on the draft Annual 

Report by August 31.  The Agencies‘ comments will also address the Agencies‘ conclusions, to be 

based on their analysis of the Underline Monitoring data described in Section 5.6.6 and the prior 

year‘s SOS data, of KIUC‘s compliance with the take limits contained in this HCP and the 

associated incidental take authorizations and whether those take limits should be altered.   

 KIUC will submit to USFWS and DOFAW a final Annual Report by September 30.   

7.3 ADAPTIVE MANAGEMENT  

According to USFWS policy [see 65 Fed. Reg. 35242 (June 1, 2000)], adaptive management is 

defined as a formal, structured approach to dealing with uncertainty in natural resources management, 

using the experience of management and the results of research as an on-going feedback loop for 

continuous improvement.  Adaptive approaches to management recognize that the answers to all 

management questions are not known and that the information necessary to formulate answers is 
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often unavailable.  Adaptive management also includes, by definition, a commitment to change 

management practices when determined appropriate.   

In most HCPs, mitigation measures consist primarily of managing preserved terrestrial or aquatic 

habitat for the benefit of the species in question.  Such habitat is then monitored on a regular basis, 

and the resulting monitoring data is used to ―adapt‖ management efforts over time in order to 

maximize benefits for the species.  In the case of the present short-term HCP, the opportunity for 

adaptive management within the time frame of the HCP is limited.  However, two of the largest 

components of the proposed effort, the SOS Program and the power line monitoring, have 

incorporated within them plans for an annual learning/feedback loop that is intended to make any 

appropriate improvements to the programs based on initial implementation efforts and results.   

The SOS Manual, which guides implementation of the SOS Program, has been updated annually 

since it was first issued in 2005.  The 2009 edition specifically notes this when it states:  

The SOS Operations Manual was envisioned as a “living document” to be revised and 

updated based on practical experience, advances in animal care, and changing data needs. 

This 2009 update of this manual still follows guidelines designed in 2005 by KIUC. This 

includes the procedures which DOFAW established for SOS over time. However, the 

manual continues to incorporate evolving aspects within the program. The annual SOS 

critique meeting with all SOS stakeholders and participants including DOFAW, USFWS, 

KIUC, KHS, Hawaii Wildlife Center (HWC), Kaua„i Veterinary Clinic (KVC) and 

DOFAW„s Kaua„i Endangered Seabird Recovery Project (KESRP) held at the end of each 

season has been particularly helpful in assessing the Program„s evolution. As the overseer 

of the program, DOFAW will ultimately decide whether to adopt this revised Manual in 

whole or in part. 

Similar provisions for adaptive management are being built into the proposed monitoring program.  

For example, the monitoring plan concept provides for beginning with ground surveys and/or 

alternative methods (e.g., bird-strike indicators), possibly carried out in conjunction with concurrent 

radar observations conducted in the vicinity of an agreed-upon subset of KIUC‘s power lines for the 

first two years, with monitoring during the remaining years of the ITP/ITL to be determined by the 

Parties based on the results of the first two years of monitoring.   

7.4 NO SURPRISES ASSURANCES, & CHANGED/UNFORESEEN 

CIRCUMSTANCES 

7.4.1 OVERVIEW 

The USFWS‘ ―No Surprises‖ Rule (50 CFR 17.22, 17.32) provides that once an incidental take 

permit has been issued, and so long as the HCP is being properly implemented, the USFWS will not 

require the commitment of additional conservation or mitigation measures by the permittee (including 

additional land, water, or financial contribution, or additional restrictions on the use of land, water, or 

other natural resources) beyond the level provided in the HCP, without the permittee‘s consent.     

To implement these assurances, an HCP must identify and analyze reasonably foreseeable ―Changed 

Circumstances‖ that could affect a species or geographic area during its term (50 CFR 17.3).  Should 

such a Changed Circumstance occur, the permittee is required to implement the measures specified in 

the HCP to respond to this change.  

In contrast, ―Unforeseen Circumstances‖ are events affecting a species or geographic area covered by 

the HCP that:  (1) could not reasonably have been anticipated by the applicant or USFWS/DLNR 

during the development of the HCP, and (2) result in a substantial and adverse change in the status of 

a Covered Species.  The USFWS bears the burden of demonstrating that Unforeseen Circumstances 

exist, using the best scientific and commercial data available.  If an Unforeseen Circumstance occurs 
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during the term of the HCP, and if the USFWS determines that additional conservation and mitigation 

measures are deemed necessary to respond to such Unforeseen Circumstances, then the USFWS may 

require more conservation measures of the permittee, but only if such measures are limited to 

modifications within conserved habitat areas, if any, or to the HCP‘s operating conservation program 

for the affected species, and if such measures maintain the original terms of the HCP to the maximum 

extent possible.  (50 CFR 17.22).   

DLNR provides generally similar assurances, but without differentiating between Changed 

Circumstances and Unforeseen Circumstances.  These assurances are specified by statute (HRS 

§195D-23).   

7.4.2 CHANGED CIRCUMSTANCES 

The following sections identify the Changed Circumstances which are reasonably foreseeable by 

KIUC, the USFWS, and DLNR.   

7.4.2.1 Listing of New Species  

Species not listed as threatened or endangered under the Federal ESA or HRS Chapter 195D at the 

time this HCP is approved and that are not addressed as Covered Species in this HCP will not 

automatically be included in the incidental take permits should they become listed during the term of 

this HCP.  To the extent that KIUC, the USFWS or DLNR determine that any newly listed species 

would likely be taken by, or that the designated Critical Habitat of such species would be adversely 

modified or destroyed as a result of, the Covered Activities, KIUC will implement measures 

identified by the USFWS and/or DLNR to avoid or minimize take or adverse modification or 

destruction of Critical Habitat until such time as its incidental take permits are amended to obtain 

permit coverage for these species or until the USFWS and DLNR notify KIUC that such measures are 

no longer needed.   

Unforeseen Circumstances: There are no unforeseen circumstances associated with the listing of new 

species under the ESA.  

7.4.2.2 Designation of Critical Habitat 

If the USFWS designates Critical Habitat for one of the Covered Species, and such Critical Habitat 

may be adversely modified by the Covered Activities, the USFWS may consider this to be a Changed 

Circumstance.  If the USFWS makes such a determination, then it will reevaluate the incidental take 

permit and may revise the activities covered by it to ensure that the activities allowed by the permit 

are not likely result in adverse modification of any designated Critical Habitat.  KIUC will implement 

such necessary modifications until such time as it has applied for and the USFWS has approved an 

amendment of the incidental take permit in accordance with applicable statutory and regulatory 

requirements, or until the USFWS notifies KIUC that the modifications are no longer required.   

Unforeseen Circumstances: There are no unforeseen circumstances associated with the designation of 

new Critical Habitat under the ESA.  

7.4.2.3 Hurricane 

Hurricanes periodically strike or affect the island of Kaua‗i.  The two most recent hurricanes to affect 

the island were Iwa in 1982, and ‗Iniki in 1992.  Hurricane ‗Iniki caused devastating damage.   

Risk Assessment.  Hurricanes can affect the activities covered by the HCP in several ways.  First, they 

can result in the sudden and widespread destruction of KIUC facilities that require extensive and 

immediate repair, thereby requiring an intensity and immediacy of work not otherwise needed.  

Second, a hurricane may pose a threat to the Covered Species by directly killing adult birds, severely 

altering protective vegetation in breeding colonies thereby resulting in increased exposure to 

predation by alien mammalian species, and (depending on the time of year it strikes) by killing eggs 

and chicks before they have fledged.  Finally, they can alter the natural and built environment in areas 
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surrounding KIUC facilities in ways that increase or decrease the potential effects of those facilities 

on the Covered Species.   

Assessment of Likelihood of Occurrence.  As noted in Section 3.2.3.4, several hurricanes have struck 

or affected Kaua‗i in the last 50 years.  Because climatic trends point toward a period of increased 

cyclonic storms in this part of the Pacific Ocean, the likelihood of a hurricane striking the island 

during the term of this HCP is sufficient to warrant treating the event as a Changed Circumstance.   

Preventative Measures.  No measures are available to prevent hurricanes in the HCP area.  KIUC‘s 

policy of undergrounding key facilities where practical will reduce the extent of the facilities that 

could be affected by future hurricanes and, therefore, the potential need for emergency repair work 

that could affect the Covered Species.  Some of the mitigation measures identified in the HCP are 

aimed at enhancing and managing breeding colony habitat; to the extent that they create additional 

nesting areas that may escape hurricane force winds that devastate other unprotected areas, these may 

minimize the potential adverse effects of a hurricane compared with the net effects which could occur 

were such measures not instituted.  While not entirely ―preventative‖, the enhanced veterinary 

response that is a part of the SOS+ program that is part of the HCP is likely to result in the survival of 

birds that would otherwise die as a result of hurricanes.   

Planned Response.  Since hurricanes are a natural occurrence which cannot be prevented, no specific 

response to a hurricane is planned.  Should a hurricane strike Kaua‗i during the term of the HCP, 

resulting effects on the Covered Species will be considered based on the best available information at 

the time, and habitat enhancement and management efforts may be modified should the parties to the 

HCP determine that a response is necessary.  In evaluating how to repair any lines that might be 

destroyed in the event of a hurricane occurring during the HCP term, KIUC will consider the costs 

and benefits of undergrounding those lines (e.g., underground lines would be safe from future 

hurricanes, underground lines do not cause take of Covered Species and thus do not require 

mitigation for take).  As discussed in Section 5.5.1, KIUC has already committed to using shielded 

lights for all streetlights needing repair or replacement.   

Unforeseen Circumstances.  No unforeseen circumstances exist for this event.  

7.4.2.4 Invasive Species 

Introduced alien species of both plants and animals have had, and will continue to have, a detrimental 

effect on the Covered Species.  Alien plants have displaced native vegetation from former breeding 

colony areas, greatly reducing or even eliminating the suitability of the area for Covered Species.  

Predation by alien mammalian species has been shown to constitute the greatest single threat to the 

Covered Species.   

Risk Assessment.  Based on current information, alien plant and animal species pose a substantial risk 

to the Covered Species.    

Assessment of Likelihood of Occurrence.  Existing data indicate that alien plants and animals are 

currently having a substantial adverse affect on the Covered Species.  The likelihood that the threat 

from this source will increase during the term of this HCP is sufficient to warrant treating the event as 

a changed circumstance.  

Preventive Measures.  Breeding colony habitat enhancement and management activities which are in 

part focused on the control of alien species are a key component of the conservation program in this 

HCP.  Such efforts are already being implemented at Lehua Island, and others will be implemented at 

the Upper Limahuli Preserve as described in Chapter 6.    

Planned Response to Invasive Species.  The breeding colony habitat enhancement and management 

activities to be funded as described in Chapter 6 will focus on controlling alien mammalian predators.  

Some recent studies have shown, however, that alien plant species can also cause severe adverse 
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effects on the Covered Species.  Accordingly, potential adverse impacts of alien plant species will be 

considered as part of the colony management work in the Upper Limahuli Preserve.   

Unforeseen Circumstances: Due to the well-documented effects of alien plants and animals on the 

Covered Species, no unforeseen circumstances exist for this event. 

7.4.2.5  Loss of Shielding Vegetation at Reconfigured Lines 

Pursuant to Section 5.4.2.4, KIUC will reconfigure certain power line segments to reduce or eliminate 

the risk of seabird collisions.  Many of those reconfiguration projects are premised upon the shielding 

effect of existing vegetation.  Such vegetation could be removed or destroyed, thereby eliminating 

such shielding effect. 

Risk Assessment.  The loss of shielding vegetation at the site of the reconfigured lines could increase 

the risk to the Covered Species. 

Assessment of Likelihood of Occurrence.  As described in Section 5.4.2.4, KIUC will use its best 

efforts to ensure the continued and ongoing presence of such shielding vegetation.  However, the loss 

of such vegetation could nevertheless occur, such as due to removal by the private landowner over 

whom KIUC has no control, or due to severe storms.  The possibility of such an occurrence is 

sufficient to warrant treatment as a changed circumstance. 

Preventative Efforts.  As described above, KIUC will use its best efforts to ensure the continued and 

ongoing presence of such shielding vegetation, through the acquisition of conservation easements or 

other similar legal instruments from or agreements with the landowners. 

Planned Response.  Within sixty days of a significant loss of such shielding vegetation (e.g., more 

than 100 linear feet for a reconfigured line segment classified as presenting a very high or high take 

risk), KIUC will analyze the feasibility of alternative means of eliminating the increased collision risk 

posed by such loss.  Such alternatives could include, but need not be limited to, planting fast-growing 

replacement vegetation, lowering and/or reconfiguring the power lines in the affected area, 

undergrounding the power lines in the affected area, and re-routing the power lines in the affected 

area.  KIUC will immediately then present the results of its analysis to, and promptly confer with, the 

USFWS and DOFAW.  KIUC and the Agencies will then work collaboratively to select the most 

suitable, feasible alternative, which KIUC shall then implement as soon as possible. 

7.5 FUNDING 

7.5.1 FUNDING FOR MINIMIZATION AND MITIGATION MEASURES 

As described in this HCP, KIUC has already implemented many minimization and mitigation 

measures and paid for these out of the Cooperative‘s funds.  The total estimated annual cost of 

implementing this HCP for the up-to five years that it may be in effect is summarized in Table 7.2.   
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Table 7.2 Annual HCP Expenditures Following Permit Issuance   

Item(s) 

Amount (US 2010$)
*
  

Year 1 Year 2 Year 3 Year 4 Year 5 
5-Year 

Total 

SOS Program $200,000 $200,000 $200,000 $200,000 $200,000 $1,000,000 

Limahuli Valley
(Note

 
1) 

$227,691 $264,267 $260,830 $271,330 $255,808 $1,279,926 

Hono o Na Pali $177,000 $115,000 $115,000 $115,000 $115,000 $637,000 

Auditory Survey for Colonies $98,000 $98,000 $0 $0 $0 $196,000 

At-Sea Population Estimate $100,000 $0 $0 $0 $0 $100,000 

Underline Monitoring
68

 $180,000 $180,000 $180,000 $180,000 $180,000 $900,000 

Habitat Improvement In Wainiha 

Valley
(Note

 
2)

 
$0 $0 $0 $271,000 $271,000 $542,000 

DOFAW Radar Monitoring 
(Note

 
3)

 $0 $0 $0 $80,000 $0 $80,000 

DOFAW Compliance Monitoring 
(Note 4)

 $100,000 $100,000 $100,000 $100,000 $100,000 $500,000 

Mitigation Subtotal $1,082,691 $957,267  $855,830  $1,217,330  $1,121,808  $5,234,926 

Reconfiguration of Overhead  Lines $1,125,154 $2,097,524  $980,028 $903,766  $1,000,000  $6,106,472 

Minimization Subtotal $1,125,154 $2,097,524  $980,028 $903,766  $1,000,000 $6,106,472 

GRAND TOTAL $2,207,845  $3,054,791  $1,820,479  $2,121,096  $2,121,808  $11,341,398 

Note 1: Contingency for Limahuli could increase the amount for that item.   

Note 2: The total annual cost based on the highest year (Year 4) cost in Limahuli Valley.  

Note 3: Allowance only.  To be expended if State funding is no longer available.   

Note 4: Financial contribution requested by DOFAW to provide compliance monitoring under HRS 195D.   Exact 

funding for this item TBD but will not exceed $100,000/year.   

Note 4: Years 3, 4, and 5 reconfiguration projects will be determined in consultation with USFWS & DOFAW. 

*
 The estimates are in 2010 dollars, and will be adjusted as appropriate during the term of the HCP to account for 

inflation.  The adjustment will be made using the Consumer Price Index (CPI) for Honolulu.  
 

Source: Compiled by Planning Solutions, Inc.   

 

The breakdown of the power line reconfiguration costs shown in Table 7.2 are given in Table 7.3.  In 

some cases, the exact location where work would be undertaken has not yet been determined.   

 

 

 

 

 

 

 

 

                                                 
68 As noted in Sections 1.2.7 and 5.6.6, KIUC will spend up to $180,000 per year for each of the first two years of the HCP 

on underline monitoring.  KIUC will also fund or conduct additional follow-up underline monitoring in the remaining 
years of this HCP as later determined by the Parties to be appropriate based on the results of the first two years of 
monitoring.  Since the cost of such additional follow-up monitoring is unknown, KIUC has used the same $180,000 per 
year figure for Years 3, 4 and 5.   
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Table 7.3. Line Reconfiguration Cost Estimates by Year and Segment.   

Segment Year 1 Year 2 Year 3 Year 4 Year 5 
5-Year 

Total 

Keālia Kawaihau to Mailihuna $721,474     $721,474 

Keālia Mailihuna to Ka‗ao $187,680
1
 $1,939,124    $2,126,804  

Hanapēpē - Port Allen Side of 

River to Hanapēpē Side of river 
  $157,020   $157,020  

Hanapēpē river to Lele Rd    $403,766  $403,766  

Hanapēpē Town Bridge $216,000     $216,000  

Kapa‗a Taco bell to Kapa‗a 

substation 
 $158,400    $158,400  

Kapa‗a bridge   $73,008   $73,008  

Not Yet Determined   $750,000 $500,000 $1,000,000 $2,250,000 

Total by Year $1,125,154 $2,097,524 $980,028 $903,766 $1,000,000 $6,106,472 

Note 1: Amount is for Keālia Bridge.  

Source: KIUC ―Minimization Spreadsheet‖ dated September 27, 2010.   

 

 

The U.S. Department of Labor‘s Bureau of Labor Statistics updates the Honolulu CPI twice each 

year.  The CPI for the first half of the year (January through June) is usually issued in August; the CPI 

for the second half of the year is issued in February.  For the purpose of this HCP, KIUC will pay the 

year-over-year inflation adjustment for each calendar year in a lump sum no more than 30 days after 

the year-end CPI figures are released.  In general, this means that the inflation adjustment will be paid 

in March of each year.
69

   

Section 10(a)(2)(B)(iii) of the ESA requires an HCP applicant to ensure that adequate funding for the 

plan will be provided.  Similarly, HRS Section 195D-4(g) requires the applicant to guarantee that 

adequate funding for the plan will be provided.  However, Section 195D-4(g) also requires the 

applicant to ―post a bond, provide an irrevocable letter of credit, insurance, or surety bond, or provide 

other similar financial tools, including depositing a sum of money in the endangered species trust 

fund created by section 195D-31, or provide other means approved by the board, adequate to ensure 

monitoring of the species by the State and to ensure that the applicant takes all actions necessary to 

minimize and mitigate the impacts of the take.‖   

As the public utility which provides the sole electrical service on the island, KIUC receives a 

continual and reliable stream of income from its residential, commercial and government entity 

customers.  As required by the Public Utilities Commission, its rates for electrical service provide 

sufficient revenue to cover the cost of its operations.  KIUC‘s Board of Directors has determined that 

its revenue stream is sufficient to cover the cost of implementing this HCP.   

                                                 
69 To illustrate this using the dollar amounts shown in Table 7.2, if ―Year 1‖ is 2010 and if the CPI increases by 4 percent 

over the course of January-December 2010, then the inflation adjustment for that year would be $31,320 (calculated as 
$783,000*.04 ), and KIUC would pay that amount in March 2011.   
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By resolution, the KIUC Board of Directors will approve the HCP and Implementing Agreement, 

which will bind KIUC to carrying out the terms and conditions and funding obligations of the HCP.  

As part of these obligations, for the duration of the HCP, KIUC in its annual budget process will 

include a budget line item that is sufficient to cover all HCP obligations.  KIUC will document the 

approval of this budget line item each year in the annual report it will file pursuant to Section 7.2.3.  

In addition, KIUC will post a bond or provide an irrevocable letter of credit in the amount of 

$250,000 to further guarantee funding will be available to implement its obligations under this HCP.   

Given its reliable public utility income stream, its legal obligations under the HCP and Implementing 

Agreement, its annual budgeting commitment, and the additional safeguard of a bond, KIUC has 

satisfied the funding assurance and guarantee requirements of both the ESA and Chapter 195D.   

7.5.2 FUNDING FOR CHANGED CIRCUMSTANCES 

Given the nature of KIUC‘s facilities and activities, KIUC does not expect that any new species 

listings, or any new designation of Critical Habitat for listed species, would result in any requirements 

to take any specific action to avoid take, jeopardy or adverse modification, beyond the measures 

specified in this HCP.  As a result, KIUC does not expect to incur any additional costs should such 

Changed Circumstances occur.   

With respect to hurricanes and invasive species, KIUC expects that any warranted future changes to 

alien species control and bird monitoring efforts (as described in Section 5.6.2) would require only a 

re-direction of funds already provided for in the HCP, and not any additional funds.  In contrast, 

should a hurricane cause damage to predator control infrastructure items funded in whole or in part 

through this HCP, KIUC will contribute up to the amount of money originally provided for such 

infrastructure item(s) (as described in Table 5.4 ), adjusted for inflation, to repair or replace such 

item(s).  KIUC‘s operating revenues would be sufficient to cover such an emergency expense.   

7.6 IMPLEMENTING AGREEMENT  

An Implementing Agreement which specifies the obligations of KIUC, the USFWS and DLNR with 

respect to this HCP has been executed, and is attached as Appendix D. 

7.7 REVISIONS AND AMENDMENTS 

There are two types of changes which may be made to the HCP and/or the incidental take permits: 

Minor Amendments and Major Amendments.  All revisions and amendments will be processed in 

accordance with all applicable legal requirements.  The USFWS is not required to approve 

amendments made to the incidental take license by DLNR, and DLNR is not required to approve 

amendments made to the incidental take permit issued by USFWS.   

7.7.1 MINOR AMENDMENTS 

Minor Amendments are changes to the HCP provided for under the operating conservation program, 

including adaptive management changes and responses to Changed Circumstances.  They also include 

revisions which do not significantly modify the scope or nature of activities or actions covered by the 

incidental take permits in terms of their affect on the Covered Species.  Minor Amendments may 

include, but are not limited to, the following:   

 Correction of any maps or exhibits to correct errors in mapping or to reflect previously approved 

changes in the HCP and/or incidental take permits.   

 Modifying existing or establishing new measures to further minimize or avoid take of the Covered 

Species.   

 Modifying reporting protocols for Annual Reports.   

 Minor changes to monitoring or reporting protocols.   
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 Revising breeding colony habitat enhancement and management techniques.   

 Any other modifications to the HCP that are consistent with the biological goals and objectives 

described in Section 5.3 that will not result in operations under the HCP that are significantly 

different from those analyzed in connection with the HCP as approved, adverse impacts on the 

environment that are new or significantly different from those analyzed in connection with the HCP 

as approved, or take of Covered Species not analyzed in connection with the HCP as approved, 

including but not limited to the approval or execution of agreements to facilitate execution and 

implementation of the HCP, or actions by KIUC to delegate any of its duties under this HCP to a 

third party under its direct control.   

KIUC, DLNR or USFWS may submit a proposed Minor Amendment, including a schedule for 

implementation, to the other Parties for consideration.  The other Parties shall each respond in writing 

and will employ their best efforts to respond within sixty (60) calendar days of receipt of the request.  

The responses should either (1) concur with the proposed Amendment; (2) concur with the proposed 

Amendment with requested changes; (3) identify additional information necessary to enable 

evaluation of the proposed Amendment, or (4) disapprove the proposed Amendment, stating reasons 

for the disapproval.  All Parties must agree in writing to any Minor Amendment, including the 

schedule for implementation, before implementation of such Amendment.  Any proposed Minor 

Amendment which is disapproved by one of the Parties may be resubmitted as a proposed Major 

Amendment.   

7.7.2 MAJOR AMENDMENT 

A Major Amendment includes but is not limited to the following:  

 Adding a new species to the list of Covered Species contained in the HCP and/or the incidental take 

permits. 

 Changes to the Covered Activities which were not addressed in the HCP as originally adopted, and 

which otherwise do not meet the criteria for a Minor Amendment as discussed above. 

 Extending the term of the incidental take permits. 

A Major Amendment requires submittal to the USFWS and DLNR of a written application and 

implementation of all permit processing procedures applicable to an original incidental take permit.  

The specific documentation required to comply with the Federal ESA, HRS Chapter 195D, and the 

National Environmental Policy Act may vary based on the nature of the amendment.   

7.8 SUSPENSION/REVOCATION  

The USFWS or DLNR may suspend or revoke their respective permits if KIUC fails to implement the 

HCP in accordance with the terms and conditions of the permits or if suspension or revocation is 

otherwise required by law.  Suspension or revocation of the permits shall be done in accordance with 

applicable federal or state law.  

7.9 TRANSITION TO KSHCP 

As described in Chapter 1, this Short-Term HCP and the associated take authorizations would be 

valid until such time as the KSHCP is approved, or up to 5 years from the time of issuance, whichever 

is shorter.  KIUC, DOFAW, and the USFWS all anticipate that the Short-Term HCP and associated 

take authorizations will in fact be in place for a far shorter amount of time, as this Revised Short-

Term HCP now clarifies that it will be superseded by the KSHCP and associated take authorizations 

as soon as those are approved and issued (which DOFAW and USFWS currently anticipate will occur 

in late 2011 or early 2012.  The potential 5-year term of this Short-Term HCP ensures that KIUC will 

continue implementing conservation measures in the event the KSHCP is delayed.   
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KIUC anticipates that many or all of its conservation measure and related obligations under this 

Short-Term HCP will ―rollover‖ and continue to be obligations under the KSHCP (unless they are 

specifically modified during the course of the KSHCP process.  It also understands that additional 

obligations may accompany any long-term take authorizations that result from participation in the 

KSHCP.  In the unlikely event that long-term take authorizations under the KSHCP are not available 

to KIUC at the end of the 5-year term of this Short-Term HCP, this Short-Term HCP and its 

associated incidental take authorizations may be extended with the agreement of KIUC, DOFAW and 

the USFWS, to the extent allowed by law.   

7.10 PERMIT RENEWAL 

Upon expiration, and to the extent permitted by law, the incidental take permits may be renewed 

without the issuance of a new permit, provided that the permit is renewable, and that biological 

circumstances and other pertinent factors affecting the Covered Species are not significantly different 

than those described in the original HCP.  To renew the permit, KIUC must submit to the USFWS 

and DLNR, in writing:  

 A request to renew the permits;  

 Reference to the original permit numbers;  

 Certification that all statements and information provided in the original HCP and permit 

application, together with any approved HCP amendments, are still true and correct, or inclusion of 

a list of changes;  

 A description of what take has occurred under the existing permit; and  

 A description of what activities under the original permit the renewal is intended to cover.  

If the USFWS and/or DLNR concur with the information provided in the request, they shall renew the 

permit consistent with their respective permit renewal procedures.  If KIUC files a renewal request 

and the request is on file with the USFWS and DLNR at least 30 days prior to the permits‘ expiration, 

the permits shall remain valid while the renewal is being processed, provided the existing permit is 

renewable.  If KIUC fails to file a renewal request 30 days prior to permit expiration, the permits shall 

become invalid upon expiration.  KIUC must have complied with all annual reporting requirements to 

qualify for a permit renewal.  

7.11 PERMIT TRANSFER 

In the event of sale or transfer of ownership of KIUC or any of its facilities during the term of the 

permits, a new permit application, permit fee, and an Assumption Agreement will be submitted to the 

USFWS and DLNR by the new owner(s).  The new owner(s) will commit to all requirements 

regarding the take authorization and mitigation obligations of this HCP unless otherwise specified in 

the Assumption Agreement and agreed to in advance by the USFWS and DLNR.   
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CHAPTER 9 –   GLOSSARY OF TERMS AND ACRONYMS 

Adaptive management 

 A method for examining alternative strategies for meeting measurable biological 

goals and objectives, and then, if necessary, adjusting future conservation 

management actions according to what is learned.   

ahupua„a A traditional unit of land in ancient Hawai‗i that usually includes a region between 

two bounding ridges, from the ocean to the mountain peaks 

ABSS All dielectric self-supporting  

Alien  Introduced to Hawai‗i by humans 

APLIC Avian Power Line Action Committee 

APP Avian Protection Plan (USFWS) 

Biological goals  

 The broad, guiding principles for the operating conservation program of the HCP. 

Habitat-based goals are expressed in terms of amount and/or quality of habitat. 

Species-based goals are expressed in terms specific to individuals or populations of 

that species. 

Biological objectives  

 The different components needed to achieve the biological goal such as preserving 

sufficient habitat, managing the habitat to meet certain criteria, or ensuring the 

persistence of a specific minimum number of individuals.   

BLNR Board of Land and Natural Resources, State of Hawai‗i  

CFC National Rural Utilities Cooperative Finance Corporation is an independent (private) 

non-profit cooperative association organized in 1969 to raise funds from the private 

capital markets to supplement the loan programs for electric cooperatives offered by 

the Rural Utilities Service (RUS).   

CFR Code of Federal Regulations 

Crepuscular Active at twilight hours (dawn and dusk) 

CT Combustion turbines are rotary engines that extracts energy from a flow of 

combustion gas. It has an upstream compressor coupled to a downstream turbine, and 

a combustion chamber in-between.   

dB Decibel, the basic, logarithmic unit of sound level measurement 

dBA A-weighted sound level: Sound level measurement weighted to be most sensitive to 

the frequencies audible to the human ear 

DBEDT Department of Business, Economic Development and Tourism, State of Hawai‗i 

DLNR Department of Land and Natural Resources, State of Hawai‗i 

DOFAW Division of Forestry & Wildlife (DLNR) 

DOH Department of Health, State of Hawai‗i 

EMD Electro-Motive Diesel, Inc., is a privately held company that designs, manufactures, 

and sells diesel power engines.   

Endangered  Listed and protected under the State or Federal Endangered Species Acts as an 

endangered species 

Endemic  Native and unique to the Hawaiian Islands 

ENSO El Niño/La Niña-Southern Oscillation, or ENSO, is a quasi-periodic climate pattern 

across the tropical Pacific Ocean. It is characterized by variations in the temperature 
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of the surface of the tropical eastern Pacific Ocean - warming or cooling known as El 

Niño and La Niña respectively - and air surface pressure in the tropical western 

Pacific - the Southern Oscillation.   

EPA Environmental Protection Agency 

EPRI Electric Power Research Institute 

ESA Endangered Species Act of 1973, as amended 

ESRC Endangered Species Recovery Committee 

◦F Fahrenheit degrees 

GIS Geographic Information Systems 

HAR Hawai‗i Administrative Rules 

Harass The term ―harass‖ in the ESA definition of take means ―an intentional or negligent 

act or omission which creates the likelihood of injury to wildlife by annoying it to 

such an extent as to significantly disrupt normal behavioral patterns which include, 

but are not limited to, breeding, feeding, or sheltering.‖   

Harm The term ―harm‖ in the ESA definition of take means ―an act which actually kills or 

injures wildlife.  Such act may include significant habitat modification or degradation 

where it actually kills or injures wildlife by significantly impairing essential 

behavioral patterns, including breeding, feeding or sheltering.‖   

HCP Habitat Conservation Plan 

HRS Hawai‗i Revised Statutes 

HRSG Heat Recovery Steam Generator  

IBRCC International Bird Rehabilitation & Rescue Center 

ICM Interim Conservation Measure 

Incidental Take Defined by the ESA as take that is "incidental to, and not the purpose of, the carrying 

out of an otherwise lawful activity." 

Incidental Take Permit (ITP)  

 The incidental take permit process was established under section 10(a)(1)(B) of the 

ESA. Under this provision the Secretary of the Interior and Secretary of Commerce 

may, where appropriate, authorize the taking of Federally listed wildlife or fish if 

such taking occurs incidentally during otherwise legal activities. 

Incidental Take License (ITL) 

 The permission that the State of Hawai‗i grants in accordance with the provisions of 

Chapter 195D, Hawai‗i Revised Statutes (HRS) to take any species that the 

Department of Land and Natural Resources (DLNR) has determined to be in need of 

conservation.  This is the State equivalent of the Federal ESA.   

Indigenous  Native to the Hawaiian Islands, but also found elsewhere naturally 

IOU Investor Owned Utility (IOU) is a for-profit corporation owned and controlled by 

shareholding investors who in most cases are not customers of the utility.   

IPP Independent Power Producer 

KE Kauai Electric Division of Citizens Utilities Corporation  

KHS Kaua‗i Humane Society 

KEBRT Kaua‗i Endangered Bird Recovery Team 

KESRP Kaua‗i Endangered Seabird Recovery Project is a collaboration of events between the 

University of Hawai‗i, the USFWS, and DOFAW. Its purpose is to identify the 
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breeding locations of rare and endangered seabirds living on Kaua`i, monitor their 

populations, identify threats, and initiate conservation efforts to alleviate threats.   

KIUC  Kaua‗i Island Utility Cooperative 

KPS Kapaia Power Station (formerly the Līhu‗e Energy Service Center) is a KIUC 

Generating Station.   

KSHCP Kauai Seabird Habitat Conservation Plan  

kV Kilovolt 

makai Towards the ocean 

mauka Inland; towards the mountains 

MBTA Migratory Bird Treaty Act 

MOA Memorandum of Agreement 

moku District; a Hawaiian land division within an ahupua„a  

MW Megawatt 

NAAQS National Ambient Air Quality Standards 

NEPA National Environmental Policy Act 

NESH Abbreviation for Newell‘s Shearwater 

NHPA National Historic Preservation Act 

NOAA National Oceanic and Atmospheric Administration, Department of Commerce, U.S. 

Federal Government 

Nocturnal  Active at night-time, after dark 

NPS National Park Service, Department of the Interior, U.S. Federal Government 

NTBG National Tropical Botanical Garden.   

OEQC Office of Environmental Quality Control, Department of Health, State of Hawai‗i 

OPGW Optical ground wire  

PM10 Concentration of airborne Particulate Matter that will pass through a 10 micrometer 

filter 

PMRF Pacific Missile Range Facility 

PUC Public Utilities Commission 

ROW Right-of-Way 

RUS Rural Utility Service.  The agency was established on October 20, 1994, pursuant to 

the Department of Agriculture Reorganization Act of 1994, (7 U.S.C. 6941 et seq.). 

and is responsible for administering loan and loan guarantee programs previously 

administered by Rural Electrification Administration,  

SCS Soil Conservation Service, US Department of Agriculture (now the Natural Resource 

Conservation Service) 

SHPD State Historical Preservation Division, Department of Land and Natural Resources, 

State of Hawai‗i 

SHPO State Historic Preservation Officer 

SLUC State Land Use Commission, State of Hawai‗i  

SMA Special Management Area 

SMP Special Management Area Permit 

SOS Save Our Shearwaters program 
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SWD Stork Wartsila Diesel is the manufacturer of diesel-powered generating units at 

KIUC‘s Port Allen Generating Station.   

Take As defined by the ESA: "to harass, harm, pursue, hunt, shoot, wound, kill, trap, 

capture, or collect, or to attempt to engage in any such conduct." 

Threatened   Listed and protected under the ESA as a threatened species 

TMK Tax Map Key 

TNCH The Nature Conservancy of Hawai‗i 

USC United States Code 

USFWS United States Fish and Wildlife Service 

USGS United States Geological Survey  
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APPENDIX A. POWER LINE LOCATIONS OF CONCERN 
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Purpose of the Study

Kauai Electric (KE) has committed to preparing a Habitat Conservation Plan (HCP), and 

applying for an incidental take permit under Section 10 of the ESA, 16 U.S.C. § 1539.  

The HCP will contain conservation measures designed to minimize and mitigate impacts 

of the Company’s facilities on Hawaiian Petrel (Pterodroma sandwichensis)
1
 and 

Newell’s Shearwater (Puffinus auricularis newelli), two seabird species listed as 

threatened and endangered respectively, under the Endangered Species Act of 1973, as 

amended (“ESA”), 16 U.S.C. §§ 1531 et seq..   

In recognition of the current threats to the populations of these birds on Kaua‘i, the 

Company has proposed to undertake certain Interim Conservation Measures (ICMs) 

while the HCP is being developed and before it is approved. While KE and the Service 

have not yet signed a formal Memorandum of Agreement (MOA) on these measures, KE 

has proceeded to implement the ICMs that it has proposed.   

One of the items in KE’s proposed MOA was aimed at gathering additional information 

on areas where KE facilities had been previously identified as potentially causing 

mortality to the two species.  More specifically, it reads, in part: 

KE’s research team will review published information, consult with 

DOFAW and Service representatives, and compile a list of areas where 

mortality is still occurring on a regular basis (i.e., “hotspots” identified 

on page A-1).  Team members will visit these areas and conduct 

appropriate surveys of those that still appear to have conditions likely to 

cause high mortality. This is important because these locations may offer 

some of the best opportunities for management actions that positively 

affect the species.  

Power Line Hotspots 

Members of the study team conducted their survey between July 15
th

 and the 19th, 2002. 

We inspected all historically known areas in which concentrations of downed seabirds 

have been collected by the Save our Shearwaters (SOS) program. They include: (1) 

Waimea at Waimea River valley, (2) ‘Ele‘ele at Hanap p  River valley, (3) L wa‘i at 

L wa‘i Stream valley, (4) Wailua at Wailua River valley, (5) Ke lia at Kapa‘a Stream 

valley, (6) Hanalei at Hanalei River valley, and (7) Wainiha at Wainiha River valley.   

The locations of these areas, which were identified in consultation with Division of Fish 

and Wildlife (DOFAW) and Service staff, are shown on Figure 1.  The aim of the 

inspection was to determine if there are design measures that Kaua‘i Electric could adopt 

to reduce or eliminate the risk that electric power lines and other KE structures pose to 

nocturnally flying seabirds.

1 The Hawaiian endemic endangered sub-species of the Dark-rumped Petrel (Pterodroma phaeopygia
sandwichensis) has been elevated to a full species, based on the differences in vocalizations, and 

morphology between it and the nominate Galapagos species (Pterodroma p. phaeopygia). The new 

common name of the Hawai‘i breeding species is Hawaiian Petrel and the scientific name is (Pterodroma 

sandwichensis) (American Ornithological Union 2002).   
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In addition to examining the known “hotspots”, members of the study team drove the 

major roads during daylight hours looking for other locations where bird/electric power 

line interactions might be of concern.  The roads traveled, which are shown on Figure 2, 

extended from Wainiha Bay on the north shore of the island, to the Pacific Missile Range 

on the southwest shore.

Findings

We identified three areas in which we felt that even after replacing all the unshielded 

lights that the existing power lines still pose risks to one or both of the seabirds under 

discussion.

K hi  Highway Adjacent to Ke lia Beach. The area on the west side of K hi

Highway adjacent to Ke lia Beach has historically been an area from which 

numerous downed birds have been recovered. The current threat has been greatly 

reduced as the ironwood trees located on the west side of the power lines have grown 

tall enough to shield the lines.  However, there is still a gap in the ironwood barrier 

located roughly in the center of this stretch.  Additionally there is another gap across 

from the north end of the beach adjacent to the new post office.  The lines running 

south from Kapa‘a Stream for one span are also unshielded by vegetation.  Kaua‘i 

Electric does have marker balls installed on the span crossing the stream and on the 

one immediately to the north of the stream. Adding marker balls to the three 

unshielded spans identified may help to reduce the risk these lines still pose to 

seabirds.  

Wailua Stream at the Mouth of Wailua Valley.  The area from the Coco Palms Hotel 

south to the Holiday Inn Sunspree Hotel in Wailua has historically been an area from 

which numerous downed birds have been recovered.  The power lines crossing the 

Wailua Stream at the mouth of Wailua Valley still pose a threat to seabirds. The 

combination of the shear size of the valley, coupled with a large number of 

unshielded lights in the Wailua House Lots subdivision located on the north side of 

the river, greatly add to the threat that the unshielded power lines pose to nocturnally 

flying seabirds.

‘Ele‘ele Along Kaumuali‘i Highway.  Numerous downed birds have historically been 

recovered from the area along the transmission lines and supporting towers that 

extend from the Port Allen Generating Station through ‘Ele‘ele along Kaumuali‘i 

Highway. These lines are quite high and are immediately adjacent to a string of 

formerly unshielded street lights. Kaua‘i Electric replaced all of these unshielded 

lights in the summer of 2002, reducing the risk that the lines pose to seabirds.  

However, because these lines are strung well above the mean vegetation height, they 

may still pose a threat to seabirds transiting the area.  

Recommendations 

On the basis of this review, we have the following recommendations:   

KE should install marker balls or other suitable visual deflectors on the three 

unshielded electric power line spans in the Ke lia Beach area and on the transmission 
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lines extending from the Port Allen Generating Station, north to the upper end of the 

‘Ele‘ele subdivision.

We believe the electrical power lines crossing Wailua Stream present more of a 

hazard than do those in the other two locations identified.  KE should install marker 

balls or other suitable visual deflectors on the power line span crossing this stream as 

well as to the adjacent spans on both the north and south side of the bridge.  KE 

replaced the remaining 53 unshielded lights in the Wailua House Lots subdivision in 

July and August, 2002, and there is reason to believe that that this shielding of the 

lights combined with the addition of visual deflectors will significantly reduce the 

downings in this area.  We recommend that KE work with the SOS program to 

closely monitor bird recoveries from this area for the next one to two years to attempt 

to document any change in the number of downed birds recovered.  If KE’s light 

replacement and installation of visual deflectors on these power lines does not lead to 

a significant reduction in the number of downed birds being recovered in this area as 

documented by the SOS program, then KE should consider other means of limiting 

harm for these specific power lines.   

Literature Cited 

American Ornithologist's Union. 2002. Forty-third supplement to the American  

Ornithologist's Union Check-list of North American Birds. Auk 119:847-858 
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GE Lighting Systems, Inc.
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• Powr/Module ballast assembly
• Filtered optics
• Universal two-bolt slipfitter
• Die-cast aluminum housing

with electrocoat gray paint
finish

• Adjustable mogul base socket
(street side) – E39 standard

• ALGLAS®  finish on reflector
• No-tool PE receptacle

• Plug-in ignitor
• True 90° cutoff—no light

above 90° (meets RP8-2000
for full cutoff)

• External stainless steel bail
latch

• /  listed for wet location
available as an option

• Plastic pest guard standard
(not required for 2 in. pipe)

SPECIFICATION FEATURES

M-250A2 POWR/DOOR ® LUMINAIRE
WITH CUTOFF OPTICS

APPLICATIONS
• For residential streets, access roads, parking lots where light
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Introductory Note and Acknowledgments  

The State of Hawaii, through its Department of Land and Natural Resources (DLNR), Division of Forestry and 

Wildlife (DOFAW), has since 1979 operated a program on Kaua‗i called ―Save our Shearwaters‖ or ―SOS.‖  This 

program seeks to recover and return to the wild, downed seabirds such as Newell‘s Shearwaters, Hawaiian Petrels, 

Band-rumped Storm-Petrels and occasionally other species.  In total, citizens have picked up over 32,000 affected 

seabirds and deposited them in state-supplied aid stations.  SOS staff retrieves and releases these birds; over the 30 

years SOS has evolved to record baseline data, mark seabirds with federal bands, and perform basic rehabilitation. 

Since coming into existence on November 1, 2002, Kaua‗i Island Utility Cooperative (KIUC) has worked 

cooperatively with the U.S. Fish and Wildlife Service (USFWS) and the Department of Land and Natural 

Resources, Division of Forestry and Wildlife (DOFAW) on seabird conservation issues.  As part of that effort, 

KIUC contributed substantial funding for and participated in the operation of the DOFAW-run SOS Program in 

2003 and 2004.  KIUC fully funded and implemented the Program for DOFAW from 2005 to 2007, under 

DOFAW‘s oversight.  At the end of the 2007 season, KIUC entered discussions with the Kaua‗i Humane Society 

(KHS) to determine if that agency might be interested in overseeing the day-to-day Program operations.  

Discussions between the two organizations and with the USFWS and DOFAW indicated that such a change would 

be advantageous.  Consequently, beginning in 2008 KIUC has contracted with KHS to operate the SOS Program on 

its behalf in accordance with the provisions of the SOS Program Manual.  KIUC continues to fully fund the 

Program and DOFAW continues to oversee it.  KHS, as Program operator, has furthered the Newell‘s cause by 

providing an isolated recovery facility to treat seabirds injured from fall-out.  This recovery room relieves some 

pressure to ship state and federally protected seabirds off-island for care.  While the majority of fall-out victims can 

be banded and released without rehabilitation, the rehabilitation effort has become an essential part of SOS. 

In 2005, KIUC prepared the first ever SOS Operations Manual detailing the procedures to be followed in managing 

the SOS Program. The SOS Operations Manual was envisioned as a ―living document‖ to be revised and updated 

based on practical experience, advances in animal care, and changing data needs. This 2009 update of this manual 

still follows guidelines designed in 2005 by KIUC.  This includes the procedures which DOFAW established for 

SOS over time.  However, the manual continues to incorporate evolving aspects within the program.  The annual 

SOS critique meeting with all SOS stakeholders and participants including DOFAW, USFWS, KIUC, KHS, Hawaii 

Wildlife Center (HWC), Kaua‗i Veterinary Clinic (KVC) and DOFAW‘s Kaua‗i Endangered Seabird Recovery 

Project (KESRP) held at the end of each season has been particularly helpful in assessing the Program‘s evolution.  

As the overseer of the program, DOFAW will ultimately decide whether to adopt this revised Manual in whole or in 

part. 

SOS would like to express gratitude to Tom Telfer who while DOFAW Kaua‗i Wildlife Manager started and 

nurtured the SOS Program for more than a quarter of a century.  Without him, other DOFAW staff, and the 

hundreds of Kaua‗i residents who have volunteered over the years to recover downed birds and deliver them to the 

SOS Aid-stations, the SOS Program would not exist. 

We would also like to give particular thanks to Thomas Kaʻiakapu and the rest of the present DOFAW staff.  They 

have not only continued Tom Telfer‘s work, they have also been extremely helpful in updating the SOS Operations 

Manual.  We also extend our heartfelt thanks to the 2004-2008 SOS season field crews.  They provided valuable 

insights and recommendations based on their on-ground experience. 

Finally, we would like to thank the numerous people who provided their insights and knowledge and reviewed 

drafts of this document. Their insights have not only improved the SOS Program, they have made this manual more 

readable. Mahalo to Norma Bustos, Scott Fretz, Thomas Ka‗iakapu, and Nick Holmes of DOFAW; to Holly 

Freifeld, Bill Standley, Keith Swindle, and Brenda Zaun of the USFWS; to Linda Elliott with HWC; and to Dr. 

Joanne Woltmon with KVC.  
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CHAPTER 1 -INTRODUCTION 

1.1 BACKGROUND 

1.1.1 ORIGIN AND PURPOSE OF SOS PROGRAM 

Kaua‗i hosts numerous seabird species. The federally threatened Newell‘s Shearwater (Puffinus auricularis newelli) 

and federally endangered Hawaiian Petrel (Pterodroma sandwichensis) breed and burrow in Kaua‗i‘s upper 

elevations, but spend most of their lives at sea.  The state endangered Band-rumped Storm-petrel (Oceanodroma 

castro) likely breeds and burrows in the high-elevation cliffs of Kaua‗i, also spending the majority of its life at sea.  

On Kaua‗i, fledglings of these species make their first flight to the ocean between September and December each 

year, but a significant number are unsuccessful (BNA accounts).  There are believed to be multiple causes of this.  

Of the known causes, many Procellariiformes (‗Petrel‘) fledglings become confused by artificial lights, circling to 

the point of exhaustion, eventually falling to the ground; alternatively, many suffer mortality or severe injury after 

colliding with man-made structures—power lines, buildings, cars, and other obstacles.  This seasonal fall-out 

appears to be a predominately fledgling phenomenon (Telfer et al. 1987).  Few adult birds are found grounded 

during these ―fall-out‖ months or prior to these months, when adults frequently fly to and from their colonies to tend 

to nests.  Based on Kaua‗i‘s long recorded history with the aforementioned species and similar records of ‗petrels‘ 

across the globe (Rodríguez & Rodríguez, 2006), the seasonal groundings of seabird species on Kauaʻi can be 

predicted to some degree—linked closely to ‗petrel‘ breeding cycles and the phases of full moon. 

Since 1979, the State of Hawai‗i, through its Department of Land and Natural Resources (DLNR), Division of 

Forestry and Wildlife (DOFAW), has operated a program on Kaua‗i called ―Save our Shearwaters‖ or ―SOS,‖ 

during the predicted seasonal grounding period described above.  Under this Program, Kaua‗i residents have been 

encouraged to retrieve any ―fall-out‖ seabirds during the season (emphasizing those federally protected but also 

including Kaua‗i endemics such as Wedge-tailed Shearwaters, Tropicbirds, and Boobies).  Public outreach 

emphasizes the need for Kaua‗ians to handle downed birds with a towel and maintain downed birds in an aerated 

box for transit.  Citizens are encouraged to take fall-out victims to local aid stations established at fire stations, 

hotels, and local businesses.    SOS retrieves and releases these birds and sometimes provides treatment to 

compromised birds showing a chance of full recovery.  During the course of the SOS Program‘s 30-year history, 

more than 30,000 Newell‘s Shearwaters, 280 Hawaiian Petrels and 25 Band-rumped Storm-Petrels have been 

recovered.  Approximately 97% of the Newell‘s Shearwaters recovered by SOS have been hatch year birds on their 

first flight to the ocean
1
.  Historically, approximately 90% of these recovered birds survive and are released back 

into the wild with federally-issued permanent bands.  Very few have ever been re-grounded and consequently 

recaptured from a previous banding season; although recaptures of birds downed twice within the same season have 

been documented (2008 data). 

1.1.2 PURPOSE OF SOS PROGRAM OPERATIONS MANUAL 

While the SOS Program started in 1979, it was managed on an ad hoc basis by Kaua‗i‘s DOFAW officers for the 

first 25 years of its existence.  The first comprehensive written guidance was adopted in 2005 by KIUC, as KIUC 

overtook the operation of the Program.  To ensure the needs of the Program were met under its management, KIUC 

prepared the first edition of this SOS Operations Manual detailing the procedures to be followed in managing the 

SOS Program.  From the outset, the SOS Operations Manual was envisioned as a ―living document‖ to be revised 

and updated annually based on practical experience, advances in animal care, changing data needs, and shifting 

management.  For the 2008 SOS season, KHS replaced KIUC as the principal coordinating officer of SOS, and this 

edition of the SOS Operations Manual updates the manual to reflect the changes in management, protocols, 

procedures and specific methodologies being employed by KHS.   

KHS continues to follow the basic principles of the SOS Program established by DOFAW as far back as 1979.  The 

purpose of the manual continues to be to provide clear, scientifically based guidance that will allow the program to 

recover as many downed birds as possible and ensure that the recovered birds are handled in such a way as to 

maximize the number of birds that are released in a healthy condition each year.  This edition of the manual has 

been prepared with input and review from USFWS and DOFAW biologists, wildlife program managers, and other 

stakeholders and participants, including the Kaua‗i Humane Society (KHS), the Hawai‗i Wildlife Center (HWS) 

                                                           
1
 The age class of the birds is determined by examining the birds for remnant natal down and pristine flight feathers.  Those birds with down 
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and Kaua‗i Veterinary Clinic (KVC).  With KHS‘s assumption of responsibility for the day-to-day operation of the 

Program beginning in 2008 (full-funding still provided by KIUC, pursuant to KIUC‘s proposed Habitat 

Conservation Plan submitted to USFWS and DOFAW in October 2007), this edition of the SOS Operations Manual 

represents the 2008 Program‘s tested processes and successful methods. 

1.2 ORGANIZATION OF THIS MANUAL 

The remainder of this manual is divided into the following parts: 

Chapter 2 details the requirements for individuals involved with SOS, in addition to specific obligations—the 

specific duties and responsibilities of each SOS position. 

Chapter 3 gives an overview of the expected year, detailing key program schedule milestones. The federal and state 

banding and endangered species permits needed to operate the SOS Program in accordance with both federal and 

state wildlife regulations are also detailed in this section. 

Chapter 4 describes and details the extensive training program that all SOS personnel will be required to complete. 

The training program includes both theoretical and practical training in bird identification, animal handling, bird 

banding, rehabilitation and veterinary intervention guidelines, release parameters and protocols, data collection, and 

field operations and safety. 

Chapter 5 describes rehabilitation and veterinary intervention guidelines and details specific rehabilitation and 

veterinary actions and release parameters for rehabilitated seabirds. 

Chapter 6 describes data analysis and reporting guidelines and timelines. 

Chapter 7 consists of appendices that contain a wide range of related material. It provides contact information for 

all entities and parties involved in the SOS Program as well as copies of all of the SOS Program data forms and the 

Master Database template that will be used in entering and reporting data and other ancillary information required 

to manage the SOS Program on an annual basis.  Some major information in the manual is summarized to provide a 

quick reference for seasonal technicians. 
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CHAPTER 2–STAFF RESPONSIBILITIES AND QUALIFICATIONS 

2.1 INTRODUCTION AND OVERVIEW 

SOS staff will consist of a Program Manager, a Program Coordinator, a part-time Lead Technician, and two to three 

seasonal technicians from September until December.  All personnel are hired as employees of KHS, the current 

operator of SOS.  The Program Manager will be held responsible for the Program, reporting regularly to KIUC and 

ultimately reporting to the Kaua‗i DOFAW office.  The Program Coordinator will have basic control over the day-

to-day responsibilities of SOS.  The part-time Lead Technician could take on Program responsibilities year-round 

when the need arises (the ―need‖ mainly being seabirds requiring rehabilitation in the off-season).  This position has 

become a significant part of the Program and has thus far been filled by a committed SOS veteran technician.  SOS 

will hire two full-time seasonal positions between September and December (and one part-time seasonal worker on 

weekends) each year; they will hopefully be appropriate in number and duration of employment.  In addition to this 

set staffing, SOS is sometimes able to incorporate regular KHS employees and volunteers into the SOS Program as 

well. 

2.2 PROGRAM MANAGER RESPONSIBILITIES AND QUALIFICATIONS 

2.2.1 PROGRAM MANGER RESPONSIBILITIES 

As a part of Kaua‗i Humane Society, SOS will benefit from the oversight of the KHS Executive Director Rebecca 

Rhoades, DVM, who assumed the role of SOS Program Manager (PM) in 2008.  As long as the SOS Program 

remains one of KHS‘s programs, it seems appropriate, as primarily a 4-month operation, for the KHS Executive 

Director to oversee SOS with regards to budget and staffing.  This will allow the needs of this growing Program to 

be met under the Kaua‗i Humane Society.  In addition, the PM will continue to consult with Linda Elliott, HWC 

President, who has made herself available to the SOS Program for year-round consult.  The PM will also coordinate 

with Dr. Joanne Woltmon, DVM of Kauaʻi Veterinary Clinic, who has many years of experience working with wild 

and captive seabirds and is permitted to do so.  The PM will be readily available during the shearwater fall-out 

season, providing a professional opinion as to basic bird health.  This will most likely require her to take at least one 

feeding shift in the rehabilitation room each week.  She will, under advisement from KIUC (through Carey Koide, 

KIUC‘s SOS contact and Reginald David, the primary KIUC biological consultant) and DOFAW (through Thomas 

Ka‗iakapu, the present Kaua‗i Wildlife Manager), choose a Program Coordinator to head up the day-to-day 

scheduling and running of the SOS Program.  She will hire and manage the rest of the SOS personnel, with input 

provided by the SOS Coordinator.  

2.2.2 PROGRAM MANAGER QUALIFICATIONS 

The Program Manager should have at least three years of experience in handling birds.  Management skills are 

essential.  Those assuming the position should have excellent computer and inter-personal communication skills, 

since a large portion of the work involves managing people and interacting with multiple agencies, working groups, 

and private entities.  Previous experience with the SOS Program or a similar wildlife recovery program is desirable.  

Some understanding of database maintenance and distribution is needed.  Previous experiences identifying and 

securing wildlife research grants are desirable.  Certification as an avian rehabilitator or the willingness to undergo 

off-island seabird rehabilitation training on the Mainland is desirable.  The program manager will be required to 

complete the staff training program described in Chapter 4, and to show sufficient proficiency to be able to oversee 

SOS personnel in the various skills required to fulfill their specific jobs.  

2.3 PROGRAM COORDINATOR QUALIFICATIONS AND RESPONSIBILITIES  

2.3.1 COORDINATOR QUALIFICATIONS 

Since KHS has just recently entered the wildlife field, its SOS Program needs a Program Coordinator possessing at 

least a Bachelor‘s degree in the environmental sciences, with a relevant Master‘s degree preferred.  Two years of 

experience in managing field crews mandatory, as is facility with data analysis and report preparation and attendant 

computer skills.  Additional skills or qualifications must include either a rehabilitation license, seabird-specific 
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work in the Hawaiian Islands, sea-life triage work (such as oil spill emergency response), or banding experience 

with upwards of 500 individual seabirds or waterbirds.   

(In 2009 KHS had the SOS Coordinator complete online courses offered by the International Wildlife Rehabilitation 

Council:  Fluid Therapy and Euthanasia in Wildlife Rehabilitation, totaling at least 10 hours of course work. Both 

courses proved very helpful in moving the Program forward by promoting a better understanding of commonly used 

rehabilitation techniques.  The Coordinator should pursue more coursework—along similar lines—in the future.  

Hence, both classes are recommended for future SOS staff.  Also in 2009, KHS sent its SOS Program Coordinator 

to Kure Wildlife Refuge in the Paphānaumokuākea National Marine Monument to assist the Refuge in its objectives 

while receiving training and valuable field experience monitoring Hawaii‘s seabirds in their natural habitat—

banding or handling over 800 seabirds—primarily albatross.  This experience should qualify the Coordinator for a 

Master Bander permit with the Bird Banding Laboratory.  A Coordinator who can qualify for this particular permit 

is required for the Program to continue banding birds unless the Program operates under state permits, which is not 

as desirable to the state.) 

The Coordinator also must demonstrate proficiency in identifying birds based on taxonomic keys and must present 

adequate avian gavage experience from previous employment or training.  In addition, he/she must hold a valid 

Hawaii driver‘s license and a suitable vehicle for bird transport in emergencies.  Kaua‗i Humane Society offers an 

OCEA safety seminar that the Coordinator must attend. 

Experience with statistical analysis and GIS programming is preferred.  She or he should have excellent inter-

personal communication skills, since a large portion of the work involves managing people and interacting with 

multiple agencies, working groups, and private entities. 

2.4 PROGRAM COORDINATOR RESPONSIBILITIES AND DUTIES 

The position of SOS Program Coordinator was created in 2009 as a full-time position that encompasses a variety of 

tasks interspersed throughout the calendar year.  This position was mainly created to fulfill active bird recovery 

field season which runs from approximately July through December.  The probability of finding threatened and 

endangered seabirds grounded prior to September remains low but needs to be accounted for with an SOS staff on 

duty and experienced in handling these birds before the season start (September 15
th
).  In addition, the Program 

Coordinator can and must carry out numerous program organization and training activities, conduct public outreach 

efforts, identify potential sources of grant funding, and prepare applications for grants during other months of the 

year, among other things like the up-keep of equipment and permits.  Without this year-round position, SOS creates 

a likelihood that insufficient time would be available (even with a Program Manager and Lead Technician) to carry 

out all of the responsibilities in the best possible manner.   

Prior to and during the season, the SOS Program Coordinator will be responsible for finding field crew applicants, 

organizing, setting-up, and conducting the bulk of the training program.  The SOS Program Coordinator will also be 

responsible for securing and maintaining field and safety equipment, overseeing the day-to-day running of the field 

portions of the SOS Program, scheduling SOS personnel, analyzing the data collected, and preparing all necessary 

reports.  The SOS Program Coordinator will also participate in the field collection, banding and release of birds, and 

after-hour calls to the SOS direct line.  The Program Coordinator will oversee the rehabilitation program, probably 

sharing this responsibility with the SOS Lead Technician.   

During the non-fallout period of the year, the SOS Program Coordinator will be responsible for designing and 

implementing public outreach program components. The Program Coordinator will also be responsible for 

interacting with DOFAW and the USFWS and, where appropriate, with other entities—consulting with them on 

seabird research issues and management opportunities associated with Kauai‘s endangered and threatened seabirds 

in relation to SOS.  The SOS Program Coordinator will also be responsible for preparing and submitting grant 

proposals to appropriate funding entities, and for maintaining and raising public awareness of the program and the 

need for public support of it.   

The SOS Program Coordinator will operate under the direction of the DOFAW, Kaua‗i Division Office, under the 

supervision of the DOFAW Kaua‗i Wildlife Coordinator.  This position is currently filled by Mr. Thomas 

Ka‗iakapu, whose contact information is available in Section 7.4.5.  All SOS field activities will be conducted in 

concert with DOFAW staff.   
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2.4.1 RESPONSIBILITIES AND DUTIES BREAKDOWN 

 At the bare minimum, the Coordinator must be available during the bird recovery field season which runs from 

approximately July through December; he/she will be available to pick-up and process seabirds throughout this time 

frame.  Outreach and volunteer organization must start by the end of July or early August and should be fairly 

extensive.  The best time for the Coordinator to pursue personal training and study advancements in rehabilitation 

will be May of each year.  Therefore, the Program should attempt to have the Coordinator position filled on or 

before May 1
st 

prior to the season.  Below a more complete breakdown of the year-round tasks is provided: 

 Managing year-round aid stations as follows, 

o Daily calls to all 7 fire stations or another trustworthy method to ensure a timely ―first response‖ 

from SOS after a seabird drop-off 

o Aid-station change-outs/maintenance as needed for each fire station 

o Aid-station set-up and breakdown at the start and end of the season 

o Hack box maintenance check once a year, pre-season 

 Managing the rehabilitation facility/room with the following always in mind, 

o Two personnel on-hand to accommodate incoming birds with a thorough physical 

o A minimum three daily feedings for the average bird 

o Three-day OR LESS fluid recovery schedule for intensive care birds 

o Additional medications to be administered 

o Vet visits to be scheduled 

o Cleaning/sterilizing to be maintained 

 Maintaining and analyzing the Program‘s Master database in an approved/usable format, organized as such, 

o Endangered Species Data Sheet 

o Other Seabird Data Sheet 

o Seabird Mortality Log/Sheet 

o Rehabilitated Seabird Records 

 Organizing an annual review in January with program participants/advisors as stands, 

o Kaua‗i Humane Society 

o Kaua‗i Island Utility Cooperative (and its environmental consultant) 

o United States Fish and Wildlife Services 

o State Division Of Forestry And Wildlife 

o Kaua‗i Endangered Seabird Recovery Project 

o Hawaii Wildlife Center 

o Kaua‗i Veterinary Clinic 

 Maintaining correspondence with parties requiring SOS data, especially with regards to pre-season fall-out 

victims (NESH and/or HAPE adults) 

 Maintaining a year-round correspondence with Linda Elliott of Hawaii Wildlife Center and Dr. Woltmon of 

Kauaʻi Veterinary Clinic, especially with regards to off-season pick-ups 

 Writing the annual report before February of each year 

 Obtaining and up-keeping permitting for all program activity (usually completed in February), requiring the 

following, 

o Federal Bird Banding Permit  

o Federal Migratory Bird Treaty Act Permit  

o State of Hawaii Endangered Species Permit 

 Inventorying, issuing, and maintaining federal band database before March of each year 

 Updating the manual to exhibit annual recommendations before July of each year 

 Inventorying and acquiring field equipment in July of each year 

 Hiring staff and conducting a staff training program by early September of each year 

 Organizing a working group meeting in August each year to discuss season goals 

 Modifying and improving rehabilitation facility throughout the year (a shared responsibility with the 

Program Manager) 

 Recruiting, training, and managing volunteers primarily starting in July and August of each year 

 Coordinating and conducting public outreach efforts continuously throughout the year, especially with 

regards to all Kaua‗i's seabirds—some thought as to reducing the number of nestlings (Tropicbirds and 
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Wedge-tailed Shearwaters) brought into the SOS facility should be discussed throughout the upcoming 

years 

 Determining and placing season pamphlet and brochure requests (utilizing the KIUC PR department) before 

August of each year, current contacts required to do this can be found in section 7.4.4. 

 Pursuing additional training in the field and rehabilitation areas from March through June 

 Identifying and pursuing research opportunities within the program throughout the year 

 Interacting with entities involved in threatened and endangered seabird research and management 

opportunities throughout the year, 

 Interacting with KIUC representatives throughout the year 

 Identifying potential sources of grant funding before May of each year 

2.4.1.1 Seasonal Preparation 

Hiring and Training 

Prior to July 1
st
 of each year, the Coordinator will advertise the field crew positions for the fall-out season 

and provide a selection to be approved by the SOS Program Manager and the DOFAW Kaua‗i Wildlife 

Manager.  The Coordinator will notify USFWS of all seasonal technicians, in order that they be listed on 

endangered species and banding permits—as required by law—before field work begins.  A list of 

required permits is provided in Section 3.2.  The Coordinator will also manage the training program for 

all incoming seasonal hires prior to the season‘s start.  This will correspond with a training program for 

KHS year-round employees.  Prior to the initiation of field work (September 15
th

) each year, the 

Coordinator is responsible for notifying the County of Kaua‗i Police Department of the SOS Program‘s 

start and end dates and for providing it with a list of field personnel:  the list is to include each 

individual‘s telephone number and the license plate numbers of the SOS field vehicles or individuals‘ 

vehicles that may be used. 

Maintenance 

The shearwater Aid -stations are maintained by DOFAW staff and stored at DOFAW‘s Līhu‗e baseyard 

when not deployed. The Program Coordinator will work with DOFAW staff to ensure that the Aid 

stations are clean and in good repair prior to deployment. DOFAW staff will assist as needed with the 

deployment of the SOS Aid-stations before or on September 15
th

.  The Coordinator will work with 

DOFAW staff to ensure that the SOS Aid-stations are recovered and re-furbished as necessary following 

the termination of the field season. 

Currently the SOS Program operates several ―hack boxes‖. These are 4 permanent release pens located on 

cliffs above the ocean from which birds are released back into the wild. The Program Manager will 

inspect the hack boxes prior to the onset of the field season to ensure that they are clean and in good 

repair. 

2.4.1.2 Seasonal Obligation 

During the peak fall-out (or fledgling) season of September through December, the first and foremost 

concern of the Program Coordinator will be managing field work and rehabilitation efforts as well as the 

accompanying data and records.   

Field Activity 

The SOS Coordinator will write the island patrol schedule and personally patrol a portion of the island to 

pick-up, band, and release birds, meanwhile collecting data.  The Coordinator will ensure that all required 

data and photographs are collected and entered in accordance with the detailed protocols.  The 

Coordinator will be on-call for fledgling season and must be available for emergency field pick-ups when 

no prior arrangements are made.    

Rehabilitation 

Correspondingly with regards to rehab, the Coordinator will administer one to two feeding shifts daily, 

and will schedule Kaua‗i Vet Clinic visits as needed and discuss individual cases with the Program 
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Manager, Rebecca Rhoades, DVM, and Joanne Woltmon, DVM.  The Coordinator will check over any 

rehabilitation paperwork to ensure completeness and accuracy, in addition to checking over the facility to 

ensure a sterile and organized environment.  The Coordinator will need to determine and document 

feeding schedules and fluid calculations for any birds in captivity. 

Database 

Of final and utmost importance, the Coordinator will maintain the SOS database.  The Coordinator must 

provide weekly updates in Excel format to USFWS and DOFAW throughout the season.  Weekly updates 

will be discussed at the weekly meetings open to all SOS-involved parties but mandated for the Manager, 

Coordinator, Lead, and Technicians.  These meetings will discuss the practical aspects of the ongoing 

field season and discuss any problems developing in data collection and other challenges encountered in 

the course of recovering and rehabilitating birds. 

2.5 LEAD TECHNICIAN RESPONSIBILITIES AND QUALIFICATIONS 

In addition to the Program Manager and Coordinator, SOS will employ a part-time Lead Technician, who needs to 

be available year-round, currently part-time.  The Lead Technician assists in the Program Coordinator‘s duties, 

primarily providing help with the rehabilitation portion of the Program.  During the season, the Lead will cover for 

the Coordinator on the weekends, scheduling the island patrol and running the rehabilitation room.  This Lead will 

help rehabilitate injured birds recovered in the off-season and will assist with public outreach year-round when such 

opportunities come up.  Also in the off-season, the lead will be presented with opportunities to further his/her 

education in rehabilitation, thereby keeping SOS up-to-date in this regard.  (In 2009 KHS had the SOS Lead Tech 

complete online courses offered by the International Wildlife Rehabilitation Council:  Fluid Therapy and Euthansia 

in Wildife Rehabilitation, totaling at least 10 hours of course work.  Both courses proved very helpful in moving the 

Program forward, promoting a better understanding of common rehabilitation techniques.)  The Program also 

intends to use the Lead to assist in organizing the volunteer network.  This Lead Tech requires a Kauaʻi resident 

with rehabilitation expertise to recover birds when the Coordinator is off-island, and will likely be filled by an SOS 

veteran.  As with all SOS-designated positions, the Lead Technician should have a degree in Wildlife Biology or 

another related field.  If not an SOS veteran, the lead should have some formal training in wildlife rehabilitation—

bird-specific. 

2.6 FIELD CREW RESPONSIBILITIES AND QUALIFICATIONS 

2.6.1 SEASONAL TECHNICIAN RESPONSIBILITIES AND QUALIFICATIONS 

2.6.1.1 Responsibilities 

Seasonally, SOS needs at least two full-time and one part-time temporary hires
2
.  These technicians will 

monitor the island-wide aid stations and act as ―first responders‖ for aid station drop-offs throughout the 

day.  At each Aid-station, a white board and grease pencil is provided to the public for the purpose of 

location notes; technicians are responsible for recording any public-provided information.  Traditionally, 

around 2/3
rds

 of all aid station pick-ups can be transported immediately to a designated release site, where 

the technician will take measurements and pictures and band the individual, as long as said bird passes a 

―field physical‖—an in-depth but brief inspection.  Ideally all birds would be analyzed and banded (or set-

aside for rehab) at the pick-up location, but Aid-stations can be on busy streets or in full public view.  

Technicians should transport birds to a quiet spot or directly to the release site for a field assessment.  

Technicians will be responsible for monitoring birds on release (a release can take hours).  A day during 

fall-out season will always start with two staff on the road by 7:00 to 7:30am, en route to check EVERY 

island Aid-station (public drop-boxes suitable for holding birds and primarily located at the island fire 

stations).  In covering the island, the staff will constantly scan the road for downed birds—including 

roadside mortalities, which often can be found first thing in the morning.  This scanning will be conducted 

ONLY to and from the Aid-stations unless time is allotted for additional search routes by the Program 

                                                           
2 ―Seasonal full-time‖ means a person working 40 hours per week for a portion of the year on a contract basis.  ―Part-time‖ means a person 

working less than 40 hours per week on a contract basis. 
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Manager.  All pick-ups have a detailed protocol discussed in Section 4.2.2.16 and 4.2.2.17. Special care in 

following safety guidelines and protocols detailed in Section 4.2.2.1 is imperative while carrying out these 

activities.  It is not permissible to compromise the safety of the Field crew staff and/or the general public in 

an effort to recover a downed bird.  As often as possible, the on-the-road personnel will be a seasonal 

technician (who must possess a valid driver‘s license), but the Coordinator or the Lead will patrol one 

island sector each day as part of the management protocol.  All data collected in a day will be entered into 

an SOS computer on that day, with the exception of rehabilitation notes. 

In a typical day, one of the two SOS technicians will remain on the road for most of the day to pick-up and 

transport/release as needed.  The other will remain at KHS to answer calls for the far side of the island 

meanwhile assisting the rehab manager with feeding schedules rehabilitation facility maintenance.   

Technicians will frequently be required to swim, feed, and treat birds (to some degree and after proper 

training), also clean holding kennels.  During slow times, technicians may be expected to fill in for other 

areas of the Kaua‗i Humane Society.  Also a possibility, technicians may be asked to speak in public or 

develop a presentation for classrooms in order to fulfill a part of the SOS public outreach requirement. 

2.6.1.2 Qualifications/Required Training 

The hiring of the full-time technicians will ideally be staggered so that their time with the Program overlaps 

during the peak fall-out months:  October and November.  The Program will seek to hire individuals with 

previous experience in bird banding and avian gavage—a technique described in Section 5.4.2.  The 

Program will seek individuals with a degree in or related to Wildlife Biology.  Technicians must attend 

training sessions discussed in detail in Chapter 4.  As a key element to the program, training will emphasize 

the technical skill needed for proficient banding.  Technicians must be able to produce a flush, oval-shaped 

band on a Wedge-tailed Shearwater before they can band Newell‘s Shearwaters.  Other training will focus 

on the details and anatomy of shearwaters, petrels, tropicbirds and a few other species of seabirds.  

Taxonomic key identification of unknown species of seabirds and the accompanying picture-taking 

techniques will be taught to technicians.  Another key element to the program, seasonal technicians will 

receive training in the care of captive wild seabirds, even if they have previous rehabilitation experience.  

They will first be trained to hold birds for physicals and treatments, and then will be trained in fluid therapy 

and general rehabilitation techniques such as avian gavage.  Once a technician demonstrates a level of 

confidence with gavage, said technician will rotate through scheduled feeding shifts.   All technicians must 

be familiar with specific tasks and guidelines, taken from the Best Practices for Migratory Bird Care and 

listed in Section 7.1. 

2.6.2 NON-SOS KHS PROFESSIONAL STAFF RESPONSIBILITIES AND QUALIFICATIONS 

2.6.2.1 Vet Clinic Staff 

Over time, KHS hopes to involve its veterinary staff in treatment and feeding of the migratory birds.  Some 

of the vet staff have worked with pet birds and therefore have a basic understanding of bird anatomy.  If the 

vet staff receives proper training in the upcoming and future seasons, KHS could utilize these persons to 

take feeding shifts throughout the day, which would free up SOS staff for other responsibilities when 

necessary.  The KHS veterinary staff consists of 2-3 veterinary technicians and a practicing veterinarian.  

Right now the vet staff is only used in rehabilitation when SOS operates a much smaller Program in the off-

season. 

2.6.2.2 Animal Caretaker Staff 

In 2008, KHS animal caretakers took care of almost all the rehabilitation kennel clean-up, which needs to 

happen twice a day and can become overwhelming if 5-10 birds are held for rehabilitation at any one time.  

While all SOS staff needs to maintain the rehabilitation room in its isolation and sanitation, the cleaning 

input from animal caretakers (especially with regards to individual kennels) proved invaluable and will 

hopefully continue in future seasons. 

2.6.2.3 Humane Officers (Animal Control Officers) 

Another major KHS staff input in 2008 involved the organization‘s Humane Officers (HOs).  As HOs 

regularly patrol the island and answer citizen calls, these officers were utilized to pick up seabirds called-in 
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after 3 or 4 o‘clock when the typical SOS driving shift was over.  While an SOS rehabilitator had to meet 

the HO at the building to perform an intake exam, lessening on-road hours helped all SOS staff greatly. 

2.6.2.4 Humane Education 

The Humane Educator at KHS has also found a way to incorporate SOS into her retinue while circulating 

the Kaua‗i school system.  Children of Kaua‗i receive a seasonal reminder at the start of the school year to 

keep their eyes open for downed birds on their way to school in order to help out their native species.  In no 

way does the Humane Education Department cover all the public outreach SOS mandates.  SOS retains a 

methodology that hinges on public knowledge and participation.  The SOS Coordinator and Lead 

Technician still have outreach criteria to meet in the off-season including public lecture series, poster 

displays, festival booths, etc. 

2.6.2.5 Reception/Front Desk Staff 

The welcoming area at KHS has great potential for becoming the go-to place for information on fall-out 

season.  The KHS reception staff greets incoming visitors and receives animal control/concern calls.  They 

can play a key role in notifying citizens on what to look for and what to do with found seabirds and then 

contact the SOS patrollers or HOs to expedite the pick-up process for injured seabirds.  The front desk 

workers for KHS already shuttle calls and direct citizens on everything from freshwater turtles to marine 

mammals, so utilizing this animal information center has and will continue to benefit SOS. 

All the KHS staff will attend an SOS information and protocol session prior to the start of each season.   

2.6.3 VOLUNTEER RESPONSIBILITIES AND QUALIFICATIONS 

Volunteers have and will always be critical to the day-to-day operation of the SOS Program.  SOS depends on the 

willingness of Kaua‗ians to take time out of their day to pick-up and transport a downed bird to a nearby Aid-

station.  However, SOS has the potential to intimately involve these citizens in the effort to protect Kaua‗i‘s seabird 

residents.  With this in mind, SOS hopes to build a core volunteer base beyond the well-established rescue/pick-up 

volunteers. 

Volunteer positions vary and capitalize on individual skills community members can bring to the Program.  Below 

are potential scenarios for scheduled SOS volunteers. 

 Some volunteers may record data in the treatment room; SOS would mandate a definite schedule and certain 

reliability in such a volunteer.  In addition to recording data, volunteers ―in treatment‖ would likely be trained in 

restraining and holding birds.  As much as possible, SOS hopes for three individuals ―in treatment‖ to examine 

or treat a bird.  Two trained staff on-hand is adequate, but a volunteer to write will provide the Program with 

better records and the occasional extra hand.  Such a volunteer would eventually learn to directly assist in the 

intake and outtake exams along with feeding shifts, especially if said volunteer pursues additional rehabilitation 

training. 

 Volunteers may clean and maintain the rehabilitation room—always a high priority; cleaning kennels has daily 

priority; swimming birds should accompany this as much as possible (generally first thing in the morning). 

 SOS wants citizens willing to ―adopt‖ aid stations in their respective towns.  The Program seeks trustworthy and 

responsible residents to organize Aid-station checks each day before the season gets busy (pre Oct 1
st
).  Also, 

the citizen could check his/her station later in the day during the peak season to ensure prompt treatment for 

birds dropped off after island patrol periods.  Hopefully these volunteers would also be willing to transport the 

late drop-offs to KHS where they would receive an intake physical and overnight stay if the time of day puts the 

release at risk for repeat light attraction. 

 Volunteers may patrol (on car or foot) various areas where fall-out has a higher probability or certain 

predictability.  As much as possible, SOS would schedule such patrols on fall-out dates with an anticipated high 

volume.   

Once again, it is not permissible to compromise the safety of the SOS crew (i.e. volunteers) and/or the general 

public in an effort to recover a downed bird.  With that in mind, volunteers under 16 years of age must have parent 

or trained staff supervision. 
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CHAPTER 3– YEARLY MILESTONES, PROTOCOLS, AND PERMITS 
This chapter lays out the yearly schedule beginning with mandatory preparation pre-season, continuing into the 

season protocols, explaining the shift into the off-season and duties during the off-season, ending with training for 

the following season, which will be discussed separately and in-depth in Chapter 4. 

3.1  SEASON SCHEDULE 

The season officially begins on September 15
th
 of each year and ends December 15

th
 of that year.  Several specifics 

need to be in order on September 15
th
.  On September 15

th
 and thereafter, the field work will fully begin, with the 

appropriate field protocol presented in Section 3.1.2.2.  The other major aspect of the program—rehabilitation—

should be fully prepped as described in Chapter 5.  The seasonal field staff may be utilized after December 15
th
 in 

order to ease out of fall-out season and into migratory bird off-season (with lower intake volumes). 

3.1.1 SEPTEMBER PREPARATION 

The SOS seasonal technicians must be ready to begin their work the 1
st
 week of September.  Public outreach posters 

and brochures must be printed and ready to distribute also by this time.  Utilizing the seasonal technicians to 

distribute brochures and posters to local businesses and organizations will allow the seasonal crew to familiarize 

themselves with all areas of Kaua‗i.  In addition to organizing training sessions discussed in Section 4, the Program 

Coordinator will notify the community and any public agencies of the arriving season the two weeks prior to the 

September 15
th
 season start.  The police and fire stations particularly need to be notified of the season start and end 

dates.  The Program Coordinator will drive the island with the seasonal technicians in order to briefly introduce 

them to Kaua‗i County Fire Stations, which host the primary public drop-off stations on-island.  A list of the Fire 

Stations and their numbers is available in Section 7.4.7.  The Fire Stations should not be telephoned except in 

extenuating circumstances in-season.  The Program Coordinator needs to correspond with the DOFAW wildlife 

biologist (Thomas Kaʻiakapu) in the days leading to September 15
th
 in order to ensure that 17 Aid-stations of the 

necessary capacity (16-24 individual cubbies) are clean, operable, and ready to be deployed.  The same 

correspondence should address the 4 year-round release boxes (hack boxes), similarly ensuring their operability.  

Within KHS, the Program Manager and Program Coordinator need to review the rehabilitation room and ensure 

everything is prepped and stocked for a busy season.  Also pertaining to rehabilitation, Dr. Woltmon of Kaua‗i 

Veterinary Clinic (KVC) should be contacted.  The Coordinator needs to check on the KVC availability and 

confirm Dr. Woltmon‘s involvement with the Program.  KVC will be supplied with a bag of frozen, human-grade 

smelt and some Ensure
TM

 (for feeding shifts) at the beginning of the season in case Dr. Woltmon needs to hold on to 

a bird for a large part of the day.  Generally KVC veterinary technicians attend a training lecture/informational 

meeting guided by Linda Elliott of Hawaii Wildlife Center and hosted by KHS for SOS staff in September.  Finally, 

USFWS and the Oahu DOFAW staff need the SOS seasonal technician names in order that these techs are added to 

the SOS permits.  Dr. Woltmon, USFWS, and the Oahu DOFAW office have contact information listed in Section 

7.4. 

3.1.2 SEPTEMBER 15
TH

—THE SEASON START 

3.1.2.1 Set-up 

On September 15
th
, the SOS Program must be ready for the fall-out season.  Several specifics will be in 

place, as follows: 

 Aid-stations will be assembled island-wide on (or as close as possible to) September 15
th
.  SOS 

technicians will be responsible for Aid-stations, ensuring proper assembly and good working order of 

each and attaching a white board and grease pencil for citizens dropping-off seabirds to record location 

information.  Aid-station locations are listed in Section 7.3.2. 

 Three Seasonal (2 full-time, 1 part-time) trained technicians will be staggered in schedule to cover the 

island patrol, set to work with either the Program Coordinator or Lead Technician for 8-hour days 

throughout the 7 days of the week; all SOS staff will be scheduled in order to cover all 7 days of the 

week, accounting for two SOS-designated vehicles, and three daily feeding rotations for captive birds. 

 KIUC, still offering its PR department to SOS, will be printing the required resources for SOS and must 

be contacted by August at the latest to determine approximate brochure, poster, t-shirt numbers, etc. 
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 The two SOS vehicles (property of KHS) will be fully equipped.  A list of equipment is found in 

Section 4.2.2. 

3.1.2.2 Field Protocol 

Pick-Up 

Each SOS crew member will be assigned a standard day-time pick-up route and a specific list of Aid 

stations she/he is responsible for servicing.  A Rite in Rain notebook will be provided to staff in order 

for staff to note aid-station checks and results each day.   

 The Coordinator (or the Lead on Saturday and Sunday) and one seasonal technician will run pick-

up routes starting at 7:00 a.m.  SOS staff needs to avoid personal vehicle use as much as possible 

and utilize the two field vehicles for pick-up and transfer of seabirds.  However, in the instance of 

personal vehicle use, KHS will reimburse mileage. 

 The other seasonal technician on duty will arrive at KHS to swim and feed the captive recovering 

birds.  If a large number of seabirds are in treatment, the KHS veterinary staff and animal caretaker 

staff may help with this feeding, swimming, and kennel change-out first thing in the morning.   

 The Coordinator (or Lead) will finish a patrol and arrive at KHS to work in the rehabilitation room 

but primarily perform necessary management activities—checking over the database, public 

outreach, correspondence, scheduling, managing volunteers, etc.  The early-morning feeding 

technician may be sent out to patrol, especially if the other technician is busy with releases or has 

some critical cases to be shuttled to KVC or KHS. 

 Any seasonal technicians on the road must be back to KHS by 3:00 or 4:00 p.m. to enter their daily 

data into Excel, the computer program currently used for the master database.  At this time, HOs 

will field calls and perform pick-ups, bringing any seabirds back to KHS to be examined by SOS.   

 For 5 days of the week, 3 SOS-designated staff will be on duty.  One weekday will only have two 

SOS-designated staff.  On that day, the Coordinator will fulfill a basic technician role as much as 

possible, and Dr. Rhoades, the Program Manager, may have to help with some feeding shifts.  This 

will be her day to check-up on and critique the Program‘s operations.  One weekend day will also 

have only two SOS staff.  This will probably be Sunday, which has historically been slower. 

 Pick-up personnel (including HOs) will document and retrieve both live birds and dead birds found 

on their way to assigned aid-stations.  (―On-sight‖ or on-the-road pick-ups have a protocol provided 

in Section 4.2.2.16 and 4.2.2.17.)  SOS-specific staff must fill out a SOS Field Form (an example 

available in Figure 4-1) prompting the following questions: 

o Do the feet feel hot or cold? (Temp) 

o Does the bird fight and/or hide? (Bright, Alert, Responsive) 

o Are any significant lesions or fractures visible? (No Significant Lesions) 

o Is the vein refill time <1 second and do the eyes appear bright? (Dehydration level at or under 

5%; eyes not sunken, ―pained,‖ or ―lethargic‖) 

o Is the bird well-fleshed and at a weight within 10 % of its mean mass? (Keel Score at 0, 1, 2, or 

3—2+  or 1- also possible scoring considerations) 

o Can the bird place weight on both legs and maintain a consistent posture? (Let bird walk if 

possible to determine pain and compensation.) 

o Can the bird fully rotate and extend both wings? (Suspend bird to test.) 

o Does the bird exhibit any possibility of head trauma?  (Elevated middle eyelid, slight or 

obvious tremors, seizures, etc) 

o Does the bird have a normal heart rate (too fast to count) and do the lungs sound clear? (Use a 

stethoscope if available.) 
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Transfer 

 After the proper documentation, photographs, and field physical, a bird will immediately receive a 

band of some kind.   

o Dead birds or any salvageable part of them will never be discarded (rather, frozen) and will 

receive a toe tag and a labeled freezer bag before going into the DOFAW base yard.  A protocol 

for marking the toe tag and the freezer bag is given in Section 4.2.2.12.  A complete example is 

available in Section 7.2.4. 

o Compromised birds going to KHS or Kauaʻi Vet Clinic (KVC) for treatment will receive a 

temporary color band on the left leg until they can release with a permanent band.  The 

definition of a ―compromised‖ bird can be inferred from the information in Section 5.3.1.3.  

o Healthy birds passing the field physical will receive a federal permanent band and be taken to a 

hack box, as detailed below under Release.    Also, a technician with two years of training or 

more can make a hydration assessment and administer oral fluids which boost and benefit a 

releasable bird—generally 15-20cc Pedialyte
© 

(followed by 45 minutes of rest) prior to release.  

The definition of a ―healthy‖ bird can be inferred from the information in Section 5.3.1.3. 

 For birds admitted to KHS without visiting KVC, the Coordinator or the Lead Technician and one 

trained technician (to hold the bird) will administer an official Rehab Physical upon the bird‘s entry 

into the shelter.  A copy of this Rehab Physical (Figure 7-2) form is available in Section 7.8. 

 Suspected or obvious fractures, breaks, and head traumas (obviously a ―compromised‖ bird) must 

go to KVC (clinic hours permitting) for assessment and/or x-rays.  The Manager, Coordinator, or 

Lead Tech ONLY will take birds to KVC.  Whether the compromised bird completes an official 

intake physical at KHS or KVC, the same Rehab Physical form will be filled out and copies will be 

available to both parties.   

Release 

Kauaʻi has four hack boxes and one beach runway as designated ―release sites.‖  Hack boxes or release 

boxes can be found at  

 Port Allen‘s Glass Beach 

 Poipu‘s Makahuena Point 

 Kiluea Lighthouse 

 Kealia Kai‘s Palika Point (Lot #14) 

Only Port Allen provides easy access to birds that ―fail‖ in a release attempt.  Some birds, when not yet 

ready to release will drop off the box with no true attempt at flying; they then hide or avoid the SOS staff 

attempting to release them.  Because only Port Allen and Kealia Kai provide a reasonably safe way to 

retrieve these birds, SOS staff will primarily utilize these two official release sites.  Unofficial release sites 

may be selected around the island (using the camper shell of a truck works) in good wind and could 

potentially become established over time.  Any release location should be cross-referenced with the Ready 

Mapbook of Kauai and recorded on the SOS Field Form. 

 

Release observations could be critical for future assessments on the effectiveness of the program, especially 

since, as yet, no significant effort exists to relocate SOS-released birds in the wild.  As another assessment 

of bird health, SOS will utilize beach runways.  Such release sites will allow a safe retrieval when a release 

fails.  More beaches on the North Shore need to be explored for this purpose, but two runway release sites 

on island have been used thus far: 

 Lydgate Park 

 Kekaha Beach Park 

The hack boxes were used heavily in the past due to large numbers of birds (sometimes 200 within a day).  

Fall-out numbers have since reduced to a manageable number with the current seasonal staffing.   SOS 

techs should pay close attention to behavior at every release, monitoring each bird until out-of-sight in 

binocular view. 
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Healthy birds (initially those passing a field physical) should be processed and released within 3 hours after 

pick-up.    These birds will be marked with a permanent federal band.  Appropriate band sizes for species 

can be found in Section 4.2.2.5.  Just before banding, each fledgling‘s weight and wing chord will be 

collected, providing insight on the Newell's community health.   

On release, when using the hack box or runway, contact should be kept to a minimum.  Technicians could 

monitor a release for up to two hours, outside of the bird‘s field-of-view.  If a bird does not take-off in two 

hours, the release attempt should be abandoned, and a more thorough physical should be considered.   If a 

bird clears a Rehab Physical at KVC or KHS with good blood values, a hand-release may be attempted.  A 

guide for recording release observations in the field notebook is available in Section 4.2.2.13.  Once a bird 

takes-off, technicians should use binoculars to monitor flight until the bird is out-of-sight. 

3.1.2.3 Data Recording and Entry 

Every bird to go through the SOS Program will require field personnel to fill out a minimum of two 

different hard-copy records.  All complete hard-copy records will be entered into the Master Database 

(currently in Excel file format) by their respective recorder at the end of the day.  The Program Coordinator 

monitors and maintains the master database throughout the week.  A template of this database is available 

in Appendix A. 

Hard-Copy Data 

 First and foremost, every bird picked up dead or alive, on-sight or from an aid station, will have a SOS 

Field Form.  This form will be printed on card stock and probably should not leave the field vehicle 

until the end of the patrol.  An example of this form is available in Section 4.2.2.8, Figure 4-1.  The 

purpose of this form is to indicate the date, time, and circumstances (on-sight or aid-station) of pick-up 

and any and all public-provided information on the bird—to summarize:  a document of the bird‘s 

entire history with the program whether its history extends minutes or weeks.  Only when the bird is 

released or dead can the form be completed.  All information that can be recorded at the time of pick-up 

will be entered; if the bird goes into rehabilitation the form will be held in the SOS office until 

documentation can be completed.  Then, the bird‘s complete program history will be entered into the 

Master Database. 

 For all birds picked up alive, the Intake/Release Log needs to have an entry.  An example can be viewed 

in Section 7.2.1, Table 7-1.  Each SOS crew member will have their own log to maintain.  It will be 

used to check-over and cross-reference with their SOS Field Forms.  This log is meant for the Program 

to keep track of birds handled and, very importantly, bands issued and lost.  The bird‘s identification 

needs to be recorded (permanent federal band or temporary rehabilitation band) and the bird‘s initial 

status for that day should be noted:  released (Rel) or treated/rehabilitated (Tx).  Any bird kept for more 

than 3 hours will be logged with initial status ―Tx‖ and will need some form of rehabilitation paperwork 

(do to oral fluids administered).  Anything other than a basic band-and-release bird requires rehab 

documentation.  At the end of every SOS crew members‘ week, any bird logged as rehabilitated needs 

to be updated with the final outcome and date in the column provided, likely requiring the SOS Field 

Form for reference.  A more complete description of this log is available in Section 4.2.2.9. 

 For all birds undergoing any sort of rehabilitation, more documentation is required. If a bird fails a field 

physical or will not release for indeterminate reasons, the Rehab Physical will be filled at KHS or KVC, 

after which the bird will be treated and/or placed in holding.  After this physical, a careful record of 

feedings and/or treatments will be kept:  Rehab Notes.  The templates for the Rehab Physical and Rehab 

Notes (the daily treatment record) are available in Section 7.8.  Once a bird has finished a stint in 

captivity—resulting in death, release, or transfer—the bird‘s history should be completed in the SOS 

Master Database (Appendix A).  

 For all birds picked up dead, a technician needs an entry in his/her Mortality log.  This log is only for 

birds Dead On Arrival (DOA), not for birds that Died In Care (DIC).  Birds can be DOA in an aid-

station or (more commonly) as a roadside carcass while a technician is patrolling between Aid-stations.  

A technician‘s individual Mortality log should be entered daily into the Master Database.  A template 

for the Mortality log is available in Section 7.2.2, Table 7-2. 
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 For all birds picked up on-sight dead or alive, the Photo log should have several entries.  This needs to 

be updated daily, but may be pushed to weekly if technicians are diligent about recording camera and 

photo numbers on the SOS Field Form.  A template for the Photo Log can be found in Section 7.2.3, 

Table 7-4. 

On Monday afternoon the Program Coordinator will proof the Master Database entries provided by the SOS crew 

from the week prior (ending on Sunday) and will send a field update and corresponding Master Database file to 

DOFAW and USFWS staff requesting this information.  The SOS crew will also have a weekly meeting on Monday 

afternoon, unless another weekday is designated before the season start.  In this meeting, any challenges and/or 

updates in the field or rehabilitation room will be discussed.  Season updates will be given as well.  However, this 

meeting is primarily held to clear up any misunderstandings in data like an incomplete record, transposed numbers, 

inaccuracies or poor directives.  Any members of parties overseeing or cooperating with SOS (DOFAW, KIUC, 

KVC, etc.) are welcome to attend the Monday meetings. 

3.1.3 DECEMBER 15
TH

—THE SEASON END 

Aid-stations will be disassembled on December 15
th
 of each year, and island patrols discontinue.  Stations will be 

taken down by SOS staff and stored in the DOFAW base yard for the following season.  SOS will perform an 

inventory of medical and field supplies.  One of two SOS vehicles will be rotated back into general KHS use.  The 

rehabilitation holding room will remain an isolated migratory bird room year-round, but some of the standing 

kennels will be disassembled and stored.  The intake/examining room will not be bird-specific year-round. 

The Coordinator will need to notify the County public and organizations of the official season-end date.  Generally 

KIUC will issue a press release for this purpose.  The fire stations need to be notified of the switch into the off-

season.  A solo transport kennel is left at each of the fire stations and maintained by DOFAW to ensure that native 

birds found by the public still have a convenient drop-off.  As long as the fire stations agree to cooperate, the 

Coordinator can call the fire stations daily to ensure the solo kennel has no (or has) occupants.  If the fire stations 

are unavailable, someone from KHS (the SOS Coordinator or a Humane Officer) or perhaps a volunteer needs to 

check the kennel.  A physical confirmation is always required for obvious reasons.  These 7 fire station kennels also 

need to be maintained once a month.  Matson has a year-round kennel as well and can currently be trusted to check 

this kennel daily.  This fact should be verified every 3 months.  Matson‘s security guards have been made aware of 

SOS, in addition to the cruise ship monitors who often drop-off the seabirds at the guard station. 

3.1.4 OFF SEASON 

3.1.4.1 Post-Season Wrap-up 

Immediately subsequent to the season end, the SOS Coordinator will begin preparing the Year-End Report 

and organizing the Annual Review Meeting.  A list of organizations and attendees invited to the Annual 

Review is available under the Coordinator Responsibilities and Duties in Section 2.4.1.  The Master 

Database must be finalized by the Annual Review.  It should be submitted to all parties prior to the meeting, 

although the Year-End Report can be submitted after the Annual Review meeting held in January.  

Regarding the Annual Review, all approved recommendations and suggestions made at this meeting need to 

be proposed formally in an updated manual which should be submitted for review before July of each year.  

Also, January requires submittals to all the SOS permitting agencies, like the Bird Banding Laboratory.  

Once February ends, the Coordinator and Lead should use the months leading up to July to pursue training 

opportunities for their field and rehabilitation work.  Because these months may find the Coordinator or 

Lead off-island for a time, a protocol will be enforced for any seabirds picked-up in the off-season when the 

main SOS personnel is unavailable to ensure proper documentation and submittal of data to all interested 

parties (such as DOFAW Habitat Conservation Plan, Kaua‗i Endangered Seabird Recovery Project, etc).  

The Protocol currently in place can be viewed in Section 3.1.4.3.   Publications and grants should be 

pursued by the SOS Coordinator, Program Manager, and even perhaps the Lead Technician in May and 

June of each year. 

3.1.4.2 Pre-Season Preparation 

The next milestone in the year-round Program does not hit until July.  In July, the preparation for the 

upcoming season begins.  Seasonal technicians for the fall should be reviewed and selected by the Program 

Manager by the end of July at the latest.  (The Program Coordinator will initiate contact with the selected 
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technicians by August in order to determine their start and end dates with the program.)  The Coordinator 

will also contact the licensed veterinarians identified in Section 5.6.6 by July 1
st
 of each calendar year the 

SOS Program is to operate, to ensure that these parties are willing and able to assist the SOS Program 

during the field season. The Program will work with the licensed veterinarian and rehabilitator to discuss 

any new methods or protocols to treat and rehabilitate anything from fractures to weakness or dehydration. 

The SOS Coordinator and Program Manager are responsible for ensuring that necessary supplies are 

available prior to the onset of the field season and will ask the licensed veterinarian and the Hawaii Wildlife 

Center rehabilitation consultant to confirm his/her satisfaction with the supplies that have been provided 

prior to the start of the field season.  The Program Coordinator will ensure that the SOS Rehabilitation 

Program is ready prior to the onset of the field season. Prior to the initiation of the SOS season the 

Coordinator shall arrange for Linda Elliott of the Hawai‗i Wildlife Center (HWC) to prepare and provide a 

training program for SOS and interested KVC staff on the care and handling of all birds that are 

rehabilitated on Kauaʻi.  Should Ms. Elliott cease to be available for that work, the Coordinator will identify 

an alternate individual with comparable knowledge and credentials and contract that individual to perform 

this work. 

July and August are the months to seek out a volunteer base.  Public outreach and presentations during these 

months will make Kauaʻian‘s aware of the September season start and what they can do to help.  The PR 

personnel for KIUC should be contacted in July as well.  The Coordinator needs to put in the SOS season 

requests on the number and type of printed material for mass distribution.  Currently Anne Barnes and 

Shelley Paik, as the PR personnel, have contact information given in Section 7.4.4.   

Although the official season start is September 15
th
, August is the key month for preparation.  The training 

schedule should be finalized in early August in order to reserve qualified individuals like Linda Elliott, Nick 

Holmes, and Reginald David, all professionals in rehabilitation, bird-banding and seabird colony/behavioral 

research, and taxonomic identification, respectively.  The training program will be discussed in depth in 

Chapter 4. 

3.1.4.3 Off-Season Protocol for Seabirds 

Public requests for response to ailing seabirds occur year-round. As public outreach and recognition of SOS 

as the organization to go to when seabirds are sick or injured grows the number of birds brought in for care 

will grow annually. The response to seabirds during the off-season reinforces with the public the role of 

SOS in seabird response. This off-season time also provides for comprehensive public outreach and 

education programs to build the knowledge and momentum for the heavier fallout season. Birds received in 

the off-seasons provide valuable hands-on experience and training with rehabilitation procedures in 

preparation for fall-out seasons.  To respond to the need for off-season seabird care the Program 

Coordinator, Angie Merritt, and Lead Technician, Monique Chow, will be available as schedules permit for 

rehabilitation, feeding shifts and monitoring patient health.  They will collect and enter the necessary data 

on the individuals in addition to banding and releasing.  The Program Director, Dr. Rhoades may also 

manage a rehabilitation effort as needed.  If the Program Coordinator or Lead Technician is unavailable 

when a Newell‘s Shearwater or a Hawaiian Petrel is picked up, KHS will contact Dr. Nick Holmes of the 

Kaua‗i Endangered Seabird Recovery Project.  KESRP and DOFAW require this data in the off-season, 

locating Dr. Holmes will ensure prompt notification.  In addition, off-season birds, likely adults, need to be 

marked/banded appropriately, as adults provide the most valuable colony information and the greatest 

probability of a band return.  Dr. Holmes‘ contact information can be found in Section 7.4.5. 

 

And so, with the Coordinator off-island, feeding shifts for a patient will be covered by Monique Chow, Dr. 

Rhoades, and through the management of Dr. Rhoades, the KHS vet staff.  Ideally SOS will employ a full-

time rehabilitator to share some the responsibilities of off-season bird care.  Funding would have to be 

pursued for this.  Until such funding is available, a migratory bird in need of captive care (as in feedings or 

treatments 2-3 times per day), will require the cooperation of DOFAW, who still holds the primary off-

season responsibility for injured and orphaned native wildlife on Kauai.  If needed, the bird will see Dr. 

Woltmon to determine its potential for a full recovery.  In the off-season, SOS would prefer that DOFAW 

take seabirds in need of veterinary care to Dr. Woltmon before bringing them to KHS for captive recovery 

time, at least until more funding is obtained for year-round bird care. 
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To date, DOFAW maintains year-round drop-off kennels at all of Kauai‘s fire stations for wild birds, 

providing a list of numbers to call.  In the Off-Season, SOS has agreed to share some of the pick-up 

responsibilities in order to promote cooperation and has offered rehabilitation assistance because of the 

aforementioned reasons.  The off-season call list reads as follows… 

Figure 3-1.  Information on Year-Round Aid-Stations. 

BIRD RESCUE DEPOSIT KENNEL  

IT IS VERY IMPORTANT THAT ANY BIRD YOU LEAVE IN THIS CAGING GETS CARE AND 

ATTENTION AS SOON AS POSSIBLE. 

PLEASE CALL THE FOLLOWING NUMBERS IN ORDER UNTIL SOMEONE ANSWERS THE 

CALL… 

THANK YOU SO MUCH FOR CARING! 

 

THOMAS KAIAKAPU  …………..808-274-3440 (office) 

     …………..808-645-1576 (cell)  

KAUA‗I HUMANE SOCIETY 

(Save Our Shearwaters)  …………..808-632-0610 (office) 

       

     …………..808-635-5117 (cell) 

 

Listing the SOS cell phone last will avoid requiring a SOS staff member to be ―on-call‖ year-round, which seems 

unnecessary and creates undo strain.  Still, the Program cell phone needs to be checked at the end of each day by the 

Program Coordinator or, should he/she be off-island, potentially by the Lead Technician for SOS.  The Program‘s 

―office‖ phone is the main KHS line, for which KHS has a system in place —experienced desk staff can forward 

calls and record concerns while locating KHS or SOS staff to pick-up a bird.  Extension 109—the SOS office 

phone—should anyone reach it with the Coordinator unavailable, will be checked by the Program Manager, Dr. 

Becky Rhoades.  KHS will continue to respond to bird calls and continue to assist with the daily fire station checks 

because it agreed to do so for Thomas Kaʻiakapu in the 2009 off-season, either by utilizing the Humane Officers as 

they receive island-wide calls, or by utilizing the front desk to confirm with the fire stations each morning.  There 

are 7 fire stations to either call or physically check.  The list and phone number for each station can be found in 

Section 7.4.7. 

Ideally the Humane Officers will drive by and check the kennels when the opportunity presents itself; in this way 

SOS hopes to avoid harassing the fire/sub stations on a daily bases.  It is KHS‘s hope that these year-round kennels 

will be phased out, and KHS, advertised as the central location for bird rehabilitation, will be consulted via phone 

before citizens pick-up a seabird.  As long as citizens can contain a bird, KHS has an animal control system in place 

that will allow staff to go and retrieve it.  In the off-season, White-tailed Tropicbird near-fledglings and nestlings 

are often picked-up by the uninformed public.  Wedge-tailed Shearwater nestlings are candidates for this issue as 

well.  Requiring citizens to consult KHS before taking a bird to a convenient drop-off may be one way to educate 

the public and avoid this nestling pick-up issue.  Hand-rearing nestlings is always a costly and time-consuming 

endeavor that should be avoided unless the situation has been thoroughly assessed and no alternative presents itself. 

3.2 ENDANGERED SPECIES, BANDING & MBTA PERMITS 

Because SOS Program personnel band, handle, and rehabilitate endangered seabirds and birds protected under the 

Migratory Bird Treaty Act, SOS must have federal and State of Hawai‗i permits to ensure that KHS and SOS-

specific personnel are in compliance with the law. The SOS Coordinator will be responsible for ensuring that the 

Program and the personnel who participate in it are covered by the appropriate permits. 
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A copy of all necessary executed state and federal wildlife permits will be included in the Manual in Chapter 7 once 

they have been secured. Additionally, any letters extending authority to the individuals covered under the permits or 

to a third party acting as the State‘s agent will also be included there as well.  

3.2.1 FEDERAL MIGRATORY BIRD TREATY ACT PERMIT (REHABILITATION) 

Wildlife rehabilitators who care for birds protected under the Migratory Bird Treaty Act (MBTA) are required to 

have a valid MBTA permit. Dr. Joanne Woltmon DVM, who has been and continues to be the lead veterinarian 

overseeing veterinary and rehabilitation care for the SOS Program, has a federal Migratory Bird Treaty Act Permit. 

Kaua‗i Humane Society has an accompanying federal Migratory Bird Treaty Act Permit # MB212948-0 (with a 

copy available in Section 7.9, Figure 7-4) covering regulations 50 CFR Part 13 and 50 CRF 21.3.  This permit will 

cover SOS in its rehabilitation activities until March 31, 2014, provided that SOS remains under the 

supervision/consult of Dr. Woltmon and/or Linda Elliott. 

3.2.2 FEDERAL ENDANGERED SPECIES ACT PERMIT 

After much correspondence with the Migratory Bird Permits Coordinator, SOS has determined that the Permit 

#MB212948-0 obtained on June 2, 2009 will authorize KHS to handle and transport birds and perform necessary 

triage and rehabilitation on the birds of Kauai covered by the Endangered Species Act (i.e. Newell‘s Shearwaters, 

Hawaiian Petrels, Band-rumped Storm-Petrels, Nene, and possibly other migratory birds with federal protection).  

Figure 7-5 and Figure 7-6 document the correspondence.  These allowances are provided with the condition that 

SOS continues to coordinate with DOFAW, HWC, and KVC.  Therefore, KHS, through its SOS Program may take 

endangered and threatened species in order to aid a sick, injured, or orphaned specimen; it may also salvage a dead 

specimen, so long as specimens are eventually transported to the Līhue DOFAW baseyard. 

3.2.3 FEDERAL BIRD BANDING PERMIT 

All field personnel must be listed on a current federal bird banding permit allowing banding in the state of Hawai‗i. 

This requirement may be met with SOS being added to the permit under which DOFAW operates its bird banding 

operations. Or, SOS will hire a Coordinator with adequate banding qualifications in order to apply for and obtain a 

Master Banding Permit.  This is preferred.  The SOS Program Coordinator is responsible for ensuring that once staff 

members have been adequately trained and are proficient bird-banders, that they are added to the existing banding 

permit. KHS and its SOS staff will be covered under the existing DOFAW bird banding permit while the SOS 

Coordinator applies for his or her own Master Banding Permit, pending as of August 2009.  All field personnel will 

need to be added to that permit on a yearly basis and therefore the Coordinator must be comfortable with the 

banding skills of any or all subpermittees.  Again, sufficient lead-time must be allowed in order to secure this 

permit.
3
  Maintenance of this permit will be yearly and is due by February 1

st
 of the following year. 

3.2.4 STATE ENDANGERED SPECIES ACT PERMIT 

KHS will apply for and secure a State Endangered Species Permit as soon as is practical. While KHS is seeking its 

own State Endangered Species Permit, its work related to the SOS Program will be covered under Hawai‗i law by 

virtue of the fact that they will be operating an existing state program as the State‘s agent and the Program is 

covered under DOFAW‘s existing wildlife management program. 

                                                           
3 Federal banding permits are issued and administered by the U.S. Department of the Interior, U.S. Geological Survey Patuxent Wildlife 

Research Center in Maryland. Applying for, and receiving, a new banding permit takes between three and six months. Thus if the SOS 

Program is going to operate under an agency or entity other than DOFAW it will be imperative that this permitting process commences as 

soon as possible after the decision is reached on the structure/management of the program. 
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CHAPTER 4-STAFF TRAINING PROGRAM 

4.1 INTRODUCTION 

All SOS Program personnel will be required to attend and satisfactorily complete an appropriate training program 

prior to the onset of the field season each year. The curriculum is intended to provide classroom and practical 

training in all aspects of the field, clinic, and data collection that staff will be tasked with undertaking. By 

standardizing the training program and requiring that all personnel take the training on an annual basis, the Program 

Manager and wildlife regulatory agencies can be sure that individuals charged with implementing the SOS Program 

have received adequate theoretical and practical training on the tasks they will be required to fulfill; have 

demonstrated their individual proficiency in handling and banding recovered seabirds; and are able to conduct 

fieldwork in a safe and consistent fashion on a day-to-day basis. 

The training program has two basic modules; classroom instruction and practical hands-on training. Each module 

will address the two components of the SOS Program:  field protocol (including data collection) for fit and DOA 

birds (or birds that can otherwise be processed by the system in a day) and rehab methods (including record-keeping 

and monitoring) for compromised birds (or birds that may require on-going processing). 

The classroom module will give staff an overview of the SOS Program and introduce them to the operational 

procedures needed to organize for and carry out their day-to-day program responsibilities, especially with regards to 

data entry and rehab monitoring. The field training module will give SOS staff practical (hands-on) training and 

experience in the examining, handling, banding birds in the field, in addition to in-clinic handling and fluid 

administrations which will also address the rehabilitation room protocol. The practical use of the safety equipment 

issued to technicians will be addressed first. 

 

4.2 CLASSROOM TRAINING CURRICULUM 

4.2.1 INTRODUCTION TO THE SOS PROGRAM 

Each staff member will be issued a copy of this SOS Operations Manual prior to the start of the training program. 

Those attending training sessions will be asked to familiarize themselves with its organization and general content 

of the Manual before beginning training. 

At the beginning of the classroom training, the Program Manager or her/his designated representative (in this case 

the Program Coordinator) will summarize the organization and contents of the Manual and direct staff to where 

specific information is located within it. The Program Coordinator will emphasize that many of the activities that 

they may be asked to carry out are governed by state and federal wildlife permits and that the training will introduce 

them to the provisions that are applicable to their work; the need to adhere to those provisions will be stressed. In 

the case of SOS, the primary permit is the Fish and Wildlife Rehabilitation Permit, with a copy available in Section 

7.9, which authorizes the day-to-day SOS activities, broadly encompassing birds covered under the Migratory Bird 

Treaty Act; it even covers the handling of threatened or endangered species.  For this reason, every technician 

involved in SOS must be familiar with The Primary Duties and Responsibilities of the Program to Every Migratory 

Bird—the basics for SOS field technicians, taken from and modified slightly from Best Practices for Migratory 

Bird Care.  This information can be found in Section 7.1. 

The Coordinator will explain the organization of the Program, explaining the responsibilities of each team member 

as detailed in Chapter 3. The Program Manager will make sure that the persons attending the training sessions 

understand the chain of command and know exactly whom (among the persons whose information is provided in 

Section 7.4 of the Manual) they should contact in the event they have questions or encounter situations that they are 

not sure how to handle. 

Staff members will be required to read the entire SOS Operations Manual and after completing the training program 

and prior to initiating field work, will be expected to acknowledge that they have read and understood sections of 

the Manual that are relevant to their area activities and responsibilities and will follow the protocols laid out in it by 

signing the training acknowledgement page in the Manual. 
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4.2.2 EQUIPMENT AND METHODS 

4.2.2.1 Safety and Use of Safety Equipment 

Traffic on Kaua‗i is heavy in many areas where field crew staff may wish to stop to recover downed 

seabirds, often the highway.  In some locations there is little room to stop a vehicle safely and to ensure that 

it is out of the roadway travel area. In order to provide for their safety, the Program Coordinator will issue 

the following safety gear to each field crew member: 

- Two traffic cones; 

- Six traffic flares; 

- One orange safety vest; 

- One glow baton; 

- One cell phone; 

- Two magnetic SOS Program car signs; and 

- Three SOS Program tee-shirts. 

General. Field crew members or volunteers are not to endanger themselves and the general public‘s safety 

is not to be compromised in an effort to recover a downed bird. The above safety equipment will be carried 

or, where appropriate, worn by all field crew staff at all times while conducting SOS Program activities. 

SOS Program staff will wear orange safety vests at all times when picking up downed seabirds from the 

roadway. Staff will affix SOS Program car signs to vehicles at all times when conducting SOS Program 

activities. Whenever practical, field crew will wear an SOS Program tee shirt when in the field to make sure 

that they are easily identifiable as authorized workers. When vehicles must be stopped in exposed areas 

along roadways, drivers will place a traffic safety cone 20-feet in front and 20-feet behind the roadside tires 

of the vehicle. 

Use of Cell Phones. Cell phones issued to Program staff are to be used only to carry out the daily operation 

of the SOS Program, to notify the Program Manager of problems, or to summon appropriate emergency 

assistance if needed. Any program cell phones will be preprogrammed prior to the onset of field work with 

SOS Program staff contact names and numbers, as well as any necessary emergency service numbers that 

the Program Manager may deem necessary.  Personal cell phones may be used instead if pre-arranged and 

appropriate reimbursement has been discussed. 

4.2.2.2 Global Positioning System (GPS) 

The use of global positioning system (GPS) units provides accurate spatial information concerning where a 

bird was recovered or killed. This information will one day be entered into a Geographic Information 

System (GIS), and that spatial information will be analyzed in conjunction with other information that is 

collected to better understand specific risks facing seabird species on Kaua‗i.  Field crew members will 

familiarize themselves with the basic controls and use of the GPS unit issued to them prior to the practical 

field training portion of the training program.  The SOS Program records GPS information in the UTM 

format using the NAD83 Datum. The SOS Program Manager is responsible for ensuring that units are 

loaded with the most current version of the operating software before they are issues to field workers. The 

current latest software for the Garmin© GPS units which were used during the 2007 SOS season is version 

3.7 released in June 2006. 

4.2.2.3 Digital Photography 

SOS holds 1-4 numbered digital Canon® cameras that should be reasonably user-friendly.  However, for 

classroom training SOS staff needs to test the cameras pre-season and make sure that the digital 

components are functioning and taking clear pictures that may be used for taxonomic identification or 

public relations.  Also, the file numbering on the camera‘s SD card must be appropriately set so that techs 

can record the photo numbers on their SOS Field Form.  There will be a field-training session on taking 

appropriate diagnostic photos described in 4.2.2.14. 

4.2.2.4 Vehicles and Maintenance of Mileage, Reimbursement, and Labor Log 

SOS has two KHS vehicles for island patrol and pick-up during the season.  Technicians are asked to avoid 

using personal vehicles as much as possible for Aid-station pick-ups and island patrols.  The use of KHS 

field vehicles is much more cost-effective and reduces time-consuming paperwork.  If a personal vehicle is 

to be used in the field, technicians should carry magnetic SOS signs to advertise the Aid-station pick-ups 

appropriately. 
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Field Vehicle Contents and Maintenance 

Additionally, field crew members will need the following in their work vehicles 

 Safety Equipment listed in Section 4.2.2.1, a complete Bird-Banding kit given in Section 4.2.2.5, 

Binoculars, GPS unit, Digital Camera, Gavage set-up with small bottle of Pedialyte
©
, SOS Field Forms 

in addition to an Intake/release log and Mortality log, Copy of the manual with list of contacts, Ready 

Mapbook of Kauaʻi, Field Guide for seabird identification, Cell phone, 2 Gallon-size Ziploc© freezer 

bags and Cooler with fresh ice packs for carcass pick-up and transfer, SOS Bird-Transport Rack with 6‖ 

diameter transport tubes for transport to a release site, Individual Pet Carriers/Kennels for transport to 

KHS or KVC, Towels to provide sanitary work space, a Capture Net for containment of larger birds 

such as boobies, a notebook/Aid-station log, 500 brochures, 10 posters, and 2-3 prominently displayed 

magnetic signs.  

 Field vehicles and their contents will be washed and sanitized once a week unless a bird is picked-up 

with a suspected virus, in which case the vehicle will immediately be sanitized. 

It is the Program Manager‘s responsibility to maintain appropriate logs of all direct and labor costs 

associated with the implementation of the SOS Program on an annual basis. A detailed report and 

supporting electronic data supporting those figures shall be submitted to KIUC on an annual basis. 

 

4.2.2.5 Introduction to Bird Banding and Bird Handling Equipment 

The Program Manager will issue each field crew member a bird banding tool box, containing the following 

items: 

 Appropriate shearwater-sized banding pliers; 

 Spreader pliers; 

 Pesola 1000 gram scale; 

 10 clean weighing bags; 

 Wing chord instrument; 

 USFWS bird bands size # 4 (50) for NESH and HAPE; 

 USFWS bird bands size # 4A (50) for WTSH; 

 USFWS bird bands size # 3, 3A, 3B (10 each) for WTTR and HAPE, respectively; 

 Latex disposable surgical gloves for handling birds; 

 15 clean bird handling towels; 

 Rite-in-the-rain© observation note book; 

 100 SOS Field Forms; 

 Intake/Release Log; 

 Mortality Log; 

 Toe tags; 

 Writing implements including a fine point Sharpie permanent Marker Pen to fill in Toe Tags; 

 Additionally and as previously stated, field crew members will be provided with a pet carrier, SOS bird 

transport rack, Cooler, 2 Gallon-size Ziploc© freezer bags, digital camera and a GPS unit in their 

vehicles. 

 

4.2.2.6 Informational Material for General Public on the SOS Program 

During the course of performing SOS Program duties, field crew members may be approached by members 

of the public who have questions about the Program and/or the Shearwater downing issue in general. It is 

important that staff respond politely and thoughtfully to all questions that they are asked. The dissemination 

of information about steps that members of the public should follow in handling and recovering birds, as 

well as potential minimization actions that individuals can take to reduce the risk of birds being downed, is 

important in allowing the Program to achieve its goals.  SOS does not advertise its acquisition of location 

data, and the broad response to questions pertaining to the location data should basically state that SOS 

focuses on seabird-specific rescue and recovery.  (SOS does not rescue chickens, mynas, doves, or cattle 

egrets—to name a few of the most common inappropriate pick-up requests.)  SOS does not pursue lighting 

complaints; while KHS responds to certain loose dog and cat complaints, the SOS Program does not 
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perform predator control.  Obviously, SOS will not relocate seabirds that have nested on citizens‘ respective 

properties. 

KIUC has produced an excellent flyer that addresses many of the questions that may be raised about the 

SOS Program (a copy available in Appendix D). Prior to the onset of field activities each year, each field 

team member will be given a supply of these brochures to hand out and will be responsible for maintaining 

his or her supplies of these over the course of the season. The Program Coordinator will supply these upon 

request. 

4.2.2.7 Data Forms, Codes, and Entry 

It is imperative that data on live and dead birds is gathered in a consistent fashion. The SOS Program uses 

the following five data forms to collect and report on the data collected in the field: 

 SOS Field Form for every pick-up (see Figure 4-1); 

 Toe Tag (see Figure 7-1); 

 Intake/Release Log (see Table 7-1.); 

 Seabird Mortality Log (see Table 7-2 and Table 7-3); 

 Photo Log (see Table 7-4). 

A correctly completed example accompanies each log described below; all examples are made available in 

Section 7.2.  These examples should be used as guidance when filling in forms during field and data-entry 

activities.  Each SOS crew member will have three individual logs listed above in addition to multiple Field 

Forms and Toe Tags that must be completed to the best extent possible at the end of each work day.  In 

addition, the information from these logs will be combined when transcribed into a Master Database Excel 

File with Sheets encompassing the following:  

 Endangered Species (Newell‘s Shearwaters, Hawaiian Petrels, and Band-rumped Storm-Petrels); 

 Other Species (primarily Wedge-tailed Shearwaters and White-tailed Tropicbirds); 

 Mortalities 

All this data will be entered into the Master Database at the end of each work day.  A better description and 

complete explanation of the Master Database is provided in Chapter 6.  The data entry codes to be used in 

recording data are also included in Section 7.3.  An example of the Master Database is available in 

Appendix A.   

 

4.2.2.8 Use of SOS Field Form 

The SOS Field Form should be filled out quickly and efficiently in the field, and the technician may reach a 

point where all information can be listed in a field notebook, but SOS must have the documentation that its 

staff has thoroughly examined each pick-up.  Triage work requires emergency responders to take the time to 

record initial observations.  With Newell‘s, some injuries, in particular impact injuries, can escape initial 

detection for a variety of reasons, and these impact injuries are sometimes treatable with minimal 

rehabilitation. 

 ES/OS (circle one):  Mark the pick-up as an Endangered Species or Other Seabird species and file the 

form as such. 

 SOS STAFF:  Initial your form. 

 LOG ENTRY #:  The number found on your log maintained throughout the season preceded by your 

initials—―AM-1,‖ ―RR-25,‖ etc. 

 PICK-UP DATE:  This entry is for the month and day AND year that you recovered the bird. Use alpha 

numeric symbols, using the first three letters of the month followed by the numeric day of the month. 

So, if NOV 5 2009 is entered, the bird was recovered on November 5
th
 of 2009. 

 KHS INTAKE #:  The number assigned into the KHS system.  This will not be used unless a Humane 

Officer picks up a bird and transports it to KHS for the SOS staff.  This happened often enough in 

2008 to make this a stand-alone entry. 

 P/U TIME:  Record the time the bird was picked-up by SOS.  If the public provided a drop-off time or 

―time found‖ their information can be noted on the back or bottom of the field form. 

 STATION:  Write in the Aid-station (or the station‘s code) or enter ―X‖ for a direct roadside pick-up 

 WRITTEN LOCATION:  Brief description of the pick-up area if directly from the roadside (a telephone 

pole number is ideal) or the exact wording on the white board provided for the public at the Aid-station. 
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 P/U GPS:  UTMs for a direct pick-up in the field.  Please retrieve as many of these as possible 

accompanied with photos! 

 STATUS (circle one):  ―Alive‖ status means the bird appears fine, albeit grounded (pre-field exam).  

―Injured‖ status covers a broad range of possibilities, one being dehydration; even a bird with odd 

posture should be labeled as ―injured,‖ mandating a full exam.  A ―DOA‖—―dead on arrival‖—is a 

carcass retrieval. 

*Answer the exam questions on the back of the form before continuing; questionnaire shown in 

Figure 4-1. 
 INJURY BRIEFING:  Provide a short description of the best guess as to the problem requiring transfer 

to the shelter.  If the bird has an ―Injured‖ status it must receive a KHS or KVC examination. 

 SPECIES (circle one):  Newell‘s Shearwater, Hawaiian Petrel, Band-rumped Storm-petrel, Wedge-

tailed Shearwater, White-tailed Tropicbird, Red-footed Booby all have four-letter alpha codes that SOS 

techs should utilize in their paperwork and data entry.  HAPEs, BANPs, and any ―Other‖ species must 

have at least a few diagnostic photographs to confirm the identification. 

 DESCRIPTION:  Briefly go over key features like feather coloration, tarsus color, foot color, eye color, 

facial markings, etc. 

 DIAGNOSTIC PHOTOS (circle Yes or No):  ―Y‖ must be followed with the Camera # 1, 2, 3, or 4 and 

photo file numbers.  

 AGE CLASS (circle one):  Refer to Section 4.2.2.15 to accurately age seabirds.  Do not hesitate to mark 

a bird as ―UNK‖—unknown, if you have uncertainty. 

 KEEL SCORE, WEIGHT, WING CHORD:  Refer to Figure 5-1 to assess the keel.  Weigh the bird with 

the Pesola 1000 gram scale.  Line the ―wrist‖ of the wing evenly at the joint of the AFO Banding Ruler 

and let the wing fall naturally down the ruler scaled by mm (which only measures up to 300mm and is 

therefore too small for some WTSHs and HAPEs).  An example of this morphometric measurement can 

be found in Section 7.6. 

 ATTITUDE (circle one):  Infer overall alertness based on the bird‘s response to your presence.  WTSHs 

bite more frequently than other shearwaters, but a NESH will definitely ―burrow‖ into the nearest 

crevice and will still bite occasionally, therefore still earning the notation ―BAR‖—bright, alert, and 

responsive.  ―QAR‖ depicts a quite, alert and responsive bird, similar to the following notation:  

―Weak,‖ which more so depicts a bird struggling with obvious difficulty; ―NAR‖ indicates breathing 

and perhaps a slow heartbeat but little else (perhaps ―limp neck syndrome‖—most likely such a bird 

will die in-transit. 

 FEATHERING (circle one and further note on ―Abnormal‖):  Note the area of damaged feathers and the 

exact feather (especially if a primary) if possible. 

 HYDRATION (circle one and further note on ―Abnormal‖):  Refer to Table 5-1.  Dehydration 

Symptoms of Compromised Birds‖ to accurately assess the degree of dehydration. 

 OK TO RELEASE?:  Notating the band type and number will indicated the next step in the SOS system.  

A Temporary Band bird will go to KVC or KHS depending on the circumstances, day, and time-of-day.  

A Permanent Band bird will go to a Release site. 

 KHS AND/OR KVC:  Mark the time of arrival on a 24-hour scale. 

 FINAL DISPOSITION (circle one):  Provide how and the date, time, and final location at which the bird 

exited the KHS system.    

 LOCATION—primarily RELEASE SITE–Location may be KHS or KVC (if DIC or EUTH) but location 

will 9 times out of 10 be a hack box or beach-release site.  Any ―TRANSFER‖ will presumably go to 

HWC for more extended care, provided HWC is operating. 
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Figure 4-1.  SOS Field Form 

FRONT       BACK 

ES OS MORT     Do the feet feel hot or cold? 

Kauai Humane Society 

SOS Field Form   

       Does the bird fight and/or hide? 

SOS Staff_____       

Log Entry #_____  
       Are any significant lesions or fractures visible?   

Date___________ KHS Intake #_________   

P/U Time_________ Station_______________   

        

Written Location____________________________  Is the vein refill time <1 second and do the eyes 

___________________________________________  appear bright? (Dehydration level at or under 5%)? 

        

P/U GPS___________________________________ 

        

Status:   Alive  Injured  DOA    

       Is the bird well-fleshed and at a weight within 10% 

Injury Briefing______________________________  of its mean mass? (Keel = 2 or 2+) 
___________________________________________   

 

NESH HAPE BANP WTSH WTTR RFBO    

UNK Other_____________________________   

       Can the bird place weight on both legs and 

Description________________________________   maintain a consistent posture? 

 

Diagnostic Photos?  Y/N Camera #___   Photo #s: 

__________________________________________   
Age Class:  NSTL   HY   AD   UNK   

        

Keel Score____; Weight_______; Wing Chord___ 

       Can the bird fully rotate and extend both wings?  

BAR    QAR  Weak    NAR     

       
Feathering:  NORMAL; ABNORMAL_________  

__________________________________________ 

Hydration:  NORMAL; ABNORMAL_________   Does the bird exhibit any possibility of head trauma? 

OK TO RELEASE??? 

YES; Perm Band #__________________________ 

NO; Temp Band #___________________________ 

 

Shelter   Time___________  Does the bird have a normal heart rate (too fast to count)  

Kauai Vet Clinic  Time___________   and do the lungs sound clear? 

 

FINAL DISPOSITION 

REL    EUTH  DIC     TRANSFER 

Date________; Time_________;  

Location_________________________________ 
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4.2.2.9 Use of the Intake/Release Log 

The Intake/Release Log is to be used to keep track of every pick-up performed by a technician throughout 

the season.  The vast majority of the birds that are recovered by the SOS Program each year are Newell‘s 

Shearwaters, and their number should be tallied on a regular basis.  Data to be gathered and entered on this 

form is as follows: 

 NUMBER (―#‖):  Starting with the first entry that is to be recorded, enter the number 1.  Each 

technician should have around 100 entries (probably 2/3
rd

s Newell‘s Shearwaters) by the end of the 

season. 

 BAND #:  The entire number etched into the federal band.  Technicians can manually record this at 

each release or they may consider pre-printing their band numbers into their log before the season starts 

in order to better keep track of missed bands.  Regardless, missed bands MUST be noted on THIS log 

in particular; this is the master band database and these numbers will be used to send into the permit 

issuing agency—the Bird Banding Laboratory.  Each tech will be issued 50 pre-numbered and 

federally-issued alloy bands for Newell‘s Shearwaters (and some Tropicbirds) sized at ―4‖ and 50 pre-

numbered and federally-issued alloy bands for Wedge-tailed Shearwaters sized at ―4A‖.  A technician 

will print his/her series (of assigned bands and sizes) at the top of each log page.  In addition, if one 

technician releases a bird banded by another technician, he/she must notify the bander to ensure proper 

log documentation. 

 TEMP #/COLOR:  A temporarily-issued band with a color specific to each technician.  The temp bands 

use letters such as AA or BA depending on the color of the set issued.  If a bird is headed to KVC or 

KHS it must receive one of these bands.  

 SPECIES:  A four-letter alpha code to indicate the species should be entered.  For instance, if the bird 

recovered is a Hawaiian Petrel or a Band-rumped Storm-Petrel, then you should enter the appropriate 

species alpha code from Section 7.3.1—HAPE or BANP, showing that the bird in question was not a 

Newell‘s Shearwater. 

 PICK-UP DATE:  This entry is for the month and day that you recovered the bird. Use alpha numeric 

symbols, using the first three letters of the month followed by the numeric day of the month. In the first 

example, NOV 5 is entered, indicating that the bird was recovered on November 5th. In the second 

example, the NOV 6 entry indicates that this bird was recovered on November 6th. 

 PICK-UP LOCATION:  This entry is for the location where the bird was recovered, and this 

information is entered into more than one data sheet because it is perhaps the most desired data for 

entities interested in SOS. In the case of birds retrieved from aid-stations, there may or may not be any 

information on the write-on board as to where the bird was originally recovered. Enter any information 

provided on the write-on board and then erase the board.  In the first example, the Kalapaki Beach 

Park entry indicates that the bird was originally recovered in Kalapaki Beach Park. In this instance, the 

bird was actually from an aid-station and the original recovery location was written on the write-on 

board at the station.  If there is no information, enter Unknown; if the technician picked-up a seabird 

directly, SOS needs the GPS coordinates from where the bird was recovered, if practical.  In the second 

example, the GPS coordinates of where the bird was recovered were entered since we have exact 

information on the location that the bird was recovered.  UTMs are the preferred location data.  A 

telephone pole number would also be acceptable in most cases. 

 INITIAL STATUS:  This entry is just to determine if the bird was treated or released (Tx or Rel); one 

other option could be Died In Transit if the individual died in transit to the shelter (rare). Euthanasia 

will be considered a treatment and thus initial status will be ―Tx‖. 

 FINAL OUTCOME/DATE:  EUTH (euthanized), DIC (died in care—rare), REH/REL (rehabilitated and 

released), or TRANS (transferred—generally to HWC).  

4.2.2.10 Use of Seabird Mortality Log 

 MORT #:  Starting with the first entry that is to be recorded, enter the number 1.  Each technician 

should have around 100 entries (almost all Newell‘s Shearwaters) by the end of the season.  When 

entering personal log information into the Master Database make sure to put your initials before your 

log entry so that no confusion will be raised over identically numbered mortalities. 
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 PERM BAND #:  The entire number etched into the federal band, if the bird is wearing a federal band.  

This is very important and cannot be overlooked. 

 SPECIES:  Enter a four-letter alpha code to indicate the species, provided the carcass is intact enough 

for an accurate id.  Enter the appropriate species alpha code from Section 7.3.1—HAPE, BANP, etc 

showing that the bird in question was not a Newell‘s Shearwater (NESH).  If the carcass has no 

identifiable features intact, enter UNK, as in the 2 and 3 examples from Table 7-2. 

 P/U DATE:  This entry is for the month and day that you recovered the mortality. Use alpha numeric 

symbols, using the first three letters of the month followed by the numeric day of the month. In the first 

example, Jun 7 is entered, indicating that the bird was recovered on June 7
th
. In the second example, the 

Jul 25 entry indicates that this bird was recovered on July 25
th
. 

 TIME:  Record the time the carcass was retrieved.  Time of P/U can give some indication of what event 

may have caused the light attraction and subsequent fall-out/death.   

 √:  Mark this box if the bird was a direct road-side carcass retrieval. 

 LOCATION:  This entry is for the location where the bird was recovered, and this information is 

perhaps the most desired data for entities interested in SOS. In the case of birds retrieved from Aid-

stations, there may or may not be any information on the write-on board as to where the bird was 

originally recovered. Enter any information provided on the write-on board and then erase the board.  

For roadside pick-ups, be as precise as possible when dictating where the carcass was retrieved; UTMs 

relieve some of this pressure. 

 UTM:  Record the UTMs whenever safely possible.  This is also very important and should not be 

overlooked. 

 AGE CLASS: This space is for the age class of the bird as determined using the procedures detailed in 

Section 4.2.2.15.  The ―AD‖ entry in Table 7-2 indicates that the bird was an adult bird.  The UNK 

entries were carcass retrievals that were too flattened to accurately assess age.  However, the time-of-

year can classify these particular birds as ―AD‖ and the entries will be adjusted as such on a later 

review. 

 DEATH DATE:  Enter the best guess as to the day of the bird‘s demise.  Temperature can accelerate 

decomposition when the carcass sits on asphalt in the heat of the day, so an unscented carcass probably 

died the night before P/U. 

 NO (Y/N—enter one):  A brief description of the carcass should accompany the log.  Technicians can 

mark their personal mortality field notes on the back of their own log with the MORT # preceding.  The 

Master Database provides a Mortality Field Notes sheet for this purpose.  The MORT # precedes the 

note.  See Table 7-3.  Notes accompanying the 2009 Mortality Log.. 

 PH (Y/N—enter one):  All roadside pick-up mortalities should have some photo documentation, 

provided SOS staff can safely take photos at the site of the casualty.  Technicians will have a Photo Log 

(Table 7-4) to maintain these pictures. 

 PH # (s):  A ―Y‖ entered in the preceding column requires the number(s) of the photo files on the SD 

card from the tech‘s digital camera.  These file numbers will be further organized in the Photo Log. 

4.2.2.11 4.2.6.4 Use of the Photo Log 

This form is to enter data on photographs taken of any and all intakes within the SOS Program.  The 

primary focus is situations associated with mortalities.  However, diagnostic photographs and promotional 

shots of release should be carefully documented also. 

 ID #:  This field contains the unique recovery number identifying the bird or situation surrounding a 

specific bird in the photos.  ―ES‖ indicates that the bird can be found on the Endangered Species Sheet 

in the Master Database. 

o The first entry in the 2008 Photo Log provided in Section 7.2.3 (Table 7-4) documents an ―ES-

9281‖ indicating a NESH, HAPE, or BANP with a federal band ending in #9281. 

o In the second example, ―ES-AAred-AM003‖ indicates that the photographs are of a bird that went 

unbanded, receiving a red temporary band AA issued to technician AM, and put on intake #003 in 

technician AM‘s Intake/Release Log.  Two more photos follow for this same entry.  

o ―ESMORT-1_AM1‖ in the fourth example signifies that the photograph is of a bird documented on 

the Master Database ES Mortality Sheet and the corresponding field entry is the first recorded 
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mortality in AM‘s personal Mortality Log.  Note that a separate line is to be used for each 

photograph taken. 

 CAMERA #:  SOS has 4 Canon digital cameras within its inventory.  They are marked #1-#4 and their 

respective SD storage cards are numbered to match. 

 PHOTO #:  This field is for a unique photo number assigned to every image. This number is created by 

the digital camera and stored on the SD card where it can be directly retrieved and copied onto the 

computer. 

 P/U DATE:  Same as all other data forms. 

 SPECIES:  Enter the four letter alpha code for the seabird species recovered. 

 DESCRIPTION AND COMMENTS:  Briefly describe the intent of the photo.  Photos could have a 

variety of purposes, as can be seen in Table 7-4:  diagnostic, like ―ES-AAred-AM003,‖ fall-out 

documentation, like ―MORT-1_AM1,‖ or publicity shots, like ―ES-9281.‖  Note that fall-out 

documentation should include direct pictures of the carcass as it lies.  Other accompanying photos 

should include any buildings or similar obstacles to flight such as telephone poles.  Estimate the 

distance of each structure in each photo, and record this number in this DESCRIPTION AND 

COMMENTS section.  Record the distance of the carcass from the line of traffic, also.   

4.2.2.12 Use of Toe Tags 

Toe Tags are used to identify specific dead birds that are salvaged and stored for later examination. 

The field worker is responsible for completing a Toe Tag for every dead bird. Toe Tags should be filled in 

using a fine point Sharpie© permanent marker. The completed Toe Tag should be tied to the leg(s) of the 

carcass (if a leg can be found) and both the carcass and the tag should be inserted into a Ziploc© freezer 

bag, which will be marked, also in Sharpie© permanent marker, to read exactly as the Toe Tag is labeled.  

Toe tags should be filled out for all dead seabirds salvaged. A completed Toe Tag is available in Section 

7.2.4, Figure 7-1.  The following data should be entered on the Toe Tag. 

 P/U DATE:  Same as all data forms above, except the year is critical on the Toe Tag.  Because of the 

current carcass storage system spanning many years, all mortalities must have complete records. 

 SPECIES:  Same as all data forms above. 

 ID #:   This field identifies the mortality based on Master Database.  Most often the technician‘s 

personal mortality records:  AM1, AM2, etc; and, the year will create a simple unique identifier. The 

final result will follow as so: AMMORT00109. ―ES-AAred-AM003,‖ could be another unique 

identifier for DIC birds 

 LOCATION:  This entry is for the location where the bird was recovered, and this information is 

perhaps the most desired data for entities interested in SOS. In the case of birds retrieved from Aid-

stations, there may or may not be any information on the write-on board as to where the bird was 

originally recovered. Enter any information provided on the write-on board and note the Aid-station 

used also.  For roadside pick-ups, be as precise as possible when dictating where the carcass was 

retrieved; UTMs relieve some of this pressure.  Figure 7-1displays a Toe Tag placed on a bird with 

precise UTM information—a direct pick-up. 

4.2.2.13 Use of Field Notebook 

The field notebook is to be used to enter additional data—behavioral, habitat and situational information 

associated with birds.   Basically, all information on specific birds or situations that will not fit into any of 

the other data forms but may still be of interest to the SOS Program, corroborating scientists, or regulators, 

should be entered into the Field Notebook.  Bird behavior on release holds particular interest to the 

Program. Wind speed and direction as well as weather conditions should be recorded.  The number of times 

a bird tests the wind, the inclination to hide inside a hack box or hop off a hack box should be recorded in 

the field notebook.  The bird‘s primary take-off direction in relation to land should also be noted.  Enter 

your unique recovery number (your Intake/Release log number and the federal permanent band or 

temporary band number and color) identifying the bird or situation surrounding a specific bird before each 

set of notes that you enter in the Field Notebook.   

4.2.2.14 Seabird Identification 

The SOS Program primarily handles five seabird species: 

 Newell‘s Shearwater (Puffinus auricularis newelli) 

 Hawaiian Petrel (Pterodroma sandwichensis) 
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 Band-rumped Storm-Petrel (Oceanodroma castro) 

 Wedge-tailed Shearwater (Puffinus pacificus) 

 White-tailed Tropicbird (Phaethon lepturus dorothea) 

 (As of 2008,) Red-footed Booby (Sula sula rubripes) 

Photographs of the first five species are presented in Appendix B.  The Red-footed Booby can be 

indentified with relative ease (while tricky at the juvenile stage) and can be found in almost any North 

American field guide. 

Newell‘s Shearwaters make up the great majority of the birds recovered by the program each year.  More 

specifically, each year over the past few years the program has recovered over 300 Newell‘s Shearwaters 

with the exception of the most recent year (2008) in which the program recovered slightly less than 200 (a 

36% decrease from 2007).  Up to 10 Hawaiian Petrels, 4 Band-rumped Storm-Petrels, 100 Wedge-tailed 

Shearwaters, 15 White-tailed Tropicbirds, and 2 Red-footed Boobies are recovered in the season—with a 

few of the more common individuals (protected by the MBTA) extending into year-round pick-up and 

release.  Identifying the six most regularly recovered species does not present many identification problems; 

only two species, Newell‘s Shearwater and Wedge-tailed Shearwater, superficially resemble each other, 

while the other four are easily separable.  The Program Coordinator has copies of comprehensive field 

guides to the birds of Hawai‗I and the Tropical Pacific. These can be used to assist in identifying unknown 

or uncommonly encountered species. If a bird is encountered that cannot be identified or is an uncommon 

species, look at diagnostics for several other seabird species, including Bulwer‘s Petrel (Bulweria bulwerii), 

Christmas Shearwater (Puffinus nativitatis), Brown Booby (Sula leucogaster plotus), Laysan Albatross 

(Phoebastria immutabilis) and various waterfowl or terrestrial alien species that could be delivered to the 

SOS Aid-stations by members of the general public. For any of these species field crew members will 

notify the Program Coordinator and/or Manager for instructions on how to handle each bird.   

For ANY unknown species of bird, take photographs of the bird and then transport to the KHS facility and 

notify the Program Coordinator for instructions on the appropriate protocols to follow in handling the bird.  

EVERY bird from the Matson Port (cruise ship docking) needs photo documentation. 

Key identification characteristics of the prevalent pick-up species are presented below. For the purpose of 

discussing the identification of these seabirds we‘ll discuss how to identify an unknown species by 

comparing them to a Wedge-tailed Shearwater – a species that you will handle during the practical banding 

portion of this training program. 

 Wedge-tailed Shearwater – Length: 41-46cm (16-18 in); Wing Span: 97-104 cm (38-41 in); Weight 

450 grams (16 oz).  Bill: Dark gray – long, thin and with a hook at the distal end.  Legs/Feet: 

fleshwhite.  Iris: Brown.  A medium sized shearwater, light gray-brown above with a paler throat.  

Upperwings mainly light gray-brown.  Underparts and underwings mostly white; sides of breast, flanks, 

inner underwing-coverts and undertail-coverts mottled with varying degrees of brown.  Dark morph not 

uncommon. 

 Newell‘s Shearwater – Length : 30-35cm (12-14 in); Wing Span: 76-89 cm (30-35 in); Weight: 400 

grams (14 oz).  Bill: Blackish– long, thin and with a hook on the distal end, similar to Wedge-tailed 

Shearwater.  Legs/Feet: Blackish tarsus with pinkish webs.  Iris: Black.  A smallish very dark, almost 

black shearwater with pure white underparts, and underwings with black tip and trailing edges on the 

underwings. Conspicuously white sides of rump are a very obvious field mark. White throat, extending 

upwards on sides of neck and behind ear-coverts (See photo). Newell’s always look darker than Wedge-

tailed Shearwater and Hawaiian Petrel. Newell’s are noticeably smaller than Wedge-tailed 

Shearwaters. 

 Hawaiian Petrel – Length: 43cm (17 in); Wing Span: 91cm (36 in); Weight:  450 grams (16 oz).  Bill:  

Black.  Legs/Feet:  Bluish-flesh, webs distally black.  Iris:  Brown.  A typical long-winged gadfly petrel, 

blackish-brown cap extends below eyes and onto the sides of neck, forming a partial collar. Body dark 

velvety brown, slightly paler than cap, underparts white.  Upperwings dark velvet-brown, primaries 

and secondaries slightly darker, but lacks typical Pterodroma ―M‖ mark. Underwing mostly white, 

with blackish margins, distinctive diagonal bar extending across coverts; axillaries white with small 

blackish patch (diagnostic). Birds tend to look grayish-blue with black heads. Bill is shorter and 

stubbier than either shearwater species (See photo). Looks round headed with relatively small bill when 

compared to either shearwater species. 
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 Band-rumped Storm-Petrel – Length:  19-21cm (7.5-8.5in); Wing Span:  42-45 cm (16.5-18in); 

Weight:  38-45 grams (1.5 oz.).  Bill: Black.  Legs/Feet:  Black.  Iris:  Dark brown.  A tiny, cardinal-

sized blackish-brown bird with a white rump band and uppertail-coverts. Upperwings blackish-brown; 

greater coverts brownish-grey forming a paler diagonal band. Underwings dark brownish-gray, tail 

blackish. Legs long in proportion to the body size. 

 White-tailed Tropicbird – Length:  38-40 cm (15-16 in), without 33-40 cm tail streamers; Wing Span: 

89-96 cm (35-38 in); Weight:  300 grams (11 oz.).  Bill:  Yellowish, occasionally horn to orange, 

juveniles often have blackish tip with a blue hue.  Legs/Feet:  Yellowish, webs blackish ( juveniles have 

pink or flesh colored tarsus with blackish webs).  Iris: Brownish.  A predominately white bird with 

distinctive tail streamers. Head mostly white, with black stripe extending upwards from the gape 

passing through the eye. Upperparts mostly white, scapulars tipped with black. Underparts white; 

longer flank feathers tipped with black. Upperwings, webs of outer 4-5 primaries mostly black, with 

black median coverts, inner secondaries and their coverts forming conspicuous diagonal stripe across 

otherwise pure white wing.  Underwing translucent white, tail streamers white.  Belly and streamers 

often tinged reddish from soil in burrows in adult nesting birds.  Juvenile bird distinctly barred grayish-

black – no tail streamers (most of the White-tailed Tropicbirds recovered are juvenile birds). 

Diagnostic Photographs 

As SOS develops, more and more diagnostic photos should be recorded on file of every species, 

particularly Band-rumped Storm-Petrels.  The classroom training session will review the key features 

made visible in photographs meant for identification purposes.  Examples of these good taxonomic photos 

can be found in Appendix C.  Two technicians will be required to take these photos:  one to handle and one 

to photograph. 

 

4.2.2.15 Determining the Age of Recovered Seabirds 

The vast majority of birds recovered each year by the SOS Program are juvenile birds, most downed on 

their maiden voyage from the breeding colonies to the ocean. For example, 97% of the Newell‘s 

Shearwaters recovered to date have been hatch-year birds. Most of the adult birds that are recovered are 

recovered near the beginning of the season or prior to the season.  In the case of Newell‘s Shearwaters, the 

hatch-year birds generally appear glossy black above and very pure white below. In contrast, adult birds 

tend to be more grayish-brown above, with numerous worn feathers, and often fairly stained or abraded 

belly feathers. In the case of the White-tailed Tropicbird, the lack of tail streamers and the vermiculated 

grayish-black feathering distinguishes hatch-year birds from adults (See Photo in Appendix B).  In the case 

of the Red-footed Booby, the mottled grayish-brown or overall dark plumage of juveniles makes a stark 

contrast to the white adults (with dark primary coverts).  The juveniles also have much duller feet—often 

not red—than the adult with a grayish or black bill rather than blue.  In the case of the other four species, 

determining the appropriate age class can be more challenging. Many of the hatch-year birds still sport 

varying amounts of natal down. When down is not obvious on a bird, it is usually possible to dislodge small 

amounts of down by gently scratching the top of the head against the lay of the feathers with your finger 

nail, small tufts of down will usually fall off, rather like dandruff.  General behavior is also a good 

indication of the age class of the recovered birds.  Adults tend to be vigorous and want to fly or waddle 

away from humans; many of the hatch-year birds are relatively sedentary, and will often just sit still where 

placed, while making little effort to flee or hide.  The method used to determine the age of the bird should 

be noted on the SOS Field Form, usually by the Description heading 

4.2.2.16 Procedures for Documenting and Processing Live Birds 

The purpose of documenting the birds retrieved is to record when and where the bird was recovered, to 

document its condition and age class, and to gather as much information as practical on the environmental 

setting that may have contributed to the downing of each bird recovered alive. It should always be borne in 

mind that the primary goal of recovering downed live seabirds is to assess each bird‘s condition and process 

it for release in a way that maximizes the probability that it will survive and reproduce. The following 

subsections describe the steps to follow when processing and recording data associated with each live bird 

recovered. 
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Steps for Processing and Recording Data on Live Birds Found in SOS Aid-Stations 

1. Use a towel to pull bird from the Aid-station. 

2. Identify the bird to species. If in doubt, take photographs to allow for later identification and continue to 

process the bird if it is definitely a seabird.  Dr. Nick Holmes should be contacted (with his information 

available in Section 7.4.5) over any and all gadfly petrels or confusing shearwaters and such birds will 

likely be released at Port Allen or Kekaha beach, where Dr. Holmes or one of his technicians can assist 

in proper diagnostic measurements and photographs.  Even so, a bird cannot be held for more than 3 

hours if perfectly healthy, and so should be released if the proper personnel cannot be reached within 

this time frame.  

3. If in doubt as to the correct species identification and no on-island expert can be reached, take AS 

MANY close-up diagnostic photographs as feasible, which will be sent for confirmation to KIUC‘s 

environmental consultant Dr. R. David rdavid@kona.net.  This protocol should take particular 

precedence in the case of a Band-rumped Storm-Petrel, which could possibly be a Wilson‘s or Leach‘s 

Storm-Petrel to the inexperienced eye, even when identified in-hand.  Photos, especially the side-view 

of the banded tail, are critical. 

4. Do not process unidentified or non-native birds that are not seabirds. Transport any unidentified birds 

and non-native species to the KHS facility and notify the Program Coordinator for instructions on how 

to handle the bird(s).  If a chicken has been placed in the Aid-station, it must be wiped-down with 

disinfectant. 

5. Check the bird for bands; if banded, record the band number and note that the bird was previously 

banded on the SOS Field Form AND Intake/Release Log. 

6. Record as much information about the bird‘s original location as possible; information entered on the 

Aid-station white board may be vague but can sometimes be very specific, narrowed down to even a 

parking lot. Enter information on the SOS Field Form AND Intake/Release Log. 

7. Erase the entry for the bird from the aid-station data board. 

8. Assess the bird‘s condition with the SOS Field Form. 

9. If the bird is injured, deliver it to the Coordinator, Manager, or Lead Technician, who will shuttle said 

bird as soon as practical to KVC.  If KVC is closed, an email should be written to Dr. Woltmon and the 

bird should complete an intake exam at KHS. 

10. If the bird passes the field physical, weigh it. 

11. If the bird is a Newell‘s Shearwater or Hawaiian Petrel and is less than 300 grams OR with a poorly-

fleshed keel (hatch-year birds should score at ‗2+‘), deliver it as soon as practical to the KHS 

rehabilitation facility and notify the Program Coordinator that a bird has been delivered that needs 

rehabilitation attention. 

12. If the bird is healthy and vigorous and destined for release, band the bird. DO NOT band rehab or 

veterinary birds with USFWS metal bands until they are ready to be released as each band turned into 

the Bird Banding Laboratory takes a significant amount of preparation time which should be avoided if 

the fate of the bird is uncertain; use plastic temporary bands for these birds until ready for release. 

Newell‘s Shearwater and Hawaiian Petrels wear a # 4 size band. 

13. Stow releasable birds in SOS bird transport rack for later release; stow rehab-oriented birds in a 

prepared transport kennel for later intake. 

14. Transport all seabirds recovered and in need of care to the KHS rehabilitation facility and notify the 

SOS Program Coordinator. 

15. Transport all birds to be released to a chosen release site. 

16. The Program Coordinator may band the species below prior to their release with the appropriate size 

band as shown below: 

- Band-rumped Storm-Petrel (BANP) # 2. 

- Wedge-tailed Shearwater (WTSH) # 4A-5. 

- White-tailed Tropicbird (WTTR) # 3B or 4—The Bird Banding Laboratory states that White-tailed 

Tropicbirds should be banded with # 4 bands. Personal experience in Hawai‗i indicates that a # 3B band 

is a better fit in almost all instances.  Band with a 3B and check for fit; if it seems too tight, replace with 

a # 4 band (Brenda Zaun and Beth Flint, USFWS, personal communications). 

mailto:rdavid@kona.net
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- Red-footed or Brown Booby (RFBO) # 7B. 

- Laysan Albatross (LAAL) # 7B. 

Technicians shouldn‘t band BANP, RFBO, or LAAL unless authorized to do so; RFBO and LAAL 

require an experienced handler and bander. 

The Program Coordinator will then transport and release these banded birds as outlined in 12. 

Steps for Processing and Recording Data on Live Birds Found Outside of Aid Stations 

1. Put all safety equipment into effect:  done orange vest and gloves, place orange cones around the SOS 

vehicle, light flares and place 20 ft in front and behind vehicle at night, take towel for live pick-up. 

2. Turn on GPS to begin tracking satellites. 

3. If daylight is available, photo document as much as possible and describe each photo on a Photo Log 

(see Section 7.2.3); photograph the bird in-situ if possible.  These should include an overall 

photograph(s) with bird shown in relation to other identifiable features.  Eventually, take a close-up of 

the bird (so that bird can be identified to species). 

4. Record date, time, and GPS location (as close to bird‘s original location as possible) on Intake/Release 

Log and Photo Log—Table 7-2; Table 7-4). 

5. Record specific information on possible cause(s) of downing—such as: stuck to a fence, on road under 

a power line, landed unharmed on lighted football field, etc.  Record and date any other notes or 

observations on the bird‘s location, behavior that may be of interest in Rite in Rain® field notebook. 

6. Estimate distance to nearby streetlights, ball field, other exterior lights and power line marker balls or 

bird diverters.  Consider collecting UTMs on these landmarks as well if time is not an issue. 

7. Follow Steps 1-16 above, disregarding the methods and records involving Aid-stations. 

4.2.2.17 Documenting and Processing Dead Birds 

The purposes of documenting dead birds that are found are to: (i) understand when and where birds are 

dying; (ii) estimate the condition and age class of the bird involved to better understand the significance of 

the loss to the population and factors that may have contributed to its death; and (iii) gather information on 

the environmental setting that may have contributed to the death of each bird processed. Analyzing 

mortality data can facilitate a better understanding and identification of specific risks that result in 

mortalities to the seabird species recovered by the SOS Program. The following subsections describe the 

steps to follow when processing and recording data associated with each dead bird recovered. Some of these 

are the same as the procedures that are to be followed in handling live birds. 

Steps for Processing Dead Birds Found in the SOS Aid Stations by SOS Personnel 

1. Identify the bird to species. If in doubt, take photographs to have on record, allowing for later 

identification.  Non-natives not pertaining to the Program should be removed and either taken to the 

DOFAW wildlife biologist for testing (if migratory, such as plovers) or incinerated at KHS (doves, 

chickens, mynas, etc).  Any migratory bird should have some sort of record in the database, even if not 

a seabird.   

2. Record the date and time the bird was recovered in the Mortality Log. 

3. Collect, inspect, and label appropriately every seabird or migratory species carcass.   

4. The Aid-station should be treated with a mild disinfectant after carcass removal. 

5. Check the bird for bands and record the band number in the Mortality Log.  Any carcass could be 

banded. 

6. Record as much information as possible about the location where the bird was found in the Mortality 

Log.  This will primarily be notes on the white-board.  If the citizen leaves a phone number, call it or 

make a note for DOFAW to call it at a later date in case more specific information can be provided. 

7. When done, ERASE the white-board. 
8. Check out any location listed by a citizen if time permits this; go to the location and estimate distance to 

nearby streetlights, ball field, other exterior lights and power line marker balls or bird diverters. 

9. If a Toe Tag is completed, ensure that all of the requested information is filled out completely on the 

tag. 

10. For carcasses, attach the Toe Tag to the bird‘s leg, bag bird in Ziploc © freezer bag, label the freezer 

bag exactly as the Toe Tag is labeled and stow the packaged carcass in the Project cooler to transfer 
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carcass to the KHS freezer.  No dead seabird will leave KHS until the Coordinator has been 

notified to check and ensure proper documentation. 

Steps for Processing Dead Birds Found Outside of Aid Stations by SOS Personnel 

1. Put all safety equipment into effect:  done orange vest and gloves, place orange cones around the SOS 

vehicle, light flares and place 20 ft in front and behind vehicle at night, take towel for live pick-up. 

2. Turn on GPS to begin tracking satellites. 

3. Record specific information on possible cause(s) of downing—such as: stuck to a fence, on road under 

a power line, landed unharmed on lighted football field, etc.  Record and date any other notes or 

observations on the bird‘s location, behavior that may be of interest in Rite in Rain® field notebook. 

4. Estimate distance to nearby streetlights, ball field, other exterior lights and power line marker balls or 

bird diverters.  Consider collecting UTMs on these landmarks as well if time is not an issue. 

5. Follow Steps 1-16 above, disregarding the methods and records involving Aid-stations. 

6. Put all safety equipment into effect:  done orange vest and gloves, place orange cones around the SOS 

vehicle, light flares and place 20 ft in front and behind vehicle at night, take gloves and a Ziplock® bag 

for carcass retrieval. 

7. Turn on GPS to begin tracking satellites. 

8. If daylight is available, photo document as much as possible and describe each photo on a Photo Log 

(see Section 7.2.3); photograph the bird in-situ if possible.  These should include an overall 

photograph(s) with bird shown in relation to other identifiable features.  Eventually, take a close-up of 

the bird (so that bird can be identified to species). 

9. Record date, time, and GPS location (as close to bird‘s original location as possible) on Mortality Log 

and Photo Log—Table 7-2; Table 7-4).  Try to stand as close to the exact spot as possible with safety 

first and foremost a concern.  If there are tall structures or other things near the site where the bird is 

found that may be related to the bird‘s downing, try to obtain a position of that as well. Enter all 

information in Rite in Rain® field notebook and refer to these detailed notes in the Photo Log and 

Mortality Log. 

10. Identify the bird to species. If in doubt, take photographs to allow for later identification.  (Non-natives 

not pertaining to the Program should be removed and either taken to the DOFAW wildlife biologist for 

testing if migratory—such as plovers, or incinerated at KHS—doves, chickens, mynas, etc.  Any 

migratory bird should have some sort of record in the database, even if not a seabird.  . 

11. Check the bird for bands and record band number if banded in the Mortality Log. 

12. Record the distance of the bird to the nearest human-related structure (e.g., street light pole, building, 

utility pole, power line, power line marker ball or bird diverter if present etc.). 

13. Record and/or photograph the number(s) on the nearest utility pole (if nearby) to help confirm the 

location. 

14. Record specific information on possible cause(s) of downing and death (e.g., stuck to a fence, smashed 

on road under a power line, killed by cat after landing in vicinity of lighted playfield, etc.). 

15. If in doubt as to the correct species identification, take AS MANY close-up diagnostic photographs as 

feasible, which will be sent to KIUC‘s environmental consultant Dr. R. David rdavid@kona.net.  Dr. 

Nick Holmes can also be consulted on Kauai. 

16. Disposing of the collected carcass is DOFAW‘s responsibility, SOS will attach a completed Toe Tag, 

bag the bird in a similarly labeled Ziploc® freezer bag, stow the bag in a Project cooler, and transfer 

carcass to the KHS freezer where the Coordinator will check over it before handing it to DOFAW. 

17. Once again, no dead seabird will leave KHS until the Coordinator has been notified to check and 

ensure proper documentation. 

4.2.2.18 Steps for Documenting and Processing Compromised Birds 

1. Asses injury, if very critical, consider contacting the Coordinator or Lead to have them come out and 

directly pick-up and transport to KVC or meet up at KVC, calling ahead—(808)245-4748—to 

minimize wait-time. 

2. Otherwise, compromised birds can be taken to KHS where they will undergo an intake examination 

with examiner using the SOS Rehab Physical; this physical exam form will be completed at KVC or 

KHS and this form is found in Figure 7-2. 

mailto:rdavid@kona.net
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3. Make sure a bird has a temporary band issued and in place before it leaves the field and enters captivity. 

4.2.2.19 Veterinary and Rehabilitation Intervention Guidelines 

The Program Coordinator and Lead Technician, Linda Elliott, and Dr. Woltmon will go over the Veterinary 

and Rehabilitation Intervention Guidelines detailed in Chapter 5 with all field crew participating in the 

clinic work and volunteers prior to September 15
th
, ideally September 1

st
.  All veterinary and/or 

rehabilitation care provided to any recovered birds will either be conducted by a licensed veterinarian or be 

controlled under the direct supervision of a licensed veterinarian or licensed bird rehabilitator.  See Section 

5.3.1.3 for a detailed discussion of the triage process and handling of sick, injured or weak birds.  The first 

and foremost reason for this training session should be to familiarize staff with the basics of rehabilitation.  

Therefore, much of the discussion will be on safety, restraining, stabilizing (within 24 hours), husbandry, 

fluid therapy, with a brief segment on euthanasia—although the decision is not made without consulting a 

permitted veterinarian and even a licensed rehabilitator.  The SOS Rehab Physical (Figure 7-2) will be 

discussed, and ways to minimize handling and undue stress should be emphasized.  (For example, a 

rehabilitator can monitor ulnar vein refill on the intake and use this as a comparison on outtake to determine 

the original dehydration issue resolved, rather than drawing blood for both intake and outtake.)  The lecture 

will discuss possible signs and symptoms and treatment of wildlife diseases encountered on Kauai, 

including zoonotic diseases.  Some of the advanced classroom training on this day will focus on blood 

parameters and what they mean, summarized nicely with Table 5-2.  Also on the advanced end of training, 

other health monitoring techniques will be discussed such as fecal analysis and full blood panels—when 

they would be appropriate and when they would be unnecessary based on the assessment of the bird.  This 

training session also provides the opportunity for technicians to discuss medical symptoms and behavioral 

issues that may show up in a release—symptoms that a veterinarian may not see in the clinic. 

4.3 PRACTICAL FIELD TRAINING 

The practical field training session will be held at the Lawai Wedge-tailed Shearwater colony, or at another suitable 

Wedge-tailed Shearwater colony site. Its purpose is to give field staff hands-on experience implementing the 

procedures they have studied previously in the classroom portion of the training program. In the absence of special 

circumstances, individuals who have not previously completed the classroom-training element should not 

participate in the practical field training.  No one can band and release birds in the SOS season without attending the 

practical field training unless operating under another organization‘s permit, such as DOFAW. 

4.3.1 DIGITAL PHOTOGRAPHY TUTORIAL 

The instructor will conduct a practice session with the previously issued digital cameras—found in each field 

vehicle although stored elsewhere when not in use to prevent heat damage. Those in training will be asked to collect 

the required photographic documentation from a staged ―downing‖. The instructor will review the images and 

demonstrate to anyone having problems.  The demonstration will address how to take an appropriately composed, 

in-focus, properly exposed image; this also serves as an equipment functionality test at the start of the season. 

Technicians must be capable in that they know the following: 

 How to change or charge the camera batteries; 

 How to compose an image; 

 How to check the photograph to ensure that it is focused and properly exposed; and 

 How to download and label photographs. 

4.3.2 GPS TUTORIAL 

The instructor will issue GPS units and provide a basic tutorial on the use of the units in the field.  These units will 

be battery operated and the batteries must be taken into KHS and charged at the end of each field day.  Those in 

training will be asked to collect the required location information from the staged ―downing‖ used for the digital 

photography tutorial, once again providing the necessary equipment test pre-season.  These technicians must be 

aware of the following: 

 How to check the charge in the GPS unit; 

 How to record a position in the GPS unit; and 

 How to read and retrieve the data from the GPS unit. 
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4.3.3 IDENTIFYING SEABIRDS 

The instructor will provide the field crew members opportunities to identify the seabirds at the Kilauea Wildlife 

Refuge.  The goal of this training is for crew members to gain confidence identifying the common seabirds present 

on Kauai.  The Program Manager will provide a comprehensive seabird field guide and a more general field guide 

on the birds of Hawai‗i and the Tropical Pacific for trainees to become acquainted with.  These books will be used 

during the field season to identify any birds recovered for which the correct identification is not obvious. 

4.3.4 BIRD HANDLING AND BANDING 

4.3.4.1 Proper Handling and Recovery of Birds 

The instructor will demonstrate the proper use and care of the equipment that has been issued to the field 

workers (see Section 4.2.2). Additionally the team will visit both a shearwater aid-station and a hack box 

and the instructor will show them how to use both. 

The goal of handling and processing birds is to do so as quickly as possible, and with the least amount of 

repeated disturbance to the birds as possible. 

The Program Coordinator, Thomas Kaʻiakapu, and/or Nick Holmes will demonstrate how to pick up and 

handle a seabird using a Wedge-tailed Shearwater as a subject.  (This is best at dusk when adults come in to 

feed their young in September.)  Trainees will be shown how to handle (utilizing a towel), physically asses, 

and assign an age class to a bird in the hand, how to stow birds in the SOS bird transport rack, how to weigh 

a bird using a Pesola scale and weigh bag.  This colony visit provides an excellent opportunity to observe 

natural runway take-offs with regards to healthy and productive adult birds.  Each field crew member will 

be required to practice handling, inspecting, aging, weighing and stowing a live bird in the transport rack.  

Field workers will be taught how to use pet carriers to transport small birds such as Band-rumped Storm-

Petrels (which cannot be held in the SOS bird transport rack due to their passerine size), to transport injured 

birds, or to net and contain birds larger than the tubes in the SOS bird transport rack. 

4.3.4.2 Dummy Banding Field-Training 

Each field crew member will bring their Banding tool box (see Section 4.2.2.5) to the practical training 

session. To ensure that field crew members learn the correct way to band seabirds, initial practice will be 

conducted using wooden dowels rather than live birds. Since practical banding training using live birds will 

be using Wedge-tailed Shearwaters as banding subjects, the dummy banding exercise will use # 4A 

USFWS bird bands (the same size used for Wedge-tailed Shearwaters) and one-quarter inch diameter 

wooden dowel.  The Program Coordinator will show the trainees how to handle the bands and the banding 

pliers and will affix a band to a dowel as an example. Each field crew member will be required to practice 

affixing a band to a wooden dowel until the Coordinator is satisfied that each trainee has mastered the 

correct way to handle and band a dowel. 

Once the trainees have learned the proper technique for affixing a band, the Coordinator will demonstrate 

the correct use of the spreader pliers to remove improperly affixed bands. Each crew member will be 

required to practice removing a band from a wooden dowel until the Coordinator is satisfied that each 

trainee has mastered the correct way to remove a band from a dowel. 

4.3.4.3 Wedge-tailed Shearwater Practical Banding 

Following the successful completion of the dummy banding exercise, trainees will be taught to band live 

birds. As previously mentioned, the practical banding training will be done using Wedge-tailed 

Shearwaters.  An experienced bander such as Nick Holmes or Thomas Kaʻiakapu will show the trainees 

how to pick-up and hold a seabird and how to use remnant down to assign an age class to the birds.   One of 

these master banders will then demonstrate how to band a live bird. Following the demonstration, each 

trainee will practice banding Wedge-tailed Shearwaters. The trainees will band as many birds as the master 

bander feels are necessary for each trainee to become proficient in the task.  The instructor will pay special 

attention to showing how to finish a band so that both edges are neatly and tightly closed.   Bands that are 

skewed or not tightly closed can injure the bird‘s leg, or get caught on vegetation such as ʻUluhē , fishing 

lines, and the like, a potential death sentence for the banded bird.  The master bander will also demonstrate 

the correct use of the spreader pliers to remove a band from a Wedge-tailed Shearwater.  Each crew 

member will be required to practice removing bands from live birds.  The practice will continue until the 

master bander is satisfied that each trainee is able to remove a band from a live bird properly. 
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4.3.5 BIRD RELEASE PRACTICAL TRAINING/REVIEW 

All field crew members will be shown approved release sites around the island. Birds will be released during 

daylight hours only to avoid repeat light attraction, as soon after processing as is practical.  Birds that are healthy 

and ready for release should be first taken to a runway release.  Once again, technicians should watch the take-offs 

and landings of Wedge-tailed shearwaters closely during the practical banding training session described in Section 

4.3.4.3.  Prior to the season, technicians should make an effort to view a Hack-box release and a runway release, 

generally Wedge-tailed Shearwaters provide this opportunity as citizens incidentally begin picking up the weaker 

adults flying to and from their coastal colonies in August and September.  In 2009 and years following, videos 

should be taken on a variety of releases for future reference.  A comparison of adult release techniques and timing 

and fledgling release techniques and timing—even a rehabilitated bird techniques and timing—could be beneficial 

for the program in future years.  Wedge-tailed Shearwaters provide the most adult release opportunities and some of 

the most interesting fledgling release behaviors, but the focus will be on the Newell‘s Shearwaters, which may not 

successfully release in the case of a runway set-up.  

4.3.6 REHABILITATION PRACTICAL TRAINING/REVIEW 

All field crew members will be taken on a tour of the Rehabilitation Facility within KHS upon starting the season.  

Shortly thereafter, Linda Elliott and Dr. Joanne Woltmon will go over the intake process.  If a captive bird is 

available, Dr. Woltmon will review an actual intake and fill out the corresponding SOS Rehab Physical found in 

Figure 7-2.  At this time, blood will be taken and spun in the microcentrifuge and the use of all accompanying 

equipment (glucose monitor, refractometer, etc) to obtain blood values will be reviewed.  In addition, technicians 

will have a chance to witness avian gavage as well, with this demonstration currently presented by Linda Elliott, 

assisted by Monique Imberski both of which have tube-fed thousands and hundreds of birds, respectively.  

Technicians will need to practice gavage on a White-tailed Tropicbird (which provide the best visual with a wide 

gape) if one is made available pre-season, but could also practice the technique on an incoming Wedge-tailed 

Shearwater.  Linda Elliottt will also provide a demonstration on swimming and bathing a bird.  This will give SOS 

staff a chance to view seabird behavior in water—head-dunking (sometimes drinking), wing-flapping (generally due 

to stress), leg movement, etc.  Ms. Elliott will show the proper handling for an actual bath with Dawn dishsoap, a 

treatment used on oiled birds or birds soiled by a feeding.   
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CHAPTER 5 –REHABILITATION AND VETERINARIAN 

INTERVENTION GUIDLINES 

5.1 INTRODUCTION 

Although the most of the seabirds recovered by the SOS Program are immediately releasable, a number of birds 

recovered are obviously injured, sick, undernourished, and/or dehydrated, and require medical care and/or 

rehabilitation. KHS hopes to further these birds‘ cause by providing a professional captive care facility (currently a 

combination of a treatment/triage room and an adjunct holding/recovery room within the KHS building) to treat 

fall-out seabirds.  This recovery effort relieves some of the pressure to ship state and federally protected seabirds 

off-island for care.   In 2009, the treatment room replenished any fledglings lacking sufficient fat and nutrient 

reserves (exhibiting a poor keel score or a weight 10% below the specie‘s mean), and monitored minor fractures and 

other issues.  Next season, blood values will be taken for all seabirds in care.  With total protein, pack cell volume, 

and glucose readings, the Program will improve confidence in the release protocol. 

In some cases, proper veterinary or rehabilitation care can make the difference between the birds‘ survival and 

death. This chapter of the SOS Operations Manual sets forth guidelines for veterinary and rehabilitation 

intervention to assist SOS Program personnel in making decisions about the appropriate way to handle and 

determine unfit birds, not ready for immediate release. 

5.2 REHABILITATION AND VETERINARY INTERVENTION GUIDELINES 

All veterinary and/or rehabilitation care will be conducted in accordance with 50 CFR §17.21, 17.31, 21.12 and 

21.31. While the veterinarian is responsible for all medical aspects of the treatment and rehabilitation, he or she 

does not necessarily have to be physically present during all bird treatment and care, provided that the personnel 

providing rehabilitation are certified rehabilitators or working under the direct supervision of the attending 

veterinarian. 

Any bird displaying any of the following conditions will require veterinary and/or rehabilitation intervention and 

heavy photo documentation: 

 Acute head and spinal traumas; 

 Shock; 

 Shut or dilated eyes (uneven pupil size); 

 Missing flight feathers or evidence of ―balding‖; 

 Broken bill; 

 Paralysis (legs); 

 Central Nervous System Disorders; 

 Drooping wing; 

 Emaciation (with a keel score of 0-1); 

 Dehydration (around 8% or more by body weight); 

 Wing or leg fractures; 

 Lesions and open wounds; 

 Substantial blood loss; 

 Hypothermia/Hyperthermia; 

 Respiratory distress; 

 Highly depressed behavior/lethargy. 

5.3 REHABILITATION GUIDELINES 

The following guidelines are to be used as a basis for seabird rehabilitation as directed by a licensed veterinarian. 

The veterinarian or trained rehabilitator may choose to modify these protocols and record keeping, maintaining a 

written record of the changes that are made and the reasons for them. A summary of those records is to be included 

in the year-end report. 
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5.3.1 PERSONNEL 

During the 2009 SOS season, Dr. Woltmon of KVC will assess the condition of every bird in critical condition.  

Critical condition translates to any bird with obvious severe injury (conditions listed above within Section 5.2), any 

other bird with poor blood values after 72 hours, and any bird with an undetermined reason preventing a normal 

release after 4-5 days, depending on the KVC work week.  Most dehydration cases require 3 days of treatment, and 

so any symptoms still apparent after three days should be immediately taken to KVC.  The veterinarian will 

prescribe and administer appropriate veterinary care and direct the SOS Program staff on appropriate rehabilitation 

care required for each such bird.  (KHS should have the appropriate training and staffing to treat most dehydration 

symptoms and moderately low keel scores within a 3-day-or-less period of captivity.) 

Linda Elliott of the Hawaii Wildlife Center will train all of the SOS field crew and other KHS employees (identified 

by Program Manager Dr. Rhoades) to correctly handle and care for birds requiring rehabilitation. 

5.3.2 FIELD TRIAGE, STABILIZATION AND TRANSPORT 

The SOS worker handling a bird should conduct a brief field examination of every bird, described in detail 

previously in Section 3.1.2.2, and also detailed in the SOS Field Form, Figure 4-1.  If fractures, head trauma, or any 

other serious injuries are found, a veterinarian should see the bird, diagnose its condition, and provide or 

recommend treatment and/or rehabilitation.  Interaction with humans can cause severe stress to wild animals (even 

hatch-year birds), especially when they are sick or injured. To minimize additional stress, place the bird in the SOS 

bird transport tube or appropriate transport kennel, and keep human noise and visual distraction to a minimum 

during transportation to the veterinarian. 

SOS should never assume a Newell‘s Shearwater or Hawaiian Petrel or any other seabird picked up has an 

automatic need for medical attention.  Healthy individuals merely confused and disoriented from fall-out would 

benefit most from a timely release with limited human contact.  In assessing each bird‘s condition, the Program 

keeps the natural behavior of its focus species in mind.  For instance, grounded shearwaters and petrels tend to 

―crawl‖ around the ground looking for a place to hide that is similar to the burrows in which they nest. Shearwaters 

and petrels are specially adapted for swimming and digging; their legs and feet are placed so far back on their 

bodies that they do not walk upright like other seabird species, such as albatrosses and boobies.  This anatomical 

feature combined with their first weak flights and their susceptibility to light attraction often leaves these species 

looking stunned or confused.  

SOS will acknowledge that most orphaned wildlife will earn a 5% dehydration assessment inherent in their first 

weeks of life, and most fledglings could be considered ―orphans‖ due to the abrupt nature of fledging.  In the case of 

Newell‘s Shearwaters, parents do feed until close to the exact fledge date, unlike many other seabirds (such as 

Wedge-tailed Shearwaters) that halt feedings several days before the fledge date (communication with Nick 

Holmes).  Either way, hatch-year seabirds picked-up on Kaua‗i have likely not fed regularly for days, and all have 

hydrated (for the most part) metabolically for over a month in the nest.  Health assessments can be tricky and will 

be considered carefully. 

Field crew members should make a point of studying the way that healthy shearwaters and petrels behave on the 

ground, in the hand, and in hackboxes, paying particular attention to the brightness of eyes and color of the mouth 

and feet with regards to hydration and posture, holding of wings and head.  Hopefully, technicians develop a feel for 

what is normal behavior for a healthy bird of each of the species that they are likely to handle. Knowing the ―norm‖ 

will help immeasurably in recognizing a bird that may need special assistance.  Hawaiian Petrels and Band-rumped 

Storm Petrels, with much smaller seasonal pick-up numbers, should be heavily considered for a more complete 

physical at KVC or KHS (in particular if picked-up by a seasonal technician).  KESRP has a particular interest in 

the Hawaiian Petrels grounded on Kaua‗i, and would appreciate a call when one is picked-up.  However, these birds 

MUST have a release attempt in 3 hours if they pass a basic field assessment (from the SOS Field Form). 

5.3.1.1 Personnel Safety Precautions 

When handling a sick, injured, or weak bird, it is important to remember that human safety is the principal 

consideration, closely followed by the safety of the bird. Accordingly, SOS Program staff should: 

 Wear gloves while performing an exam or handling a bird (under stress, birds will peck and scratch). 

 Protect face & eyes by holding bird out of striking distance (below the waist) and/or use safety glasses, 

especially important with boobies and albatross. 
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 Remember that shearwaters have strong feet and sharp nails that can inflict wounds. 

 Remember that boobies have a serrated and hooked bill and a high accuracy in striking. 

 Be sure to have a current tetanus shot. 

Since it is inevitable that bird handlers will incur minor injuries that will require first-aid treatment, a first-

aid kit should be kept at the rehabilitation center for minor cuts or bites, which should be cleaned out 

immediately. 

5.3.1.2 Bird Handling Procedures 

When picking up or otherwise handling a bird, be sure to do the following whenever possible: 

 Cover it with a towel or pillowcase. 

 Fold the bird‘s wings into its body while controlling the head. 

 Grasp firmly the head behind the neck and the base of the skull where the mandibles end, all the while 

ensuring the bill is controlled. 

 While restraining birds with the use of a towel, pillowcase or by hand, keep in mind that by wrapping 

the bird too tight one may impede the bird‘s ability to breath. 

 Never tape a bill shut. 

 When birds are being moved or transferred, hold the bird at waist level and away from face and other 

people to avoid injury from pecking and biting.  Never put your eye up to an opening in a kennel or 

cage that may have a bird inside. 

5.3.1.3 Evaluation and Admission 

The evaluation and admission process of a bird requiring rehabilitation involves the following steps: 

 Have the exam area preset with necessary equipment and supplies. 

 If more than one bird is brought in at a time, treat the most unstable first. 

 Assign the intake # and record the temporary band number. 

 Minimize undue stress to the bird (e.g., keep voices low and talk to a minimum; cover the bird with a 

towel or pillowcase—at KHS, Triage/Intake Room doors should be closed and locked if possible).   

 Observe behavior, physical appearance and posture of bird before removing from transport container.  

 Weigh the bird. 

 Check the body temperature. 

 Assess the presence of injuries, such as fractures or head traumas. 

 Assess feather condition. 

 Assess stability by observing quick reflex of the third eyelid and by capillary refill time of one second 

or less. 

 Record overall impression of bird‘s attitude (e.g., BAR, QAR, NAR, depressed, alert)
4
. 

 Check for CNS signs (head tilting or circling). 

 Assess respiration and heart rate. 

 Assess the keel and determine a score. 

 Assess dehydration level. 

 Take hematology samples for PCV, TP, and BG
5
. 

 If bird passes a fecal, note the condition of feces and urates. 

 Administer first fluid therapy treatment. 

Keep complete and accurate medical records by filling in and maintaining Rehab Physical originally titled 

SOS Veterinary Physical Exam Form and provided by Linda Elliott, Figure 7-2.  The very top of this form 

indicates an intake number.  If the bird completes the Intake Exam at KVC, the bird will maintain the intake 

number assigned by KVC for the duration of its stay in captivity.  KHS will also have an intake number 

system in place for the admittance exams administered in its recovery facility.  Therefore, a bird may have 2 

intake numbers.  Both must be accurately labeled and recorded.  Hopefully, the temporary band system will 

alleviate the confusion that intake numbers inherently create.  The temporary band number will be assigned 

                                                           
4 Medical care terminology codes are provided in Section 7.5. 
5 Medical care terminology codes are provided in Section 7.5. 
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by the SOS personnel who determined to bring the bird to KHS or KVC—each SOS staff will have a set of 

pre-numbered bands of a pre-assigned color to put on birds that fail the field physical and require captivity. 

The intake weight gives directive for the bird‘s treatment.  Any Newell‘s Shearwater or Hawaiian Petrel 

under 350 grams should be considered for captive treatment/feeding if the keel assessment (Figure 5-1) 
scores under 2+.  Any individual of these species weighing less than 300 grams is suspect of emaciation, 

and should be considered for intensive treatment and a check-up at KVC with Dr. Woltmon.  

Taking the temperature of the bird can be critical in the examination. Initially feel the feet to determine if 

they feel noticeably hot or cold.  If the feet indicate an extreme—hot or cold, a thermometer should be 

utilized.  A normal temperature for a bird is between 102°F and 105°F. If a bird‘s temperature is below or 

above these values, immediately halt the examination and treat for hypothermia or hyperthermia. (The 

transport technician should NEVER attempt to treat for hypo or hyperthermia while transporting a bird—

i.e., keeping the bird in the cab with full heat.  The bird must be taken to KHS or KVC where it should be 

slowly warmed up or slowly cooled down.)  Once the temperature is within the normal range, continue the 

examination.  

During the examination, keep the bird covered with a towel or a pillowcase; only allow the head to be 

exposed when it is being examined. Lightly pinch skin around cloaca and watch for a less than one second 

capillary refill time.  Check the skin and feathers for signs of abnormalities. Any bruising will appear green 

beneath the skin. Signs of blood on feathers and/or skin should be further examined to determine the source 

and treatment.  Palpate wings, legs, and spine to rule out any obvious fractures.  If a fracture results in 

exposed bone keep it moist with ointment (e.g., Nolvasan cream
®
, Furacin

®
, or Betadine

®
ointement) as 

bone will die in a matter of hours when exposed to air, take bird to KVC as soon as possible. Check the 

eyes and determine if the pupils are equally dilated and with a quick reflex of the third eyelid.  Any sign of 

blood, cuts, or discharge in or around the eyes should be recorded.  Using a stethoscope, listen to the lungs 

and heart. The heart rate should be too fast to count.  Any wheezing, popping, and crackling in the lungs 

also should be noted.  Occasionally, a heart murmur may be detected in birds that are extremely anemic. 

Examine the musculature and determine the bird‘s condition. Use the following descriptions to determine 

body condition: 

 Normal - well-fleshed (a 2-3 in Figure 5-1 below); 

 Thin - can feel and see keel but still has muscle bilaterally of the keel (a 1-2 in Figure 5-1); 

 Emaciated - protruding or sharp keel (a 0-1 in Figure 5-1). 

A bird should be biting and popping its bill during an exam.  Any bird calmly reacting to the Intake Exam 

should be noted as QAR and this may be a symptom of dehydration in certain circumstances. 

Examining the mouth will give an indication of the level of the bird‘s dehydration (depending on coloring) 

while also confirming the absence of blood or foreign objects.  Other signs can also enhance the accuracy of 

the hydration assessment and should be noted in Table 5-1.  At the end of the examination, some form of 

fluid therapy should be administered, based on the hydration assessment in the examination.  In the case of 

Newell‘s Shearwaters and Hawaiian Petrels, 15-20ccs of Pedialyte
®
 will be forced orally (PO) with a 

technique called gavage, detailed in Section 5.4.2   

After stabilizing the bird and administering fluid, minimizing stress is imperative. Well-ventilated dark 

boxes in cages imitate the natural burrowing habitat of shearwaters and petrels and can greatly reduce stress 

while in captivity. Keep noise and human foot traffic to the lowest level practical.  This is done at the KHS 

facility with the isolated 13 x 13 x 10 ft. Recovery/Holding room, with a maximum holding capacity of 20 

captive wild birds. 

After 1-2 hours in the holding room, the ability of the bird to process food should be considered.  The 

Pedialyte
®
 administered on intake should initiate discharge.  The fecal matter in the holding pen will 

determine whether birds in holding have a clear and functional digestive tract; a quick assessment of the 

fecal sample will allow the recovery room managers to design an appropriate feeding/hydration schedule. 
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Table 5-1.  Dehydration Symptoms of Compromised Birds
6
 

(Many symptoms listed make gavage too difficult or impossible, mandating subcutaneous treatment.) 

<5% No Dehydration 

 Not detectable  

5-10% (of body weight) Mild-Moderate Dehydration 

 Tacky and ropey mucous or ―sticky esophagus‖ 

 Pale mouth 

 Low volume urates 

 Slightly sunken or dull eyes 

 Depression, lethargy 

 ≥1 second ulnar vein refill 

8-10%+ Moderate-Critical Dehydration  

 Pale mouth 

 Sunken eyes 

 Severe lethargy 

 Rapid heart rate 

 Cold and muddy-colored feet 

 Dry feces 

Near death Symptom 

 Extreme depression and shock 

Table 5-2.  Blood Parameters for Hematocrit and Blood Glucose Tests in Seabirds. 

Normal Values, Low Value, High Value. 

 Normal Value Low Value High Value 

Packed Cell Volume 

(PCV) 

40-53%  <30%  

1. Parasites 
2. Anemia 
3. Molt 

>55% 

1.    Dehydration 
TX: fluids 

Total Protein (TP) 3-6 gm/dl < 2.5 gm/dl 

1. Parasitism 
2. Emaciation 
3. Chronic disease (especially 

hepatic and renal) 

>7 gm/dl 

1. Dehydration 
2. Shock 
3. Infection 

 

Very high >11gm/dl 

1. Chronic 

lymphoproliferative 

disease 

Blood Glucose (BG) 200-365mg/dl < 200 mg/dl 

(hypoglycemia) 

1. Starvation 

2. Malnutrition 

3. Hepatopathics 

4. Septicemia 

5. Endocrinopathies 

6. long term stress 

TX; Oral dextrose 2.5-

10% 

>365 mg/dl 

(hyperglycemia) 

1.    diabetes 

                                                           
6 Source: Redig, P., 1984. ―Fluid Therapy and Acid Base Balance in the critically Ill Patient‖. Proceedings of the International Conference on 

Avian Medicine, Toronto, Canada. pp. 59-73. 
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5.3.1.4 Blood Samples 

SOS will take blood samples of every bird receiving care at KHS, in order to give a good indication of the 

bird‘s overall health (Table 5-2).  Venipunctures should be performed by a veterinarian or an experienced 

wildlife rehabilitator. This sampling will require no more than 0.10- 0.15 ml of blood, which is usually 

drawn from the medial metatarsal vein (leg vein) into microhematocrit tubes, using a 25 gauge needle or a 

27 gauge for smaller birds. Although the medial metatarsal vein is optimal, dehydration can sometimes 

compromise the use of that particular area. Alternately, the jugular vein can be used, but this vein should be 

accessed only by a veterinarian. Taking samples from the brachial (ulnar) wing vein should be avoided 

because of the risk of further stress on the bird and the potential of creating a hematoma that may rupture 

when the bird returns to activity or flying. 

5.3.1.5 Thermoregulation 

Thermoregulatory problems are more prevalent when restraining wild animals than when handling domestic 

species. Wild animals tend to struggle excessively and produce excess body heat that must be dissipated. 

The following are signs of hyperthermia: 

 Increased heart rate and respiratory rate; 

 Open-mouth breathing or panting; 

 Seizures or convulsions; 

 Temperature > 106 ° F. 

 These are signs of hypothermia: 

 Temperatures < than 100° F; 

 Shivering (this can be due to stress as well); 

 Depressed or lethargic behavior. 

5.3.1.6 Zoonoses 

Zoonoses are diseases that are transmittable from animals to humans. Free ranging birds can carry diseases 

that may pose a risk to humans. Salmonellosis is the most commonly reported zoonosis worldwide. 

Individuals with deficient immune systems are more susceptible to contracting zoonotic diseases than 

healthy individuals. Zoonotic diseases can be spread by: 

 Skin contact; 

 Ingestion of feces (i.e., poor hygiene); 

 Inhalation;  

 Indirectly, via a vector (e.g., needle sticks, insect bites). 

To reduce the risk of contracting a zoonotic disease, always follow the following personal hygiene steps 

when handling birds under medical care: 

 Wear latex surgical gloves when handling a bird; 

 Wash your hands with soap and water after handling birds; 

 Wash hands well before and after eating; 

 Clean all cuts and bites immediately. 

A chart of zoonoses transmitted by birds, their etiology, transmission method and clinical syndrome is 

provided in Section 7.7.  A plastic laminated copy of this chart will be prominently displayed within the 

bird rehabilitation area. 

5.3.2 HUSBANDRY 

Husbandry covers many facets of animal care, including proper caging and good hygiene with wild birds in 

rehabilitation. The following husbandry guidelines are to be followed while handling the birds. 

5.3.2.1 Caging 

The use of appropriate caging can reduce or prevent secondary problems (e.g., pressure sores, feather 

contamination, and foot lesions) and infectious disease transmission while the birds are in rehabilitation. 

Accordingly, the bottom of all common plastic kennel holding cages have a PVC-framed palette covered 

with soft cotton mesh without raised knots (1/4‖ diameter for shearwaters and petrels, and a smaller but still 

large enough diameter to allow fecal matter to pass through for Storm-Petrels and Tropicbirds); this 
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platform provides a soft and comfortable support for the birds to rest on with a lesser risk of keel sores 

while also ensuring that birds do not foul their feathers with their own fecal matter.  The mesh can be 

removed and machine-washed or scrubbed intact on the frame; bleach is not recommended as it may 

degrade the fabric much faster. 

5.3.2.2 Hygiene, Cleaning and Disinfecting 

Good hygiene, regular cleaning, and thorough disinfection of all surfaces and instruments that are used in 

the rehabilitation center is imperative. In KHS, the holding room and intake room must be thoroughly 

cleaned and disinfected twice a week in addition to the standard spot-cleaning and overall sanitizing as 

needed.  Following the guidelines and protocols provided on the next page can greatly reduce the chances 

of disease transmission while birds are being cared for. 

 

Table 5-3.  Hygiene, Cleaning, and Disinfecting Protocols 

 

Personal Hygiene: (Your health and safety is the first priority.) 

Wear gloves when handling birds whenever possible 

Wash hands frequently 

Wear protective clothing and wash them separately from regular clothes 

Do not eat, drink or smoke in bird care areas 

Understand and prevent routes of transmission of zoonotic ailments 

Feeding Tubes: 

Wash first in Dawn dish liquid 

Rinse thoroughly before disinfection (soap or organic matter will render the disinfectant ineffective, surfaces 

should be clean prior to sterilization) 

Soak for five minutes in Nolvasan disinfectant (chlorhexidine diacetate) (no need to rinse) 

Air dry 

Store ends pointing down 

Feeding utensils: (Dishwasher or steam sterilization is recommended were possible) 

Wash in warm water with dawn 

Rinse well 

Disinfect 

Air dry 

Food Preparation area: 

Wipe down with disinfecting surface cleaner after each use 

Keep work area clean 

Holding Pens: 

For Plastic Pet Carriers: 

Hose off the bulk of the fecal matter and anything else 

Scrub with brush or scouring pad with Dawn/soap and rinse well 

Soak in Bleach solution and rinse. 

Air dry or wipe dry 

For mesh part of palettes: 

Disassemble netting from Pvc and bundle it in a self-containing mesh laundry bag. 

Wash netting separate from other laundry and soak in Nolvasan after cycle 

Pool: 

Rinse 

Scrub daily with light solution of Dawn and bleach and soak 

Rinse well 

Nolvasan solution = ~1 part per 100 parts H2O--mix well. Be sure and read and follow the instructions and warnings 

on all the cleaning and disinfecting products used. 
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5.4 RE-HYDRATION METHODS AND PROTOCOLS 

Most birds picked-up by SOS exhibit dehydration symptoms. Dehydration may be indicated by a variety of 

symptoms. Visual inspection of the bird can generally determine the relative severity of dehydration, as well as 

blood values (Table 5-1 and Table 5-2). The following methods can be followed to re-hydrate a bird or maintain 

fluids for a bird in need of this care: 

 Swimming and basic feeding (human-grade smelt) 

 Oral (PO) Pedialyte
®
--see Section 5.4.2 below. 

 Subcutaneous (SQ) Lactated Ringers Solution (LRS) with no dextrose—not 0.9 NaCl Solution which 

stings and causes more irritation than LRS do 

 Intravenous LRS with or without the inclusion of 5% dextrose (KVC only) 

 Intraosseous LRS (KVC only) 

For birds admitted to KHS, as soon as said birds produce appropriate blood levels and a normal stool sample, 

cautious, small amounts of whole fish will be incorporated into the feeding schedule as quickly as possible.  

However, if a bird regurgitates frequently (keeping in mind seabirds commonly regurgitate under the stress of 

rehab) supplemental fluids will be administered more aggressively than they were in the past.  Oral fluids such as 

Pedialyte
©
 should accompany the SQ administration as much as possible, unless the bird is severely compromised, 

in which case SOS hopes to pursue IV fluid treatment or other advanced therapies at KVC.  The goal is to achieve 

an appropriate level of hydration with as minimal handling as possible.  Recent training and past experience has 

indicated that Ensure
TM

 should only be used for emaciated birds or birds suspected to have internal obstruction, 

therefore never used as a recovery or maintenance fluid. 

5.4.1 FORCE FEEDING 

Most birds in SOS holding will not feed themselves.  However, whoever conducts the feeding should try to initiate 

interest in the food prior to force feeding.  Some very young birds will actually beg and snap at food offered 

immediately and some may take fish on their own eventually—remember to try feeding in a pool for long-term 

captives.  Human grade freshly thawed smelt, 3-4 inch size, (Spirinchus starksi) is used to feed all seabird species, 

supplemented with 1 Mazuri
®
 fish-eating bird vitamin every day. 

When force-feeding a wild bird, the veterinarian or rehabilitator should be careful to: 

 Defrost fish in the refrigerator for no more than 10 hours.  Melt away any remaining ice with room-

temperature or warm water, never hot water.  

 Throw-away and mushy or suspect fish, even if fish was just defrosted.  Keep containers and utensils 

clean as bacteria grow rapidly on fish and can cause major problems.   

 Slide the fish in head first; NEVER tail first; avoid abrasion from going against the scales. 

 If giving the vitamin, insert the tablet into the gill of the fish. 

 Maximize each bite:  if the fish is small, try to insert two at once—fledgling throats expand a 

surprising amount to accept a food bolus. 

 For captives eating poorly and prone to regurgitating, try clipping the heads and deboning the fish to 

maximize each feeding‘s nutritional value.  

 Let them take as many fish as they will, try to get at least 3 fish per feeding into the bird.  It is 

common that they will have a fishtail sticking out of their beak for a minute or two after they are done 

feeding.  Do monitor until the fishtail disappears, as even birds in the wild can choke on fish. 

 Remember to keep the birds‘ feathers protected while feeding.  Cover bird in a clean towel or cloth 

while handling and wipe off food around beak with moist clean towel. 

If a bird is mildly dehydrated (5%), then oral fluids are appropriate. PO treatment should incorporate into the 

feeding schedule, and a mildly dehydrated individual should be able to handle whole fish with careful monitoring—

checking a stool sample frequently for desiccation and/or blood.  The fish will help hydrate an individual as well.   

5.4.2 AVIAN GAVAGE (PO) 

The preferred method of administering fluids to birds is gavage (PO)—tube feeding.  Pedialyte
® 

or an electrolyte 

solution can be given by gavage in the field as well as in a rehabilitation facility. Once opened, Pedialyte® should 

be refrigerated and can be used for 24 hours.  A bird deemed to be moderately dehydrated (5-8%) should be 

hydrated by gavage first if it can hold its head up; this can be combined with subcutaneous LRS if the bird shows 

the need for supplemental fluid.   

When performing gavage feeding, the veterinarian or rehabilitator should be careful to:  



46 
 

 Use a clean, sterile tube and sterilize between treatments if handling multiple birds.   

 Lubricate catheter with warm water to facilitate insertion.    

 Insert the tube vertically on the side of the glottis, making sure to avoid the trachea.   

 Stop inserting the tube as soon as you feel resistance; this will be the stomach area.   

 Always perform the following three checks to verify the tube is not in the trachea (if fluid or food is forced into 

the trachea and lungs, the bird will likely die):   

 Palpate the neck; two dense round structures can be felt (the catheter and the trachea) 

 Watch the catheter inserted into the esophagus, you will see it slide down right side of the neck 

 Look inside the mouth to make sure the catheter is not in the glottis. 

5.4.3 SUBCUTANEOUS FLUID (SQ) 

 This is a standard method to supplement and/or maintain a bird in weak condition with a dehydration assessment 

above 5%.
7
 

 The chosen sight for administration is the inner thigh, as recommended by Linda Elliott and two fluid 

therapy course instructors on the International Wildlife Rehabilitation Council. The thigh holds preference 

over the back of seabirds as the leg holds a less critical role in release.   

 The needle gage can be either 25 or 27 depending on the bird. 

 Shearwaters should not exceed 10ccs at an injection site. 

 The standard choice for this treatment is Lactated Ringers Solution (LRS) with no dextrose—not 0.9 

NaCl solutions which sting and cause more site irritation than LRS do.  Once punctured the LRS can be 

used safely for a week if refrigerated. 

 The bubble at the injection site will need to have completely dissipated before another fluid 

administration—usually 90 minutes-2 hours. 

 At the first sign of regression, especially with birds prone to regurgitating under stress, SQ treatment 

should be utilized in the treatment schedule, species permitting. 

 Never use SQ on any species of booby.  The air sacs in their skin will not allow it. 

5.4.4 STANDARD FEEDING PROTOCOL 

The following feeding protocols were followed when birds were strong enough and willing to take whole fish.   

 Incoming birds should be hydrated with Pedialyte
®
 (15-20 cc) after the intake exam is complete and the bird has 

weighed-in above 300 grams. 

 Watch the bird for normal intestinal functions by observing the feces.  Once normal digestive function is apparent 

begin the feeding regime.   

 Once the bird is stable, begin feeding whole fish.   

 Ideally, feed every 4 hours 3-4 times a day.  Hopefully additional fluids will be unnecessary, but you must 

monitor closely to assess if a bird would benefit from supplemental fluid therapy. 

 A bird processing whole smelt sometimes needs up to 6 hours between feedings to allow digestion and avoid 

regurgitation from the stress of handling.  Some birds (especially Newell‘s Shearwaters) can handle whole-fish 

feeding sessions at least every four hours. 

 Once a day slide the Mazuri
®
 fish-eating bird vitamin in the gill rake of the first or second fish you feed to make 

sure the bird ingests the vitamin. 

 Swim birds in the pool frequently to preserve waterproofing and to maintain hydration unless bird is a nestling.  

Ideally, swim first thing in the morning before feeding as the stress of exercise can result in regurgitation. 

 Record rehabilitation care given the bird on the SOS Rehabilitation form.    

5.4.5 FEEDING PROTOCOLS FOR EMACIATED BIRDS 

The following guidelines were used with birds that were very thin, weak, or with an obstruction (bleeding from the 

mouth or with a bloody stool sample).  

                                                           
7
 If SOS encounters severe dehydration (9, 10% or higher) in the field the Program would like to pursue intravenous or intraosseous fluid 

treatment with Dr. Woltmon. These latter two procedures require strict asepsis and medical training to perform; they should be attempted only 

by a veterinarian because of the potential risks to the bird (e.g., bone infection). 
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 Initially administer Pedialyte
®
 and Ensure

TM 
Plus

®
 alternately, using tubing/gavages IF POSSIBLE.  

 After tubing Pedialyte
®
, always allow at least 1 hour before initiating another treatment.  For birds with very low 

hydration levels in which subcutaneous fluid (SQ) seems appropriate, a SQ treatment could immediately precede 

gavaging with Pedialyte
®
, as long as the bird‘s hydration allows a gavage. 

 Add in Evo
®
 slurry, alternating with Pedialyte

®
; the bird‘s hydration, behavior and alertness should improve.  

*Slurry recipe presented below.   

 After slurry feedings, allow at least 2 hours before another gavage session. 

 Once the bird is stable, begin feeding whole fish. 

 Remember to keep the birds feathers protected while feeding.  Cover bird in a clean towel or cloth while handling 

and wipe off food around beak with moist clean towel.  Swim birds frequently to preserve waterproofing and to 

hydrate.  

 Some birds critically affected by handling could receive SQ with tube feedings or even fish feedings in order to 

minimize handling but maintain hydration and nutrition levels. 

5.4.5.1 Slurry Recipe 

 1 cup of EVO
®
 cat food 

 1 Mazuri
®
 fish-eating bird vitamin 

 8 oz. bottle of Ensure
®
 

 15 (more if it can liquefy) human grade frozen smelt, 3-4 inch size, (Spirinchus starksi) 

 Grind dry ingredients in a blender until uniform.  Add liquid and smelt and blend five minutes until smooth.  

Slurries should be dated and used within 24 hours.  Do not artificially heat mixture as this will change the 

nutritional value. 

5.4.6 SAMPLE FEEDING SCHEDULES 

Table 5-4 presents an example of a feeding schedule for a Newell‘s Shearwater in weak condition or a Total Protein 

< 2.0g/dl. The first two feedings in this regime should start with a smaller amount, generally 10-20cc, then 

gradually build up to 30cc per feeding. This will hopefully or possibly avoid unnecessary regurgitation and therein 

the risk of aspiration with food or fluids.  Table 5-5 presents an example of a feeding schedule for a Newell‘s 

Shearwater in stable but thin condition that provides Total Protein >2.0g/dl.  As with the previous feeding schedule 

rehabilitators should start the first two treatments in this regime with a smaller amount i.e. 10-20cc; then gradually 

build up to 30ccs.  

Table 5-4.  Example Feeding Schedule: Newell‘s Shearwater in weak/compromised condition (Total Protein < 

2.0g/dl.)
8
 

___________________________________________________________________ 

7:30 AM:  6-10cc SQ and 10cc Pedialyte
®
 (if NESH can support head) 

*asses hydration* 

9:00 AM:  20cc Pedialyte
®
 OR 20cc Ensure

TM
 

11:00 AM:  6-10cc SQ and 25 cc Pedialyte
®
 

12:30 PM:  20cc Ensure
TM 

OR (after assessing stool) 10g smelt (cleaned, no head) with vitamins 

*asses hydration/weight* (has bird gained a significant percentage (10 or 20g) of water weight?) 

*asses stool sample* (sample should be blood-free, of a reasonable volume, color, moisture content) 

3:00 PM:  6-10cc SQ and 25cc Pedialyte
®
 

4:30 PM:  20cc Ensure
TM

 OR (depending on stool sample) 10-20cc slurry OR 10 g smelt (cleaned, no head) 

7:30 PM: 6-10cc SQ and 25 cc Pedialyte
® 

                                                           
8
 The captive behavior of the bird must be considered in a feeding schedule with this many treatments.  Less handling stress (or 

a lower amount of treatments) could bring on faster health progressions than a high number of fluid recovery treatments. 
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Table 5-5.  Example Feeding Schedule: Newell‘s Shearwater in stable condition and thin (Total Protein > 2.0g/dl.) 

___________________________________________________________________ 

7:00 AM:  Swim/Exercise 

7:30 AM:  15-20cc Pedialyte
®
 

*asses stool sample* 

9:00 AM:  20g smelt (consider deboning) 

11:00 AM:  20-30cc Pedialyte
®
 

12:30 PM:  30g smelt (consider deboning) 

3:30 PM:  30-50g smelt
9
 

6:30 PM:  if the bird seems able to take more fish, 30 g smelt 

5.5 REHABILITATION RELEASE PARAMETERS 

Before release, a pelagic bird should be waterproof, possess ≥90% of normal PCV, and TP values for that individual 

species (Table 5-2), and display normal behavior. Additionally, adult birds should be within 10 percent of normal 

body weight for the species. Hatch-year Newell‘s Shearwaters and Hawaiian Petrels should weigh over 300 grams 

before release; a weight closer to 400 grams is desirable. Any hatch-year under 350 grams should be considered for 

at least 1-2 days of captivity.  Another contributing factor to account for:  keel score.  The bird should be well-

fleshed in order to withstand foraging after its time on land.  The keel should be scored at 2+, and this will 

coordinate with a desirable weight in grams.  Fledglings, in particular, have a much higher chance of survival with 

appropriate fat and muscle reserves in their first flight out to sea (documentation). 

Some birds do not adjust well to captivity and are highly stressed—more so adult birds than hatch-years. If a bird 

continuously loses weight (or, ideally, maintaining weight but never reaching the point of gaining), release is 

probably the best option for that bird if it is waterproof and uninjured.  However, the bird cannot have a keel score 

below 2. Rehabilitators should assess the release birds using the release guidelines shown on the following page. A 

laminated copy of these release guidelines should be prominently displayed in the rehabilitation facility. 

5.5.1 RELEASE GUIDELINES 

1. Behavior: Birds should behave normally (standing, feeding, preening, swimming, wing rotation) 

2. Body Weights: Their weights should be within 10% of the normal for adults of that species at that time of year. 

Just fledging/hatch-year birds should be closer to adult weights or higher. 

3. Pectoral Muscle/Keel Condition– moderate to good. 

Figure 5-1.  Keel Condition. 

 

 
4. Feather Condition: They should be completely waterproofed and flighted. 

5. All problems noted on the Admittance/Intake Exam should be resolved 

                                                           
9
 Most captive wild birds can be reduced to 3 feedings a day once stable.  An initial PO tx of 30ccs Pedialyte

®
 may be 

beneficial at the start of the day. 
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6. Proper bands/markings and documentation should be in place 

At the end of every holding period, a rehab manager will give each patient an Outtake Physical Exam, located on 

the same form as the Admittance/Intake Exam.  The SOS Rehab Physical (Figure 7-2) should provide an easy 

comparison—showing side-by-side resolution of all Admittance/Intake Exam concerns. 

5.6 VETERINARY TREATMENT GUIDELINES 

All veterinary care administered to recovered birds is to be conducted by a licensed veterinarian. The following 

broad guidelines are suggested as a framework under which veterinary triage and more detailed veterinary care and 

decisions can be made. 

5.6.1 STABILIZATION 

The veterinarian‘s first task after receiving a bird is to stabilize it in accordance with the following guidelines and 

principals (all of which will be practiced at KHS and KVC): 

 Stabilize the bird as soon as practical after delivery. 

 Triage-evaluate all severely injured birds to determine if euthanasia is appropriate. Undue suffering 

can be alleviated quickly for untreatable birds; also, limited resources should be dedicated to other birds 

with a better chance of survival. 

 Provide appropriate ventilation and temperature control. 

 Minimize stress by keeping foot traffic and noise in the area where the bird is kept at a low level. 

5.6.2  MEDICAL PROCEDURES AND TREATMENTS 

Since pelagic birds spend the majority of their life on the ocean and only come to land to breed, they are prone to 

certain land-borne diseases. The most common infectious disease seen in captive pelagic birds is aspergillosis. If a 

bird will be in captivity for more than 72 hours, then Itraconazole (Sporonox®) should be administered on a 

prophylactic basis. This is an antifungal medication that is given at a dose 15mg/kg orally once a day. 

5.6.3 BLOOD SAMPLING 

Simple and small volume of blood collected from each bird with an inexpensive and quick testing procedure will 

greatly help quantify the state of health of the bird. It is valuable for initial care as well as determination for 

releasability.  For blood sampling, the veterinarian should use a 25-gauge needle or a 27-gauge needle for smaller 

birds. The medial metatarsal vein is the recommended site to draw blood.  KHS will be taking blood samples to 

monitor captive bird progress (via PCV, BG, and TP) in 2009 on. Larger blood samples should be taken only if 

necessary for the diagnosis or to monitor recovery and treatment. 

5.6.4 HEAD AND SPINAL TRAUMAS 

Recent findings strongly suggest that Dexamethasone should not be used in treating head injuries
10

.  Overall, there 

is no statistical benefit to steroid use in head injuries, although there are some situations in which a veterinarian 

should consider their use.  Dr. Woltmon has experienced success with the use of Dexamethasone with past incidents 

of head trauma in shearwaters and pet birds and may continue to prescribe it with future treatments.  SOS staff 

should know that steroid treatments can cause an artificial appearance of increased health—a temporary increase in 

alertness and strength. 

For acute spinal cord trauma, there is one form of steroid, Methylprednisolone, which has been shown to have 

significant beneficial effects. However, for this drug to work optimally Methylprednisolone must be used within 

four hours after trauma, or this steroid will have little or no benefit. If this window of opportunity has been missed, 

do not administer this drug. 

5.6.5 OTHER MEDICAL TREATMENTS THAT MAY BE NECESSARY 

Veterinarians may wish to consider the following treatments in appropriate circumstances: 

 Radiographs (rule out or find fractures or metabolic bone disease); 

                                                           
10 Pokras, M.A., M. Murray. Throw Away Your Dex!! A Polemic on Why Rehabilitators Should NOT Use Dexamethasone. 

Wildlife Rehabilitation Bulletin. Volume 22, No. 1, Spring/Summer 2004, pp4-5. 
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 Treatment of vomiting or seizures; 

 Parenteral (e.g., not oral) fluid administration; 

 Additional blood panels and/or CBCs; 

 Fecal examination (direct and floatation) when internal parasites are suspected. 

5.6.6 VETERINARY PERSONNEL 

As previously mentioned all veterinary care administered to recovered birds is to be provided by a licensed 

veterinarian. The veterinarian identified as the SOS ―primary‖ vet for the 2009 season is: 

Dr. Joanne Woltmon, DVM 

Kaua‗i Veterinary Clinic 

1864 Haleukana Street 

Puhi Industrial Park 

Līhu‗e, Kaua‗i 

(808) 245-4748 

Dr. Simms is available to treat birds needing medical care, but is unable to undertake rehabilitation.  He utilizes a 

portable x-ray machine that can be useful. 

Emergency birds recovered on can be taken to him when Dr. Woltman‘s office is closed. He can be reached at: 

Dr. Scott Simms, DVM 

Pegasus Veterinary Clinic 

7481 Ko‗olau Road 

Kilauea, Kaua‗i 

(808) 828-2822 

5.6.7 VETERINARY RESPONSIBILITIES, FACILITY EQUIPMENT AND SUPPLIES 

The following broad guidelines outline basic veterinary responsibilities and the basic necessary supplies and 

equipment that should be stocked to treat recovered seabirds. 

Veterinarian Responsibilities: 

 Use of controlled substances (e.g., euthanasia, sedatives); 

 Triage for critical birds; 

 Keeping thorough medical records; 

 Ensuring that birds are receiving adequate and optimal care. 

Facility Equipment and Supplies: 

 Mezuri Vitamins
TM

 (multi-vitamins for birds) 

 Itraconazole 

 Vetrap® 

 Ensure
TM

  

 Pedialyte® 

 French catheters sizes 12-18 fret 

 Feeding tubes with catheter tip-60cc 

 Thermometer 

 Surgical gloves 

 Protective goggles 

 Digital gram scale 

 Centrifuge 

 Refractometer  

 Glucosemeter 

 Disinfectant (Roccal D® or Chlorahexidine®) 

5.6.8 VETERINARY RELEASE PARAMETERS 

Before being cleared for release by the veterinarian, a pelagic bird should be waterproof, possess ≥90% of normal 

Packed Cell Volume (PCV) and Total Protein (TP) values for that individual species (Table 5-6), and display 

normal behavior. Additionally, adult birds should possess a moderate to good keel rating (2 or MUCH preferably 
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2+) and be within 10 percent of normal body weight for the species. Hatch year Newell‘s Shearwaters and Hawaiian 

Petrels should weigh over 300 grams before release, and should be heavily considered for 2-3 days captivity if 

weighing less than 350 grams. Some birds do not adapt to captivity and are highly stressed.  If a bird continuously 

loses weight; release is still probably the best option for that bird provided waterproofing and muscle mass (with no 

symptom of emaciation) remain intact. 

The following table (Table 5-6) displays normal weights and blood values for the three main seabird species 

handled by the SOS Program. Note that a thorough search of the literature did not yield blood values for Newell‘s 

Shearwater. Collecting serological samples sufficient to allow the development of this information would be a 

valuable benefit of the veterinary intervention program. 

Table 5-6.  Normal Blood Values – By Species. 

Newell‘s Shearwater (Puffinus auricularis newelli) 

Juvenile 

Mean (+/-SD) 

Adult 

Mean (+/-SD) 

Weight 391.2g  +/-29.6g 

Packed Cell Volume (PCV) ---------- 

Total Protein (TP) ---------- 

Glucose (BG) ---------- 

Hawaiian Petrel (Pterodroma sandwichenis) 

Juvenile 

Mean (+/-SD) 

Adult 

Mean (+/-SD) 

Weight 495g  +/- 62g; 432g  +/-32g  

Packed Cell Volume (PCV) 49 (5) % 49 (4)% 

Total Protein (TP) 2.7 (0.9) g/dl 3.1 (0.5) g/dl 

Glucose (BG) 316 (35) mg/dl 329 (43) mg/dl 

Wedge-tailed Shearwater (Puffinus Pacificus) 

Juvenile 

Mean (+/-SD) 

Adult 

Mean (+/-SD) 

Weight 467g  +/- 50g; 390g  +/-35 g 

Packed Cell Volume (PCV) 37 (3)% 48 (3)% 

Total Protein (TP) 3.2 (0.4) g/dl 3.4 (0.4) g/dl 

Glucose (BG) 202 (23) mg/dl 248 (28) mg/dl 

Source: Work, T. M. ―Weights, Hematology, and Serum Chemistry of Seven Species of Free-Ranging 

Tropical Pelagic Seabirds‖. Journal of Wildlife Diseases, 32 (4), 1996, pp 643-657. 

5.6.9 EUTHANASIA PROTOCOLS 

5.6.9.1 Requirements 

Euthanasia should be considered only if birds have injuries or are compromised in any way that will prevent their 

survival in the wild.  Situations that may be appropriate for euthanasia are auditory and visual impairments, 

certain limb fractures, such as those close to the joint, broken bills, and blood values that have Packed Cell 

Volumes lower than 15% and Total Protein lower than 1.0 g/dl.  If birds are determined by a licensed 

veterinarian to be un-releasable, then the bird is to be euthanized or otherwise disposed of in accordance with 50 

CFR § 21.31(e)(4)(iii) and (iv), which states: 

―(iii) You must euthanize any bird that cannot feed itself, perch upright, or ambulate without inflicting additional 

injuries to itself where medical and/or rehabilitative care will not reverse such conditions. You must euthanize any 

bird that is completely blind, and any bird that has sustained injuries that would require amputation of a leg, a foot, 

or a wing at the elbow or above (humero-ulnar joint) rather than performing such surgery, unless: 

(A) A licensed veterinarian submits a written recommendation that the bird should be kept alive, including an 

analysis of why the bird is not expected to experience the injuries and/or ailments that typically occur in birds with 
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these injuries and a commitment (from the veterinarian) to provide medical care for the bird for the duration of its 

life, including complete examinations at least once a year; 

 (B) A placement is available for the bird with a person or facility authorized to possess it, where it will receive the 

veterinary care described in paragraph (e)(4)(iii)(A) of this section; and 

(C) The issuing office specifically authorizes continued possession, medical treatment, and rehabilitative care of the 

bird. 

(iv)You must obtain authorization from your issuing Migratory Bird Permit Office before euthanizing endangered 

and threatened migratory bird species. In rare cases, the Service may designate a disposition other than euthanasia 

for those birds. If Service personnel are not available, you may euthanize endangered and threatened migratory 

birds without Service authorization when prompt euthanasia is warranted by humane consideration for the welfare 

of the bird. 

(v) You may place nonreleasable live birds that are suitable for use in educational programs, foster parenting, 

research projects, or other permitted activities with persons permitted or otherwise authorized to possess such 

birds, with prior approval from your issuing Migratory Bird Permit Office.‖ 

Specific conditions that will likely result in the veterinarian prescribing euthanasia include, but are not limited to, 

the following conditions: 

 Broken wings 

 Are blind 

 Broken legs 

 Broken beaks 

 Neurological mobility impairments 

 Contagious disease 

 Are partially paralyzed 

 Any bird that a veterinarian states that the bird is nonreleasable.  In the case of SOS, the permitted 

veterinarian wishes these cases to be considered in particular, based on her ample experience with the SOS 

program and its focus species: 

o Severely fractured beaks 

o Long bone fractures (especially open) near the joints or multiple limb fractures 

o Skull fractures or evidence of concussion (taken as a case-by-case basis) 

o Spinal fractures, paresis, or paralysis (taken as a case-by-case basis) 

o Severe cachexia (Body Weight Index or keel score:  0 to 1) 

o Blindness 

o Vomiting while treated and no signs of improvement after 24-48 hours
11

 

 Balance issue- unable to maintain balance after 24-48 hours of treatment with no signs of 

improvement 

5.6.9.2 Method and Route of Administration 

Any migratory bird requiring euthanasia will first be sedated, after which a dose of barbiturates based on the weight 

of the bird will be administered into the lower abdominal cavity. 

                                                           
11

 In this instance, SOS would contact outside rehabilitators and wildlife biologists to concur that nothing in the rehab process 

was overlooked. 
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CHAPTER 6—DATA ENTRY AND ANALYSIS 

6.1 MASTER DATABASE 

As previously stated in the daily protocol, technicians will be responsible for entering their field data into the 

Master Database at the end of each day.  Example entries from the 2009 Master Database can be viewed in 

Appendix A.  Technicians should verify with the Program Coordinator if they deliberately wait a day on any data 

entry.  Obviously, there may be some exceptions to this rule, technicians can delay entering release observations or 

rehabilitation observations until the end of the week or even the end of the month if need be. 

The Master Database, a book within Excel, will separate the ―Endangered Species‖ data (encompassing Newell‘s 

Shearwaters, Hawaiian Petrels, and Band-rumped Storm-Petrels) and the ―Other Species‖ data (for Boobies, 

Tropicbirds, Wedge-tailed Shearwaters, Noddies, etc).  These two datasets will be organized into two sheets within 

Master Database book.  Other sheets found within the book will include the ―Endangered Species Mortality‖ and 

―Other Species Mortality‖ focusing on roadside carcass pick-up and accompanying location information.  

Mortalities should be recorded twice—on the broad dataset sheets (―Endangered or Other Species‖) and the 

Mortality sheets—―ES or OS Mortality Logs‖.  Birds undergoing rehabilitation which die in care (DIC) will be 

entered into the broad dataset and post season will be separated and presented as another dataset; DIC birds are not 

included in the Mortality Log Excel sheet.  The Photo Log can also be found in the Master Database and will 

contain a record of every photograph and the corresponding file taken by SOS. 

 As always with data involving federal-issued bands, the transposing of numbers can be hard to rectify, and so 

technicians should be deliberate with their band numbers, corresponding temporary bands and intake numbers, 

photo file numbers, etc.  The Program Coordinator will proof for such errors once during a week before sending the 

broad data to KVC, DOFAW, and USFWS personnel. 

The following fields will be completed to the best degree possible at the end of each field day; most of it will be 

recorded on the SOS Field Form. 

 INITIAL AND LOG #:  The initial of the SOS staff which recorded the progression of data on the individual, 

followed by the staff member‘s individual Intake/Release Log number or Mortality Log number (a mortality 

denoted by an (M) prior to the initials—i.e.  (M)RR1 would be the 1
st
 entry in RR‘s personal Mortality Log)  

 INTAKE # (KHS AND/OR KVC):  When KHS Humane Officers, Dr. Becky Rhoades, or any other KHS 

staff (front-desk, veterinary technicians, etc.) bring or check a bird into KHS, said personnel will assign an 

intake # within the KHS system.   Record this number so that records can be cross-referenced.  KHS Intake 

Cards require location information and therefore ensure the most critical documentation without requiring 

KHS staff to learn an entirely new intake system (in this case the SOS Field Form).   

Birds requiring a vet visit at KVC also have an assigned KVC intake #; recording this number will allow 

SOS to cross-reference records with Dr. Woltmon.  Both Dr. Woltmon and KHS must update their 

rehabilitation records for their respective rehabilitation permits in January each year. 

 PERMENANT BAND #:  Enter the complete federal band number placed on the bird.  Any mortality found 

with a federal band should have the etched number recorded here. 

 TEMP BAND( COLOR AND MARK):  Any bird staying overnight at KHS will have a color band with a 

unique set of letters (AA, AB, etc.) that will identify the bird among other captive seabirds requiring 

treatments.  Enter the temporary band color and letters in this field in order to cross-reference with any of 

the KVC visits or any rehabilitation records. 

 SPECIES:  Provide a four-letter alpha code to indicate the species should be entered.  For instance, if the 

bird recovered is a Hawaiian Petrel or a Band-rumped Storm-Petrel, then you should enter the appropriate 

species alpha code from Section 7.3.1—HAPE or BANP, showing that the bird in question was not a 

Newell‘s Shearwater. 

 PICK-UP DATE:  Enter the month and day that you recovered the bird. Use alpha numeric symbols, using 

the first three letters of the month followed by the numeric day of the month. 

 WT. ON P/U:  Record the most accurate weight taken on the bird within 3 hours of the P/U time. 

 KEEL SCORE:  Record the keel assessment as written on the SOS Field Form or the Rehab Physical. 

 UTM: Record the coordinates taken in the field. 
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 LOCATION FOUND:  Provide a brief description of the pick-up area—such as two cross streets—if 

directly from the roadside (assuming a GPS was used to record UTMs) and/or the exact wording on the 

white board provided for the public at the Aid-station. 

 AID-STATION:  Enter the code for the Aid-Station from which the bird was retrieved. The aid station will 

be recorded on the SOS Field Form and should be entered using the data codes listed in Section 7.3.2 . Note 

that birds brought directly to KHS have an Aid-Station code. 

 SECT:  Enter the sector code for the sector in which the bird was recovered, based on the location data 

collected. Use the Sector Maps provided in Appendix E to determine the correct sector and the ―Sector 

Key‖ provided in the Data Entry Codes from Section 7.3.  

 AGE CLASS:  This field will coincide with the SOS Field Form.  Refer to Section 4.2.2.15 to accurately age 

seabirds.  Options for this field include NSTL (nestling), HY (hatch year), AD (adult) and UNK.  Do not 

hesitate to mark a bird as ―UNK‖—unknown, when any uncertainty exists. 

 HOW:  Record how the age of the bird was determined.  This could include PL (plumage—evident down 

indicating fledgling and worn feathering indicating adult), Time of year (any Newell‘s or Wedge-tailed 

Shearwaters in June and July on Kauai will not be fledglings, according to the literature), or a band (from 

the current season or a previous year). 

 WING CHORD:  This will be previously recorded on the SOS Field Form.  If not, line the ―wrist‖ of the 

wing evenly at the joint of the AFO Banding Ruler and let the wing fall naturally down the ruler scaled by 

mm (which only measures up to 300mm and is therefore too small for some WTSHs and HAPEs).  An 

example of this morphometric measurement can be found in Section 7.6. 

 KEEL ON RELEASE:  A rehabilitated bird in particular will need another keel assessment pre-release.  to 

Figure 5-1 to assess the keel. 

 RELEASE DATE:  Enter the month and day and year that you released the bird. Use alpha numeric 

symbols, using the first three letters of the month followed by the numeric day of the month. 

 RELEASE SITE:  This space in the form is for the data code for the Release Site from which the bird was 

released (see the Data Entry Codes List in Section 7.3).  For example, ―PTA‖ in one example indicates that 

this bird was released from the Port Allen Hack Box. 

 WEIGHT AT DEATH:  Record the bird‘s weight upon death if the bird died in care after a day or more in 

captivity, also if an obviously fresh carcass is collected.  Use the Pensola 1000g. scale or the digital rehab 

scale. 

 DEATH DATE:  Record the day the bird died or the best estimate. 

 MOON ILLUM:  Record the fraction of moon from a the year‘s computed table found at 

http://www.usno.navy.mil.  This website uses Eastern Standard Time.  Reference time should be midnight.  

This provides SOS a general idea of how the fall-out density matches up with the lunar cycle. 

 VET CARE:  This record should read almost exclusively WOLTMON.  Dr. Sims may still be called on 

occasion, though. 

 PICTURES:  Record Y or N regarding if photos have been taken of this bird and also have been entered 

into the Photo Log within the Master Database. 

 REMARKS:  This space is for brief comments about the bird that may be of interest, e.g., that the bird flew 

away immediately upon release, that there was a lot of down on the bird, etc. 

 NOTE!:  Mark any additional documentation/summaries provided on this bird, which is all recorded in the 

Note Log at the far right end of the Master Database. 

 INT:  Enter your initials as the primary recorder. 

 ENT/PROOFED:  Primarily the Program Coordinator will proof the Master Database entries on a weekly 

bases and will initial this field after doing so. 

 NOTE LOG:  This field primarily contains information on the rehabilitation process, but it also will address 

any discrepancies the Program Coordinator found with any of the fields in the entry.  The NOTE LOG field 

is divided into three columns in order to read a little more clearly, with each column colored to match the 

field it address:  Red (I), Yellow (II), or Blue (III). 

http://www.usno.navy.mil/
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6.2 REAL TIME REPORTING 

The Program Manager will review the data sheets immediately as they come in from the field, will regularly contact 

field workers, and will otherwise monitor the results of the fieldwork. This will make it possible to respond to 

unexpected conditions or findings on a real-time basis.  During the course of the fallout season it is also conceivable 

that unique situations may arise which require coordinating a response with outside agencies, such as the U.S. Fish 

& Wildlife Service.
12

 Field crew members encountering a situation like this should immediately notify the Program 

Coordinator, who in turn will notify the Kaua‗i Wildlife Manager, who will follow up with the responsible parties, 

including the U.S. Fish & Wildlife Service Law Enforcement Division (see contact information in Section 7.4.6). 

6.3 YEAR END REPORTING 

The Program Coordinator will prepare two reports following the end of the SOS season. The first is a Year-End 

Data Report. That report will contain copies of the individual field sheets as well as a tabular summary of that data. 

The second is a Year-End Program Report summarizing the activities conducted during the course of the previous 

season and the results that they produced.  

6.3.1 OVERVIEW OF THE PROGRAM—PROGRAM REPORT 

The Program Report will: 

 Include a detailed account of the activities that SOS staff undertook throughout the year. Provide a 

compilation of the data gathered, including a record of the way in which each bird that was handled was 

ultimately released or disposed of.   

 Summarize all of the activities that the SOS Program engaged in over the course of the year.  This may be 

done in tabular format and is intended to provide a brief written record of the personnel who were involved, 

the work that they undertook, and any work products that they produced. 

 Analyze changes in bird recoveries (if any) from the previous year and identify known or possible causes 

for the observed changes. 

 Recommend ways in which the SOS Program ought to be modified for the following season.  The following 

subsections provide a more detailed discussion on how this material will be presented in the year-end 

program report and which agencies it would be helpful to consult concerning appropriate changes to the 

program. 

6.3.2 ANALYSIS OF DATA COLLECTED—DATA REPORT 

Following the end of the field season the Program Coordinator will analyze the year‘s data to discern trends in 

seabird recovery on a spatial, temporal, or other basis. The data will be used to determine the following: 

 The number of birds of each species recovered. 

 The age class makeup of each species recovered. 

 Mortality percentages for each species recovered. 

 The nature of the injuries observed on each bird that was treated, euthanized, or retrieved after it had 

already died. 

 Recoveries of each species by sector. 

 Mortality of each species by sector. 

 Bird recoveries by age class and species as correlated to the moon phase. 

6.3.3 TREND ANALYSIS 

The annual data set will also be added to the master database which contains all of the SOS data gathered between 

1979 and 2007.  This will be done by DOFAW until the SOS Coordinator has access to past year‘s SOS data.  The 

                                                           
12 It is difficult to identify specific examples of what these unique situations might be in advance. However, an extreme 

example might be: "A circus has come to town that has exposed lights that seem to have led to the downing of 44 birds in 

the past 24 hours". 
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entire data set will be analyzed in an attempt to discern trends or changes in the status of recovery results. The 

review will consider trends in the following factors: 

 Number of birds of each species recovered. 

 Age class makeup of each species recovered. 

 Mortality percentages for each species recovered. 

 The nature of the injuries observed on each bird that was treated, euthanized, or retrieved after it had 

already died. 

 Recoveries of each species by sector. 

 Mortality of each species by sector. 

 Bird recoveries by age class and species as correlated to the moon phase. 

From these results, the Program Manager may be able to advise on specific physical threats, such as ―hotspots‖ that 

can be remediated prior to the start of the next breeding season. The data analysis may also suggest changes in 

methodologies or protocols that ought to be considered for the program next year – any such recommendations will 

be included in the annual report. 

To promote better understanding of the species and the operation of the SOS Program, the Data 

Report and annual Program Report will be made available in electronic form to facilitate wide distribution and use. 

Copies of the database and other digital files along with an electronic as well as hard copies of the reports will be 

distributed to DOFAW and to the USFWS after completion. 

6.3.4 RECOMMENDED PROGRAM MODIFICATIONS 

In order for the SOS Program to evolve as new information and seabird management protocols and priorities are 

developed, the annual program report will identify modifications that should be considered for subsequent years. 

These recommendations will be based on empirical data gathered during the course of the SOS season and on 

emerging seabird management protocols, equipment development (e.g., lighter radio transmitters), and on 

implementation partnerships and funding opportunities that present themselves. Some of these emerging 

opportunities will suggest changes to SOS protocols and/or methodologies that can be rapidly adopted and 

implemented by the Program Staff.  Other opportunities and suggested recovery and habitat management actions 

may require governmental agency action, and/or long-term interagency and stakeholder cooperative agreements and 

funding.  The recommendations for changes to the SOS Program will be presented in both narrative form and in 

revised (or additional) pages for insertion into the SOS Operations Manual. This will facilitate immediate 

implementation of those recommended changes that the agencies ultimately approve for implementation during the 

following SOS season. 
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CHAPTER 7—ADDITIONAL PROGRAM INFORMATION 

AND APPENDICES 

7.1 THE PRIMARY DUTIES AND RESPONSIBILITIES OF THE PROGRAM TO EVERY 

MIGRATORY BIRD 

(The basics for field technicians, taken from Best Practices for Migratory Bird Care) 

 Stabilize within 2 to 4 hours of capture, and release if appropriate within this time frame 

 Minimize stress—keep handling to a minimum (by preparing treatments ahead of time and utilizing a towel 

consistently), keep noise to a minimum, provide visual barriers or ―hides‖ 

 Provide appropriate temperature control and ventilation 

 Start and maintain an individual record for each bird 

 Review and transcribe records to the main database—capture location, date, time, chain-of-custody information, 

as well as ID number, species, age, class, overall impression of clinical status (depressed, hyperactive, alert, 

etc), treatments, feeding schedule, etc. 

 Place a temporary identification band or tag on EVERY individual entering the system—anything still in 

custody after 4 hours, dead or alive 

 Perform a full-physical examination:  temperature, weight, respiration, heart rate, significant lesions/ disease 

states, etc. 

 Transport to the Program‘s consulting veterinarian if additional clinical diagnosis is warranted 

 Perform stabilization treatment:  administer hydration using a balanced, generally isotonic, solution 

 Collect samples:  take a blood sample to determine packed cell volume, total protein, and blood glucose 

 Administer medical therapies prescribed through the consulting veterinarian 

 Perform another full-physical outtake examination prior to release 

 Release during daylight hours to avoid any repeat incidence of light attraction 

7.2 LOG TEMPLATES TO FOLLOW 

Three main logs need to be maintained daily by every technician:  Intake/Release Log, Mortality Log, and Photo 

Log.  Examples on how to complete a personal log follow: 

7.2.1 INTAKE/RELEASE LOG 

Table 7-1.  Typical examples of Intake/Release Log entries. 

# Band # 

Temp 

#/Color Species 

P/U 

Date P/U Location 

Initial 

Status 

Final 

Outcome/Date 

AM1 814-60002 AB/Red NESH 5-Nov Kalapaki Beach Park Tx REL/Nov-7 

AM2 814-60001 

 

NESH 6-Nov 456503; 2428961 Rel 

 

AM3 

 

AC/Red NESH 6-Nov 

Alii and Moi intx. 

Hanapepe pending 

 AM4 814-60003 TRASHED 

  

TRASHED!!! 

  AM5 814-60004 

 

NESH 7-Nov Unknown Rel 

 AM6 794-89732 AD/Red WTSH 7-Nov Lihue Tx REL/Nov-14 

AM7 

       AM8 

       AM9 
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7.2.2 MORTALITY LOG 

Table 7-2.  Actual example of 2009 Mortality Log. 

Mort 

# 

PERM 

BAND # Species 

P/U 

Date Time √ 

Location 

Found 

UTM or 

Aid 

Station 

Age 

Class 

DEATH 

DATE NO PH 

PH 

#(s) 

1 

 

NESH 

7-

Jun 

 

√ 

Kaumualii 

Hwy/LauLea 

St. (Eleele) 

 

AD 7th, 6th Y N 

 

2 

 

UNK 

25-

Jun 

 

√ 

Near Jesus 

Graveyard 

on Main 

Hwy 

heading 

toward 

Kealia 

lookout 

 

UNK 

23rd, 

22nd, + Y N 

 

3 

 

UNK 

28-

Jul 

 

√ 

Eleele, Main 

Hwy btwn 

LauLea 

Street signs 

 

UNK 

 

Y N 

 

 

Table 7-3.  Notes accompanying the 2009 Mortality Log. 

1 

Obvious head trauma (lost an eye in the impact)--possibly hit by car but near powerlines as well.  Carcass 

was very well preserved (no more than 1 day old) and weathered adult feathering was evident, per Nick 

Holmes.) 

2 

Flattened carcass; head not even discernable, size and shape of tarsus and webbed foot indicated a 

shearwater and not a petrel, coot, etc.  Badly decomposing by the time found on the 25th but exposed on the 

highway so death date is uncertain. 

3 Another flattened carcass, slightly more defined as a shearwater than #2/AM1. 

7.2.3 PHOTO LOG 

Table 7-4.  Actual example of 2008 Photo Log. 

ID# P/U Date Species 

Cam 

# Photo #'s Description and Comments 

ES-9281 1-Oct-08 NESH 1 100101 First NESH of the year 

   

1 100102 Practice handling, excited about NESH 

ES-AAred-

AM003 8-Oct-08 BANP 

 

100801 Demonstrating tail (no fork or slit apparent) 

   

1 100802 Bill shot attempt 

   

1 100803 Wing shot 

ES-7008 9-Oct-08 

 

2 100901 Emerging from PTA box 

   

2 100902 " 

   

2 100903 " 

ESMORT-

1_AM1 12-Oct-08 NESH 

 

181001 Telephone wire, 10 m due W 

   

1 181002 Generators, 30 m SE 

   

1 181003 Carcass pre-retrieval, 2 m. from traffic 
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7.2.4 CARCASS LABELING 

Figure 7-1.  Completed Toe Tag. 

 

 

 

 

 

7.3 MASTER DATABASE DATA ENTRY CODES 

7.3.1 SPECIES ALPHA CODES     

Newell‘s Shearwater  NESH 

Hawaiian Petrel   HAPE 

Band-rumped Storm-Petrel BANP 

Wedge-tailed Shearwater WTSH 

Christmas Shearwater  CHSH 

White-tailed Tropicbird  WTTR 

Red-tailed Tropicbird  RTTR 

Bulwer‘s Petrel   BUPE 

Sooty Tern   SOTE 

Red-footed Booby   RFBO 

Brown Booby   BRBO 

Brown Noddy   BRNO 

Black Noddy   BLNO 

Unknown      O 

7.3.2 AID STATIONS 

Waimea Fire Station  A 

Hanapepe Fire Station  B 

Kalaheo Fire Station  C 

Koloa Fire Station  D 

Lihue Fire Station  E 

Mariott Lihue Hotel  F 

Kapaa Fire Station  G 

Kauai Medical Group   

 - Kilauea   H 

Princeville Fire Station  I 

Hanalei Liquor Store  J 

Poipu Fire Station  K 

Lihue International Airport L 

Kauai Humane Society  M 

Died in transit   N 

Pacific Missile Range  O 

Princeville Sheraton Hotel Q 

Matson Nawilliwilli  R 

Port Allen Chevron  S 

Poipu Sheraton Hotel  T 

Grand Hyatte Hotel  Y 

Unknown   U 

P/U Date_________05-Oct-09________________________ 

SPECIES______NESH______________________________ 

ID #__________AMMort00609_______________________ 

LOCATION_UTMs:  74958; 77501 (corner of Akekeke and 

Ulili St, Kekaha)___________________________________ 
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7.3.3 SECTOR CODES 

Hanalei 1 

Princeville 2 

Kilauea 3 

Anahola 4 

Kealia 5 

Kapa‗a 6 

Waipouli 7 

Wailua 8 

Wailua Homsteads 9 

Hanamaulu 10 

Lihue 11 

Mariott Hotel 12 

Nawiliwili 13 

Puhi 14 

Kipu 15 

Poipu 16 

Kukuiula 17 

Koloa 18 

 

Lawai 19 

Kalaheo 20 

Port Allen 21 

Eleele 22 

Hanapepe 23 

Salt Pond 24 

Kaumakani 25 

Pakala 26 

Waimea 27 

Kekaha 28 

PMRF 29 

Kokee 30 

Omao/Maluhia 31 

Wainiha 32 

Others 33 

At Sea 34 

Unknown 35 
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7.4 LIST OF CONTACTS 

7.4.1 KAUAI HUMANE SOCIETY—808.632.0610 

 Becky Rhoades,  

Executive Director, Kauai Humane Society 

Program Manager, Save Our Shearwaters 

PO Box 3330 

Lihue, Hawaii 96766 

808-632-0610 ext. 106 

drbecky@kauaihumane.org  

 Angie Merritt 

 Coordinator, Save Our Shearwaters 

PO Box 3330 

Lihue, Hawaii 96766 

 808-632-0610 ext. 109 

 808-635-5117 (cell)—SOS direct line/on-call phone 

 SOS@kauaihumane.org 

7.4.2 KAUAI VET CLINIC—808.245.4748 

 Dr. Joanne Woltmon 

1864 Haleukana St 

Lihue, HI 96766-9071 

(808) 245-4748  

woltmonj002@hawaii.rr.com  

7.4.3 HAWAII WILDLIFE CENTER 

 Linda Elliott 

President & Center Director, Hawaii Wildlife Center 

PO Box 551752 

Kapa'au, HI 96755 

(808) 345-8421 

linda@hawaiiwildlifecenter.org  

info@hawaiiwildlifecenter.org 

7.4.4 KAUAI ISLAND UTILITY COOPERATIVE—808.246.4300 

 Carey Koide 

Kaua'i Island Utility Cooperative 

4463 Pahe'e Street, Suite 1 

Lihu'e, HI 96766-2000 

808.246.4300 

ckoide@kiuc.coop  

 Reginald David 

Rana Productions, Ltd.  

P. O. Box 1371 

Kailua, Kona, Hawaii  

329-9141 Phone 

davidr003@hawaii.rr.com 

 Anne Barnes 

Marketing, Communications & Public Affairs 

Kauai Island Utility Cooperative 

808.246.4383 / 808.634.2761 

abarnes@kiuc.coop 

 

mailto:drbecky@kauaihumane.org
mailto:SOS@kauaihumane.org
mailto:woltmonj002@hawaii.rr.com
mailto:linda@hawaiiwildlifecenter.org
mailto:info@hawaiiwildlifecenter.org
mailto:ckoide@kiuc.coop
mailto:davidr003@hawaii.rr.com
mailto:abarnes@kiuc.coop
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7.4.5 HAWAII DIVISION OF LAND AND NATURAL RESOURCES, DIVISION OF FORESTRY AND WILDLIFE 

 Thomas J. Ka'iakapu 

Kauai Wildlife Manager, DLNR-DOFAW 

3060 Eiwa Street, Room 306 

Lihue, HI 96766-1875 

(808) 274-3433 

(808) 274-3438 (fax) 

thomas.j.kaiakapu@hawaii.gov 

 Nick Holmes 

Program Manger, DLNR-DOFAW Kaua‗i Endangered Seabird Recovery Project 

(808)346-3782 

ndholmes@hawaii.edu 
 Andrea Erichsen, 

Coordinator, Kauai Seabird HCP Office, DLNR-DOFAW 

4139C Hardy Street 

Lihue, HI 96766 

(808) 245-9160 office 

(808) 346-3489 mobile  

www.kauai-seabirdhcp.info 

 Norma Bustos 

Wildlife Biologist, DLNR-DOFAW 

1151 Punchbowl Street  Rm 325 

Honolulu, HI 96813 

Phone: (808) 587-0163 

Fax: (808) 587-0160 

Email:  Norma.I.Bustos@hawaii.gov 

7.4.6 US FISH AND WILDLIFE SERVICE 

 Bill Standley 

U.S. Fish and Wildlife Service 

Pacific Islands Fish and Wildlife Office 

300 Ala Moana Blvd., Room 3-122 

Honolulu, HI 96850 

Phone: (808)792-9423 

 Fax: (808)792-9580 

7.4.7 KAUAI FIRE STATIONS 

 Waimea:  338-1831 

 Hanapepe:   335-5444 

 Kaleheo:  332-8021 

 Koloa:  742-1516 

 Lihue:  241-6507 

 Kapaa:  822-4381 

 Princville/Hanalei:  826-6333 

mailto:thomas.j.kaiakapu@hawaii.gov
mailto:ndholmes@hawaii.edu
http://www.kauai-seabirdhcp.info/
mailto:Norma.I.Bustos@hawaii.gov
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7.5 MEDICAL TERMINOLOGY CODES  

BAR- Bright, Alert, Responsive 

QAR- Quiet, Alert, Responsive 

NAR-Non-responsive 

SID- Once a day 

BID-Twice a day 

TID-Three times a day 

QID-Four times a day 

CNS-Central Nervous System 

CRT-Capillary Refill Time.  The number of seconds it takes for the gums, tongue, or eyelid to refill (return to 

 redness) after digital pressure is applied. A normal CRT is 1 second or less. 

Dx-Diagnosis 

Tx-Therapy 

WDWN-Well developed and well nourished  

R/O-Rule out 

NSL-No significant lesions 

O.D.-Right eye 

O.S.-Left eye 

SOB-Shortness of Breath 

Ulnar vein-The noticeable vein near the ―elbow‖ of the wing; often used to assess the level of hydration with the 

 ―ulnar vein refill time‖ 

PCV-Pack Cell Volume.  The percentage of RBC (Red Blood Cells).  The number commonly provides a 

 dehydration or anemia indicator 

BG-Blood Glucose.  The number often indicates a stress response but can indicate diabetes 

TP-Total Protein.  The total protein amount in the blood stream.  An overall health indicator, possibly alerting to 

infection, dehydration, etc 

CBC-Complete Blood Count or ―full panel‖.  Such an examination may be in order when a poor TP remains 

unresolved. 

PO-Oral fluid administration (gavage) 

SQ-Subcutaneous fluid administration 
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7.6 PETREL MORPHOMETRIC MEASUREMENTS 
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7.7 ZOONOTIC DISEASES 

Table 7-5.  Information on common infectious diseases transmitted by birds. 
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7.8 REHABILITATION FORMS AND RECORD-KEEPING 

Figure 7-2.  SOS Rehab Physical—to be completed by a veterinarian or rehab manager. 

**PHYSICAL EXAM*** 

 

Intake Date/Time__________    Examiner‘s Name: 

 

Temporary Band _____________    Intake__________________________ 

 

Federal Band________________     Outtake_________________________  

 

Species__________     KVC Intake Number_________ 

 

Age: NSTL   HY   AD   UNK    KHS Intake Number_________ 

 

Sex: M F Unknown 

 

 

INTAKE/ADMITTANCE    OUTTAKE 

Weight   _________g     Weight   _________g 

Temperature______F     Temperature______F 

Dehydration______%     Dehydration______% 

Heart Rate______/min     Heart Rate______/min 

Resp. Rate______/min     Resp. Rate______/min 

Ulnar Vein Refill____     Ulnar Vein Refill____ 

 

Attitude (Circle):     Attitude (Circle): 

BAR     QAR     NAR     BAR     QAR     NAR 

Body Condition:     0     1     2     3    Body Condition:     0     1     2     3 

 

Head/mouth/Bill:     NSL     Head/mouth/Bill:     NSL 

Other_____________________________   Other_____________________________ 

Eyes/Ears:     NSL     Eyes/Ears:     NSL 

Other_____________________________   Other_____________________________ 

Heart/Lungs:     NSF     Heart/Lungs:     NSF 

Other_____________________________   Other_____________________________ 

Gastrointestinal:     NSF     Gastrointestinal:     NSF 

Other_____________________________   Other_____________________________ 

Musculo-skeletal:    NSL     Musculo-skeletal:     NSF 

Other_____________________________   Other_____________________________ 

Integument:     NSL     Integument:     NSF 

Other_____________________________   Other_____________________________ 

Wing Chord____________    Wing Chord___________ 

Blood Taken?      Blood Taken? 

PCV_______  TP________  BG_______   PCV_______  TP________  BG_______ 

 

Initial Fluids Given:  _______________   Disposition Status:    REL    DIC    EUTH 

Initial Feeding Plan:  STANDARD/COMPROMISED Disposition Date AND Location:____________ 

Treatment Plan:      Release/Death Notes: 
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Figure 7-3.  Rehabilitation Record-Keeping. 

SOS – 2009--REHAB NOTES    ES  OS     Pg. ____ of _____ 

 

Species ______   Age Class: ____   P/U INT & Log Entry:___&___  KVC/KHS Intake #s:______/_______ 

Band Color/Temp #: ______/______  Federal Band:__________________ Final Disposition:  REL  DIC  EUTH  

Metrics(mm):  Wing_______Culmen _____Tail _____Tarsus _____Beak Depth _____Head & Beak _______ 

INJURY or REASON FOR CARE: __________________________________________________________________________ 

TX FOR:  ______________________________________________________________________________________________ 

FEEDING: STANDARD/SUPPLEMENTED/COMPROMISED___________________________________________________ 

EXERCISE/PRESCRIBED MEDS_________________________________/_________________________________________ 

 

Date Time Weight(g) Fecal(OK/ATT) Food(g/type) Fluids(cc/type) Meds/Vit Notes/INT 
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7.9 COPY OF USFWS REHABILITATION PERMIT AND RELEVENT COMMUNICATIONS 

Figure 7-4.  SOS Rehabilitation Permit effective on 6/02/2009 until 03/31/2014. 
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7.9.1 CORRESPONDENCE ON SOS CAPABILITIES UNDER ITS REHABILITATION PERMIT 

Figure 7-5.  T & E Recovery Permit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Angie Marriott 
Save Our Shearwaters 
 
 
Hello Angie - 
 
Following on our conversation yesterday, I reviewed the regulations related to 
rehabilitation permits and discussed your permit with our Migratory Birds permits 
coordinator Tami Tate-Hall.  We concluded that since you already have a 
rehabilitation permit, and all of the work you propose is being done in the course 
of aiding sick or stranded birds that require immediate care,  you do not need to 
apply for a separate 10(a)(1)(A) recovery permit.  The endangered species 
regulations do require some coordination with the Migratory Birds office, as noted 
in the excerpt below (50 CFR 17.21(c)(6).  We will return your check for $100.00 
since we do not need to process your recovery permit application. 
 
Sincerely, 
 
- Grant Canterbury 
 
    (6) Notwithstanding paragraph (c)(1) of this section, any person acting under a 
valid migratory bird rehabilitation permit issued pursuant to Sec. 21.31 of this 
subchapter may take endangered migratory birds without an endangered species permit 
if such action is necessary to aid a sick, injured, or orphaned endangered 
migratory bird, provided the permittee: 
    (i) Notifies the issuing Migratory Bird Permit Office immediately upon receipt 
of such bird (contact information for your issuing office is listed on your permit 
and on the Internet at http://offices.fws.gov); and 
    (ii) Disposes of or transfers such birds, or their parts or feathers, as 
directed by the Migratory Bird Permit Office. 
 
 
 
Grant Canterbury 
Fish and Wildlife Biologist 
Endangered Species 
Regional Office, Region 1 
 
U.S. Fish and Wildlife Service 
911 NE 11th Ave. 
Portland OR 97232 
 
 

http://offices.fws.gov/
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Figure 7-6.  Salvage Recovery Permit 

 
Let me clarify.  You pick up dead birds in the course of picking up injured, 
correct?  And you deposit them directly to DOFAW. 
 
I would suggest you acquire a salvage permit ONLY if you intend to actively look for 
dead birds to pick up and use in education; this would allow you to retain dead 
rehab birds as well.  Otherwise, you are correct, no need to get another permit just 
because you get calls for injured birds that are actually DOA or dead when you get 
to the location. 
 
Does that answer the question?   Hopefully I did not confuse you more! 
 
Tami 
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1.0 PARTIES 
 
This Implementing Agreement is made by and between the Kaua„i Island Utility 
Cooperative (KIUC) and the United States Fish and Wildlife Service (USFWS).  
 
These entities may be referred to as the “Parties” and individually as a “Party.”  The 
USFWS may be referred to as the “Wildlife Agency,” and KIUC may be referred to as 
the “Permittee.” 
 
2.0 RECITALS AND PURPOSES 
 
 2.1 Recitals. The Parties have entered into this Agreement in 
consideration of the following facts: 
 
 (a) The island of Kaua„i has been determined to provide, or potentially 
provide, habitat for two seabird species which are listed as threatened or endangered 
pursuant to the federal Endangered Species Act, 16 U.S.C § 1531 et seq. (ESA).  Those 
species are the Hawaiian Petrel (Pterodroma sandwichensis) and the Newell‟s 
Shearwater (Puffinus auricularis newelli);  
 
 (b) The island of Kaua„i has also been determined to provide, or potentially 
provide, habitat for a third seabird species, the Band-rumped Storm-Petrel 
(Oceanodroma castro), which is a Candidate for listing under the ESA; 
 
 (c) All three seabird species identified above are listed as threatened or 
endangered pursuant to Hawai„i Revised Statutes (HRS) Chapter 195D; 
 
 (d) KIUC has developed a series of measures, described in the Habitat 
Conservation Plan (HCP), that will minimize and mitigate to the maximum extent 
practicable the effects of Take of Covered Species incidental to KIUC‟s Covered 
Activities. 
 
 2.2 Purposes.  The purposes of this Agreement are: 
 
 (a) To ensure implementation of each of the terms of the HCP; 
 
 (b) To describe remedies and recourse should any Party fail to perform its 
obligations as set forth in this Agreement; and, 
 
 (c) To provide assurances to Permittee that, pursuant to the USFWS “No 
Surprises” regulations, as long as the terms of the HCP, the Permit, and this Agreement 
are properly implemented, no additional mitigation will be required of KIUC, with 
respect to Covered Species, except as provided for in this Agreement or required by law. 
 
3.0 DEFINITIONS 
 
The following terms as used in this Agreement will have the meanings set forth below: 
 
 3.1 Terms defined in Endangered Species Act.  Terms used in this 
Agreement and specifically defined in the Endangered Species Act (ESA), or in 
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regulations adopted by the Wildlife Agency under the ESA, have the same meaning as 
in the ESA and those implementing regulations, unless this Agreement expressly 
provides otherwise. 
 
 3.2 “Agreement” means this Implementing Agreement, which incorporates 
the HCP and Permit by reference. 
 
 3.3 “Changed Circumstances” means changes in circumstances affecting a 
Covered Species or the geographic area covered by the HCP that can reasonably be 
anticipated by the Parties and that can reasonably be planned for in the HCP (e.g. the 
listing of a new species, or a fire or other natural catastrophic event in areas prone to 
such event.)  Changed Circumstances and the planned responses to those circumstances 
are described in section 7.4.2 of the HCP.  Changed Circumstances are not Unforeseen 
Circumstances. 
 
 3.4 “Covered Activities” means certain activities carried out by KIUC that 
may result in incidental Take of Covered Species, and consists of the continued 
existence, operation and maintenance of all existing KIUC facilities, and the installation, 
operation and maintenance of certain future KIUC facilities, as described in Chapter 2 
of the HCP.  
 
 3.5 “Covered Species” means the following species, each of which the HCP 
addresses in a manner sufficient to meet all of the criteria for the USFWS to issue an 
Incidental Take Permit under ESA § 10(a)(1)(B):  Hawaiian Petrel (Pterodroma 
sandwichensis), Newell‟s Shearwater (Puffinus auricularis newelli), and Band-rumped 
Storm-Petrel (Oceanodroma castro). 
 
 3.6 “HCP” means the Habitat Conservation Plan prepared by the Kaua„i 
Island Utility Cooperative. 
 
 3.7 “Listed Species” means a species (including a subspecies, or a distinct 
population segment of a vertebrate species) that is listed as endangered or threatened 
under the ESA and/or HRS Chapter 195D.   
 
 3.8 “Permit” means the Incidental Take Permit issued by the USFWS to 
KIUC pursuant to Section 10(a)(1)(B) of the ESA for Take incidental to Covered 
Activities, as such Permit may be amended from time to time. 
 
 3.9 “Permittee” means the Kaua„i Island Utility Cooperative. 
 
 3.10 “Take” means to harass, harm, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect any listed or unlisted Covered Species.  Harm means an act that 
actually kills or injures a member of a Covered Species, including an act that causes 
significant habitat modification or degradation where it actually kills or injures a 
member of a Covered Species by significantly impairing essential behavioral patterns, 
including breeding, feeding or sheltering. 
 
 3.11 “Unforeseen Circumstances” means changes in circumstances affecting 
a Covered Species or geographic area covered by the HCP that could not reasonably 
have been anticipated by plan developers and the Wildlife Agency at the time of the 
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HCP‟s negotiation and development, and that result in a substantial and adverse change 
in the status of the Covered Species. 
 
 3.12 “Unlisted Species” means a species (including a subspecies, or a distinct 
population segment of a vertebrate species) that is not listed as endangered or threatened 
under the ESA or HRS Chapter 195D.   
 
4.0 OBLIGATIONS OF THE PARTIES 
 
 4.1 Obligations of Permittee.   
 
  4.1.1  Chapters 5 and 7 and Appendix C of the HCP describe the 
measures KIUC is obligated to implement in order to avoid, minimize, mitigate and 
monitor the effects of its Covered Activities on the Covered Species.   
 
  4.1.2  Upon issuance of the Permit, KIUC will fully and faithfully 
perform all obligations assigned to it under this Agreement, the Permit, and the HCP.  
Notwithstanding any other provision of the HCP, KIUC will implement the 
minimization and mitigation provisions of the HCP, this Agreement, and the Permit 
regardless whether the Hawaii Department of Land and Natural Resources (DLNR) has 
issued a permit to KIUC pursuant to HRS Chapter 195D. 
 
 4.2 Obligations of the Wildlife Agency. 
 
  4.2.1  Permit Issuance.  Upon approval of the HCP by the Wildlife 
Agency and execution of this Agreement by all Parties, and satisfaction of all other 
applicable legal requirements, the USFWS will issue KIUC a Permit under Section 
10(a)(1)(B) of the ESA authorizing incidental Take by KIUC of each Covered Species 
resulting from Covered Activities. 
 
  4.2.2  Permit coverage.  The Permit will identify all Covered Species.  
The Permit issued by the USFWS will take effect for the Covered Species which are 
also Listed Species under the ESA [i.e., the Hawaiian Petrel (Pterodroma 
sandwichensis), and Newell‟s Shearwater (Puffinus auricularis newelli)) ] at the time 
the Permit is issued.  Subject to compliance with all other terms of this Agreement, the 
Permit issued by the USFWS will take effect for a Covered Species which is an Unlisted 
Species (i.e., Band-rumped Storm-Petrel (Oceanodroma castro)) upon the listing of as 
threatened or endangered under the ESA.     
 
  4.2.3  “No surprises” assurances.  Provided that Permittee has complied 
with its obligations under the HCP, this Agreement, and the Permits, including any 
provisions for Changed Circumstances, the USFWS can require Permittee to provide 
mitigation beyond that provided for in the HCP only in accordance with the ESA “No 
Surprises” regulations at 50 C.F.R. §§ 17.22(b)(5) and 17.32(b)(5).   
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 4.3 Additional Obligations of Permittee.  As described in Chapters 5 and 7 
of the HCP, the Parties anticipate that the Hawaii Department of Land and Natural 
Resources (DLNR) through the Division of Forestry and Wildlife (DOFAW) or another 
qualified entity approved by the Parties, may  implement many of the mitigation 
measures (including seabird colony management and predator control at the Hono o Na 
Pali Natural Area Reserve, the two-year auditory survey to locate additional seabird 
breeding colonies, and underline monitoring program), utilizing funds provided by 
KIUC.  However, KIUC remains responsible for ensuring that such measures, including 
the underline monitoring program, are implemented either by DLNR or by another 
qualified entity approved by the Parties.  Should DLNR or another implementing entity 
become unable to implement or complete such measures, KIUC shall notify and consult 
with the USFWS as soon as possible to identify appropriate substitute entities to 
implement or complete such measures and KIUC shall then make all necessary 
arrangements to ensure that such substitute entity or entities completes such measures 
using the funds provided by KIUC.  Notwithstanding any other provision of the HCP, 
for all mitigation/minimization measures being implemented by DOFAW or another 
entity approved by the Parties, KIUC will enter into a contract with them within 60 days 
of the issuance of this Permit to provide for implementation of the specified measure, 
which shall encompass preparation of a draft study implementation plan, scope of work 
and detailed budget as necessary.     
 
 4.4 Interim obligations upon a finding of Unforeseen Circumstances.  If 
USFWS makes a finding of Unforeseen Circumstances, during the period necessary to 
determine the nature and location of additional or modified mitigation, KIUC will avoid 
contributing to appreciably reducing the likelihood of the survival and recovery of the 
affected species.  
 
5.0 INCORPORATION OF HCP 
 
The HCP and each of its provisions are intended to be, and by this reference are, 
incorporated herein.  In the event of any direct contradiction between the terms of this 
Agreement and the HCP, the terms of this Agreement shall control.  In all other cases, 
the terms of this Agreement and the terms of the HCP shall be interpreted to be 
complementary to each other.  In the event of any contradiction between the terms of the 
HCP and the terms of the Permit, the terms of the Permit shall control. 
 
6.0 TERM 
 
 6.1 Initial Term.  This Agreement and the HCP shall become effective as 
between KIUC and USFWS on the date that USFWS issues the Permit under the ESA.  
This Agreement, the HCP, and the Permit will remain in effect for a period of five years 
from the issuance of the original Permit, except as otherwise provided below.  
 
 6.2 Long-Term Take Authorization through KSHCP.  The Parties intend 
for the Permit to provide incidental take authorization under the ESA until such time as 
the Wildlife Agency provides KIUC with long-term incidental take authorization 
through the island-wide Kaua„i Seabird Habitat Conservation Plan (KSHCP) which 
DLNR is currently developing.  The Wildlife Agency anticipates that the KSHCP will 
be completed and approved, and that they will each issue long-term incidental take 
authorization to KIUC, as early as late 2011 or early 2012.  Such long-term take 
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authorization, and the associated portions of the KSHCP pertaining to KIUC, will 
supersede and replace this HCP and the Permit.       
 
  
7.0 FUNDING 
 
KIUC warrants that it has, and will expend, the funds identified in Chapter 5 and 
Section 7.5 of the HCP, as such funds may be necessary to fulfill its obligations under 
the HCP.  KIUC will promptly notify the Wildlife Agency of any material change in 
Permittee‟s financial ability to fulfill its obligations.  In addition to providing any such 
notice, KIUC will provide the Wildlife Agency with a copy of its annual report each 
year of the Permit, or with such other reasonably available financial information that the 
Parties agree will provide adequate evidence of KIUC‟s ability to fulfill its obligations.   
 
8.0 MONITORING AND REPORTING 
 
 8.1 Planned periodic reports.  As described in the Chapter 7 of the HCP, 
KIUC will submit periodic reports describing its activities and results of the monitoring 
program provided for in the HCP.  
 
 8.2 Other reports.  KIUC will provide, within 30 days of being requested by 
the Wildlife Agency, any additional information in its possession or control related to 
implementation of the HCP that is requested by the Wildlife Agency for the purpose of 
assessing whether the terms and conditions of the Permit and the HCP, including the 
HCP's adaptive management plan, are being fully implemented. 
 
 8.3 Certification of reports.  All reports will include the following 
certification from a responsible KIUC official who supervised or directed preparation of 
the report: 
 

I certify that, to the best of my knowledge, after appropriate inquiries of 
relevant persons involved in the preparation of this report, the 
information submitted is true, accurate, and complete. 

 
 8.4 Monitoring by Wildlife Agency.  The USFWS may conduct inspections 
and monitoring in connection with the federal Incidental Take Permit in accordance 
with the ESA and its implementing regulations (see, e.g., 50 CFR §13.47.  
 
9.0 CHANGED CIRCUMSTANCES 
 
 9.1 Permittee-initiated response to Changed Circumstances.  Changed 
Circumstances identified and planned for in the HCP are specifically listed in section 
7.4.2 of the HCP.  KIUC will give notice to the Wildlife Agency within seven (7) 
calendar days after learning that any of the Changed Circumstances has occurred.  As 
soon as practicable thereafter, but no later than thirty (30) calendar days after learning of 
the Changed Circumstance, KIUC shall begin implementing the remedial conservation 
measures identified in section 7.4.2 for the specific Changed Circumstance to the extent 
necessary to mitigate the effects of the Changed Circumstance on Covered Species.  
KIUC will promptly report to the Wildlife Agency on its actions, and KIUC will begin 
implementing the remedial conservation measures without awaiting notice from the 
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Wildlife Agency.  Such changes are provided for in the HCP, and hence do not 
constitute Unforeseen Circumstances or require amendment of the Permit or HCP. 
 
 9.2 Wildlife Agency-initiated response to Changed Circumstances.  If the 
Wildlife Agency determines that a Changed Circumstance has occurred and that KIUC 
has not responded in accordance with section 7.4.2 of the HCP, the Wildlife Agency 
will so notify Permittee and direct Permittee to make the required changes.  Within 
thirty (30) calendar days after receiving such notice, KIUC will make the required 
changes and report to the Wildlife Agency on its actions.  Such changes are provided for 
in the HCP, and hence do not constitute Unforeseen Circumstances or require 
amendment of the Permits or HCP. 
 
 9.3 Listing of species that are not Covered Species.  In the event that a 
non-Covered Species that may be affected by Covered Activities becomes listed under 
the ESA, KIUC will implement the “no take/no jeopardy/no adverse modification” 
measures identified by the Wildlife Agency until the Permit is amended to include such 
species, or until the Wildlife Agency notifies KIUC that such measures are no longer 
needed to avoid jeopardy to, Take of, or adverse modification of the critical habitat of, 
the non-Covered Species. 
 
10.0 ADAPTIVE MANAGEMENT 
 
 10.1 Permittee-initiated adaptive management.  KIUC will implement the 
adaptive management provisions in Section 7.3 of the HCP when changes in 
management practices are necessary to achieve the HCP‟s biological objectives or to 
respond to monitoring results or new scientific information.  Permittee will make such 
changes without awaiting notice from the Wildlife Agency, and will report to the 
Wildlife Agency on any actions taken pursuant to this section.  
 
 10.2 Wildlife Agency-initiated adaptive management.  If the Wildlife 
Agency determines that one or more of the adaptive management provisions in the HCP 
have been triggered and that Permittee has not changed its management practices in 
accordance with Section 7.3 of the HCP, the Wildlife Agency will so notify KIUC and 
direct KIUC to make the required changes.  Within thirty (30) calendar days of 
receiving such notice, KIUC will make the required changes and report to the Wildlife 
Agency on its actions.  Such changes are provided for in the HCP, and hence do not 
constitute Unforeseen Circumstances or require amendment of the Permit or HCP. 
 
 10.3 Reductions in mitigation.  KIUC will not implement adaptive 
management changes that may result in less mitigation than provided for Covered 
Species under the original terms of the HCP, unless the Wildlife Agency first provides 
written approval.  KIUC may propose any such adaptive management changes by notice 
to the Wildlife Agency, specifying the adaptive management modifications proposed, 
the basis for them, including supporting data, and the anticipated effects on Covered 
Species, and other environmental impacts.  Within 120 days of receiving such a notice, 
the Wildlife Agency will either approve the proposed adaptive management changes, 
approve them as modified by the Wildlife Agency, or notify KIUC that the proposed 
changes constitute permit amendments that must be reviewed under Section 11.0 of this 
Agreement. 
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 10.4 No increase in Take.  This section does not authorize any modifications 
that would result in an increase in the amount and nature of Take, or increase the 
impacts of Take, of Covered Species beyond that analyzed under the original HCP and 
any amendments thereto.  Any such modification must be reviewed as a permit 
amendment under Section 11.0 of this Agreement. 
 
11.0 MODIFICATIONS AND AMENDMENTS 
 
 11.1 Minor Amendments. 
 
  (a) Minor Amendments are changes to the HCP provided for under 
the operating conservation program, including adaptive management changes and 
responses to Changed Circumstances.  They also include revisions which do not 
significantly modify the scope or nature of activities or actions covered by the incidental 
take Permits in terms of their affect on the Covered Species.  Either Party may propose 
minor amendments to the HCP or this Agreement by providing notice to the other Party.  
Such notice shall include a statement of the reason for the proposed amendment and an 
analysis of its environmental effects, including its effects on operations under the HCP 
and on Covered Species.  The other Party shall use its  best efforts to respond in writing 
to the proposal within sixty (60) calendar days of receipt of the request.  The response 
shall either (1) concur with the proposed Amendment; (2) concur with the proposed 
Amendment with requested changes; (3) identify additional information necessary to 
enable evaluation of the proposed Amendment, or (4) disapprove the proposed 
Amendment, stating reasons for the disapproval.  Both Parties must agree in writing to 
any Minor Amendment, including the schedule for implementation, before 
implementation of such Amendment.  Any proposed Minor Amendment which is 
disapproved by one of the Parties may be resubmitted as a proposed Major Amendment 
pursuant to Section 11.2 of this Agreement.  The Wildlife Agency will not propose or 
approve a Minor Amendment if the Wildlife Agency determines that such amendment 
would result in operations under the HCP that are significantly different from those 
analyzed in connection with the original HCP, adverse effects on the environment that 
are new or significantly different from those analyzed in connection with the original 
HCP, or additional Take not analyzed in connection with the original HCP.  
 
  (b) Minor Amendments may include, but are not limited to, the 
following: 
 
   (1) Correction of any maps or exhibits to correct errors in 

mapping or to reflect previously approved changes in the HCP and/or incidental take 

permits; 

   (2) Modifying existing or establishing new measures to 

further minimize or avoid take of the Covered Species; 

(3) Modifying reporting protocols for Annual Reports; 

(4) Minor changes to monitoring or reporting protocols; 

(5) Revising breeding colony habitat enhancement and 

management techniques; and 

(6) Any other modifications to the HCP that are consistent 

with the biological goals and objectives described in the HCP that will not result in 

operations under the HCP that are significantly different from those analyzed in 
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connection with the HCP as approved, adverse impacts on the environment that are new 

or significantly different from those analyzed in connection with the HCP as approved, 

or take of Covered Species not analyzed in connection with the HCP as approved, 

including but not limited to the approval or execution of agreements to facilitate 

execution and implementation of the HCP, or actions by KIUC to delegate (while 

retaining full responsibility for compliance with) any of its duties under this HCP to a 

third party under its direct control.   

 
 11.2 Major Amendments. 

(a)  Major Amendments may include, but are not limited to, the 

following:  

 (1) Adding a new species to the list of Covered Species 

contained in the HCP and/or the incidental take permits; 

 (2) Changes to the Covered Activities which were not 

addressed in the HCP as originally adopted, and which otherwise do not meet the 

criteria for a Minor Amendment as discussed above; and  

(3) Extending the term of the incidental take permits. 

   (b) A Major Amendment requires submittal to the USFWS of a 
written application and implementation of all permit processing procedures applicable to 
an original incidental take Permit.  The specific documentation required to comply with 
the ESA and the National Environmental Policy Act may vary based on the nature of the 
Amendment. 
 
12.0  REMEDIES, ENFORCEMENT, AND DISPUTE RESOLUTION 
 
 12.1 In general.  Except as set forth below, each Party shall have all remedies 
otherwise available to enforce the terms of this Agreement, the Permit, and the HCP. 
 
 12.2 No monetary damages.  No Party shall be liable for damages to the 
other Party or other person for any breach of this Agreement, any performance or failure 
to perform a mandatory or discretionary obligation imposed by this Agreement or any 
other cause of action arising from this Agreement.  
 
 12.3 Injunctive and temporary relief.  The Parties acknowledge that the 
Covered Species are unique and that their loss as species would result in irreparable 
damage to the environment, and that therefore injunctive and temporary relief may be 
appropriate to ensure compliance with the terms of this Agreement. 
  
 12.4 Enforcement authority of the United States.  Nothing contained in this 
Agreement is intended to limit the authority of the United States or the State of Hawai„i 
to seek civil or criminal penalties or otherwise fulfill its enforcement responsibilities 
under the ESA or HRS Chapter 195D or other applicable law. 
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 12.5 Permit Suspension.  The USFWS may suspend the federal Permit, in 
whole or in part, to the extent allowed by the ESA, associated implementing regulations, 
or other applicable laws and regulations in force at the time of such suspension.    

 
12.6 Informal Dispute Resolution Process.  In the event of a dispute  

between the Parties regarding this Agreement, the Permits or the HCP, the disputing 
Party may notify the other Party of the dispute in writing.  The Parties will then confer 
within thirty (30) calendar days of the receipt of such notification, and the Parties will 
use their best efforts and good faith to promptly and cooperatively resolve the dispute 
within an additional thirty (30) calendar days.  If at the end of that period the dispute has 
not been resolved, the dispute shall be elevated to the President and CEO of KIUC and 
the Field Supervisor for the USFWS Pacific Islands Fish and Wildlife Office who shall 
personally meet and confer within the next thirty (30) calendar days and who shall 
exercise their best efforts and good faith to promptly and cooperatively resolve the 
dispute.  If at any time a Party determines that circumstances so warrant, the Party may 
avail itself of any legal remedies otherwise available.   
 

13.0 CONSULTATIONS WITH OTHER PUBLIC AGENCIES 
 
Nothing in this Agreement is intended to alter the obligation of a federal agency to 
consult with the USFWS pursuant to Section 7 of the ESA (16 U.S.C. 1536(a)). To the 
maximum extent appropriate in any consultation on any Covered Activity with respect 
to the Covered Species under Section 7(a) of the ESA and regulations issued thereunder, 
the USFWS shall ensure that the biological opinion issued in formal consultation, or 
views expressed by the USFWS in informal consultation, in connection with the 
proposed activity are consistent with the biological opinion prepared on the Permit and 
HCP, provided that the Covered Activity as proposed in the consultation is consistent, 
and will be implemented in accordance, with the HCP, this Agreement, and the Permit.  
Any reasonable and prudent measures and terms and conditions in the biological 
opinion, or views expressed by the USFWS in informal consultation, on the proposed 
activity shall, to the maximum extent appropriate, be consistent with and not in excess 
of the measures included in the HCP, this Agreement, and the Permit.  
 
14.0 MISCELLANEOUS PROVISIONS 
 
 14.1 Force Majeure.  In the event that Permittee is wholly or partially 
prevented from performing obligations under this Agreement because of unforeseeable 
causes beyond the reasonable control of and without the fault or negligence of the 
Permittee, including, but not limited to, acts of God, labor disputes, sudden actions of 
the elements not identified as Changed Circumstances, or actions of a non-participating 
federal agency, state agencies or local jurisdictions (“Force Majeure”), Permittee shall 
be excused from whatever performance is affected by such unforeseeable cause to the 
extent so affected, and such failure to perform shall not be considered a material 
violation or breach, provided that nothing in this section shall be deemed to authorize 
any Party to violate the ESA, and provided further that: 
 
  (a) The suspension of performance is of no greater scope and no longer 
duration than is required by the Force Majeure;  
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(b) Within fifteen (15) days after the occurrence of the Force Majeure, 
Permittee shall give the Wildlife Agency written notice describing the particulars of the 
occurrence; 

 
(c) Permittee shall use its best efforts to remedy its inability to perform 

(however, this paragraph shall not require the Permittee to incur extraordinary expenses 
or settlement of any strike, walk-out, lock-out or other labor dispute on terms which in 
the sole judgment of the Permittee is contrary to its interest); and 

 
(d) When Permittee is able to resume performance of its obligations, 

Permittee shall give the Wildlife Agency written notice to that effect. 
 
 14.2 No partnership.  Neither this Agreement nor the HCP shall make or be 
deemed to make any Party to this Agreement the agent for or the partner of any other 
Party. 
 
 14.3 Notices.  Any notice permitted or required by this Agreement shall be in 
writing, delivered personally, or by overnight mail, to the persons listed below, or shall 
be deemed given five (5) business days after deposit in the United States mail, certified 
and postage prepaid, return receipt requested and addressed as follows, or at such other 
address as any Party may from time to time specify to the other Parties in writing.  
Notices may be delivered by facsimile or other electronic means, provided that they are 
also delivered personally or by overnight or certified mail.  Notices shall be transmitted 
so that they are received within the specified deadlines. 
 

Field Supervisor 
United States Fish and Wildlife Service 
Pacific Islands Fish and Wildlife Office 
300 Ala Moana Blvd., Room 3-122 
Honolulu, Hawaii  96850 

  Telephone: 808-792-9400 
  Facsimile: 808-792-9580 
 

 
President and CEO 

  Kaua„i Island Utility Cooperative 
4463 Pahe„e Street, Suite 1 
Lihue, Hawaii  96766-4300 
Telephone: 808-246-4300 
Facsimile: 808-246-4389                                 

 
 14.4 Entire agreement.  This Agreement, together with the HCP and the 
Permit, constitutes the entire agreement between the Parties.  It supersedes any and all 
other agreements, either oral or in writing, among the Parties with respect to the subject 
matter hereof and contains all of the covenants and agreements among them with 
respect to said matters, and each Party acknowledges that no representation, 
inducement, promise or agreement, oral or otherwise, has been made by any other Party 
or anyone acting on behalf of any other Party that is not embodied herein. 
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 14.5 Elected officials not to benefit.  No member of or delegate to Congress 
shall be entitled to any share or part of this Agreement, or to any benefit that may arise 
from it. 
 
 14.6 Availability of funds.  Implementation of this Agreement and the HCP 
by the USFWS is subject to the requirements of the Anti-Deficiency Act and the 
availability of appropriated funds.  Nothing in this Agreement will be construed by the 
Parties to require the obligation, appropriation, or expenditure of any money from the 
U.S. Treasury.  The Parties acknowledge that the USFWS will not be required under 
this Agreement to expend any federal agency's appropriated funds unless and until an 
authorized official of that agency affirmatively acts to commit to such expenditures as 
evidenced in writing.    
 
 14.7 Duplicate originals.  This Agreement may be executed in any number of 
duplicate originals.  A complete original of this Agreement shall be maintained in the 
official records of each of the Parties hereto. 
 
 14.8 No third-party beneficiaries.  Without limiting the applicability of 
rights granted to the public pursuant to the ESA, HRS Chapter 195D, or other federal or 
state law, this Agreement shall not create any right or interest in the public, or any 
member thereof, as a third-party beneficiary hereof, nor shall it authorize anyone not a 
Party to this Agreement to maintain a suit for personal injuries or damages pursuant to 
the provisions of this Agreement.  The duties, obligations, and responsibilities of the 
Parties to this Agreement with respect to third parties shall remain as imposed under 
existing law. 
 
 14.9 Relationship to the ESA and other authorities.  The terms of this 
Agreement shall be governed by and construed in accordance with the ESA, and 
applicable federal and state law.  In particular, nothing in this Agreement is intended to 
limit the authority of the Wildlife Agency to seek penalties or otherwise fulfill their 
responsibilities under the ESA.  Moreover, nothing in this Agreement is intended to 
limit or diminish the legal obligations and responsibilities of the Wildlife Agency as an 
agency of the federal government.  Nothing in this Agreement will limit the right or 
obligation of any federal agency to engage in consultation required under Section 7 of 
the ESA or other federal law; however, it is intended that the rights and obligations of 
Permittee under the HCP and this Agreement will be considered in any consultation 
affecting Permittee or its Covered Activities. 
 
 14.10 References to regulations.  Any reference in this Agreement, the HCP, 
or the Permit to any regulation or rule of the Wildlife Agency shall be deemed to be a 
reference to such regulation or rule in existence at the time an action is taken. 
 
 14.11 Applicable laws.  All activities undertaken pursuant to this Agreement, 
the HCP, or the Permit must be in compliance with all applicable state and federal laws 
and regulations. 
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 14.12 Successors and assigns.  This Agreement and each of its covenants and 
conditions shall be binding on and shall inure to the benefit of the Parties and their 
respective successors and assigns.  Assignment or other transfer of either of the Permits 
shall be governed by the Wildlife Agency’s regulations in force at the time. 
 
 
 
 
IN WITNESS WHEREOF, THE PARTIES HERETO have executed this Implementing 
Agreement to be in effect as of the date the Permits are issued. 
 
 
BY __________________________________________  Date ________ 

Richard Hannan 
Deputy Regional Director 
United States Fish and Wildlife Service, Region 1 

 Portland, Oregon 
 
 

 
 
BY ___________________________________________ Date _________ 
 President and CEO 
 Kaua‘i Island Utility Cooperative 
 Lihue, Hawaii 
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COMPLETED EFFORTS TO AVOID & MINIMIZE IMPACTS OF EXISTING FACILITIES  

Pursuant to two Memorandums of Agreement between KIUC and the USFWS (2002, 2004), and in 

other years on its own initiative, KIUC implemented many measures intended to avoid or minimize 

the effect that its facilities and activities have on the Covered Species.  These ―interim conservation 

measures‖ were implemented in consultation with the USFWS and DLNR and were based in part on 

agency assurances that the USFWS would consider all of KIUC‘s actions – past, present and future – 

when evaluating KIUC‘s permit application. Those measures that have been completed, or largely 

completed, are summarized below.   

COMPLETED MINIMIZATION MEASURES  

 Use Only Full-Cutoff Streetlights.  In the 1980s KIUC (and its predecessor Kauai Electric) began 

replacing unshielded street lights across the Island with full-cutoff (shielded) lights as part of its 

normal maintenance program.  One of the first conservation measures it implemented after 

beginning preparation of this HCP was to complete the replacement effort.  Because of these 

efforts, all KIUC-operated streetlights (well over 3,000) are now full-cutoff design, and the 

Cooperative uses only full-cutoff lamps in new installations.  It is the only electric utility in Hawai‗i 

to have achieved this goal, and it represents a substantial minimization of impacts upon the Covered 

Species.   

 Evaluated Power Lines and Install Marker Balls to Deter Bird Collisions at Highest Collision-Risk 

Locations.  KIUC installed Tanna Marker Balls© at two locations where data indicated they might 

increase line visibility/reduce the potential for collision.  On the basis of information from this 

experiment and a review of other information, it concluded that measurable benefits could not be 

obtained without adding so many marker balls that it would over-load the power lines, thereby 

causing unacceptably high levels of failures.   

 Tested Durability of Commercially Available Bird-Diverter Devices.  KIUC researched other types 

of markers more visible to night-flying birds.  It installed six of one highly rated type (FireFly
©
) in 

2004 to test their durability and feasibility for potentially widespread use on Kaua‗i.  All six devices 

failed within a few months, and KIUC concluded the relatively windy maritime environment that is 

characteristic of Kaua‗i, made FireFly
©
 devices unsuitable for use on its system.  This judgment has 

recently been confirmed through discussions with others familiar with their use in windy locations.   

 Power Line Collision Risk Field Research and Associated Measures.  Historically KIUC‘s existing 

overhead transmission and distribution system has been designed following good engineering 

practice that emphasizes electrical performance, durability, serviceability, and economy.  KIUC 

also conducted intensive studies at four locations where previous scientific research indicated the 

risk of seabird-power line collisions is highest.  These studies included the first-on Kaua‗i use of 

vertical radar to record Covered Species flight altitudes.  Copies of the resulting reports have been 

provided to the agencies so that they could make them available on-line.  The results of these 

studies suggest that under non-storm weather conditions, at least, the vast majority of the seabirds 

are flying at altitudes well above those occupied by KIUC facilities.   

 Installed and Maintain Shielded Lights at Port Allen.  KIUC modified existing facilities and revised 

existing operating procedures at its Port Allen Generating Station.  It greatly reduced outdoor 

lighting, shielded and reduced the wattage of outdoor lights within the facility boundaries.  KIUC 

has committed to maintain all of the above improvements for the term of this HCP.  As a result, 

KIUC has minimized light-related affects of the Port Allen facility to the maximum extent 

practicable.   
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 Installed and Maintain Shielded Lights at Kāpaia Power Station.  KIUC incorporated a seabird-

friendly plant lighting scheme into its construction of the Kāpaia Power 

Station, which was completed in 2002.  The design uses a large number 

of low-wattage lights placed close to one another and relatively close to 

the ground.  As shown in the picture at right, enclosures for the 150 watt 

high-pressure sodium (HPS) lamps in the ―Mongoose Series Luminaire‖ 

used in the parking and outdoor work areas completely cover the lighting 

elements except for the downward facing glass.  This design reflects all 

the light downward; there is no upward or lateral light transmission.  The 

―Petrolux II‖ lamps, which are used for area lighting around buildings, have the same design 

concept but use lower wattage lamps.  There are approximately 80 fixtures distributed around the 

Kāpaia Power Station, strategically located to ensure a safe working environment for night 

personnel, while at the same time projecting very little ambient glow outside the facility.  The 

lighting scheme has been successful in that no downed birds have ever been found at the facility.   

 Implemented Seabird Training Program for KIUC Personnel.  Consistent with the APP Guidelines, 

KIUC has developed a Seabird Protection Training Program and is presenting it annually to all 

appropriate KIUC personnel, including managers, supervisors, field crews, and engineering, design, 

member services and public relations personnel.  Training includes a review of activities identified 

in the HCP, KIUC‘s procedures for handling and reporting downed seabirds, general information 

on Hawai‗i‘s seabirds, and recommended actions which KIUC personnel can take while off duty 

that can help reduce overall impacts on the Covered Species.  The overall goal of the training 

program is to minimize the impacts of KIUC operations on the Covered Species, and more 

generally to instill sensitivity to seabird-related issues at all levels within the KIUC workforce.    

 

COMPLETED MITIGATION MEASURES  

KIUC has already implemented numerous measures to mitigate for the take caused by its facilities.  

They include the following:  

 Provided Support for Operation of Save Our Shearwaters Program During 2003 and 2004.  KIUC 

provided funding and technical support that allowed the Save Our Shearwaters Program to function 

during 2003 and 2004.  Without its involvement, it is likely that the 300 to 400 birds that the 

program retrieved and released back to the wild each year would instead have died.  KIUC‘s efforts 

provided a significant contribution to reduced mortality of the Covered Species during those years.  

Moreover, it had the intangible but extremely important effect of maintaining continuity and 

community support for the SOS Program.   

 Prepared Operations Manual for Enhanced & Expanded SOS Program.  During the course of the 

2004 SOS season, the SOS Program Manager (provided for and funded by KIUC) worked with 

personnel from the USFWS, DLNR, International Bird Rehabilitation and Rescue Center (IBRCC), 

and other seabird experts to develop the first ever comprehensive SOS Operations Manual.  KIUC 

prepared several drafts of the Manual, and on each draft solicited and received extensive comments 

from numerous experts within the agencies and entities mentioned above, both in person and in 

writing.  The first SOS Manual, issued in early 2005, built upon the very successful historical SOS 

program, and reflected a significantly expanded and enhanced program which provided 

substantially greater conservation benefits to the Covered Species.  This document was intended to 

be updated as necessary to incorporate new knowledge on the Covered Species and new protocols 

using improved technologies.   
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 Implemented SOS+ in 2005-2008 under DLNR Oversight.  In early 2005, several factors led DLNR 

to ask KIUC to take over implementation of the SOS+ program during that year and beyond.  These 

included challenges the State faced in maintaining sufficient its budgetary support for the SOS 

program and the capability that KIUC had gained during the 2003-04 seasons and in preparing the 

SOS Manual.  KIUC responded positively to the request and operated the SOS Program during 

2005, 2006, and 2007.  With the full support of both DOFAW and the USFWS, in 2008 KIUC 

funded implementation of the SOS Program by the Kauai Humane Society.  The following tables 

summarize disposition of the Covered Species that were retrieved during the course of the 2006, 

2007, and 2008 SOS seasons.  Virtually all of the live birds handled by the SOS+ program would 

have died had they not been retrieved, cared for, and released.   

 

Table E-1. Covered Species Retrieved in 2006.   

Species Total  DOA Released 
Rehab & 

Released 

Died in 

Captivity 

Newell‘s Shearwater 467 58 356 36 17 

Hawaiian Petrel 12 1 4 4 3 

Band-rumped Storm-Petrel  1 1    

Totals 480 60 360 40 20 

Source: KIUC SOS Program Summary  

 

 

Table E-2. Covered Species Retrieved in 2007.   

Species Total  DOA Released 
Rehab & 

Released 

Died in 

Captivity 

Newell‘s Shearwater 302 18 250 14 20 

Hawaiian Petrel 10  6  4 

Band-rumped Storm-Petrel  6  6   

Totals 318 18 262 14 24 

Source: KIUC SOS Program Summary  

 

Table E-3. Covered Species Retrieved in 2008.   

Species Total  DOA  

Died in 

Aid 

Station 

Released 
Rehab & 

Released 
Euthanized 

Died in 

Care 

Newell‘s Shearwater 198 10 4 163 13 6 2 

Hawaiian Petrel 4 0 0 4 0 0 0 

Band-rumped Storm-Petrel  2 0 0 0 2 0 0 

Totals 204 10 4 167 15 6 2 
Source: KIUC SOS Program Summary, Tables 4.2 and 4.3.   
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 Conducted Field Evaluations of Potential Sites for Colony Enhancement.  KIUC-sponsored 

biologists carried out a number of searches for sites where colony enhancement work could be done 

that would lead to increased breeding success on the part of the covered species.  Reports 

describing the studies of these sites (listed below) are available on the Department of Land and 

Natural Resources website.   

 Kaluahonu Seabird Colony.  KIUC-retained biologists conducted field studies designed to 

evaluate the feasibility of implementing conservation activities at the Kaluahonu Seabird 

Colony.  The studies: (1) measured the number of birds flying into the general area of the 

colonies, and (2) assessed the feasibility of using radar as an effective tool to determine the 

actual location of colonies on the ground.  No Newell‘s Shearwaters or nesting burrows were 

detected during the course of the survey and the vegetation was found to have changed from the 

formerly densely covered ‗uluhe slopes to alien woody plant species, with large areas of the 

slopes covered with almost impenetrable stands of rose myrtle (Rhodomyrtus tomentosa)  and 

strawberry guava (Psidium cattleianum).   

 Lumaha‗i Valley Seabird Colony.  Anecdotal information suggested it is likely that active 

Newell‘s Shearwater colonies exist within Lumaha‗i Valley, on privately held lands which are 

owned by Kamehameha Schools.  In September 2003, a KIUC consultant accompanied by 

biologists from the USFWS and the University of Hawai‗i Sea Grant Program conducted a 

three-day on-ground survey in the upper end of the valley in an area that The Nature 

Conservancy of Hawai‗i (TNCH) had been contracted to prepare a long-term natural resources 

management program.  The survey showed that the upper Lumaha‗i Valley supports active 

colonies of both the Hawaiian Petrel and the Newell‘s Shearwater.  It also found that the bowl 

shaped valley terminus above 1,300 feet in elevation represents one of the best remaining 

lowland ‗Ohi‗a (Metrosideros polymorpha) wet forests remaining on the island of Kaua‗i and 

that the incursion of alien invasive plant species is still at a nascent stage and thus, likely 

controllable.  Ultimately, the owners of this property decided that they were not ready to proceed 

with on-ground seabird colony restoration, management, or monitoring activities at that time.  

 Anahola Seabird Colony.  Radar studies conducted in 2002 at the Anahola Memorial and 

Moalepe colony sites confirmed the continued presence of Newell‘s Shearwaters within these 

areas and at one additional colony located above Kalāheo which had not been visited in years.  

KIUC funded an aerial reconnaissance survey of these three colony areas.  The survey indicated 

that apparently suitable Newell‘s Shearwater nesting habitat continues to exist on the northern 

faces of the Anahola massif, but that the southern, southeastern and southwest faces have been 

over-run by alien plant species all but precluding the presence of suitable habitat for the Covered 

Species.  No overland route into the suspected colony area was located from the air, and the 

survey concluded that this would make on-ground work extremely strenuous and would require 

helicopter insertion, extraction and support.   

 Moalepe Seabird Colony.  The aerial survey of the Moalepe colony site showed that the Moalepe 

area is a large drainage basin that has a large amount of suitable nesting habitat, both on 

Pohaki‗iki‗i and along the cliff faces on the north and south sides of the valley cut.  Alien 

invasive plants were seen in the lower reaches of the drainage and, are moving up the stream cut, 

and are beginning to over-run the Pohaki‗iki‗i site.  No obvious overland access route into the 

general colony area was visible from the air.  On-ground work would require helicopter 

insertion, extraction and support.  

 Evaluated and Drew Conclusions from the Field Surveys.  Several conclusions were drawn from 

the extensive surveys conducted by KIUC at the Kaluahonu, Lumaha‗i Valley, Anahola Memorial, 

Moalepe, and Kalāheo sites, coupled with as yet unpublished results of surveys conducted at four of 

these five colonies by DLNR personnel:  
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 At the time of the survey, researchers only know the exact location of one colony in the survey 

area, that being the Kalāheo colony, which apparently is very small, and is located on lands 

owned by the State of Hawai‗i.   

 Sites at Anahola and Moalepe have birds, but exactly where these colonies are located, and 

whether they are in fact accessible and suitable for on-ground conservation activities, is not 

known.  These colonies are located on land owned by the State of Hawai‗i.  (However, TNCH is 

apparently pursuing conservation activities at these locations.) 

 Areas within the upper Lumaha‗i Valley support both Newell‘s Shearwater and Hawaiian Petrel 

nesting colonies, though the precise location of these colonies is currently unknown.  As 

previously mentioned, lands within the valley are privately owned, and areas at the upper 

portions of the valley are within the Conservation District.  Given the remote location, the need 

for landowner permission, and the Conservation District designation, securing all permission and 

approvals and developing a suitable management plan for any significant conservation activities 

would likely take at least several years.  At present the land owners of this property are not ready 

to proceed with on-ground seabird colony restoration, management, or monitoring activities 

within the upper portion of Lumaha‗i Valley.  (However, TNCH is apparently pursuing 

conservation activities at this location.)  

 DLNR field surveys have identified areas within the Wainiha Valley that support breeding 

populations of both Hawaiian Petrel and Newell‘s Shearwaters, and the Department believes this 

area is a suitable place in which to implement on ground seabird colony management activities.  

Whether it is truly feasible to do so will be determined by whether the landowner is willing to 

have such activities mounted on their property.  Additionally, similar regulatory hurdles would 

need to be resolved prior to implementing any such activities on these lands. 

 Analyzed Feasibility of Satellite & Radio Transmitter Technology For Tracking Seabirds Retrieved 

& Released by SOS+ Program.  The SOS Program has retrieved and released more than 31,000 

Newell‘s Shearwaters and other seabirds since it was established.  Although the best available 

information (e.g., medical evaluation, and in some cases rehabilitation, of retrieved birds by SOS 

biologists; observations by SOS staff of released birds‘ flight) indicates that the released birds 

successfully make their way out to the ocean, there has been no way to determine the long-term 

reproductive success of the released birds.
70

  To address this gap in scientific information, in 2002 

KIUC began researching the potential use of tracking devices on retrieved and released birds, 

looking for transmitter and battery pack combinations light enough to use on the Covered Species.
71

  

Thus far, the research has shown that the available satellite tracking devices are too heavy for use 

on Newell‘s Shearwaters.
72

    

 Consolidated, Standardized and Analyzed 25-Years of SOS Data on the Covered Species.  Since its 

inception in 1979, the SOS program had collected extensive amounts of data that could be of great 

value in seabird conservation efforts.  However, none of those data had previously been analyzed.  

In 2003 KIUC‘s consultants took DLNR‘s 24 separate data files containing all SOS program bird 

recovery data gathered between 1979 and 2002 and integrated those data into a single database.  

KIUC then standardized the data fields across the years, identified and either corrected or 

eliminated spurious records, and reduced the data for analysis.  KIUC then analyzed these data and 

                                                 
70 Although most birds released by SOS have been banded, band recoveries have been insignificant.  This is not surprising 

given that 97 percent of the birds retrieved by the SOS Program are hatch-year-birds, downed by one cause or another on 
their inaugural flight to the sea.  Adult birds are rarely retrieved by SOS, and no agencies or private entities have 
conducted breeding colony searches to look for banded adults.     

71 Current endangered species protocols in Hawai‗i require that any device affixed to a free-flying endangered bird species 
not weigh more than 3 percent of the bird‘s body weight.  In the case of a Newell‘s Shearwater which weighs between 
350-425 grams, this would require a tracking device weighing between 10-13 grams.   

72 The lightest satellite tracking devices now available (including required waterproofing) weigh more than wildlife agencies 
allow to be attached to birds of the Newell‘s Shearwater‘s size (approximately 400 grams).   
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prepared two significant reports.  The first report, entitled Data Reduction and Summary of 

Statistics: Save Our Shearwaters (SOS) Bird Collection Database (1979-2002), presented an 

overview of the data, and provided several summary products, including tables, graphs, and 

Microsoft Excel ™ spreadsheets, which have been used to facilitate interpretation of the data for 

use in this HCP.  The second report, entitled Data Analysis: Interpreting the Save Our Shearwaters 

Bird Recovery Database (1979-2002) for Habitat Conservation Planning, examined in greater 

detail certain aspects of the SOS database that might provide guidance for this HCP process.  KIUC 

provided this new Master SOS Database in electronic format to the USFWS and DLNR, as well as 

copies of the reports.  Copies of these reports are available on the DLNR website.   

 Prepared & Distributed “Data Report and Analysis: Save Our Shearwaters Program 2003 

Update”.  Following the end of the 2003 SOS season, KIUC‘s consultants added 2003 data to the 

Master SOS Database described above, and provided electronic copies of the Database to the 

USFWS and DLNR.  They prepared a report detailing the 2003 SOS season data and how it related 

to prior year data.  The report also made suggestions on how data gathering could be improved so 

as to allow more statistically rigid analysis of specific criteria associated with each downed bird in 

the future.  KIUC provided copies of this report to the USFWS and DLNR.  A copy of this report is 

available on the DLNR website.  

 Analyzed 25-Years of SOS Data, Then Prepared and Distributed “Data Report and Analysis: Save 

Our Shearwaters Program 2004 and 2005 Update‖.  Following the end of the 2004 SOS season, 

KIUC‘s consultants  added the data from that year‘s SOS Program to the Master SOS Database, 

and provided electronic copies of the Database to both the USFWS and DLNR.  KIUC also entered 

data from the 2005 SOS+ season into the database and prepared a summary data report and analysis 

which it provided to the USFWS and DLNR.  A copy of the report is available on the DLNR 

website.   

 Monitored and Served as Clearinghouse for information on Latest Developments in Relevant 

Technologies.  While developing this HCP, KIUC researched the latest developments in power 

line-related bird protection technology.  An example of one of these technological advances are the 

FireFly
©
 bird diverters discussed above.  It also accumulated information on light fixtures that 

minimize stray light.  It has used the latest horizontal and vertical radar equipment to collect data on 

the flight elevations of the Covered Species in the vicinity of power line segments previously 

reported to be most problematic with respect to adverse effects on the Covered Species.  KIUC 

monitored through its outside consultants the development of relevant bird collision avoidance and 

lighting technologies, and reported the resulting information to the DLNR and USFWS as it 

became available.    

 Assisted with Research On Retrieved Birds.  KIUC provided assistance to the USFWS and DLNR 

in scientific research on retrieved Covered Species carcasses to improve collective knowledge on 

taxonomy and population genetics, population demographics, health, and nutrition.  An example of 

this type of collaborative effort was the necropsy workshop held in Honolulu in April 2007, at 

which biologists from the USFWS, DOFAW, USFWS Refuges Division, KIUC‘s consulting 

biologist, and others necropsied and collected tissue and serological samples from frozen specimens 

of the Covered Species collected over the years by the SOS Program and other agencies.  These 

tissue samples were sent to various laboratories and researchers around the country for a host of 

different chemical and physiological studies of these species.  A photographic record was kept of 

the workshop which will eventually provide illustrations for a detailed manual on how to necropsy 

these species and what to look for in the necropsied animals.    

 Contribute Funds Towards Implementation of a Seabird Predator Control Project on Lehua Island.  

As described previously, KIUC has worked closely with the USFWS and DLNR in attempting to 

identify a seabird colony at which conservation activities, ideally including predator control 

activities, could be implemented.  While investigations for one or more suitable colonies continued 

on Kaua‗i, KIUC supported work on Lehua Island that the USFWS determined would benefit the 
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Covered Species.  The work involved: (i) eliminating rabbits through hunting and trapping, (ii) 

eliminating rats through aerial and hand broadcasting of the rodenticide Diphacinone, and (iii) 

restoring native vegetation.  KIUC contributed $80,000 to fund the recommended seabird-related 

work on Lehua Island.  The scientists involved in this project believe that the eradication of 

predators from Lehua will greatly improve breeding opportunities and breeding success for several 

seabird species, including the Covered Species.   

 Conducted a Public Education and Awareness Campaign Each Summer Regarding Seabird 

Fallout, Methods of Reducing Seabird Impacts, and Public Participation in the SOS+ Program.  

The success of the SOS+ program specifically, and of seabird conservation efforts on Kaua‗i 

generally, depends in large part on community education and awareness.  KIUC implemented an 

extensive public education and awareness program in 2004, and expanded that effort in 2005, 2006, 

2007, and 2008.  The following is a description of the 2005 through 2008 programs.   

 2005 Outreach.  The 2005 community outreach efforts began with a flyer insert that was 

provided to all 29,800 KIUC members informing them of the proper steps to take in the event 

they discover a downed seabird.  The insert also explained KIUC‘s light shielding program, 

pursuant to which KIUC has shielded more than 3,000 streetlights.  The insert also provided 

contact information for the SOS+ Coordinator at KIUC, the USFWS and DLNR.  The outreach 

effort continued with publication of an extensive article in the Fall issue of KIUC‘s membership 

magazine containing color photos of the Covered Species and detailed information regarding the 

SOS+ program and many aspects of the birds‘ behavior.  Another effort used to reach a broad 

audience was a special edition of the local cable television show ―Wala‗au with Dickie Chang.‖  

KIUC‘s primary vehicle for youth outreach was the traveling puppet show of ―Storybook 

Theater‖ which was presented at ten Kaua‗i elementary schools.  Another youth outreach effort 

was the presence at the Līhu‗e football stadium during nighttime football games of SOS+ staff 

and agency personnel.  These individuals were able to raise the visibility of the SOS+ program, 

interact and educate both parents and students, and assist with birds downed because of the 

bright stadium lights.  On a broader community level, KIUC and its SOS+ staff worked hard to 

build relationships within the Kaua‗i Fire Department.  KIUC SOS+ staff also made visits to the 

local Rotary Clubs.   

 2006 Outreach.  KIUC continued its extensive public education and awareness program in 2006.  

Activities ranged from member-wide programs and school and community presentations to 

enhanced coordination and cooperation with other organizations.  Among the most notable of 

these was the partnership KIUC developed with the Kaua‗i Humane Society (KHS), where the 

bulk of the seabird rehabilitation took place.  KIUC also continued the other outreach activities it 

had initiated in 2005.  These included: (i) making presentations about the SOS program to island 

schools; (ii) making presentations at community events such as the Banana Poka Festival at 

Kōke‗e State Park and the June 2006 KIUC Members Meeting; (iii) working with the Youth 

Conservation Corps in a project to clean, furbish, and paint the SOS aid stations; (iv) helping 

arrange and participating in a number of TV and radio shows; (v) participating in meetings at 

which the SOS Program was discussed; and (v) providing seabird response training to other 

Kaua‗i businesses.  These included sessions with the Marriott Beach Resort staff, crew of the 

Norwegian Cruise Lines vessel Pride of America, and residents of the Marriott Beach Resort.   

 2007 Outreach.  KIUC continued its public outreach program in 2007.  Its efforts included a 

wide variety of activities, including the following:  (i) inclusion of SOS brochure in all bills 

mailed to customers; (ii) publication of an SOS advertisement in KIUC‘s members magazine; 

(iii) creation of a 2007 SOS poster that includes a picture of a Newell‘s Shearwater (to assist the 

public in identifying the bird), explanation of what to do with a downed bird, and a list of SOS 

aid stations; (iv) publication of an activity book for grades K-3, and planned classroom 

presentations; (v) continued promotion of SOS at all fire stations, and at hotels, harbor patrol, 

and the Kauai Police Department, through meetings, and gifts of SOS T-shirts and cookies; (vi) 

broadcast of SOS public service announcement on radio stations throughout the SOS season; 
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(vii) repeats of Wala‗au television programs from last year, and creation of a new episode in 

early October featuring the new SOS Program Coordinator, one of the SOS veterinarians, and a 

DOFAW representative; and (viii) creation and airing of an SOS television commercial.   

 2008 Outreach.  KIUC and KHS personnel teamed together to continue its public outreach 

program in 2008.  Its efforts included a wide variety of activities, including the following:  (i) 

design of a new SOS logo;  (ii) publication of an SOS article in KIUC‘s members bi-monthly 

magazine Currents; (iii) article in September bill insert ―Watts Up‖ delivered to all customers; 

(iv) updated 2008 SOS poster that includes a picture of a Newell‘s Shearwater (to assist the 

public in identifying the bird), explanation of what to do with a downed bird, and a list of SOS 

aid stations; (v) produced new aluminum release site signs; (vi) publication of an activity book 

for grades K-3, and planned classroom presentations; (vii) continued promotion of SOS at all 

fire stations, hotels, harbor patrol, and the Kaua‗i Police Department, through meetings, and gifts 

of SOS T-shirts and cookies; (viii) continued broadcast of SOS public service announcement on 

radio stations throughout the SOS season; (ix) SOS Programs on Wala‗au television programs; 

and (x) creation and airing of an SOS television commercial.   
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Last Revision August 17, 2010 Line Reconfiguration Estimates

Legend and Ranking Codes for Line Reconfiguration Estimates

LEGEND:
UB UnderBuild - Tel & Cable
UG Underground circuit
CS  Compact Shielded Configuration (3 layers incl. static wire)
1V 1cct / Existing Vertical-Armless (4 layers including static wire)
2V 2cct / Existing Vertical-Armless (4 layers including static wire)
B Cable Attach to Bridge

HDB Horizontal Directional Boring
2VL Existing Double Circuit Armless re-installed Lower on pole
adss fiber optic type of cable
sec secondary / service line
1H 1 cct / Horizontal-Crossarm
2H Double Circuit / Horizontal-Crossarm

TBD TO BE DEFINED -  Requires Engineering Assessment

RANKING CODE:

1A Major 1E Major 1O not reliable, not safe 1C very expensive, unaffordable (>800)
2A Localized 2E Localized 2O reliable and safe 2C expensive (>500, <800)
3A Minor 3E Minor 3O High reliability 3C fair (>200, <500)
4A Slight 4E Slight 4C good (>100, <200)
5A No impact 5E No impact 5C very good (<100$/ft)

Ecological - birds / trees Operational and SafetyCommunity - Aesthetic / traffic Cost reasonable, affordable, low maintenance $
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D1 1 Kealia Hwy 56 - mile 9.1 Mailihuna Road 4,600 ft. 1V 1V static UB 19 Wood 60-66 mauka: 140 ft 9 UG UG UG N/A 2 risers N/A 0

2 Kawaihau Rd 45'-100' to 9 CS UG UG opgw TBD same 35-40 3
3 makai: 500 ft 9 CS UG UB opgw TBD same 45-50 4
4 none 9 CS 1H UB opgw TBD same 57' 5
1 Kealia Kealia Bridge Kealia Bridge 340 ft. - 2H static UB 2 Wood 62-66 N/A 300ft 3 HDD HDD HDD HDD 2 risers N/A 0
2 3 B B B B 2 risers N/A 0
3 3 CS HDD HDD opgw 2 risers 35-40 3
4 3 CS B B opgw 2 risers 35-40 3
5 3 CS HDD UB opgw 2 risers 45-50 4

6 3 CS B UB opgw 2 risers 45-50 4

D2 1 Kealia Mailihuna Road Ka'ao Road 3,300 ft. - 2H static UB 13 Wood 62-66 mauka: 110 ft 3 UG UG UG N/A N/A N/A N/A 0
2 up to 100' to 3 CS UG UG opgw 2 risers 35-40 3
3 makai: 420 ft 3 CS UG UB opgw TBD same 45-50 4

partial up to 
65'

D3 1 Kealia Ka'ao Road Hwy 56 - mile 11 2,700 ft. 1V 1V static UB 7 Wood 62-66 mauka: 250 ft 9 UG UG UG N/A 2 risers N/A 0

D
-B

rid
ge

Hillside with vegetation on mauka side of highway is at 45' - 100' with an average height of about 65' relative to electric facilities. Shielding is
as close as 40' to as far as 400' inland of pole line. First 900' (20% of segment) of hillside from Kawaihau Rd going north is at a minimum of
45'. The is very little vegetation on the makai side of the pole line.

The bridge area is unprotected by topography or vegetation.

S
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Point on Route Existing Facilities Options

A thick grove of ironwoods typically 41' - 100' with an average height of about 57' dominate the mauka side of the highway from the bridge to Kealia Road intersection. Within this tree line
and midway of the beach area, there is a gap of approx 25' where there is little if any trees or vegetation. There are a few coconut and ironwood trees mauka side of the Kealia Rd
intersection going north, 43' - 61' tall with an average height of 51' , however it is not continuous. There is a grove of coconut trees mauka side of the highway 61' - 100' tall with an
average height of 75' as the road goes up hill to the Kaao Rd area. There is approx. 600' (18% of segment) of ironwoods 30' - 64' tall with an average height of 43', makai side of the
highway in the parking lot area North of the bridge providing shielding on both sides of the line.

y
2 Near Kealia Kai open to 9 CS UG UG opgw TBD same 35-40 3
3 field 435 ft 9 CS UG UB opgw TBD same 45-50 4
4 makai: 9 CS 1H UB opgw TBD same 57 5

below 
comm. Total Underground segment D:
level Total  segment D / Option2:
(<30') Total  segment D / Option3:

Total  segment D / Option4 (only south and north of beach):
A1 Wailua Hwy 56, mile 5.0 Hwy 56, mile 5.9 3,700 ft. 1CS 2H static UB 30 Wood 62-66 200 6 UG UG UG N/A 2 risers N/A 0

Lydgate Sub Coco Palm 2,000 ft.
total liner feet 5,700 ft.

A2 Wailua Hwy 56, mile 5.9 Hwy 56, mile 6.4 2,640 ft. 1CS 2H static UB Wood 62-66 200 6
Coco Palm

After Kuamoo Rd

1 Coffee field Kalaheo Power Plant 20,000 ft. 2V 1V static UB 54 Steel 120 10' 8 UG UG UG UG 2 risers N/A 0
2 Hwy 50, mile 13.5 Hwy 50, mile 16 8 2VL 1H UB opgw ++ Steel 85 5

8 2V 1H UB opgw Steel 120
3 8 2H 1H UB opgw ++ Steel 75 4
4 8 2H UG UG opgw ++ Steel 70 3
5 8 2VL 1V UB static same Steel same 8

H2 1 Port Allen Port Allen Before Hanapepe 1,800 ft. 2V 1H static UB 7 Wood 62 30-40' ±200 6 UG UG UG UG 2 risers N/A 0
2 Waialo Road River by the shore 6 2VL UG UB opgw ++ Wood 45-50 5

H
-S

te
el

Lydgate to Wailua Bridge is in open area with very limited vegetation along the highway. It does include 225' of a small coconut grove at
about 65' tall on the makai side of the highway just south of the bridge. The bridge to Kuamoo Rd has about 600' of coconut trees at about
62'- 74' tall with an average height of about 63' on the mauka side of the highway and ironwoods at 55-70' on the makai side of the highway,
with an average height of 65'. About 1,600' (20% of segment) of a thick coconut grove at 55 - 70' with an average height of 60', exist between
Kuamoo and Haleilio Rds on the mauka side of the highway, with various trees about 18 - 66' tall with an average height of 54', on the makai
side.  Scattered vegetation 20 - 40' tall exist beyond Haleilio Rd going north to the Kapaa Bypass Rd.

from 
300ft 

to
1,600ft

Very limited amount of trees and shrubbery in the area, 30' tall at most.  Open area.

Open Areas. Coffee plants are typically 8'-10'

2 Waialo Road River by the shore 6 2VL UG UB opgw ++ Wood 45-50 5
3 6 2VL UG UG opgw +++ Wood 40-45 4
4 2VL 1H UB opgw Wood 55-60 6
5 6 2H UG UG opgw ++++ Wood 40-45 3

H3 1 Hanapepe Port Allen side of Hanapepe side of 700 ft. 2V - static - 2 Wood 62 45-50' ±400 4 HDB - - HDB 2 risers - 0
2 Hanapepe River Hanapepe River 4 2VL - - opgw ++ Wood 40-45 4
3 By the shore By the shore 4 2H - - opgw +++ Wood 40-45 3

H4 1 Hanapepe After Hanapepe river Intersection of Lele Rd 1,800 ft. 2V sec static UB 9 Wood 66 25-40' ±200 6 UG - - UG 2 risers - 0
2 Stadium  6 2VL - - opgw ++ Wood 40-45 4
3 6 2H - - opgw +++ Wood 40-45 3

H5 1 Salt Pond Intersection of Intersection of Hwy 2,000 ft. 2V 1H static UB ±10 Wood 62 20-46' ±200 7 UG UG UG UG 2 risers N/A 0
2  Lele Rd Marker 17 sec  7 2VL UG UB opgw ++ Wood 45-50 5
3  7 2VL UG UG opgw +++ Wood 40-45 4
4  7 2H UG UG opgw ++++ Wood 40-45 3

H6 1 Kaumakani Hwy 50 mile 17 Hwy 50 mile 18 5,280 ft. 2V - static UB 20 Wood 62 none ±200 5 UG - UG UG 2 risers N/A 0
2 5 2VL - UB opgw ++ Wood 45-50 5

5 2VL - UG opgw +++ Wood 40-45 4
3 5 2H - UG opgw ++++ Wood 40-45 3

H7 1 Hanapepe Town Bridge Town Bridge 500 ft. - 1H neutral UB ±2 Wood 45 20-30' ±200 ±4 - HDB HDB - 2 risers N/A 0
2 sec at ±4 - B B - 2 risers N/A 0
3 edges ±4 - 1HL UB - 2 Wood 35-40 3

G 1 Lawai Lawai tap Kalaheo town 15,000 ft. 2V 1V static UB 15 Steel 120 8 UG UG UG UG 2 risers N/A 0
2 Hwy 50, mile 9 Hwy 50, mile13.5 8 2VL 1H UB opgw ++ Steel 85 5
3 8 2H 1H UB opgw ++ Steel 75 4
4 8 2H UG UG opgw ++ Steel 70 3

8 2 1 St l 8

The pole line is within trees about 45'- 54' tall, with an average height of 50' along the shoreline.  River crossing is open and unprotected.

Stadium area.  Very minimal and scattered vegetation at 25 to 40' tall, in this area.

Limited vegetation at the 20' - 46' level at the north end of Lele Rd (10% of segment) nearest Kaumualii Highway. No significant vegetation
near the shoreline end of Lele Rd.

Open Area

Crossing River.  Vegetation on both sides of river.

Goes through open valley and residential areas with mixture of trees, pastures and houses.  Lines are well above any vegetation.

Hillside and vegetation is at 27' - 30', with an average height of 28'.

from 
500ft to 
2,300 ft

5 8 2V 1V UB static same Steel same 8
C1 1 Kapa'a Hwy 56, mile 7.5 Hwy 56, mile 8.0 2,640 ft. 1V 1H n/a UB 28 Wood 66 150 7 UG UG UG N/A 2 risers N/A 0

2 Taco Belt Kapaa SUB adss 7 CS 1H UB opgw Wood 55-60 6
3 sec 7 CS UG UB opgw Wood 45-50 4

C2 1 Kapa'a Bridge Bridge 130 ft. N/A 1H n/a UB 2 Wood 35' 130 4 - HDB HDB N/A 2 risers 45-50 0
2 4 - HDB UB N/A 2 Wood 25-30 1
3 4 - B B N/A 2 risers 45-50 0
4 4 - B UB N/A 2 Wood 25-30 1

C3 1 Kapa'a Other side of Bridge ABC Store 1,870 ft. Dense load area with scattered vegetation. N/A 1H n/a UB 11 Wood 35' none 150 3 - UG UG N/A 2 risers N/A 0
Town intersection sec

C4 1 Kapa'a ABC Store Lehua Street 850 ft. N/A 1V n/a UB 6 Wood 35-44 below 150 5 - UG UG N/A 2 risers N/A 0
2 sec 30' 5 - 1H UB N/A same 45-50 3

C5 1 Kapa'a Lehua Street Hwy 56, mile 9.0 2,000 ft. N/A 2V n/a UB 18 Wood 35-44 below 150 5 - UG UG N/A 2 risers N/A 0
2 Kawaihau Rd sec 40' 5 - 2H UB N/A same 45-50 4

  

100' River Crossing. One and two story buildings on both sides of highway at 20-30' in height. Scattered vegetation 30 - 40' tall along the
highway.

Very minimal vegetation in this mixed residential business area.  Every pole has a riser, transformer bank, or other device.

One and two story buildings on both sides of highway at 20-30' in height.

concrete bridge

below 
sec.

level (<30')

below 30'
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Area From To Length

D1 1 Kealia Hwy 56 - mile 9.1 Mailihuna Road 4,600 ft.

2 Kawaihau Rd
3
4
1 Kealia Kealia Bridge Kealia Bridge 340 ft.
2
3
4
5

6

D2 1 Kealia Mailihuna Road Ka'ao Road 3,300 ft.
2
3

D3 1 Kealia Ka'ao Road Hwy 56 - mile 11 2,700 ft.

D
-B
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ge
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Point on Route

Total Direct 
Cost

Indirect &
Contingency Total cost/ft. cost/mi. BASE OF ESTIMATE

JUSTIFICATION AND REFERENCES JUSTIFICATION OF THE PICKED OPTION

P
U

C

E
A

S
M

A

C
D

U
P

$2,998,412 $899,524 $3,897,936 $847 $4,474,152 NSLC project Estimate segment 3b - Direct Cost x x tbd tbd tbd

$1,531,290 $1,990,677 $463 $2,444,366 EPS - Kealia Estimate - South / Option 1c x tbd tbd tbd

$1,343,670 $1,746,771 $406 $2,144,872 EPS - Kealia Estimate - South / Option 1b x tbd tbd tbd

$554,980 $721,474 $168 $885,903 EPS - Kealia Estimate - South / Option 3b x tbd tbd tbd x  

$1,190,000 $3,500 $18,480,000 Wailua Corridor Cost Estimate for HDD x x - - -

$446,055 $1,312 $6,926,976 North Shore EPS Cost Estimate Segment 7 x x - - -

$273,360 $804 $4,245,120 Kealia EPS Cost Estimate email 4/14 x x - - -

$187,680 $552 $2,914,560 Kealia EPS Cost Estimate email 4/14 x x - - - x

$271,320 $798 $4,213,440 Kealia EPS Cost Estimate email 4/14 x x - - -

$156,740 $461 $2,434,080 Kealia EPS Cost Estimate email 4/14
x x - - -

$2,154,426 $646,328 $2,800,754 $849 $4,481,206 NSLC project Estimate segment 3b - Direct Cost x x - - -

$1,395,590 $1,939,124 $588 $3,102,598 EPS - Kealia Estimate - Base / Option 1c�minus bridge cost (180,000) x x - - -  x

$1,313,050 $1,831,822 $555 $2,930,915 EPS - Kealia Estimate - Base / Option 1b �minus bridge cost (163,000) x x - - -

Construction scheduled for 2011
$1,764,894 $529,468 $2,294,362 $850 $4,486,753 NSLC project Estimate segment 3b - Direct Cost x x tbd tbd tbd

Option 4 [Option 3b on Exhibit] was the selected option. Converting the distribution circuit to flat construction will reduce
the number of layers of conductors from 9 to 5 and also allow lowering of the transmission circuit into a compact
configuration from about 65' to about 57', at or below the average height of the shielding hillside and vegetation on the
mauka side of the highway, with the exception of the first 900' (20% of segment) at the south end of this segment which
has a minimum shielding height of only about 45'. The hillside and vegetation directly mauka of the highway shields the
reconfigured lines, allowing birds to pass safely over the remaining facilities.  
Option 4 [Option 1c on Exhibit] was selected because attaching the distribution circuit and communication wires onto the
bridge will maintain the number of wire layers at 3 and allow for a reduction in height of the conductors from about 52’ to
about 35’. Evaluation of the feasibility of attaching transmission conductors to the bridge and having adequate space
available for manholes in and along the highway right of way continue to be an issue for undergrounding the transmission
facilities in options D-Bridge 1 and D-Bridge 2. [Note: KIUC temporarily reconfigured this segment and the segment
adjoining it to the north in 2007 as part of two-phase project intended to reduce the threat to seabirds. The temporary
change was possible because KIUC was not at that time energizing the circuit at its intended 69-kV transmission circuit
voltage. Phase 2 of the Kealia reconfiguration, will return the circuit to its full 69-kV capacity. This is needed to complete
the long-planned second 69 kV circuit to the Princeville Substation. Minimization from the original configuration will be
from 9 to 3 layers, with a height reduction from about 66' to about 35'.
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COST ESTIMATE
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Option 2 [Option 1c on Exhibit] was selected because undergrounding distribution and communication facilities will
maintain the number of layers of conductors at 3 and keep the transmission conductors below the average height of the
surrounding vegetation. KIUC will attempt to seek a vegetation easement from the land owner to preserve the ironwoods
mauka of the highway, along with the planting of trees in the 25' gap in the iron trees. Total undergrounding will remove
the opportunity for take, but is not necessary due to the shielding that is present. [Note] See note in above justification for
temporary configuration.

y
2 Near Kealia Kai
3
4

A1 Wailua Hwy 56, mile 5.0 Hwy 56, mile 5.9 3,700 ft.
Lydgate Sub Coco Palm 2,000 ft.

total liner feet 5,700 ft.

A2 Wailua Hwy 56, mile 5.9 Hwy 56, mile 6.4 2,640 ft.
Coco Palm

After Kuamoo Rd

1 Coffee field Kalaheo Power Plant 20,000 ft.
2 Hwy 50, mile 13.5 Hwy 50, mile 16

3
4
5

H2 1 Port Allen Port Allen Before Hanapepe 1,800 ft.
2 Waialo Road River by the shore

H
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el

$883,775 $1,148,908 $442 $2,333,166 EPS - Kealia Estimate - North / Option 1c x x tbd tbd tbd

$800,575 $1,040,748 $400 $2,113,518 EPS - Kealia Estimate - North / Option 1b x x tbd tbd tbd

$307,370 $399,581 $154 $811,457 EPS - Kealia Estimate - North / Option 3b x x tbd tbd tbd

tbd tbd tbd

$8,993,052 $848 $4,479,558 tbd tbd tbd

$5,078,709 $479 $2,529,772 tbd tbd tbd

$4,619,341 $436 $2,300,955 tbd tbd tbd

$1,121,055 $154 $810,845 tbd tbd tbd

$3,700,000 $1,000 $5,280,000 B.Lock -Electrical Underground South of River tbd tbd tbd x

$7,700,000 $3,850 $20,328,000 HDD Cost for River Drilling and UG tbd tbd tbd

$11,400,000 $2,000 $10,560,000 Total south river and HDD tbd tbd tbd

Construction scheduled for 2010-2011 tbd tbd tbd

tbd tbd tbd
- - tbd tbd tbd

$4,601,434 $1,743 $9,202,868 Total project cost estimate is 18,615,885 tbd tbd tbd x

North of River Estimate is: tbd tbd tbd

$7,215,885 tbd tbd tbd

Construction scheduled for 2010-2011 tbd tbd tbd

$40,000,000 $12,000,000 $52,000,000 $2,600 $13,728,000 B.Lock -Electrical Underground South of River x x tbd tbd tbd

$7,274,192 $2,545,967 $9,820,159 $491 $2,592,522 To be Re-Engineered�Based on NSLC project Estimate segment 4 x x tbd tbd tbd

x x tbd tbd tbd

$9,754,751 $3,414,163 $13,168,913 $658 $3,476,593 To be Re-Engineered�Based on EPS 69kV-Crossarm 61,000$/pole  and�EPS NSLC seg4 for 12kV and Dem/Mob x x tbd tbd tbd

$19,592,793 $6,857,477 $26,450,270 $1,323 $6,982,871 To be Re-Engineered�Based on EPS 69kV-Crossarm: 61,000$/pole and�B.Lock -Electrical Underground South of River x x tbd tbd tbd

$1,674,667 $11,200 $1,685,867 $84 $445,069 BIRD DIVERTER option x x tbd tbd tbd

$2,880,000 $1,008,000 $3,888,000 $2,160 $11,404,800 x x tbd tbd tbd

$503 598 $176 259 $679 857 $378 $1 994 248 x x tbd tbd tbd

No option was selected. The “steel pole” electrical transmission and distribution circuits between the Port Allen
Generating Station and Kalaheo cannot be modified to substantially reduce or eliminate take without undergrounding.
The technical challenges and very high cost of undergrounding steel pole segments (~$12,000,000 per mile) is not
practicable within the timeframe of this Short-term HCP. The data that are now available do not allow KIUC to
demonstrate that the slight lowering or reduction of layers of these power lines that may be technically possible would
reduce the potential for collisions appreciably.  See discussion in section 5.4.2.3 for further information.  

Option A1 and A2 was selected. KIUC has worked with Hawai‘i State Department of Transportation on the Wailua
Corridor Road Widening project which includes undergrounding of all electrical and communication utilities between
Lydgate Switchyard and Kapa‘a Bypass Road. The total cost of the undergrounding is $17,300,000. As a result of this
effort and of the availability of special funding from the Federal government, KIUC planned to underground the existing
overhead lines between the Lydgate Substation and the Kapa‘a bypass, a distance of approximately 1.7 miles, which was
subject to the resolution of pending litigation and the continued availability of Federal funding support. Due to delays in
finding a prompt resolution to this legal issue, HDOT has reallocated the funds to other projects on Kauai. HDOT and
KIUC are seeking alternative means of financing for this project.

No option selected. Due to the limited vegetation along the highway, minimization methods other than total
undergrounding will not reduce conductor height to vegetation level. Consequently, no work is planned for this
section at the present time. This section is to be further evaluated in the minimization mitigation cost benefit
analysis to be conducted under the KSHCP.

2 Waialo Road River by the shore
3
4
5

H3 1 Hanapepe Port Allen side of Hanapepe side of 700 ft.
2 Hanapepe River Hanapepe River
3 By the shore By the shore

H4 1 Hanapepe After Hanapepe river Intersection of Lele Rd 1,800 ft.
2 Stadium
3

H5 1 Salt Pond Intersection of Intersection of Hwy 2,000 ft.
2  Lele Rd Marker 17
3
4

H6 1 Kaumakani Hwy 50 mile 17 Hwy 50 mile 18 5,280 ft.
2

3

H7 1 Hanapepe Town Bridge Town Bridge 500 ft.
2
3

G 1 Lawai Lawai tap Kalaheo town 15,000 ft.
2 Hwy 50, mile 9 Hwy 50, mile13.5
3
4

$503,598 $176,259 $679,857 $378 $1,994,248 x x tbd tbd tbd

$855,458 $855,458 $475 $2,509,344 x x tbd tbd tbd

$604,317 $336 $1,772,665  x tbd tbd tbd

$1,885,351 $1,885,351 $1,047 $5,530,364 to be revised by EPS x x tbd tbd tbd

$878,150 $1,255 $6,623,760 EPS KEALIA Cost Estimate 4/17/2010 x x tbd tbd tbd

$157,020 $224 $1,184,379  x tbd tbd tbd x  

$366,000 $366,000 $523 $2,760,686 to be revised by EPS x x tbd tbd tbd

$1,753,297 $974 $5,143,005 x x tbd tbd tbd  

$403,766 $224 $1,184,379  x tbd tbd tbd x

$1,647,000 $1,647,000 $915 $4,831,200 to be revised by EPS x x tbd tbd tbd
$3,200,000 $1,120,000 $4,320,000 $2,160 $11,404,800 x x tbd tbd tbd

$559,553 $195,844 $755,397 $378 $1,994,248 x x tbd tbd tbd
$950,509 $950,509 $475 $2,509,344 x x tbd tbd tbd

$1,885,351 $1,885,351 $943 $4,977,328 to be revised by EPS x x tbd tbd tbd

$5,651,027 $1,070 $5,651,027 x x tbd tbd tbd

$1,184,379 $224 $1,184,379  x tbd tbd tbd

$1,365,932 $259 $1,365,932 x x tbd tbd tbd

$3,799,656 $1,329,880 $5,129,536 $972 $5,129,536 x x tbd tbd tbd

$410,400 $684 $3,611,520 EPS KEALIA Cost Estimate - Email GH 4/14/2010
x tbd tbd tbd  

$216,000 $432 $2,280,960 EPS KEALIA Cost Estimate - Email GH 4/14/2010 x tbd tbd tbd x  

$2,500 $750 $3,250 $7 $34,320 Guesstimate tbd tbd tbd  

$31,200,000 $9,360,000 $40,560,000 $2,704 $14,277,120 B.Lock -Electrical Underground South of River x x tbd tbd tbd

$4,196,649 $1,468,827 $5,665,476 $378 $1,994,248 To be Re-Engineered�Based on NSLC project Estimate segment 4 x x tbd tbd tbd

$7,316,063 $2,560,622 $9,876,685 $658 $3,476,593 To be Re-Engineered�Based on EPS 69kV-Crossarm 61,000$/pole  and�EPS NSLC seg4 for 12kV and Dem/Mob x x tbd tbd tbd

$14,694,595 $5,143,108 $19,837,703 $1,984 $10,474,307 To be Re-Engineered�2H - 69kV to be revised by EPS �B.Lock -Electrical Underground South of River x x tbd tbd tbd

$1 2 6 000 $8 00 $1 26 00 $8 $ 069

No option selected. Due to the limited vegetation along this segment, options other than undergrounding of
transmission and distribution lines will not eliminate risk to seabirds. A decision to underground the
transmission and distribution lines to eliminate take versus lowering/reducing layers to reduce take risk should
be first supported by the cost-benefit analysis comparing undergrounding costs to mitigation costs (based on
take per segment) in the long-term KSHCP.    
Option 2 was the selected option. This option attaches distribution circuit to the bridge. This option was
selected because it eliminates the potential for take by KIUC facilities. Communication cables will remain
overhead.  The river is an important seabird flight path and believed to be used for navigation.  

No option selected. Dual circuit of transmission could be lowered but conductors will remain above the
average height of vegetation.  Only undergrounding would eliminate take.  

Option 2 was selected because it would permit lowering the dual circuit of transmission , which would leave it at or below
average vegetation level. That, in turn, eliminates risk except across water. [Note] However, that this preferred option
needs to be assessed for potential risk to fishermen before final decision to implement measure can be made.  The area 

Option 2 (which involves lowering of the dual 69KV transmission conductors) was selected because it would lower lines to
the 45’ level, providing a level of minimization, but not totally removing the risk of take. 

No option selected. Due to the limited vegetation along this segment, options other than undergrounding of transmission
and distribution lines will not eliminate risk to seabirds. A decision to underground the transmission and distribution lines to
eliminate take versus lowering/reducing layers to reduce take risk should be first supported by the cost-benefit analysis
comparing undergrounding costs to mitigation costs (based on take per segment) in the long-term KSHCP.    

No option selected. The electrical facilities on steel pole in this segment cannot be modified to eliminate the potential for
take without undergrounding. The technical challenges and very high cost of undergrounding steel pole segments
(~$12,000,000 per mile) make this impractical within the 1 to 5 year timeframe of this Short-term HCP. The data that is
now available do not allow KIUC to demonstrate that the slight lowering or reduction of layers of these power lines that
may be technically possible would reduce the potential for collisions appreciably. See discussion in section 5.4.2.3 for

5
C1 1 Kapa'a Hwy 56, mile 7.5 Hwy 56, mile 8.0 2,640 ft.

2 Taco Belt Kapaa SUB
3

C2 1 Kapa'a Bridge Bridge 130 ft.
2
3
4

C3 1 Kapa'a Other side of Bridge ABC Store 1,870 ft.

C4 1 Kapa'a ABC Store Lehua Street 850 ft.
2

C5 1 Kapa'a Lehua Street Hwy 56, mile 9.0 2,000 ft.
2 Kawaihau Rd

  

$1,256,000 $8,400 $1,264,400 $84 $445,069 BIRD DIVERTER option x x tbd tbd tbd

$1,725,941 $517,782 $2,243,723 $850 $4,487,446 NSLC project Estimate segment 3b - Direct Cost x x tbd tbd tbd

$158,400 $60 $316,800 Based on D182 Lydgate Static Line + dense area traffic control factor (double time)
x tbd tbd tbd x

$1,320,949 $500 $1,719,899 EPS - KEALIA Segment 1b + 25% for loading x x tbd tbd tbd

$88,920 $26,676 $115,596 $684 $3,611,520 EPS HDB Kealia Bridge Cost - Option 1c x tbd tbd tbd

$88,140 $26,442 $114,582 $678 $3,579,840 EPS HDB Kealia Bridge Cost - Option 1b x tbd tbd tbd

$56,160 $16,848 $73,008 $432 $2,280,960 ESP Option 1c Kealia Cost - Email 4/14/10 x tbd tbd tbd x

$44,330 $13,299 $57,629 $341 $1,800,480 ESP Option 1b Kealia Cost - Email 4/14/10 x tbd tbd tbd  

$820,312 $439 $2,316,174 EPS 12kV and comm. UG only + 25% load
x tbd tbd tbd

no option suggested at this moment tbd tbd tbd

$466,086 $439 $2,316,174 EPS 12kV and comm. UG only + 25% load x tbd tbd tbd

$53,008 $71,561 $124,568 $104 $548,101 EPS-NSLC Estimate seg.4 (CS-12kV UB- 69kv cost) tbd tbd tbd
tbd tbd tbd

$1,982,359 $793 $4,186,742 ESP : 2x12kV and comm. UG only + 25% load
x tbd tbd tbd

$199,953 $269,936 $469,889 $235 $1,240,507 EPS-NSLC Estimate seg.4 (CS,2x12kUB,-69kv\) tbd tbd tbd
tbd tbd tbd
tbd tbd tbd
tbd tbd tbd

Option 4 was the selected option.  This option attaches dual distribution circuits to the bridge.  This option was 
selected because it eliminates the potential for take by KIUC facilities by attaching the lines to the bridge.
Communication cables will remain overhead. The river is an important seabird flight path and believed to be
used for navigation.  

No option selected. This segment is already minimized. Single-circuit distribution already has flat
construction at 35 feet with 3 layers. The facilities are shielded by surrounding buildings. Further lowering
would not reduce potential for take. 

Single-circuit distribution with vertical construction. Limited clearance from buildings require vertical
construction in this area. No lowering would reduce it below shielding buildings or vegetation. This is a high-
density load area with a transformer or riser on each pole makes undergrounding distribution circuit
prohibitively expensive

Double distribution with vertical construction. Limited clearance from buildings require vertical construction in
this area. This is a high-density load area with a transformer or riser on each pole makes undergrounding
distribution circuit prohibitively expensive

further information.  

Option 2 [Option 3b on Exhibit] was the selected option. This option reconfigures transmission into a compact
configuration, lowering lines to about 60 feet and reduces layers from 7 to 6 which may reduce take at a low
cost ($60 per foot) relative to other options.  
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1.0 Introduction 
1.1 Kokee Ditch Irrigation System 
The Kokee Ditch Irrigation System (KODIS) was built in the 1920s for the diversion of various stream 
flows for agricultural use into a network of open channel ditch segments and tunnel segments. The 
KODIS as it is currently operational starts near Elevation (El.) 3,400 feet at the Waiakoali Diversion, and 
routes down in sequence to the Kawaikoi Diversion, Kauaikinana Diversion, and Kokee Diversion. It 
conveys water into the Puu Lua Reservoir, where water is stored for subsequent release and use for 
downstream demands.   

A component of site assessments for potential hydroelectric development includes an accurate streamflow 
record.  For the Puu Opae/West Kauai Energy Project, flow volumes required for instream flows and 
diversions via the KODIS were reviewed to ensure synthesized flow calculations were accurate for the 
pre-Project conditions from 1919-1925.  In addition, the development of an operations model was created 
to determine flow volumes available for diversion based on 15-minute or 30-minute stream flow datasets 
from 1991, 1996, 1997, 2004, 2005, 2007, 2010, 2012, and 2013 (USGS, 2016 a, 2016b, and 2016c).  The 
9-years of flow records between 1991-2013 represent an even distribution of dry (n =3), average (n =3), 
and wet (n=3) years to appropriately characterize variable stream flow conditions.    

1.2 Hydrology Data Sources and Assessment  

1.2.1 U.S. Geologic Survey Stream Gaging Station Correlations   

A gaging station operated by the United States Geologic Survey (USGS) on the Kawaikoi Stream (Site 
No. 1601000) has a flow record from April 13, 1909 to present.  Stream gaging stations were operated 
concurrently with the Kawaikoi station from 1909 to 1925 at Waiakoali Stream (USGS Site No. 1601100) 
and from 1909 to 1925 at Kauaikinana Stream (Site No. 1601200) (Table 1-1).   A correlation of 
Waiakoali and Kauaikinana mean daily discharges with the Kawaikoi station was conducted to model 
more recent stream flows at these ungaged streams.  Correlation results and equations are shown in 
Figures 1-1 and 1-2.  Drainage area and mean annual precipitation data for Kawaikoi (gaged) and Kokee 
(ungaged) sites were obtained from the USGS Stream Stats program v3 
http://water.usgs.gov/osw/streamstats/.  Table 1-2 summarizes the drainage areas and annual rainfall 
statistics as well as the individual and combined adjustment ratios for these two streams.  The application 
of these correlation equations and the combined adjustment ratio of 0.19 allows for the calculation of flow 
volumes for Waiakoali, Kauaikinana, and Kokee when data from Kawaikoi is available.  It should be 
noted that all discharge data from USGS gaging stations is presented as cubic feet per second (cfs).  In 
order to assess water volumes available for diversion to KODIS, all discharge data was converted to 
millions of gallons per day (MGD).  The conversion formula is the following: 

 
𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑐𝑐𝑐𝑐𝑐𝑐 ∗ 0.6463 

Where: 
 MGD =  Flow rate in millions of gallons per day 
  cfs    =   Flow rate in cubic feet per second  

http://water.usgs.gov/osw/streamstats/


Puu Opae / West Kauai Energy Project Hydrology Report 

McMillen Jacobs Associates 5 March 2021 

Table 1-1.  Source Data for Streamflow Correlations and Record Extension 

Stream USGS Gaging Station No. Period of Daily Discharge Records  

Kawaikoi 16010000 4/13/1909 - current 

Waiakoali 16011000 5/1/1909 to 5/31/1925 

Kauaikinana 16012000 7/1/1919 to 4/30/1925 

 

 

Figure 1-1.  Flow Correlations of Kawaikoi and Kauaikinana USGS Discharge Data 

 
 Figure 1-2.  Flow Correlations of Kawaikoi and Waiakoali USGS Discharge Data 
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Table 1-2.  Stream Statistics for Kokee Record Extension 

 Kawaikoi Stream Kokee Stream Ratio 

Basin Area (square miles) 3.82 1.41 0.37 

Annual Precipitation (inches) 154 79.9 0.52 

Combined Ratio for Record Extension 0.19 

 

1.2.2 Flow Record Extension  

Individual Stream Flows 

With the development of discharge correlation equations from the Kawaikoi gaging station, individual 
stream flow records were developed at Kawaikoi,  Waiakoali, Kauaikinana, and Kokee for the following 
9 years: 1991, 1996, 1997, 2004, 2005, 2007, 2010, 2012, and 2013.  Within this 9-year dataset, there are 
3 wet years (1991, 1997, 2004), 3 average years (1996, 2005, 2012), and 3 dry years (2007, 2010, 2013).  
A summary of the individual flow statistics and flow duration curves is provided in Sections 1.2.3 to 
1.2.6.      

1.2.3 Kawaikoi Stream 

A flow exceedance curve is presented for the 9-year record in Figure 1-3. In addition, flow statistics 
relevant to the partitioning of flows that must remain in the stream or can be diverted to KODIS  are 
presented in Table 1-3. 

 
Figure 1-3.  Flow Exceedance Curve for Kawaikoi USGS Stream Gaging Data 



Puu Opae / West Kauai Energy Project Hydrology Report 

McMillen Jacobs Associates 7 March 2021 

Table 1-3.  Kawaikoi Stream Flow Descriptions 

Description Flow Rate 
Maximum Flow Rate 3820 MGD (5910 cfs) 

50th Percentile Flow Rate, Q50 6.4 MGD (9.9 cfs) 

70th Percentile Flow Rate, Q70 4.0 MGD (6.2 cfs) 

Minimum Flow Rate 1.0 MGD (1.5 cfs) 
 

1.2.4 Waiakoali Stream 

As described in Section 1.2.1 there is no longer an active USGS gaging station on Waiakoali Stream. The 
historical discharge data relationship from the neighboring USGS gaging station on the Kawaikoi Stream 
is as follows: 

𝑄𝑄𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 0.3767 ∗ (𝑄𝑄𝐾𝐾𝑊𝑊𝐾𝐾𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊)0.8359 

Where: 
 QWaiakoali = Flow rate in Waiakoali Stream (MGD) 
 QKawaikoi = Flow rate in Kawaikoi Stream at USGS gaging station 16010000 (MGD) 

The application of the discharge correlation equation results in the flow exceedance curve presented for 
the 9-year record in Figure 1-4. In addition, flow statistics relevant to the partitioning of flows that must 
remain in the stream or can be diverted to KODIS are presented in Table 1-4. 

 
Figure 1-4.  Flow Exceedance Curve for Waiakoali Correlated Flow Data 
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Table 1-4.  Waiakoali Stream Flow Descriptions 

Description Flow Rate 
Maximum Flow Rate 645 MGD (998 cfs) 

50th Percentile Flow Rate, Q50 1.3 MGD (2.0 cfs) 

70th Percentile Flow Rate, Q70 0.8 MGD (1.2 cfs) 

Minimum Flow Rate 0.4 MGD (0.6 cfs) 

1.2.5 Kauaikinana Stream 

As described in Section 1.2.1 there is no longer an active USGS gaging station on Kauaikinana Stream. 
The historical discharge data relationship from the neighboring USGS gaging station on the Kawaikoi 
Stream is as follows: 

𝑄𝑄𝐾𝐾𝑊𝑊𝐾𝐾𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝐾𝐾𝑊𝑊𝐾𝐾𝑊𝑊 = 0.1013 ∗ 𝑄𝑄𝐾𝐾𝑊𝑊𝐾𝐾𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 0.8519 

Where: 
 QKauaikinanai = Flow rate in Kauaikinana Stream (MGD) 
 QKawaikoi = Flow rate in Kawaikoi Stream at USGS gaging station 16010000 (MGD) 

The application of the discharge correlation equation results in the flow exceedance curve presented for 
the 9-year record in Figure 1-5. In addition, flow statistics relevant to the partitioning of flows that must 
remain in the stream or can be diverted to KODIS are presented in Table 1-5. 

 
Figure 1-5.  Flow Exceedance Curve for Kauaikinana Stream Flow Descriptions 



Puu Opae / West Kauai Energy Project Hydrology Report 

McMillen Jacobs Associates 9 March 2021 

Table 1-5.  Kauaikinana Stream Flow Descriptions 

Description Flow Rate 
Maximum Flow Rate 400 MGD (619 cfs) 
50th Percentile Flow Rate, Q50 1.2 MGD (1.9 cfs) 
70th Percentile Flow Rate, Q70 0.6 MGD (0.9 cfs) 
Minimum Flow Rate 0.3 MGD (0.5 cfs) 

1.2.6 Kokee Stream 

As described in Section 1.2.1 there has never been an active USGS gaging station on Kokee Stream.  A 
correlation percentage with the USGS gaging station on the Kawaikoi Stream has been determined to 
predict flows in the Kokee Stream. The relationship is as follows: 

: 

𝑄𝑄𝐾𝐾𝑊𝑊𝑊𝑊𝐾𝐾𝐾𝐾 = 0.1915 ∗ 𝑄𝑄𝐾𝐾𝑊𝑊𝐾𝐾𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 

 

Where: 
 QKokee = Flow rate in Kokee Stream  
 QKawaikoi = Flow rate in Kawaikoi Stream at USGS gaging station 16010000 (MGD) 
 

The application of the discharge correlation equation results in the flow exceedance curve presented for 
the 9-year record in Figure 1-6.  In addition, flow statistics relevant to the partitioning of flows that must 
remain in the stream or can be diverted to KODIS are presented in Table 1-6. 

 
Figure 1-6.  Flow Exceedance Curve for Kokee Stream Flow Descriptions 
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Table 1-6.  Kokee  Stream Flow Descriptions 

Description Flow Rate 
Maximum Flow Rate 732 MGD (1132 cfs) 
50th Percentile Flow Rate, Q50 1.2 MGD (1.9 cfs) 
70th Percentile Flow Rate, Q70 0.8 MGD (1.2 cfs) 
Minimum Flow Rate 0.2 MGD (0.3 cfs) 

Combined Stream Flows 

In an effort to determine the total volume of inflows available for diversion to the KODIS, the individual 
9-year flow record extensions were combined.  A flow duration curve of the stream flows from the four 
watersheds is presented in Figure 1-7.  In addition, the flows statistics of the combined flow record are 
summarized in Table 1.7. 

 

Figure 1-7.  Flow Exceedance Curve for the Combined Flow Data of the Kawaikoi, Waiakoali 
Kauaikinana Streams 
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Table 1-7.  Combined  Kawaikoi, Waiakoali, Kauaikinana, and Kokee Stream Flow Descriptions 

Description Flow Rate 
Maximum Flow Rate 5311  MGD (8217  cfs) 

50th Percentile Flow Rate, Q50 11 MGD (17 cfs) 

70th Percentile Flow Rate, Q70 6.9 MGD (11cfs) 

Minimum Flow Rate 2.5 MGD (3.8 cfs) 
 

1.2.7 Instream Flows Available for Diversion  

Following the calculation of the 9-year stream flow record extension, 30-minute and 15-minute data were 
processed to determine the volumes of water available for diversion to the KODIS.  The rules for 
determining the split between the diverted flow and instream flows (i.e. environmental flows) are as 
follows for the Kawaikoi, Waiakoali, and  Kauaikinana Streams: 

<Q50 - 2/3 stays in stream, 1/3 diverted to KODIS; and 

>Q50 - instream flow is Q70 and the rest is diverted to KODIS.   

For the Kokee Stream, the following diversion rules apply:  

<Q50 – all flows remain in the stream,  no flows diverted to KODIS; and 

>Q50 - instream flow is Q50 and the rest is diverted to KODIS.   

Individual Stream Calculations 

The total flow rate available for diversion into the KODIS is a function of the Kawaikoi, Waiakoali, 
Kauaikinana, and Kokee Stream flows described in the four site-specific functions: 

1)  Kawaikoi Flow Partitioning: 

𝐼𝐼𝑐𝑐 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 < 6.4 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑑𝑑𝑊𝑊𝑠𝑠𝑑𝑑ℎ =
1
3
∗ 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 

𝐼𝐼𝑐𝑐 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 ≥ 6.4 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑑𝑑𝑊𝑊𝑠𝑠𝑑𝑑ℎ = 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 − 4.0 𝑀𝑀𝑀𝑀𝑀𝑀 

Where: 
 Qstream = Flow rate remaining in Kawaikoi Stream (MGD) 
 Qditch =  Flow rate diverted to the KODIS (MGD) 

2) Waiakoali Flow Partitioning: 

𝐼𝐼𝑐𝑐 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 < 1.3 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑑𝑑𝑊𝑊𝑠𝑠𝑑𝑑ℎ =
1
3
∗ 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 

𝐼𝐼𝑐𝑐 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 ≥ 1.3 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑑𝑑𝑊𝑊𝑠𝑠𝑑𝑑ℎ = 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 − 0.8 𝑀𝑀𝑀𝑀𝑀𝑀 
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Where: 
 Qstream = Flow rate remaining in Waiakoali Stream (MGD) 
 Qditch =  Flow rate diverted to the KODIS (MGD) 

3) Kauaikinana Flow Partitioning: 

𝐼𝐼𝑐𝑐 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 < 1.2 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑑𝑑𝑊𝑊𝑠𝑠𝑑𝑑ℎ =
1
3
∗ 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 

𝐼𝐼𝑐𝑐 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 ≥ 1.2 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑑𝑑𝑊𝑊𝑠𝑠𝑑𝑑ℎ = 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 − 0.6 𝑀𝑀𝑀𝑀𝑀𝑀 
Where: 
 Qstream = Flow rate remaining in Kauaikinana Stream (MGD) 
 Qditch =  Flow rate diverted to the KODIS (MGD) 

4) Kokee Flow Partitioning: 

𝐼𝐼𝑐𝑐 𝑄𝑄𝐾𝐾𝑊𝑊𝑊𝑊𝐾𝐾𝐾𝐾 < 1.2 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 = 𝑄𝑄𝐾𝐾𝑊𝑊𝑊𝑊𝐾𝐾𝐾𝐾 
𝐼𝐼𝑐𝑐 𝑄𝑄𝐾𝐾𝑊𝑊𝑊𝑊𝐾𝐾𝐾𝐾 ≥ 1.2 𝑀𝑀𝑀𝑀𝑀𝑀:     𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝑊𝑊𝑠𝑠 = 1.2 𝑀𝑀𝑀𝑀𝑀𝑀 

Where: 
 QKokee = Flow rate in Kokee Stream upstream of KODIS (MGD) 
 Qstream = Flow rate remaining in Kokee Stream (MGD) 
 

Following the application of the flow diversion functions to each individual stream, a volume of water 
available for diversion (in MGD) was calculated for each 15-minute or 30-minute data point.  For the 9-
year period of record, more than a quarter million data points (n = 251,691) were assessed for available 
diversion volumes to be conveyed via the KODIS.  

Combined Diversion Flow Summary 

Similar to the 9-year individual flow record extension of the Kawaikoi, Waiakoali,  Kauaikinana, and 
Kokee Streams, flow volumes available for diversion to the KODIS were combined.  Combined flow 
duration curves and statistics for the no diversion vs. diversion data is summarized Figure 1-8 and Table 
1-8.  In addition, Appendix A provides a 2-week summary of the 15-minute dataset for all of the data 
processing efforts described above.  NOTE: All Appendix A data contained within the Excel spreadsheet 
Combined Stream and Diversion Hydrology.xlsx is available upon request.   
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Figure 1-8.  Flow Exceedance Curves for the Combined Stream Flow and Diversion Flow Data from 
the Kawaikoi, Waiakoali, Kauaikinana, and Kokee Streams 

Table 1-8.  Combined Kawaikoi, Waiakoali, Kauaikinana, and Kokee Stream Flow and Diversion 
Flow 

              

              

              

*exceedance data from combined hydrology of 9-year record derived from 15-minute dataset (n = 251,961)  

Flow 
Source Max Min 1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 

Streams 5311 2.5 441 110 52 28 18 13 11 8.4 6.9 5.7 4.4 

Diversions 5304 0.8 434 103 46 20 11 6.3 3.8 2.9 2.3 1.7 1.3 

*exceedance data from combined hydrology of 9-year record derived from 15-minute dataset (n = 251,961)  
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Combined Diversion Inflows to Puu Lua Reservoir  
Finally, the combined diversion flow dataset was refined to calculate diverted inflows to Puu Lua 
Reservoir based on a KODIS capacity of 55 MGD.  By applying the ditch capacity limitation to these 
diversion flow data,  monthly inflow summaries were developed for each of the 9-year flow records.  
Figure 1-9 provides an example of the combined KODIS diversion hydrograph for 2012 with a 55 MGD 
ditch capacity.  The monthly inflows to Puu Lua Reservoir conveyed via the KODIS with a 55 MGD 
limitation are summarized in Table 1-9 for the 9-year record.  Based on these monthly inflow data, the 
hydrologic baseline was established to assess outflow volumes from Puu Lua Reservoir available for the 
Energy Project.  Details of the reservoir rule curves and outflow assessment is provided in Section 2.0 of 
this report.      
 

 
Figure 1-9.  2012 Annual Hydrograph of 15-minute Diverted Flow Volumes to the KODIS Based on 

a 55 MGD Ditch Capacity. 

  Table 1-9 Combined Monthly Inflows (MGD) to Puu Lua Reservoir with a 55 MGD KODIS Capacity   

 

Month 1991 1996 1997 2004 2005 2007 2010 2012 2013 
9-year 

Monthly 
Inflow 

Average 

Jan 9.3 18.3 25.3 13.3 26.5 12.9 9.4 8.4 18.1 15.7 

Feb 15.0 14.6 10.6 10.5 27.0 8.1 5.2 12.2 17.5 13.4 

Mar 39.9 18.8 27.5 42.1 15.0 11.7 29.4 27.8 17.0 25.5 

Apr 20.0 5.5 24.6 31.4 12.9 9.2 21.3 13.7 10.4 16.6 

May 8.8 2.8 28.7 17.1 2.6 2.0 4.8 8.0 8.9 9.3 

Jun 14.9 14.6 8.6 26.8 5.3 6.6 4.3 8.5 4.0 10.4 

Jul 3.8 10.6 11.3 18.8 10.7 6.9 8.3 8.1 6.4 9.4 

Aug 17.8 2.5 4.0 11.6 1.2 3.8 7.6 4.9 2.1 6.2 
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Month 1991 1996 1997 2004 2005 2007 2010 2012 2013 
9-year 

Monthly 
Inflow 

Average 

Sep 3.7 7.4 5.9 17.9 14.9 6.4 4.8 5.2 4.3 7.8 

Oct 7.5 6.6 7.3 9.9 20.5 7.6 6.8 1.1 2.5 7.7 

Nov 4.9 21.2 18.7 17.1 18.1 9.3 10.1 1.4 13.9 12.7 

Dec 21.5 18.5 23.0 20.4 1.5 41.7 16.1 12.9 9.1 18.3 
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2.0 Puu Lua Reservoir 
2.1 General Description 
The Puu Lua Dam and Reservoir is the most upstream reservoir on the KODIS.  It was built for the 
purpose of irrigation and water storage, and also currently serves as a public recreational facility for 
fishing.  Puu Lua Reservoir is currently owned by the Hawaii DLNR and is managed by DLNR Land 
Division.   The purpose of the reservoir is to capture outflows from the Kokee Ditch Diversion structures 
and provide a steady outflow through the GENCO system for water supply and power generation 
purposes.  The expected releases out of the reservoir are a combination of water required for irrigation 
needs at the ADC Mauka and DHHL pastoral turnouts and water required for generation through the Puu 
Opae Powerhouse.  The maximum release from the Puu Lua outlet is limited to 26 million gallons per day 
(MGD) (41 cubic feet per second [cfs]) due to a restriction on the conveyance ditch capacity from Puu 
Lua Reservoir to the Puu Moe Regulating Structure. 

2.2 Puu Lua Storage 
The bottom of the reservoir is located at Elevation (El.) 3,212 feet and the top of the dam is located at El. 
3,274 feet.  At 4.0 feet below the dam crest (El. 3,270 feet), the expected storage volume of the reservoir 
is approximately 256 million gallons (MG).  Figure 2-1 below provides the stage-storage curve for the 
Puu Lua Reservoir.  

 
Figure 2-1.  Puu Lua Reservoir Stage-Storage Curve 
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The maximum normal water surface elevation in the Puu Lua Reservoir is 3,264 feet, with an active 
volume storage of 210 MG. An additional 20-MG buffer exists within the reservoir to provide adequate 
storage for providing irrigation releases without impacting pump-storage operations. Table 2-2 
summarizes the water surface profile for the Puu Lua Reservoir. 

Table 2-1.  Puu Lua Storage Description 

Variable Value Justification / Notes 

Maximum Water Surface Elevation 
when Spilling 3265 ft Crest elevation of overflow weir.  

Maximum Normal Operating Water 
Surface Elevation 3264 ft Maintains 1 foot of freeboard to spillway invert, 

and 10 feet of freeboard to dam crest. 
Irrigation Pool Water Surface 
Elevation 3228.1 ft To maintain a 20-MG storage volume for 

required DHHL irrigation releases. 

Dead Pool Water Surface Elevation 3226 ft To maintain a 20-MG fish storage volume. 

2.2.1 Reservoir Operations 

For the purposes of determining energy estimates and preliminary reservoir operations, the Puu Lua 
Reservoir outflows are a function of the reservoir water surface elevation. The maximum outflow is set to 
26 MGD, corresponding to the estimated capacity of the Kokee Ditch downstream of Puu Lua Reservoir. 
A “dead pool” of 40 MG is maintained for irrigation releases and fishery habitat. The reservoir outflows 
are expected to be curtailed for four hours daily, corresponding to the hours of peak solar production on 
the island, when additional energy production through the upper powerhouse may not be required. A 
summary of the reservoir operating setpoints is provided in Table 2-2.  

Table 2-2.  Puu Lua Reservoir Operating Setpoints.  

Water Surface Elevation 
(ft msl) Storage (MG) Outflows (MGD) 

3,236 – 3,265 70 - 256 26 

3,232 – 3,236 50 - 70 21 

3,228 – 3,232 40 - 50 5 

3,212 – 3,228 0 - 40 0  

 
The proposed operation of the reservoir is set to maximize energy production throughout the project 
facilities, provide irrigation deliveries at downstream diversions, and minimize spill during heavy inflow 
events. The reservoir operation setpoints are simplistic at this time and preliminary for energy modeling 
purposes. Average annual inflows to Puu Lua Reservoir are approximately 4,700 MG/yr. Proposed 
operations see an excess water volume entering the reservoir on the order of approximately 200 MG/yr, 
which would be curtailed at the diversion to prevent spill events. Future operations may utilize a rule 
curve to improve storage potential during the wet season and release seasonally to meet energy demands, 
revise the storage setpoints based on water year type, or include additional discrete setpoints to improve 
the consistency of energy production throughout the project. A stage exceedance curve for Puu Lua 
Reservoir based on the proposed operations is provided in Figure 2-2. 
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Figure 2-2. Puu Lua Reservoir Stage Exceedance Curve. 

2.3 Puu Lua Outflow 
A model of Puu Lua Reservoir was developed based on the inflows from the Kokee Ditch Irrigation 
System and operating setpoints defined in Section 2.2. The reservoir model averages the 15-minute inflow 
data to provide daily reservoir fluctuations and outflows to the Kokee Ditch. An outflow exceedance chart 
is provided in Figure 2-2 based on the proposed reservoir operating parameters.  

 

Figure 2-3. Puu Lua Reservoir Outflow Exceedance Chart. 
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Reservoir outflows from 32 – 41 cfs (21 – 26 MGD) are estimated to occur 50% of the average year. 
Minimum flow releases of 7 cfs (5 MGD) occur approximately 30% of the average year, and reservoir 
operation is curtailed during portions of the dry season when reservoir operating levels are low, consisting 
of approximately 20% of the average year. It is assumed that irrigation deliveries would still be provided 
to the extent possible during the periods when the reservoir does not contain sufficient storage for power 
production purposes. A chart of average reservoir outflows by month is provided in Figure 2-4. 
 

 
Figure 2-4. Average Puu Lua Reservoir Outflows by Month. 
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Appendix A: 
 

Example of 15-minute Stream Flow Dataset for Record 
Extension and Calculation of Diversion Flows   
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Date and Time Date Time

Kawaikoi 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Waiakoali 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kauaikinana 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kokee 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Combined 

Flow 

Volume 

(mgd)

Combined 

Available 

for 

Diversion 

(mgd)

11/1/04 0:00 11/01/04 0:00 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/1/04 0:15 11/01/04 0:15 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/1/04 0:30 11/01/04 0:30 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/1/04 0:45 11/01/04 0:45 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 1:00 11/01/04 1:00 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 1:15 11/01/04 1:15 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 1:30 11/01/04 1:30 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 1:45 11/01/04 1:45 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 2:00 11/01/04 2:00 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 2:15 11/01/04 2:15 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 2:30 11/01/04 2:30 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/1/04 2:45 11/01/04 2:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 3:00 11/01/04 3:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 3:15 11/01/04 3:15 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 3:30 11/01/04 3:30 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 3:45 11/01/04 3:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 4:00 11/01/04 4:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 4:15 11/01/04 4:15 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 4:30 11/01/04 4:30 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 4:45 11/01/04 4:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 5:00 11/01/04 5:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 5:15 11/01/04 5:15 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 5:30 11/01/04 5:30 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 5:45 11/01/04 5:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/1/04 6:00 11/01/04 6:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 6:15 11/01/04 6:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 6:30 11/01/04 6:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 6:45 11/01/04 6:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 7:00 11/01/04 7:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 7:15 11/01/04 7:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 7:30 11/01/04 7:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 7:45 11/01/04 7:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 8:00 11/01/04 8:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 8:15 11/01/04 8:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 8:30 11/01/04 8:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 8:45 11/01/04 8:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 9:00 11/01/04 9:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 9:15 11/01/04 9:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 9:30 11/01/04 9:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 9:45 11/01/04 9:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 10:00 11/01/04 10:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 10:15 11/01/04 10:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 10:30 11/01/04 10:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/1/04 10:45 11/01/04 10:45 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 11:00 11/01/04 11:00 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 11:15 11/01/04 11:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 11:30 11/01/04 11:30 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 11:45 11/01/04 11:45 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 12:00 11/01/04 12:00 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 12:15 11/01/04 12:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 12:30 11/01/04 12:30 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 12:45 11/01/04 12:45 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 13:00 11/01/04 13:00 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 13:15 11/01/04 13:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 13:30 11/01/04 13:30 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 13:45 11/01/04 13:45 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/1/04 14:00 11/01/04 14:00 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/1/04 14:15 11/01/04 14:15 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/1/04 14:30 11/01/04 14:30 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/1/04 14:45 11/01/04 14:45 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/1/04 15:00 11/01/04 15:00 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/1/04 15:15 11/01/04 15:15 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/1/04 15:30 11/01/04 15:30 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/1/04 15:45 11/01/04 15:45 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 16:00 11/01/04 16:00 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 16:15 11/01/04 16:15 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 16:30 11/01/04 16:30 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8
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11/1/04 16:45 11/01/04 16:45 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 17:00 11/01/04 17:00 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 17:15 11/01/04 17:15 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 17:30 11/01/04 17:30 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 17:45 11/01/04 17:45 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/1/04 18:00 11/01/04 18:00 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/1/04 18:15 11/01/04 18:15 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/1/04 18:30 11/01/04 18:30 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/1/04 18:45 11/01/04 18:45 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/1/04 19:00 11/01/04 19:00 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/1/04 19:15 11/01/04 19:15 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/1/04 19:30 11/01/04 19:30 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 19:45 11/01/04 19:45 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 20:00 11/01/04 20:00 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 20:15 11/01/04 20:15 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 20:30 11/01/04 20:30 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 20:45 11/01/04 20:45 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 21:00 11/01/04 21:00 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 21:15 11/01/04 21:15 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 21:30 11/01/04 21:30 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/1/04 21:45 11/01/04 21:45 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 22:00 11/01/04 22:00 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 22:15 11/01/04 22:15 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 22:30 11/01/04 22:30 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 22:45 11/01/04 22:45 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 23:00 11/01/04 23:00 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 23:15 11/01/04 23:15 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 23:30 11/01/04 23:30 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/1/04 23:45 11/01/04 23:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 0:00 11/02/04 0:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 0:15 11/02/04 0:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 0:30 11/02/04 0:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 0:45 11/02/04 0:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 1:00 11/02/04 1:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 1:15 11/02/04 1:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 1:30 11/02/04 1:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 1:45 11/02/04 1:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 2:00 11/02/04 2:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 2:15 11/02/04 2:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 2:30 11/02/04 2:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 2:45 11/02/04 2:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 3:00 11/02/04 3:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/2/04 3:15 11/02/04 3:15 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 3:30 11/02/04 3:30 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 3:45 11/02/04 3:45 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 4:00 11/02/04 4:00 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 4:15 11/02/04 4:15 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 4:30 11/02/04 4:30 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 4:45 11/02/04 4:45 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 5:00 11/02/04 5:00 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 5:15 11/02/04 5:15 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 5:30 11/02/04 5:30 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 5:45 11/02/04 5:45 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/2/04 6:00 11/02/04 6:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 6:15 11/02/04 6:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 6:30 11/02/04 6:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 6:45 11/02/04 6:45 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 7:00 11/02/04 7:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 7:15 11/02/04 7:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 7:30 11/02/04 7:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 7:45 11/02/04 7:45 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 8:00 11/02/04 8:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 8:15 11/02/04 8:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 8:30 11/02/04 8:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 8:45 11/02/04 8:45 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 9:00 11/02/04 9:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/2/04 9:15 11/02/04 9:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0
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11/2/04 9:30 11/02/04 9:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 9:45 11/02/04 9:45 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 10:00 11/02/04 10:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 10:15 11/02/04 10:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 10:30 11/02/04 10:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 10:45 11/02/04 10:45 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 11:00 11/02/04 11:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 11:15 11/02/04 11:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 11:30 11/02/04 11:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/2/04 11:45 11/02/04 11:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 12:00 11/02/04 12:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 12:15 11/02/04 12:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 12:30 11/02/04 12:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 12:45 11/02/04 12:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 13:00 11/02/04 13:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 13:15 11/02/04 13:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 13:30 11/02/04 13:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 13:45 11/02/04 13:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 14:00 11/02/04 14:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 14:15 11/02/04 14:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 14:30 11/02/04 14:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 14:45 11/02/04 14:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 15:00 11/02/04 15:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 15:15 11/02/04 15:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 15:30 11/02/04 15:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 15:45 11/02/04 15:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 16:00 11/02/04 16:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 16:15 11/02/04 16:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 16:30 11/02/04 16:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 16:45 11/02/04 16:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 17:00 11/02/04 17:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/2/04 17:15 11/02/04 17:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 17:30 11/02/04 17:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 17:45 11/02/04 17:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 18:00 11/02/04 18:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 18:15 11/02/04 18:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 18:30 11/02/04 18:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 18:45 11/02/04 18:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 19:00 11/02/04 19:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 19:15 11/02/04 19:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 19:30 11/02/04 19:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 19:45 11/02/04 19:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 20:00 11/02/04 20:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 20:15 11/02/04 20:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 20:30 11/02/04 20:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 20:45 11/02/04 20:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 21:00 11/02/04 21:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/2/04 21:15 11/02/04 21:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 21:30 11/02/04 21:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 21:45 11/02/04 21:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 22:00 11/02/04 22:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 22:15 11/02/04 22:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 22:30 11/02/04 22:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 22:45 11/02/04 22:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 23:00 11/02/04 23:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 23:15 11/02/04 23:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 23:30 11/02/04 23:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/2/04 23:45 11/02/04 23:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 0:00 11/03/04 0:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 0:15 11/03/04 0:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 0:30 11/03/04 0:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 0:45 11/03/04 0:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 1:00 11/03/04 1:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 1:15 11/03/04 1:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 1:30 11/03/04 1:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 1:45 11/03/04 1:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 2:00 11/03/04 2:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7
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for 
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11/3/04 2:15 11/03/04 2:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 2:30 11/03/04 2:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 2:45 11/03/04 2:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 3:00 11/03/04 3:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 3:15 11/03/04 3:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 3:30 11/03/04 3:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 3:45 11/03/04 3:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 4:00 11/03/04 4:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/3/04 4:15 11/03/04 4:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 4:30 11/03/04 4:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 4:45 11/03/04 4:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 5:00 11/03/04 5:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 5:15 11/03/04 5:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 5:30 11/03/04 5:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 5:45 11/03/04 5:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 6:00 11/03/04 6:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 6:15 11/03/04 6:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 6:30 11/03/04 6:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 6:45 11/03/04 6:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 7:00 11/03/04 7:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 7:15 11/03/04 7:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 7:30 11/03/04 7:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 7:45 11/03/04 7:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 8:00 11/03/04 8:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 8:15 11/03/04 8:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 8:30 11/03/04 8:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 8:45 11/03/04 8:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 9:00 11/03/04 9:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 9:15 11/03/04 9:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 9:30 11/03/04 9:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 9:45 11/03/04 9:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 10:00 11/03/04 10:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 10:15 11/03/04 10:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 10:30 11/03/04 10:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 10:45 11/03/04 10:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 11:00 11/03/04 11:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 11:15 11/03/04 11:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 11:30 11/03/04 11:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 11:45 11/03/04 11:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 12:00 11/03/04 12:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 12:15 11/03/04 12:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/3/04 12:30 11/03/04 12:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 12:45 11/03/04 12:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 13:00 11/03/04 13:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 13:15 11/03/04 13:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 13:30 11/03/04 13:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 13:45 11/03/04 13:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 14:00 11/03/04 14:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 14:15 11/03/04 14:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 14:30 11/03/04 14:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 14:45 11/03/04 14:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 15:00 11/03/04 15:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 15:15 11/03/04 15:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 15:30 11/03/04 15:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 15:45 11/03/04 15:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 16:00 11/03/04 16:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 16:15 11/03/04 16:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 16:30 11/03/04 16:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 16:45 11/03/04 16:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 17:00 11/03/04 17:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 17:15 11/03/04 17:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 17:30 11/03/04 17:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 17:45 11/03/04 17:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 18:00 11/03/04 18:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 18:15 11/03/04 18:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 18:30 11/03/04 18:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 18:45 11/03/04 18:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5
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11/3/04 19:00 11/03/04 19:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 19:15 11/03/04 19:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 19:30 11/03/04 19:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 19:45 11/03/04 19:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 20:00 11/03/04 20:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 20:15 11/03/04 20:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 20:30 11/03/04 20:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 20:45 11/03/04 20:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 21:00 11/03/04 21:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 21:15 11/03/04 21:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/3/04 21:30 11/03/04 21:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 21:45 11/03/04 21:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 22:00 11/03/04 22:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 22:15 11/03/04 22:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 22:30 11/03/04 22:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 22:45 11/03/04 22:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 23:00 11/03/04 23:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 23:15 11/03/04 23:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 23:30 11/03/04 23:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/3/04 23:45 11/03/04 23:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 0:00 11/04/04 0:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 0:15 11/04/04 0:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 0:30 11/04/04 0:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 0:45 11/04/04 0:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 1:00 11/04/04 1:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 1:15 11/04/04 1:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 1:30 11/04/04 1:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 1:45 11/04/04 1:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 2:00 11/04/04 2:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 2:15 11/04/04 2:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 2:30 11/04/04 2:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 2:45 11/04/04 2:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 3:00 11/04/04 3:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 3:15 11/04/04 3:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 3:30 11/04/04 3:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 3:45 11/04/04 3:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 4:00 11/04/04 4:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 4:15 11/04/04 4:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 4:30 11/04/04 4:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 4:45 11/04/04 4:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 5:00 11/04/04 5:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 5:15 11/04/04 5:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/4/04 5:30 11/04/04 5:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 5:45 11/04/04 5:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 6:00 11/04/04 6:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 6:15 11/04/04 6:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 6:30 11/04/04 6:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 6:45 11/04/04 6:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 7:00 11/04/04 7:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 7:15 11/04/04 7:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 7:30 11/04/04 7:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 7:45 11/04/04 7:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 8:00 11/04/04 8:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 8:15 11/04/04 8:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 8:30 11/04/04 8:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 8:45 11/04/04 8:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 9:00 11/04/04 9:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 9:15 11/04/04 9:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 9:30 11/04/04 9:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 9:45 11/04/04 9:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 10:00 11/04/04 10:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 10:15 11/04/04 10:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 10:30 11/04/04 10:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 10:45 11/04/04 10:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 11:00 11/04/04 11:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 11:15 11/04/04 11:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 11:30 11/04/04 11:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4



Date and Time Date Time

Kawaikoi 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Waiakoali 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kauaikinana 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kokee 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Combined 

Flow 

Volume 

(mgd)

Combined 

Available 

for 

Diversion 

(mgd)

11/4/04 11:45 11/04/04 11:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 12:00 11/04/04 12:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 12:15 11/04/04 12:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 12:30 11/04/04 12:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 12:45 11/04/04 12:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 13:00 11/04/04 13:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 13:15 11/04/04 13:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 13:30 11/04/04 13:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 13:45 11/04/04 13:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 14:00 11/04/04 14:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 14:15 11/04/04 14:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 14:30 11/04/04 14:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 14:45 11/04/04 14:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 15:00 11/04/04 15:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 15:15 11/04/04 15:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 15:30 11/04/04 15:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 15:45 11/04/04 15:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 16:00 11/04/04 16:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 16:15 11/04/04 16:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 16:30 11/04/04 16:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 16:45 11/04/04 16:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 17:00 11/04/04 17:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 17:15 11/04/04 17:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 17:30 11/04/04 17:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 17:45 11/04/04 17:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 18:00 11/04/04 18:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 18:15 11/04/04 18:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 18:30 11/04/04 18:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 18:45 11/04/04 18:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 19:00 11/04/04 19:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 19:15 11/04/04 19:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 19:30 11/04/04 19:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 19:45 11/04/04 19:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 20:00 11/04/04 20:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/4/04 20:15 11/04/04 20:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 20:30 11/04/04 20:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 20:45 11/04/04 20:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 21:00 11/04/04 21:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 21:15 11/04/04 21:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 21:30 11/04/04 21:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 21:45 11/04/04 21:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 22:00 11/04/04 22:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 22:15 11/04/04 22:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 22:30 11/04/04 22:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 22:45 11/04/04 22:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 23:00 11/04/04 23:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 23:15 11/04/04 23:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 23:30 11/04/04 23:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/4/04 23:45 11/04/04 23:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 0:00 11/05/04 0:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 0:15 11/05/04 0:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 0:30 11/05/04 0:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 0:45 11/05/04 0:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 1:00 11/05/04 1:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 1:15 11/05/04 1:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 1:30 11/05/04 1:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 1:45 11/05/04 1:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 2:00 11/05/04 2:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 2:15 11/05/04 2:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 2:30 11/05/04 2:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 2:45 11/05/04 2:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 3:00 11/05/04 3:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 3:15 11/05/04 3:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 3:30 11/05/04 3:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 3:45 11/05/04 3:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 4:00 11/05/04 4:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 4:15 11/05/04 4:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3
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11/5/04 4:30 11/05/04 4:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 4:45 11/05/04 4:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 5:00 11/05/04 5:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 5:15 11/05/04 5:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 5:30 11/05/04 5:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 5:45 11/05/04 5:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 6:00 11/05/04 6:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 6:15 11/05/04 6:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 6:30 11/05/04 6:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 6:45 11/05/04 6:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 7:00 11/05/04 7:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 7:15 11/05/04 7:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 7:30 11/05/04 7:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 7:45 11/05/04 7:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 8:00 11/05/04 8:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 8:15 11/05/04 8:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/5/04 8:30 11/05/04 8:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/5/04 8:45 11/05/04 8:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/5/04 9:00 11/05/04 9:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/5/04 9:15 11/05/04 9:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/5/04 9:30 11/05/04 9:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/5/04 9:45 11/05/04 9:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/5/04 10:00 11/05/04 10:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/5/04 10:15 11/05/04 10:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/5/04 10:30 11/05/04 10:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/5/04 10:45 11/05/04 10:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/5/04 11:00 11/05/04 11:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/5/04 11:15 11/05/04 11:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/5/04 11:30 11/05/04 11:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/5/04 11:45 11/05/04 11:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/5/04 12:00 11/05/04 12:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/5/04 12:15 11/05/04 12:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/5/04 12:30 11/05/04 12:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/5/04 12:45 11/05/04 12:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/5/04 13:00 11/05/04 13:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/5/04 13:15 11/05/04 13:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/5/04 13:30 11/05/04 13:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/5/04 13:45 11/05/04 13:45 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/5/04 14:00 11/05/04 14:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/5/04 14:15 11/05/04 14:15 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/5/04 14:30 11/05/04 14:30 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/5/04 14:45 11/05/04 14:45 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/5/04 15:00 11/05/04 15:00 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/5/04 15:15 11/05/04 15:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/5/04 15:30 11/05/04 15:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/5/04 15:45 11/05/04 15:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/5/04 16:00 11/05/04 16:00 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/5/04 16:15 11/05/04 16:15 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/5/04 16:30 11/05/04 16:30 13.6 9.6 3.3 2.5 2.2 1.6 2.6 1.4 21.7 15.1

11/5/04 16:45 11/05/04 16:45 20.0 16.0 4.6 3.8 2.9 2.3 3.8 2.6 31.4 24.7

11/5/04 17:00 11/05/04 17:00 40.7 36.7 8.3 7.5 5.0 4.4 7.8 6.6 61.8 55.2

11/5/04 17:15 11/05/04 17:15 187.4 183.4 29.9 29.1 19.8 19.2 35.9 34.7 273.1 266.4

11/5/04 17:30 11/05/04 17:30 550.0 546.0 73.6 72.8 56.6 56.0 105.3 104.1 785.5 778.8

11/5/04 17:45 11/05/04 17:45 820.8 816.8 102.8 102.0 84.0 83.4 157.2 156.0 1164.8 1158.2

11/5/04 18:00 11/05/04 18:00 769.1 765.1 97.4 96.6 78.8 78.2 147.3 146.1 1092.5 1085.9

11/5/04 18:15 11/05/04 18:15 645.0 641.0 84.0 83.2 66.2 65.6 123.5 122.3 918.8 912.1

11/5/04 18:30 11/05/04 18:30 532.6 528.6 71.6 70.8 54.8 54.2 102.0 100.8 760.9 754.3

11/5/04 18:45 11/05/04 18:45 445.9 441.9 61.7 60.9 46.0 45.4 85.4 84.2 639.1 632.5

11/5/04 19:00 11/05/04 19:00 384.5 380.5 54.5 53.7 39.8 39.2 73.6 72.4 552.5 545.9

11/5/04 19:15 11/05/04 19:15 330.9 326.9 48.1 47.3 34.4 33.8 63.4 62.1 476.8 470.1

11/5/04 19:30 11/05/04 19:30 287.0 283.0 42.7 41.9 29.9 29.3 55.0 53.7 414.5 407.9

11/5/04 19:45 11/05/04 19:45 248.8 244.8 37.9 37.1 26.1 25.5 47.7 46.4 360.4 353.8

11/5/04 20:00 11/05/04 20:00 217.8 213.8 33.9 33.1 22.9 22.3 41.7 40.5 316.3 309.7

11/5/04 20:15 11/05/04 20:15 194.5 190.5 30.9 30.1 20.6 20.0 37.3 36.0 283.2 276.6

11/5/04 20:30 11/05/04 20:30 177.1 173.1 28.5 27.7 18.8 18.2 33.9 32.7 258.3 251.7

11/5/04 20:45 11/05/04 20:45 161.6 157.6 26.4 25.6 17.2 16.6 30.9 29.7 236.2 229.5

11/5/04 21:00 11/05/04 21:00 148.6 144.6 24.6 23.8 15.9 15.3 28.5 27.2 217.7 211.0
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11/5/04 21:15 11/05/04 21:15 137.0 133.0 23.0 22.2 14.7 14.1 26.2 25.0 201.0 194.4

11/5/04 21:30 11/05/04 21:30 124.7 120.7 21.3 20.5 13.5 12.9 23.9 22.7 183.4 176.8

11/5/04 21:45 11/05/04 21:45 116.3 112.3 20.1 19.3 12.6 12.0 22.3 21.0 171.3 164.7

11/5/04 22:00 11/05/04 22:00 106.0 102.0 18.6 17.8 11.6 11.0 20.3 19.1 156.5 149.8

11/5/04 22:15 11/05/04 22:15 97.6 93.6 17.3 16.5 10.7 10.1 18.7 17.5 144.4 137.7

11/5/04 22:30 11/05/04 22:30 89.8 85.8 16.2 15.4 10.0 9.4 17.2 16.0 133.2 126.5

11/5/04 22:45 11/05/04 22:45 83.4 79.4 15.2 14.4 9.3 8.7 16.0 14.7 123.8 117.2

11/5/04 23:00 11/05/04 23:00 77.6 73.6 14.3 13.5 8.7 8.1 14.9 13.6 115.4 108.8

11/5/04 23:15 11/05/04 23:15 72.4 68.4 13.5 12.7 8.2 7.6 13.9 12.6 107.9 101.3

11/5/04 23:30 11/05/04 23:30 67.2 63.2 12.7 11.9 7.7 7.1 12.9 11.6 100.4 93.8

11/5/04 23:45 11/05/04 23:45 63.3 59.3 12.1 11.3 7.3 6.7 12.1 10.9 94.8 88.2

11/6/04 0:00 11/06/04 0:00 59.5 55.5 11.5 10.7 6.9 6.3 11.4 10.2 89.2 82.6

11/6/04 0:15 11/06/04 0:15 56.9 52.9 11.0 10.2 6.6 6.0 10.9 9.7 85.4 78.8

11/6/04 0:30 11/06/04 0:30 54.3 50.3 10.6 9.8 6.4 5.8 10.4 9.2 81.7 75.0

11/6/04 0:45 11/06/04 0:45 51.7 47.7 10.2 9.4 6.1 5.5 9.9 8.7 77.9 71.3

11/6/04 1:00 11/06/04 1:00 49.8 45.8 9.9 9.1 5.9 5.3 9.5 8.3 75.1 68.4

11/6/04 1:15 11/06/04 1:15 47.2 43.2 9.4 8.6 5.6 5.0 9.0 7.8 71.3 64.7

11/6/04 1:30 11/06/04 1:30 44.6 40.6 9.0 8.2 5.4 4.8 8.5 7.3 67.5 60.9

11/6/04 1:45 11/06/04 1:45 43.3 39.3 8.8 8.0 5.2 4.6 8.3 7.1 65.6 59.0

11/6/04 2:00 11/06/04 2:00 42.0 38.0 8.6 7.8 5.1 4.5 8.0 6.8 63.7 57.1

11/6/04 2:15 11/06/04 2:15 39.4 35.4 8.1 7.3 4.8 4.2 7.5 6.3 59.9 53.3

11/6/04 2:30 11/06/04 2:30 38.1 34.1 7.9 7.1 4.7 4.1 7.3 6.1 58.1 51.4

11/6/04 2:45 11/06/04 2:45 36.8 32.8 7.7 6.9 4.6 4.0 7.1 5.8 56.2 49.5

11/6/04 3:00 11/06/04 3:00 35.5 31.5 7.5 6.7 4.5 3.9 6.8 5.6 54.3 47.6

11/6/04 3:15 11/06/04 3:15 34.3 30.3 7.2 6.4 4.3 3.7 6.6 5.3 52.4 45.7

11/6/04 3:30 11/06/04 3:30 33.6 29.6 7.1 6.3 4.3 3.7 6.4 5.2 51.4 44.8

11/6/04 3:45 11/06/04 3:45 33.0 29.0 7.0 6.2 4.2 3.6 6.3 5.1 50.5 43.8

11/6/04 4:00 11/06/04 4:00 31.7 27.7 6.8 6.0 4.1 3.5 6.1 4.8 48.6 41.9

11/6/04 4:15 11/06/04 4:15 30.4 26.4 6.5 5.7 3.9 3.3 5.8 4.6 46.7 40.0

11/6/04 4:30 11/06/04 4:30 29.7 25.7 6.4 5.6 3.9 3.3 5.7 4.5 45.7 39.1

11/6/04 4:45 11/06/04 4:45 29.1 25.1 6.3 5.5 3.8 3.2 5.6 4.3 44.8 38.1

11/6/04 5:00 11/06/04 5:00 28.4 24.4 6.2 5.4 3.7 3.1 5.4 4.2 43.8 37.2

11/6/04 5:15 11/06/04 5:15 27.1 23.1 5.9 5.1 3.6 3.0 5.2 4.0 41.9 35.3

11/6/04 5:30 11/06/04 5:30 27.1 23.1 5.9 5.1 3.6 3.0 5.2 4.0 41.9 35.3

11/6/04 5:45 11/06/04 5:45 26.5 22.5 5.8 5.0 3.5 2.9 5.1 3.8 40.9 34.3

11/6/04 6:00 11/06/04 6:00 25.2 21.2 5.6 4.8 3.4 2.8 4.8 3.6 39.0 32.4

11/6/04 6:15 11/06/04 6:15 25.2 21.2 5.6 4.8 3.4 2.8 4.8 3.6 39.0 32.4

11/6/04 6:30 11/06/04 6:30 24.6 20.6 5.5 4.7 3.3 2.7 4.7 3.5 38.1 31.4

11/6/04 6:45 11/06/04 6:45 23.9 19.9 5.4 4.6 3.3 2.7 4.6 3.4 37.1 30.5

11/6/04 7:00 11/06/04 7:00 23.3 19.3 5.2 4.4 3.2 2.6 4.5 3.2 36.2 29.5

11/6/04 7:15 11/06/04 7:15 22.6 18.6 5.1 4.3 3.1 2.5 4.3 3.1 35.2 28.6

11/6/04 7:30 11/06/04 7:30 22.6 18.6 5.1 4.3 3.1 2.5 4.3 3.1 35.2 28.6

11/6/04 7:45 11/06/04 7:45 22.0 18.0 5.0 4.2 3.1 2.5 4.2 3.0 34.2 27.6

11/6/04 8:00 11/06/04 8:00 21.3 17.3 4.9 4.1 3.0 2.4 4.1 2.9 33.3 26.7

11/6/04 8:15 11/06/04 8:15 21.3 17.3 4.9 4.1 3.0 2.4 4.1 2.9 33.3 26.7

11/6/04 8:30 11/06/04 8:30 20.7 16.7 4.7 3.9 2.9 2.3 4.0 2.7 32.3 25.7

11/6/04 8:45 11/06/04 8:45 20.7 16.7 4.7 3.9 2.9 2.3 4.0 2.7 32.3 25.7

11/6/04 9:00 11/06/04 9:00 20.0 16.0 4.6 3.8 2.9 2.3 3.8 2.6 31.4 24.7

11/6/04 9:15 11/06/04 9:15 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8

11/6/04 9:30 11/06/04 9:30 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8

11/6/04 9:45 11/06/04 9:45 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/6/04 10:00 11/06/04 10:00 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/6/04 10:15 11/06/04 10:15 18.1 14.1 4.2 3.4 2.7 2.1 3.5 2.2 28.5 21.9

11/6/04 10:30 11/06/04 10:30 18.1 14.1 4.2 3.4 2.7 2.1 3.5 2.2 28.5 21.9

11/6/04 10:45 11/06/04 10:45 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/6/04 11:00 11/06/04 11:00 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/6/04 11:15 11/06/04 11:15 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/6/04 11:30 11/06/04 11:30 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/6/04 11:45 11/06/04 11:45 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/6/04 12:00 11/06/04 12:00 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/6/04 12:15 11/06/04 12:15 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/6/04 12:30 11/06/04 12:30 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/6/04 12:45 11/06/04 12:45 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/6/04 13:00 11/06/04 13:00 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/6/04 13:15 11/06/04 13:15 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/6/04 13:30 11/06/04 13:30 14.9 10.9 3.6 2.8 2.4 1.8 2.8 1.6 23.7 17.0

11/6/04 13:45 11/06/04 13:45 14.9 10.9 3.6 2.8 2.4 1.8 2.8 1.6 23.7 17.0
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11/6/04 14:00 11/06/04 14:00 14.9 10.9 3.6 2.8 2.4 1.8 2.8 1.6 23.7 17.0

11/6/04 14:15 11/06/04 14:15 14.2 10.2 3.5 2.7 2.3 1.7 2.7 1.5 22.7 16.1

11/6/04 14:30 11/06/04 14:30 14.2 10.2 3.5 2.7 2.3 1.7 2.7 1.5 22.7 16.1

11/6/04 14:45 11/06/04 14:45 14.2 10.2 3.5 2.7 2.3 1.7 2.7 1.5 22.7 16.1

11/6/04 15:00 11/06/04 15:00 14.2 10.2 3.5 2.7 2.3 1.7 2.7 1.5 22.7 16.1

11/6/04 15:15 11/06/04 15:15 14.2 10.2 3.5 2.7 2.3 1.7 2.7 1.5 22.7 16.1

11/6/04 15:30 11/06/04 15:30 13.6 9.6 3.3 2.5 2.2 1.6 2.6 1.4 21.7 15.1

11/6/04 15:45 11/06/04 15:45 13.6 9.6 3.3 2.5 2.2 1.6 2.6 1.4 21.7 15.1

11/6/04 16:00 11/06/04 16:00 13.6 9.6 3.3 2.5 2.2 1.6 2.6 1.4 21.7 15.1

11/6/04 16:15 11/06/04 16:15 13.6 9.6 3.3 2.5 2.2 1.6 2.6 1.4 21.7 15.1

11/6/04 16:30 11/06/04 16:30 13.6 9.6 3.3 2.5 2.2 1.6 2.6 1.4 21.7 15.1

11/6/04 16:45 11/06/04 16:45 12.9 8.9 3.2 2.4 2.2 1.6 2.5 1.2 20.8 14.1

11/6/04 17:00 11/06/04 17:00 12.9 8.9 3.2 2.4 2.2 1.6 2.5 1.2 20.8 14.1

11/6/04 17:15 11/06/04 17:15 12.9 8.9 3.2 2.4 2.2 1.6 2.5 1.2 20.8 14.1

11/6/04 17:30 11/06/04 17:30 12.9 8.9 3.2 2.4 2.2 1.6 2.5 1.2 20.8 14.1

11/6/04 17:45 11/06/04 17:45 12.9 8.9 3.2 2.4 2.2 1.6 2.5 1.2 20.8 14.1

11/6/04 18:00 11/06/04 18:00 12.3 8.3 3.1 2.3 2.1 1.5 2.4 1.1 19.8 13.2

11/6/04 18:15 11/06/04 18:15 12.3 8.3 3.1 2.3 2.1 1.5 2.4 1.1 19.8 13.2

11/6/04 18:30 11/06/04 18:30 12.3 8.3 3.1 2.3 2.1 1.5 2.4 1.1 19.8 13.2

11/6/04 18:45 11/06/04 18:45 12.3 8.3 3.1 2.3 2.1 1.5 2.4 1.1 19.8 13.2

11/6/04 19:00 11/06/04 19:00 12.3 8.3 3.1 2.3 2.1 1.5 2.4 1.1 19.8 13.2

11/6/04 19:15 11/06/04 19:15 11.6 7.6 2.9 2.1 2.0 1.4 2.2 1.0 18.8 12.2

11/6/04 19:30 11/06/04 19:30 11.6 7.6 2.9 2.1 2.0 1.4 2.2 1.0 18.8 12.2

11/6/04 19:45 11/06/04 19:45 11.6 7.6 2.9 2.1 2.0 1.4 2.2 1.0 18.8 12.2

11/6/04 20:00 11/06/04 20:00 11.6 7.6 2.9 2.1 2.0 1.4 2.2 1.0 18.8 12.2

11/6/04 20:15 11/06/04 20:15 11.6 7.6 2.9 2.1 2.0 1.4 2.2 1.0 18.8 12.2

11/6/04 20:30 11/06/04 20:30 11.6 7.6 2.9 2.1 2.0 1.4 2.2 1.0 18.8 12.2

11/6/04 20:45 11/06/04 20:45 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 21:00 11/06/04 21:00 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 21:15 11/06/04 21:15 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 21:30 11/06/04 21:30 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 21:45 11/06/04 21:45 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 22:00 11/06/04 22:00 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 22:15 11/06/04 22:15 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 22:30 11/06/04 22:30 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 22:45 11/06/04 22:45 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 23:00 11/06/04 23:00 11.0 7.0 2.8 2.0 2.0 1.4 2.1 0.9 17.8 11.2

11/6/04 23:15 11/06/04 23:15 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/6/04 23:30 11/06/04 23:30 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/6/04 23:45 11/06/04 23:45 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/7/04 0:00 11/07/04 0:00 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/7/04 0:15 11/07/04 0:15 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/7/04 0:30 11/07/04 0:30 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/7/04 0:45 11/07/04 0:45 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/7/04 1:00 11/07/04 1:00 10.3 6.3 2.7 1.9 1.9 1.3 2.0 0.8 16.9 10.2

11/7/04 1:15 11/07/04 1:15 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 1:30 11/07/04 1:30 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 1:45 11/07/04 1:45 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 2:00 11/07/04 2:00 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 2:15 11/07/04 2:15 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 2:30 11/07/04 2:30 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 2:45 11/07/04 2:45 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 3:00 11/07/04 3:00 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 3:15 11/07/04 3:15 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 3:30 11/07/04 3:30 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 3:45 11/07/04 3:45 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 4:00 11/07/04 4:00 9.7 5.7 2.5 1.7 1.8 1.2 1.9 0.6 15.9 9.3

11/7/04 4:15 11/07/04 4:15 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 4:30 11/07/04 4:30 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 4:45 11/07/04 4:45 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 5:00 11/07/04 5:00 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 5:15 11/07/04 5:15 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 5:30 11/07/04 5:30 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 5:45 11/07/04 5:45 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 6:00 11/07/04 6:00 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 6:15 11/07/04 6:15 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 6:30 11/07/04 6:30 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3



Date and Time Date Time

Kawaikoi 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Waiakoali 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kauaikinana 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kokee 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Combined 

Flow 

Volume 

(mgd)

Combined 

Available 

for 

Diversion 

(mgd)

11/7/04 6:45 11/07/04 6:45 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 7:00 11/07/04 7:00 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/7/04 7:15 11/07/04 7:15 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 7:30 11/07/04 7:30 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 7:45 11/07/04 7:45 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 8:00 11/07/04 8:00 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 8:15 11/07/04 8:15 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 8:30 11/07/04 8:30 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 8:45 11/07/04 8:45 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 9:00 11/07/04 9:00 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 9:15 11/07/04 9:15 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 9:30 11/07/04 9:30 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/7/04 9:45 11/07/04 9:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 10:00 11/07/04 10:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 10:15 11/07/04 10:15 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 10:30 11/07/04 10:30 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 10:45 11/07/04 10:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 11:00 11/07/04 11:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 11:15 11/07/04 11:15 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 11:30 11/07/04 11:30 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 11:45 11/07/04 11:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 12:00 11/07/04 12:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 12:15 11/07/04 12:15 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 12:30 11/07/04 12:30 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 12:45 11/07/04 12:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 13:00 11/07/04 13:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 13:15 11/07/04 13:15 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 13:30 11/07/04 13:30 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 13:45 11/07/04 13:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/7/04 14:00 11/07/04 14:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 14:15 11/07/04 14:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 14:30 11/07/04 14:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 14:45 11/07/04 14:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 15:00 11/07/04 15:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 15:15 11/07/04 15:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 15:30 11/07/04 15:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 15:45 11/07/04 15:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 16:00 11/07/04 16:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 16:15 11/07/04 16:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 16:30 11/07/04 16:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 16:45 11/07/04 16:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 17:00 11/07/04 17:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 17:15 11/07/04 17:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 17:30 11/07/04 17:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 17:45 11/07/04 17:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 18:00 11/07/04 18:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 18:15 11/07/04 18:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 18:30 11/07/04 18:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 18:45 11/07/04 18:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 19:00 11/07/04 19:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 19:15 11/07/04 19:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 19:30 11/07/04 19:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 19:45 11/07/04 19:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 20:00 11/07/04 20:00 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 20:15 11/07/04 20:15 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 20:30 11/07/04 20:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 20:45 11/07/04 20:45 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/7/04 21:00 11/07/04 21:00 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 21:15 11/07/04 21:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 21:30 11/07/04 21:30 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 21:45 11/07/04 21:45 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 22:00 11/07/04 22:00 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 22:15 11/07/04 22:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 22:30 11/07/04 22:30 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 22:45 11/07/04 22:45 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 23:00 11/07/04 23:00 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 23:15 11/07/04 23:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4
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11/7/04 23:30 11/07/04 23:30 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/7/04 23:45 11/07/04 23:45 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/8/04 0:00 11/08/04 0:00 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/8/04 0:15 11/08/04 0:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/8/04 0:30 11/08/04 0:30 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/8/04 0:45 11/08/04 0:45 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 1:00 11/08/04 1:00 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 1:15 11/08/04 1:15 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 1:30 11/08/04 1:30 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 1:45 11/08/04 1:45 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 2:00 11/08/04 2:00 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 2:15 11/08/04 2:15 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 2:30 11/08/04 2:30 6.3 2.1 1.7 0.9 1.5 0.9 1.2 0.0 10.7 3.9

11/8/04 2:45 11/08/04 2:45 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 3:00 11/08/04 3:00 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 3:15 11/08/04 3:15 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 3:30 11/08/04 3:30 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 3:45 11/08/04 3:45 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 4:00 11/08/04 4:00 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 4:15 11/08/04 4:15 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 4:30 11/08/04 4:30 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 4:45 11/08/04 4:45 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 5:00 11/08/04 5:00 6.1 2.0 1.7 0.9 1.5 0.9 1.2 0.0 10.4 3.8

11/8/04 5:15 11/08/04 5:15 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 5:30 11/08/04 5:30 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 5:45 11/08/04 5:45 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 6:00 11/08/04 6:00 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 6:15 11/08/04 6:15 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 6:30 11/08/04 6:30 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 6:45 11/08/04 6:45 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 7:00 11/08/04 7:00 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/8/04 7:15 11/08/04 7:15 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 7:30 11/08/04 7:30 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 7:45 11/08/04 7:45 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 8:00 11/08/04 8:00 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 8:15 11/08/04 8:15 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 8:30 11/08/04 8:30 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 8:45 11/08/04 8:45 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 9:00 11/08/04 9:00 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 9:15 11/08/04 9:15 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 9:30 11/08/04 9:30 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 9:45 11/08/04 9:45 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 10:00 11/08/04 10:00 5.8 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.9 3.6

11/8/04 10:15 11/08/04 10:15 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 10:30 11/08/04 10:30 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 10:45 11/08/04 10:45 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 11:00 11/08/04 11:00 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 11:15 11/08/04 11:15 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 11:30 11/08/04 11:30 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 11:45 11/08/04 11:45 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 12:00 11/08/04 12:00 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 12:15 11/08/04 12:15 5.6 1.9 1.6 0.8 1.4 0.8 1.1 0.0 9.6 3.4

11/8/04 12:30 11/08/04 12:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 12:45 11/08/04 12:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 13:00 11/08/04 13:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 13:15 11/08/04 13:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 13:30 11/08/04 13:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 13:45 11/08/04 13:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 14:00 11/08/04 14:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 14:15 11/08/04 14:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 14:30 11/08/04 14:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 14:45 11/08/04 14:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 15:00 11/08/04 15:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 15:15 11/08/04 15:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 15:30 11/08/04 15:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 15:45 11/08/04 15:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 16:00 11/08/04 16:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4
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11/8/04 16:15 11/08/04 16:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 16:30 11/08/04 16:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 16:45 11/08/04 16:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 17:00 11/08/04 17:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 17:15 11/08/04 17:15 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 17:30 11/08/04 17:30 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 17:45 11/08/04 17:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 18:00 11/08/04 18:00 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/8/04 18:15 11/08/04 18:15 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 18:30 11/08/04 18:30 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 18:45 11/08/04 18:45 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 19:00 11/08/04 19:00 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 19:15 11/08/04 19:15 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 19:30 11/08/04 19:30 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 19:45 11/08/04 19:45 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 20:00 11/08/04 20:00 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 20:15 11/08/04 20:15 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 20:30 11/08/04 20:30 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 20:45 11/08/04 20:45 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/8/04 21:00 11/08/04 21:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 21:15 11/08/04 21:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 21:30 11/08/04 21:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 21:45 11/08/04 21:45 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 22:00 11/08/04 22:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 22:15 11/08/04 22:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 22:30 11/08/04 22:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 22:45 11/08/04 22:45 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 23:00 11/08/04 23:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 23:15 11/08/04 23:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 23:30 11/08/04 23:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/8/04 23:45 11/08/04 23:45 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 0:00 11/09/04 0:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 0:15 11/09/04 0:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 0:30 11/09/04 0:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 0:45 11/09/04 0:45 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 1:00 11/09/04 1:00 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 1:15 11/09/04 1:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 1:30 11/09/04 1:30 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/9/04 1:45 11/09/04 1:45 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 2:00 11/09/04 2:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 2:15 11/09/04 2:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 2:30 11/09/04 2:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 2:45 11/09/04 2:45 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 3:00 11/09/04 3:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 3:15 11/09/04 3:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 3:30 11/09/04 3:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 3:45 11/09/04 3:45 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 4:00 11/09/04 4:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 4:15 11/09/04 4:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 4:30 11/09/04 4:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 4:45 11/09/04 4:45 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 5:00 11/09/04 5:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 5:15 11/09/04 5:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 5:30 11/09/04 5:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 5:45 11/09/04 5:45 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 6:00 11/09/04 6:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 6:15 11/09/04 6:15 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 6:30 11/09/04 6:30 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/9/04 6:45 11/09/04 6:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 7:00 11/09/04 7:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 7:15 11/09/04 7:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 7:30 11/09/04 7:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 7:45 11/09/04 7:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 8:00 11/09/04 8:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 8:15 11/09/04 8:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 8:30 11/09/04 8:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 8:45 11/09/04 8:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9
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11/9/04 9:00 11/09/04 9:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 9:15 11/09/04 9:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 9:30 11/09/04 9:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 9:45 11/09/04 9:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 10:00 11/09/04 10:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 10:15 11/09/04 10:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 10:30 11/09/04 10:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 10:45 11/09/04 10:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 11:00 11/09/04 11:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 11:15 11/09/04 11:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 11:30 11/09/04 11:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 11:45 11/09/04 11:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 12:00 11/09/04 12:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 12:15 11/09/04 12:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 12:30 11/09/04 12:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 12:45 11/09/04 12:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 13:00 11/09/04 13:00 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/9/04 13:15 11/09/04 13:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 13:30 11/09/04 13:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 13:45 11/09/04 13:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 14:00 11/09/04 14:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 14:15 11/09/04 14:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 14:30 11/09/04 14:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 14:45 11/09/04 14:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 15:00 11/09/04 15:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 15:15 11/09/04 15:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 15:30 11/09/04 15:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 15:45 11/09/04 15:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 16:00 11/09/04 16:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 16:15 11/09/04 16:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 16:30 11/09/04 16:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 16:45 11/09/04 16:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 17:00 11/09/04 17:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 17:15 11/09/04 17:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 17:30 11/09/04 17:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 17:45 11/09/04 17:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 18:00 11/09/04 18:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 18:15 11/09/04 18:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 18:30 11/09/04 18:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 18:45 11/09/04 18:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 19:00 11/09/04 19:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 19:15 11/09/04 19:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 19:30 11/09/04 19:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 19:45 11/09/04 19:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 20:00 11/09/04 20:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 20:15 11/09/04 20:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 20:30 11/09/04 20:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 20:45 11/09/04 20:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 21:00 11/09/04 21:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 21:15 11/09/04 21:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 21:30 11/09/04 21:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 21:45 11/09/04 21:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 22:00 11/09/04 22:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 22:15 11/09/04 22:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 22:30 11/09/04 22:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 22:45 11/09/04 22:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 23:00 11/09/04 23:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 23:15 11/09/04 23:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 23:30 11/09/04 23:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/9/04 23:45 11/09/04 23:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/10/04 0:00 11/10/04 0:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/10/04 0:15 11/10/04 0:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/10/04 0:30 11/10/04 0:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/10/04 0:45 11/10/04 0:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/10/04 1:00 11/10/04 1:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/10/04 1:15 11/10/04 1:15 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/10/04 1:30 11/10/04 1:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7
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11/10/04 1:45 11/10/04 1:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 2:00 11/10/04 2:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 2:15 11/10/04 2:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 2:30 11/10/04 2:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 2:45 11/10/04 2:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 3:00 11/10/04 3:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 3:15 11/10/04 3:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 3:30 11/10/04 3:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 3:45 11/10/04 3:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 4:00 11/10/04 4:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 4:15 11/10/04 4:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 4:30 11/10/04 4:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 4:45 11/10/04 4:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 5:00 11/10/04 5:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 5:15 11/10/04 5:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 5:30 11/10/04 5:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 5:45 11/10/04 5:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 6:00 11/10/04 6:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 6:15 11/10/04 6:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 6:30 11/10/04 6:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 6:45 11/10/04 6:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 7:00 11/10/04 7:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 7:15 11/10/04 7:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 7:30 11/10/04 7:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 7:45 11/10/04 7:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 8:00 11/10/04 8:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 8:15 11/10/04 8:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 8:30 11/10/04 8:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 8:45 11/10/04 8:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 9:00 11/10/04 9:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 9:15 11/10/04 9:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 9:30 11/10/04 9:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 9:45 11/10/04 9:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 10:00 11/10/04 10:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/10/04 10:15 11/10/04 10:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 10:30 11/10/04 10:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 10:45 11/10/04 10:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 11:00 11/10/04 11:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 11:15 11/10/04 11:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 11:30 11/10/04 11:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 11:45 11/10/04 11:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 12:00 11/10/04 12:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 12:15 11/10/04 12:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 12:30 11/10/04 12:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 12:45 11/10/04 12:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 13:00 11/10/04 13:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 13:15 11/10/04 13:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 13:30 11/10/04 13:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 13:45 11/10/04 13:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 14:00 11/10/04 14:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 14:15 11/10/04 14:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 14:30 11/10/04 14:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 14:45 11/10/04 14:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 15:00 11/10/04 15:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 15:15 11/10/04 15:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 15:30 11/10/04 15:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 15:45 11/10/04 15:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 16:00 11/10/04 16:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 16:15 11/10/04 16:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 16:30 11/10/04 16:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 16:45 11/10/04 16:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 17:00 11/10/04 17:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 17:15 11/10/04 17:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 17:30 11/10/04 17:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 17:45 11/10/04 17:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 18:00 11/10/04 18:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 18:15 11/10/04 18:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6
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11/10/04 18:30 11/10/04 18:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 18:45 11/10/04 18:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 19:00 11/10/04 19:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 19:15 11/10/04 19:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 19:30 11/10/04 19:30 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 19:45 11/10/04 19:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/10/04 20:00 11/10/04 20:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 20:15 11/10/04 20:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 20:30 11/10/04 20:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 20:45 11/10/04 20:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 21:00 11/10/04 21:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 21:15 11/10/04 21:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 21:30 11/10/04 21:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 21:45 11/10/04 21:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 22:00 11/10/04 22:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 22:15 11/10/04 22:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 22:30 11/10/04 22:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 22:45 11/10/04 22:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 23:00 11/10/04 23:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 23:15 11/10/04 23:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 23:30 11/10/04 23:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/10/04 23:45 11/10/04 23:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 0:00 11/11/04 0:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 0:15 11/11/04 0:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 0:30 11/11/04 0:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 0:45 11/11/04 0:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 1:00 11/11/04 1:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 1:15 11/11/04 1:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 1:30 11/11/04 1:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 1:45 11/11/04 1:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 2:00 11/11/04 2:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 2:15 11/11/04 2:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 2:30 11/11/04 2:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 2:45 11/11/04 2:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 3:00 11/11/04 3:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 3:15 11/11/04 3:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 3:30 11/11/04 3:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 3:45 11/11/04 3:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 4:00 11/11/04 4:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 4:15 11/11/04 4:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 4:30 11/11/04 4:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 4:45 11/11/04 4:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 5:00 11/11/04 5:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 5:15 11/11/04 5:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 5:30 11/11/04 5:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 5:45 11/11/04 5:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 6:00 11/11/04 6:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 6:15 11/11/04 6:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 6:30 11/11/04 6:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 6:45 11/11/04 6:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 7:00 11/11/04 7:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 7:15 11/11/04 7:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 7:30 11/11/04 7:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 7:45 11/11/04 7:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 8:00 11/11/04 8:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 8:15 11/11/04 8:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 8:30 11/11/04 8:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/11/04 8:45 11/11/04 8:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 9:00 11/11/04 9:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 9:15 11/11/04 9:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 9:30 11/11/04 9:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 9:45 11/11/04 9:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 10:00 11/11/04 10:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 10:15 11/11/04 10:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 10:30 11/11/04 10:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 10:45 11/11/04 10:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 11:00 11/11/04 11:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4
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11/11/04 11:15 11/11/04 11:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 11:30 11/11/04 11:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 11:45 11/11/04 11:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 12:00 11/11/04 12:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 12:15 11/11/04 12:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 12:30 11/11/04 12:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 12:45 11/11/04 12:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 13:00 11/11/04 13:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 13:15 11/11/04 13:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 13:30 11/11/04 13:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 13:45 11/11/04 13:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 14:00 11/11/04 14:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 14:15 11/11/04 14:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 14:30 11/11/04 14:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 14:45 11/11/04 14:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 15:00 11/11/04 15:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 15:15 11/11/04 15:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 15:30 11/11/04 15:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 15:45 11/11/04 15:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 16:00 11/11/04 16:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 16:15 11/11/04 16:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 16:30 11/11/04 16:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 16:45 11/11/04 16:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 17:00 11/11/04 17:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 17:15 11/11/04 17:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 17:30 11/11/04 17:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 17:45 11/11/04 17:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 18:00 11/11/04 18:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 18:15 11/11/04 18:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 18:30 11/11/04 18:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 18:45 11/11/04 18:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 19:00 11/11/04 19:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 19:15 11/11/04 19:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 19:30 11/11/04 19:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 19:45 11/11/04 19:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 20:00 11/11/04 20:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 20:15 11/11/04 20:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 20:30 11/11/04 20:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 20:45 11/11/04 20:45 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 21:00 11/11/04 21:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/11/04 21:15 11/11/04 21:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 21:30 11/11/04 21:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 21:45 11/11/04 21:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 22:00 11/11/04 22:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 22:15 11/11/04 22:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 22:30 11/11/04 22:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 22:45 11/11/04 22:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 23:00 11/11/04 23:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 23:15 11/11/04 23:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 23:30 11/11/04 23:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/11/04 23:45 11/11/04 23:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 0:00 11/12/04 0:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 0:15 11/12/04 0:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 0:30 11/12/04 0:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 0:45 11/12/04 0:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 1:00 11/12/04 1:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 1:15 11/12/04 1:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 1:30 11/12/04 1:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 1:45 11/12/04 1:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 2:00 11/12/04 2:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 2:15 11/12/04 2:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 2:30 11/12/04 2:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 2:45 11/12/04 2:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 3:00 11/12/04 3:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 3:15 11/12/04 3:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 3:30 11/12/04 3:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 3:45 11/12/04 3:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4
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11/12/04 4:00 11/12/04 4:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 4:15 11/12/04 4:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 4:30 11/12/04 4:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 4:45 11/12/04 4:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 5:00 11/12/04 5:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 5:15 11/12/04 5:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 5:30 11/12/04 5:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 5:45 11/12/04 5:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 6:00 11/12/04 6:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 6:15 11/12/04 6:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 6:30 11/12/04 6:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 6:45 11/12/04 6:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 7:00 11/12/04 7:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 7:15 11/12/04 7:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 7:30 11/12/04 7:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 7:45 11/12/04 7:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 8:00 11/12/04 8:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 8:15 11/12/04 8:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 8:30 11/12/04 8:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 8:45 11/12/04 8:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 9:00 11/12/04 9:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 9:15 11/12/04 9:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 9:30 11/12/04 9:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 9:45 11/12/04 9:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 10:00 11/12/04 10:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 10:15 11/12/04 10:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 10:30 11/12/04 10:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/12/04 10:45 11/12/04 10:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 11:00 11/12/04 11:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 11:15 11/12/04 11:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 11:30 11/12/04 11:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 11:45 11/12/04 11:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 12:00 11/12/04 12:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 12:15 11/12/04 12:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 12:30 11/12/04 12:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 12:45 11/12/04 12:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 13:00 11/12/04 13:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 13:15 11/12/04 13:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 13:30 11/12/04 13:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 13:45 11/12/04 13:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 14:00 11/12/04 14:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 14:15 11/12/04 14:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 14:30 11/12/04 14:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 14:45 11/12/04 14:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 15:00 11/12/04 15:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 15:15 11/12/04 15:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 15:30 11/12/04 15:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 15:45 11/12/04 15:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 16:00 11/12/04 16:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 16:15 11/12/04 16:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 16:30 11/12/04 16:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 16:45 11/12/04 16:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 17:00 11/12/04 17:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 17:15 11/12/04 17:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 17:30 11/12/04 17:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 17:45 11/12/04 17:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 18:00 11/12/04 18:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 18:15 11/12/04 18:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 18:30 11/12/04 18:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 18:45 11/12/04 18:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 19:00 11/12/04 19:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 19:15 11/12/04 19:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 19:30 11/12/04 19:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 19:45 11/12/04 19:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 20:00 11/12/04 20:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 20:15 11/12/04 20:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 20:30 11/12/04 20:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3
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11/12/04 20:45 11/12/04 20:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 21:00 11/12/04 21:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 21:15 11/12/04 21:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 21:30 11/12/04 21:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 21:45 11/12/04 21:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 22:00 11/12/04 22:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 22:15 11/12/04 22:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 22:30 11/12/04 22:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 22:45 11/12/04 22:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 23:00 11/12/04 23:00 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 23:15 11/12/04 23:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 23:30 11/12/04 23:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/12/04 23:45 11/12/04 23:45 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/13/04 0:00 11/13/04 0:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 0:15 11/13/04 0:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 0:30 11/13/04 0:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 0:45 11/13/04 0:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 1:00 11/13/04 1:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 1:15 11/13/04 1:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 1:30 11/13/04 1:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 1:45 11/13/04 1:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 2:00 11/13/04 2:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 2:15 11/13/04 2:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 2:30 11/13/04 2:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 2:45 11/13/04 2:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 3:00 11/13/04 3:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 3:15 11/13/04 3:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 3:30 11/13/04 3:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 3:45 11/13/04 3:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 4:00 11/13/04 4:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 4:15 11/13/04 4:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 4:30 11/13/04 4:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 4:45 11/13/04 4:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 5:00 11/13/04 5:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 5:15 11/13/04 5:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 5:30 11/13/04 5:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 5:45 11/13/04 5:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 6:00 11/13/04 6:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 6:15 11/13/04 6:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 6:30 11/13/04 6:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 6:45 11/13/04 6:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 7:00 11/13/04 7:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 7:15 11/13/04 7:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 7:30 11/13/04 7:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 7:45 11/13/04 7:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 8:00 11/13/04 8:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 8:15 11/13/04 8:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 8:30 11/13/04 8:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 8:45 11/13/04 8:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 9:00 11/13/04 9:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 9:15 11/13/04 9:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 9:30 11/13/04 9:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 9:45 11/13/04 9:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 10:00 11/13/04 10:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 10:15 11/13/04 10:15 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 10:30 11/13/04 10:30 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 10:45 11/13/04 10:45 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 11:00 11/13/04 11:00 3.7 1.2 1.1 0.4 1.2 0.6 0.7 0.0 6.7 2.2

11/13/04 11:15 11/13/04 11:15 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/13/04 11:30 11/13/04 11:30 3.8 1.3 1.2 0.4 1.2 0.6 0.7 0.0 6.9 2.3

11/13/04 11:45 11/13/04 11:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/13/04 12:00 11/13/04 12:00 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/13/04 12:15 11/13/04 12:15 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/13/04 12:30 11/13/04 12:30 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/13/04 12:45 11/13/04 12:45 3.9 1.3 1.2 0.4 1.3 0.7 0.8 0.0 7.1 2.4

11/13/04 13:00 11/13/04 13:00 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/13/04 13:15 11/13/04 13:15 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4
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11/13/04 13:30 11/13/04 13:30 4.1 1.4 1.2 0.4 1.3 0.7 0.8 0.0 7.3 2.4

11/13/04 13:45 11/13/04 13:45 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/13/04 14:00 11/13/04 14:00 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/13/04 14:15 11/13/04 14:15 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/13/04 14:30 11/13/04 14:30 4.2 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.5 2.5

11/13/04 14:45 11/13/04 14:45 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/13/04 15:00 11/13/04 15:00 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/13/04 15:15 11/13/04 15:15 4.3 1.4 1.3 0.4 1.3 0.7 0.8 0.0 7.7 2.6

11/13/04 15:30 11/13/04 15:30 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/13/04 15:45 11/13/04 15:45 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/13/04 16:00 11/13/04 16:00 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/13/04 16:15 11/13/04 16:15 4.5 1.5 1.3 0.5 1.3 0.7 0.9 0.0 8.0 2.7

11/13/04 16:30 11/13/04 16:30 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/13/04 16:45 11/13/04 16:45 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/13/04 17:00 11/13/04 17:00 4.7 1.5 1.4 0.6 1.3 0.7 0.9 0.0 8.2 2.8

11/13/04 17:15 11/13/04 17:15 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/13/04 17:30 11/13/04 17:30 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/13/04 17:45 11/13/04 17:45 4.8 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.4 2.9

11/13/04 18:00 11/13/04 18:00 4.9 1.6 1.4 0.6 1.3 0.7 0.9 0.0 8.6 3.0

11/13/04 18:15 11/13/04 18:15 5.1 1.7 1.5 0.7 1.4 0.8 1.0 0.0 8.9 3.1

11/13/04 18:30 11/13/04 18:30 5.2 1.7 1.5 0.7 1.4 0.8 1.0 0.0 9.1 3.2

11/13/04 18:45 11/13/04 18:45 5.4 1.8 1.5 0.7 1.4 0.8 1.0 0.0 9.4 3.4

11/13/04 19:00 11/13/04 19:00 5.9 2.0 1.7 0.9 1.4 0.8 1.1 0.0 10.1 3.7

11/13/04 19:15 11/13/04 19:15 6.5 2.5 1.8 1.0 1.5 0.9 1.2 0.0 11.0 4.4

11/13/04 19:30 11/13/04 19:30 7.1 3.1 1.9 1.1 1.6 1.0 1.4 0.1 12.0 5.4

11/13/04 19:45 11/13/04 19:45 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/13/04 20:00 11/13/04 20:00 7.8 3.8 2.1 1.3 1.6 1.0 1.5 0.3 13.0 6.3

11/13/04 20:15 11/13/04 20:15 8.4 4.4 2.2 1.4 1.7 1.1 1.6 0.4 13.9 7.3

11/13/04 20:30 11/13/04 20:30 9.0 5.0 2.4 1.6 1.8 1.2 1.7 0.5 14.9 8.3

11/13/04 20:45 11/13/04 20:45 33.6 29.6 7.1 6.3 4.3 3.7 6.4 5.2 51.4 44.8

11/13/04 21:00 11/13/04 21:00 86.6 82.6 15.7 14.9 9.6 9.0 16.6 15.4 128.5 121.9

11/13/04 21:15 11/13/04 21:15 94.4 90.4 16.9 16.1 10.4 9.8 18.1 16.8 139.7 133.1

11/13/04 21:30 11/13/04 21:30 208.1 204.1 32.6 31.8 21.9 21.3 39.9 38.6 302.5 295.9

11/13/04 21:45 11/13/04 21:45 288.9 284.9 42.9 42.1 30.1 29.5 55.3 54.1 417.3 410.7

11/13/04 22:00 11/13/04 22:00 298.6 294.6 44.1 43.3 31.1 30.5 57.2 56.0 431.0 424.4

11/13/04 22:15 11/13/04 22:15 298.6 294.6 44.1 43.3 31.1 30.5 57.2 56.0 431.0 424.4

11/13/04 22:30 11/13/04 22:30 301.2 297.2 44.5 43.7 31.4 30.8 57.7 56.4 434.7 428.1

11/13/04 22:45 11/13/04 22:45 296.0 292.0 43.8 43.0 30.8 30.2 56.7 55.5 427.4 420.7

11/13/04 23:00 11/13/04 23:00 279.8 275.8 41.8 41.0 29.2 28.6 53.6 52.4 404.5 397.8

11/13/04 23:15 11/13/04 23:15 263.7 259.7 39.8 39.0 27.6 27.0 50.5 49.3 381.5 374.9

11/13/04 23:30 11/13/04 23:30 252.7 248.7 38.4 37.6 26.5 25.9 48.4 47.2 365.9 359.3

11/13/04 23:45 11/13/04 23:45 248.8 244.8 37.9 37.1 26.1 25.5 47.7 46.4 360.4 353.8

11/14/04 0:00 11/14/04 0:00 252.7 248.7 38.4 37.6 26.5 25.9 48.4 47.2 365.9 359.3

11/14/04 0:15 11/14/04 0:15 279.8 275.8 41.8 41.0 29.2 28.6 53.6 52.4 404.5 397.8

11/14/04 0:30 11/14/04 0:30 338.7 334.7 49.0 48.2 35.2 34.6 64.9 63.6 487.7 481.1

11/14/04 0:45 11/14/04 0:45 379.4 375.4 53.9 53.1 39.3 38.7 72.7 71.4 545.2 538.6

11/14/04 1:00 11/14/04 1:00 394.2 390.2 55.7 54.9 40.8 40.2 75.5 74.3 566.2 559.6

11/14/04 1:15 11/14/04 1:15 394.2 390.2 55.7 54.9 40.8 40.2 75.5 74.3 566.2 559.6

11/14/04 1:30 11/14/04 1:30 391.7 387.7 55.4 54.6 40.5 39.9 75.0 73.8 562.6 555.9

11/14/04 1:45 11/14/04 1:45 407.2 403.2 57.2 56.4 42.1 41.5 78.0 76.7 584.5 577.8

11/14/04 2:00 11/14/04 2:00 462.1 458.1 63.6 62.8 47.7 47.1 88.5 87.3 661.9 655.2

11/14/04 2:15 11/14/04 2:15 515.1 511.1 69.6 68.8 53.0 52.4 98.6 97.4 736.4 729.8

11/14/04 2:30 11/14/04 2:30 538.4 534.4 72.3 71.5 55.4 54.8 103.1 101.9 769.1 762.5

11/14/04 2:45 11/14/04 2:45 550.0 546.0 73.6 72.8 56.6 56.0 105.3 104.1 785.5 778.8

11/14/04 3:00 11/14/04 3:00 529.3 525.3 71.2 70.4 54.5 53.9 101.4 100.1 756.4 749.8

11/14/04 3:15 11/14/04 3:15 481.5 477.5 65.8 65.0 49.6 49.0 92.2 91.0 689.1 682.5

11/14/04 3:30 11/14/04 3:30 430.4 426.4 59.9 59.1 44.5 43.9 82.4 81.2 617.3 610.6

11/14/04 3:45 11/14/04 3:45 391.7 387.7 55.4 54.6 40.5 39.9 75.0 73.8 562.6 555.9

11/14/04 4:00 11/14/04 4:00 360.0 356.0 51.6 50.8 37.3 36.7 68.9 67.7 517.9 511.2

11/14/04 4:15 11/14/04 4:15 330.9 326.9 48.1 47.3 34.4 33.8 63.4 62.1 476.8 470.1

11/14/04 4:30 11/14/04 4:30 313.5 309.5 46.0 45.2 32.6 32.0 60.0 58.8 452.1 445.4

11/14/04 4:45 11/14/04 4:45 296.0 292.0 43.8 43.0 30.8 30.2 56.7 55.5 427.4 420.7

11/14/04 5:00 11/14/04 5:00 282.4 278.4 42.1 41.3 29.5 28.9 54.1 52.9 408.1 401.5

11/14/04 5:15 11/14/04 5:15 270.8 266.8 40.7 39.9 28.3 27.7 51.9 50.6 391.6 385.0

11/14/04 5:30 11/14/04 5:30 259.2 255.2 39.2 38.4 27.1 26.5 49.6 48.4 375.1 368.5

11/14/04 5:45 11/14/04 5:45 255.3 251.3 38.7 37.9 26.7 26.1 48.9 47.7 369.6 363.0

11/14/04 6:00 11/14/04 6:00 259.2 255.2 39.2 38.4 27.1 26.5 49.6 48.4 375.1 368.5
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11/14/04 6:15 11/14/04 6:15 263.7 259.7 39.8 39.0 27.6 27.0 50.5 49.3 381.5 374.9

11/14/04 6:30 11/14/04 6:30 261.8 257.8 39.5 38.7 27.4 26.8 50.1 48.9 378.8 372.2

11/14/04 6:45 11/14/04 6:45 257.2 253.2 39.0 38.2 26.9 26.3 49.3 48.0 372.4 365.7

11/14/04 7:00 11/14/04 7:00 250.8 246.8 38.2 37.4 26.3 25.7 48.0 46.8 363.2 356.6

11/14/04 7:15 11/14/04 7:15 244.3 240.3 37.3 36.5 25.6 25.0 46.8 45.6 354.0 347.4

11/14/04 7:30 11/14/04 7:30 239.8 235.8 36.8 36.0 25.1 24.5 45.9 44.7 347.6 341.0

11/14/04 7:45 11/14/04 7:45 237.8 233.8 36.5 35.7 24.9 24.3 45.5 44.3 344.8 338.2

11/14/04 8:00 11/14/04 8:00 239.8 235.8 36.8 36.0 25.1 24.5 45.9 44.7 347.6 341.0

11/14/04 8:15 11/14/04 8:15 250.8 246.8 38.2 37.4 26.3 25.7 48.0 46.8 363.2 356.6

11/14/04 8:30 11/14/04 8:30 261.8 257.8 39.5 38.7 27.4 26.8 50.1 48.9 378.8 372.2

11/14/04 8:45 11/14/04 8:45 270.8 266.8 40.7 39.9 28.3 27.7 51.9 50.6 391.6 385.0

11/14/04 9:00 11/14/04 9:00 277.3 273.3 41.5 40.7 28.9 28.3 53.1 51.9 400.8 394.2

11/14/04 9:15 11/14/04 9:15 277.3 273.3 41.5 40.7 28.9 28.3 53.1 51.9 400.8 394.2

11/14/04 9:30 11/14/04 9:30 268.2 264.2 40.4 39.6 28.0 27.4 51.4 50.1 388.0 381.3

11/14/04 9:45 11/14/04 9:45 255.3 251.3 38.7 37.9 26.7 26.1 48.9 47.7 369.6 363.0

11/14/04 10:00 11/14/04 10:00 237.8 233.8 36.5 35.7 24.9 24.3 45.5 44.3 344.8 338.2

11/14/04 10:15 11/14/04 10:15 221.7 217.7 34.4 33.6 23.3 22.7 42.5 41.2 321.9 315.2

11/14/04 10:30 11/14/04 10:30 206.2 202.2 32.4 31.6 21.7 21.1 39.5 38.3 299.8 293.2

11/14/04 10:45 11/14/04 10:45 191.3 187.3 30.4 29.6 20.2 19.6 36.6 35.4 278.6 272.0

11/14/04 11:00 11/14/04 11:00 178.4 174.4 28.7 27.9 18.9 18.3 34.2 32.9 260.2 253.5

11/14/04 11:15 11/14/04 11:15 166.7 162.7 27.1 26.3 17.7 17.1 31.9 30.7 243.5 236.9

11/14/04 11:30 11/14/04 11:30 156.4 152.4 25.7 24.9 16.7 16.1 30.0 28.7 228.8 222.1

11/14/04 11:45 11/14/04 11:45 147.4 143.4 24.5 23.7 15.8 15.2 28.2 27.0 215.8 209.2

11/14/04 12:00 11/14/04 12:00 137.0 133.0 23.0 22.2 14.7 14.1 26.2 25.0 201.0 194.4

11/14/04 12:15 11/14/04 12:15 128.0 124.0 21.7 20.9 13.8 13.2 24.5 23.3 188.0 181.4

11/14/04 12:30 11/14/04 12:30 119.6 115.6 20.5 19.7 13.0 12.4 22.9 21.7 176.0 169.3

11/14/04 12:45 11/14/04 12:45 113.1 109.1 19.6 18.8 12.3 11.7 21.7 20.4 166.7 160.1

11/14/04 13:00 11/14/04 13:00 106.0 102.0 18.6 17.8 11.6 11.0 20.3 19.1 156.5 149.8

11/14/04 13:15 11/14/04 13:15 97.6 93.6 17.3 16.5 10.7 10.1 18.7 17.5 144.4 137.7

11/14/04 13:30 11/14/04 13:30 93.1 89.1 16.7 15.9 10.3 9.7 17.8 16.6 137.8 131.2

11/14/04 13:45 11/14/04 13:45 86.6 82.6 15.7 14.9 9.6 9.0 16.6 15.4 128.5 121.9

11/14/04 14:00 11/14/04 14:00 80.8 76.8 14.8 14.0 9.0 8.4 15.5 14.2 120.1 113.5

11/14/04 14:15 11/14/04 14:15 76.3 72.3 14.1 13.3 8.6 8.0 14.6 13.4 113.6 106.9

11/14/04 14:30 11/14/04 14:30 72.4 68.4 13.5 12.7 8.2 7.6 13.9 12.6 107.9 101.3

11/14/04 14:45 11/14/04 14:45 69.8 65.8 13.1 12.3 7.9 7.3 13.4 12.1 104.2 97.6

11/14/04 15:00 11/14/04 15:00 65.9 61.9 12.5 11.7 7.5 6.9 12.6 11.4 98.6 91.9

11/14/04 15:15 11/14/04 15:15 63.3 59.3 12.1 11.3 7.3 6.7 12.1 10.9 94.8 88.2

11/14/04 15:30 11/14/04 15:30 60.8 56.8 11.7 10.9 7.0 6.4 11.6 10.4 91.1 84.4

11/14/04 15:45 11/14/04 15:45 58.8 54.8 11.4 10.6 6.8 6.2 11.3 10.0 88.2 81.6

11/14/04 16:00 11/14/04 16:00 56.9 52.9 11.0 10.2 6.6 6.0 10.9 9.7 85.4 78.8

11/14/04 16:15 11/14/04 16:15 54.9 50.9 10.7 9.9 6.4 5.8 10.5 9.3 82.6 76.0

11/14/04 16:30 11/14/04 16:30 53.0 49.0 10.4 9.6 6.2 5.6 10.1 8.9 79.8 73.1

11/14/04 16:45 11/14/04 16:45 52.4 48.4 10.3 9.5 6.2 5.6 10.0 8.8 78.8 72.2

11/14/04 17:00 11/14/04 17:00 50.4 46.4 10.0 9.2 6.0 5.4 9.7 8.4 76.0 69.4

11/14/04 17:15 11/14/04 17:15 49.8 45.8 9.9 9.1 5.9 5.3 9.5 8.3 75.1 68.4

11/14/04 17:30 11/14/04 17:30 47.8 43.8 9.6 8.8 5.7 5.1 9.2 7.9 72.2 65.6

11/14/04 17:45 11/14/04 17:45 47.2 43.2 9.4 8.6 5.6 5.0 9.0 7.8 71.3 64.7

11/14/04 18:00 11/14/04 18:00 46.5 42.5 9.3 8.5 5.6 5.0 8.9 7.7 70.3 63.7

11/14/04 18:15 11/14/04 18:15 45.9 41.9 9.2 8.4 5.5 4.9 8.8 7.6 69.4 62.8

11/14/04 18:30 11/14/04 18:30 44.6 40.6 9.0 8.2 5.4 4.8 8.5 7.3 67.5 60.9

11/14/04 18:45 11/14/04 18:45 43.3 39.3 8.8 8.0 5.2 4.6 8.3 7.1 65.6 59.0

11/14/04 19:00 11/14/04 19:00 42.7 38.7 8.7 7.9 5.2 4.6 8.2 6.9 64.7 58.0

11/14/04 19:15 11/14/04 19:15 42.0 38.0 8.6 7.8 5.1 4.5 8.0 6.8 63.7 57.1

11/14/04 19:30 11/14/04 19:30 40.7 36.7 8.3 7.5 5.0 4.4 7.8 6.6 61.8 55.2

11/14/04 19:45 11/14/04 19:45 40.1 36.1 8.2 7.4 4.9 4.3 7.7 6.4 60.9 54.3

11/14/04 20:00 11/14/04 20:00 39.4 35.4 8.1 7.3 4.8 4.2 7.5 6.3 59.9 53.3

11/14/04 20:15 11/14/04 20:15 38.8 34.8 8.0 7.2 4.8 4.2 7.4 6.2 59.0 52.4

11/14/04 20:30 11/14/04 20:30 38.1 34.1 7.9 7.1 4.7 4.1 7.3 6.1 58.1 51.4

11/14/04 20:45 11/14/04 20:45 36.8 32.8 7.7 6.9 4.6 4.0 7.1 5.8 56.2 49.5

11/14/04 21:00 11/14/04 21:00 36.8 32.8 7.7 6.9 4.6 4.0 7.1 5.8 56.2 49.5

11/14/04 21:15 11/14/04 21:15 35.5 31.5 7.5 6.7 4.5 3.9 6.8 5.6 54.3 47.6

11/14/04 21:30 11/14/04 21:30 34.9 30.9 7.3 6.5 4.4 3.8 6.7 5.5 53.3 46.7

11/14/04 21:45 11/14/04 21:45 34.3 30.3 7.2 6.4 4.3 3.7 6.6 5.3 52.4 45.7

11/14/04 22:00 11/14/04 22:00 33.6 29.6 7.1 6.3 4.3 3.7 6.4 5.2 51.4 44.8

11/14/04 22:15 11/14/04 22:15 33.6 29.6 7.1 6.3 4.3 3.7 6.4 5.2 51.4 44.8

11/14/04 22:30 11/14/04 22:30 33.0 29.0 7.0 6.2 4.2 3.6 6.3 5.1 50.5 43.8

11/14/04 22:45 11/14/04 22:45 33.0 29.0 7.0 6.2 4.2 3.6 6.3 5.1 50.5 43.8



Date and Time Date Time

Kawaikoi 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Waiakoali 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kauaikinana 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Kokee 

(mgd)

total daily 

volume 

available for 

diversion 

(mgd)

Combined 

Flow 

Volume 

(mgd)

Combined 

Available 

for 

Diversion 

(mgd)

11/14/04 23:00 11/14/04 23:00 31.7 27.7 6.8 6.0 4.1 3.5 6.1 4.8 48.6 41.9

11/14/04 23:15 11/14/04 23:15 31.7 27.7 6.8 6.0 4.1 3.5 6.1 4.8 48.6 41.9

11/14/04 23:30 11/14/04 23:30 31.0 27.0 6.7 5.9 4.0 3.4 5.9 4.7 47.6 41.0

11/14/04 23:45 11/14/04 23:45 30.4 26.4 6.5 5.7 3.9 3.3 5.8 4.6 46.7 40.0

11/15/04 0:00 11/15/04 0:00 29.7 25.7 6.4 5.6 3.9 3.3 5.7 4.5 45.7 39.1

11/15/04 0:15 11/15/04 0:15 29.7 25.7 6.4 5.6 3.9 3.3 5.7 4.5 45.7 39.1

11/15/04 0:30 11/15/04 0:30 29.1 25.1 6.3 5.5 3.8 3.2 5.6 4.3 44.8 38.1

11/15/04 0:45 11/15/04 0:45 28.4 24.4 6.2 5.4 3.7 3.1 5.4 4.2 43.8 37.2

11/15/04 1:00 11/15/04 1:00 27.8 23.8 6.1 5.3 3.7 3.1 5.3 4.1 42.8 36.2

11/15/04 1:15 11/15/04 1:15 27.1 23.1 5.9 5.1 3.6 3.0 5.2 4.0 41.9 35.3

11/15/04 1:30 11/15/04 1:30 27.1 23.1 5.9 5.1 3.6 3.0 5.2 4.0 41.9 35.3

11/15/04 1:45 11/15/04 1:45 26.5 22.5 5.8 5.0 3.5 2.9 5.1 3.8 40.9 34.3

11/15/04 2:00 11/15/04 2:00 25.9 21.9 5.7 4.9 3.5 2.9 5.0 3.7 40.0 33.4

11/15/04 2:15 11/15/04 2:15 25.2 21.2 5.6 4.8 3.4 2.8 4.8 3.6 39.0 32.4

11/15/04 2:30 11/15/04 2:30 25.2 21.2 5.6 4.8 3.4 2.8 4.8 3.6 39.0 32.4

11/15/04 2:45 11/15/04 2:45 24.6 20.6 5.5 4.7 3.3 2.7 4.7 3.5 38.1 31.4

11/15/04 3:00 11/15/04 3:00 24.6 20.6 5.5 4.7 3.3 2.7 4.7 3.5 38.1 31.4

11/15/04 3:15 11/15/04 3:15 23.9 19.9 5.4 4.6 3.3 2.7 4.6 3.4 37.1 30.5

11/15/04 3:30 11/15/04 3:30 23.9 19.9 5.4 4.6 3.3 2.7 4.6 3.4 37.1 30.5

11/15/04 3:45 11/15/04 3:45 23.3 19.3 5.2 4.4 3.2 2.6 4.5 3.2 36.2 29.5

11/15/04 4:00 11/15/04 4:00 22.6 18.6 5.1 4.3 3.1 2.5 4.3 3.1 35.2 28.6

11/15/04 4:15 11/15/04 4:15 22.6 18.6 5.1 4.3 3.1 2.5 4.3 3.1 35.2 28.6

11/15/04 4:30 11/15/04 4:30 22.6 18.6 5.1 4.3 3.1 2.5 4.3 3.1 35.2 28.6

11/15/04 4:45 11/15/04 4:45 22.0 18.0 5.0 4.2 3.1 2.5 4.2 3.0 34.2 27.6

11/15/04 5:00 11/15/04 5:00 21.3 17.3 4.9 4.1 3.0 2.4 4.1 2.9 33.3 26.7

11/15/04 5:15 11/15/04 5:15 21.3 17.3 4.9 4.1 3.0 2.4 4.1 2.9 33.3 26.7

11/15/04 5:30 11/15/04 5:30 21.3 17.3 4.9 4.1 3.0 2.4 4.1 2.9 33.3 26.7

11/15/04 5:45 11/15/04 5:45 21.3 17.3 4.9 4.1 3.0 2.4 4.1 2.9 33.3 26.7

11/15/04 6:00 11/15/04 6:00 20.7 16.7 4.7 3.9 2.9 2.3 4.0 2.7 32.3 25.7

11/15/04 6:15 11/15/04 6:15 20.7 16.7 4.7 3.9 2.9 2.3 4.0 2.7 32.3 25.7

11/15/04 6:30 11/15/04 6:30 20.7 16.7 4.7 3.9 2.9 2.3 4.0 2.7 32.3 25.7

11/15/04 6:45 11/15/04 6:45 20.0 16.0 4.6 3.8 2.9 2.3 3.8 2.6 31.4 24.7

11/15/04 7:00 11/15/04 7:00 20.0 16.0 4.6 3.8 2.9 2.3 3.8 2.6 31.4 24.7

11/15/04 7:15 11/15/04 7:15 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8

11/15/04 7:30 11/15/04 7:30 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8

11/15/04 7:45 11/15/04 7:45 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8

11/15/04 8:00 11/15/04 8:00 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8

11/15/04 8:15 11/15/04 8:15 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 8:30 11/15/04 8:30 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 8:45 11/15/04 8:45 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 9:00 11/15/04 9:00 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 9:15 11/15/04 9:15 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 9:30 11/15/04 9:30 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 9:45 11/15/04 9:45 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 10:00 11/15/04 10:00 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 10:15 11/15/04 10:15 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 10:30 11/15/04 10:30 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 10:45 11/15/04 10:45 18.1 14.1 4.2 3.4 2.7 2.1 3.5 2.2 28.5 21.9

11/15/04 11:00 11/15/04 11:00 18.1 14.1 4.2 3.4 2.7 2.1 3.5 2.2 28.5 21.9

11/15/04 11:15 11/15/04 11:15 18.1 14.1 4.2 3.4 2.7 2.1 3.5 2.2 28.5 21.9

11/15/04 11:30 11/15/04 11:30 18.1 14.1 4.2 3.4 2.7 2.1 3.5 2.2 28.5 21.9

11/15/04 11:45 11/15/04 11:45 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 12:00 11/15/04 12:00 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 12:15 11/15/04 12:15 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 12:30 11/15/04 12:30 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 12:45 11/15/04 12:45 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 13:00 11/15/04 13:00 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 13:15 11/15/04 13:15 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 13:30 11/15/04 13:30 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 13:45 11/15/04 13:45 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 14:00 11/15/04 14:00 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 14:15 11/15/04 14:15 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 14:30 11/15/04 14:30 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 14:45 11/15/04 14:45 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 15:00 11/15/04 15:00 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 15:15 11/15/04 15:15 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 15:30 11/15/04 15:30 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0
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11/15/04 15:45 11/15/04 15:45 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 16:00 11/15/04 16:00 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 16:15 11/15/04 16:15 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 16:30 11/15/04 16:30 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 16:45 11/15/04 16:45 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 17:00 11/15/04 17:00 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 17:15 11/15/04 17:15 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 17:30 11/15/04 17:30 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/15/04 17:45 11/15/04 17:45 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 18:00 11/15/04 18:00 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/15/04 18:15 11/15/04 18:15 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/15/04 18:30 11/15/04 18:30 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/15/04 18:45 11/15/04 18:45 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/15/04 19:00 11/15/04 19:00 15.5 11.5 3.7 2.9 2.4 1.8 3.0 1.7 24.6 18.0

11/15/04 19:15 11/15/04 19:15 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 19:30 11/15/04 19:30 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 19:45 11/15/04 19:45 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0
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ABSTRACT 

The Puu Opae/West Kauai Energy Project is a pumped storage, store and release hydro, and 

irrigation project on Kauai.  The Kauai Island Utility Cooperative (KIUC) project is designed to 

load shift power availability from solar peak hours to evening peak demand hours. Water is 

pumped uphill using solar power during daylight hours and stored in a reservoir and then 

released to drive a turbine to create energy during evening hours. The Puu Opae/West Kauai 

Energy Project will be built “in-line” with a preexisting water diversion system that diverts 

stream water to downstream users for the continued support of diversified agriculture. The 

project will make use of water coming from existing diversions on the Kokee Ditch System in 

the headwater tributary streams of the Waimea River. The Kokee Ditch System diverts water 

from Waiakoali, Kawaikoi, Kauaikinana and Kokee Streams. 

Trutta Environmental Solutions, LLC (TRUTTA) was contracted to assess the basic hydrology 

and aquatic resources in the project area in support of the development of an environmental 

disclosure document for the project. As part of this work, Trutta documented the current native 

stream animals’ habitat above and below the stream diversions on four tributary streams of the 

Waimea River and above the Waiahulu diversion to provide baseline samples to assess the 

impacts of the project under several conditions including the instream flow requirements as 

outlined in the Waimea River Mediation Agreement (Mediation Agreement) using the HSHEP 

model. The HSHEP Model exercise on the Waimea River tributary streams focused on two main 

objectives: (1) assessing and quantifying suitable habitat for current flow conditions and (2) 

assessing and quantifying suitable habitat under the instream flow conditions as outlined by the 

Mediation Agreement. 

We surveyed the upper Waimea River and its tributaries (Mohihi, Waiakoali, Kawaikoi, 

Kauaikinana, Kokee, Waiahulu, and Poomau streams) in February and June 2018 to collect 

habitat, biota, water quality, and stream discharge data. Generally, all of the sites within the Puu 

Opae/West Kauai Energy Project area have high-quality habitat conditions. With the exception 

of the immediate area around the diversions, the streams had minimally impacted shoreline 

vegetation, an excellent mix of substrate and cover present, low embeddedness, cool water 

temperature, high dissolved oxygen, and low turbidity. Within the project area, the streams may 

be separated into three different groups: the blackwater streams in the upper forested basins, the 

clearwater streams in the upper forested basins, and the lower canyon streams. In the blackwater 

streams in the upper forested basins, we observed crayfish (Procambarus clarkii), dojo 

(Misgurnus anguillicaudatus) and a few green swordtails (Xiphophorus hellerii) above and 

below the diversions. In the clearwater streams in the upper forested basins, we observed 

primarily rainbow trout. In the lower canyon streams, we observed large numbers of native 

stream fishes. The most common were o’opu nōpili (Sicyotperus stimpsoni) and o’opu nakea 

(Awaous stamenius). We observed small, medium and large-sized fish of each species, 
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confirming that consistent recruitment of upstream migrating young fish was occurring, and that 

the habitat quality supported adult fishes. The streams in the upper Waimea River system gained 

water from groundwater or subsurface flow. Thus, even in dry conditions with 100% diversion of 

water, the stream channel would slowly re-water as you travel downstream. 

We combined direct field observations of stream discharge, instream habitat and biota with the 

HSHEP model to assess the impacts of water diversion into the Kokee Ditch system for the Puu 

Opae/West Kauai Energy Project and other water users on native amphidromous stream animal 

habitat. For the purposes of this exercise, total stream length and suitable habitat percentages are 

assessed in two sections: (1) the entire Waimea River basin area between the mouth of the 

Waimea River and the stream origin of tributaries included in this study, and (2) the upper basin 

stream length between the Waiahulu diversion and stream origin of the upper tributaries. Within 

the entire Waimea River basin, the majority of stream length (72%) and native stream animal 

habitat (89%) is found below the Waiahulu diversion. With respect to the basins upstream of the 

Waiahulu diversion, suitable habitat was predicted to occur for opae kala’ole (Atyoida bisulcata), 

o’opu nakea (Awaous stamenius) and o’opu nōpili (Sicyotperus stimpsoni) in descending order 

respectively under the no diversion scenario. Furthermore, of the total stream length available in 

the upper basin area, 69% of the stream length was found above the Kokee Ditch diversions and 

only 13% of suitable habitat for all species was located above the diversions. 

As a result of the overall study, several broad conclusions can be drawn. 

1. The location of the diversions associated with the Kokee Ditch in the upper regions of the 

Waimea River watershed minimizes the overall effect of these diversions on native 

stream animal habitat. The area supporting the majority of habitat in the watershed is 

downstream of the Waiahulu diversion. 

2. Instream habitat was good throughout the survey area and implementation of the Interim 

Instream Flow Standards (IIFS) will improve habitat suitability. 

3. The stream types and observed biota differ among sampling areas. 

4. The effects of historic interbasin transfer of diverted water under plantation era and 

current operating conditions may have obscured some of the natural patterns in the 

streams.  

5. Downstream conditions not associated with the Puu Opae/West Kauai Energy Project 

(especially the Waiahulu Diversion on the Kekaha Ditch) may have effect on native 

stream species observed in this area and were not assessed during this study. 

Overall, the combination of field surveys and habitat modeling supported the IIFS flow 

restoration scenario in improving instream habitat conditions for native amphidromous stream 

animals. 
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INTRODUCTION 

The Puu Opae/West Kauai Energy Project is a pumped storage, and store and release hydro, and 

irrigation project on Kauai. The Kauai Island Utility Cooperative (KIUC) project is designed to 

load shift power availability from solar peak hours to evening peak demand hours. Water is 

pumped uphill during daylight hours using solar energy and stored in a reservoir and then 

released to drive a turbine to create energy during evening hours. The Puu Opae/West Kauai 

Energy Project will be built “in-line” with a preexisting water diversion system, the Kokee Ditch 

System, that diverts stream water to downstream users including State Parks, the Department of 

Hawaiian Homelands, and Kekaha Agriculture Association. The project will make use of water 

coming from the headwater tributary streams of the Waimea River (Figure 1). The Kokee Ditch 

System diverts water from Waiakoali, Kawaikoi, Kauaikinana and Kokee Streams. A diversion 

on Mohihi Stream used to be part of the system but is no longer operational. 

 

Figure 1: Map of Puu Opae Energy Project as provided by the Kauai Island Utility Cooperative. 

Trutta Environmental Solutions, LLC (TRUTTA) was contracted to survey instream habitat and 

biota and to combine the results with the Hawaiian Stream Habitat Evaluation Procedure 

(HSHEP) model to document the impact of the Puu Opae/West Kauai Energy Project on stream 

habitat of native amphidromous stream animals (5 fish, 2 crustaceans and 1 mollusk). 
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Specifically, the field work and modeling assessed issues associated with the stream diversions 

including: loss of instream habitat from diversion of stream flow, creation of barriers to stream 

animal upstream movement and entrainment of downstream drifting larvae. The project’s area of 

impact was limited to the area upstream of the Waiahulu Diversion on the Waimea River 

mainstem as the Waiahulu Diversion is part of the Kekaha Ditch System, not related to the Puu 

Opae/West Kauai Energy Project, and its operation will control impacts to native stream animal 

as a result of its location downstream.  

Changes to the naturally occurring stream habitat brought about by man’s modification of the 

environment may have a positive or negative effect on the quantity or distribution of a species’ 

suitable habitat. The HSHEP model was designed to quantify how various man-made changes 

affect native Hawaiian stream animals. Providing managers with the ability to assess change to 

native species habitat with respect to flow modifications, watershed development, or in-channel 

structures is important in understanding the positive or negative implications of various actions. 

The HSHEP model is intended to capture the major aspects of native stream animal ecology, the 

typical geomorphology of Hawaiian streams, and common modifications to the environment 

within a single model. 

The Puu Opae/West Kauai Energy Project HSHEP model for the upper tributary streams of the 

Waimea River focused on two main objectives: (1) assessing and quantifying suitable habitat for 

current flow conditions and (2) assessing and quantifying suitable habitat under the instream 

flow conditions as outlined by the Mediation Agreement. To address these objectives four 

proposed scenarios associated with the Kokee diversion system were considered. The first two 

scenarios were intended to estimate minimum and maximum potential impact conditions, and 

these were the (1) No Diversion scenario which serves as an estimate of the minimum (no) 

impact to native stream animals’ habitat and the (2) Full Diversion scenario which represents the 

maximum impact scenario for comparison. Two additional scenarios address specific project 

conditions. These include (3) IIFS Flow Restoration scenario that reflects flow conditions 

described by the state mandated Interim Instream Flow Standards (IIFS) and (4) Current 

Conditions scenario based on conditions we observed during the project surveys. The IIFS Flow 

restoration scenario was based on the results of a mediation process organized, guided and 

approved by the Commission on Water Resource Management (CWRM) that resulted in the 

Mediation Agreement for the Waimea Watershed Area (Mediation Agreement) executed on 

April 18th, 2017, an important step for decision makers seeking to optimize water withdrawal 

while upholding Hawaii’s public trust doctrine. The results of the four modeling scenarios allows 

for the comparison and quantification of the changes in suitable habitat for native stream animals 

as a result of the implementation by the Puu Opae/West Kauai Energy Project of the IIFS as 

given in the Mediation Agreement. 

The HSHEP modeling approach applied on this project has been developed for, applied on, and 

critically reviewed for use in Hawaiian streams. The HSHEP model approach has been used 

extensively in Hawaii, including for instream flow determinations on East and West Maui 

streams (Parham et al. 2009, Parham 2013a), and Waimea River, Kauai (Higashi and Parham 
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2016), for hydropower impact assessment on Wailua River, Kauai (Parham 2013b), flood 

mitigation impact assessment on the Ala Wai Streams, Oahu (Parham 2015b, c, d) and other 

stream assessments across the state. In addition, the integrated field surveys and HSHEP 

approach underwent and passed formal professional review by the US Army Corps of Engineers 

(USACE) for its application on the Ala Wai Streams Flood Mitigation Project (Parham 2015a).  

Goals 

The primary goal of this project was to document the current native stream animals’ habitat 

above and below the stream diversions on four tributary streams of the Waimea River and above 

the Waiahulu Diversion to provide baseline samples to assess impacts of the Puu Opae/West 

Kauai Energy Project and implementation of the IIFS as outlined in the Mediation Agreement 

using the HSHEP model. 

Objectives 

The HSHEP Model project on the Waimea River tributary streams focused on two main 

objectives: (1) assessing and quantifying suitable habitat for current flow conditions and (2) 

assessing and quantifying suitable habitat under the instream flow conditions as outlined by the 

Mediation Agreement.  

To complete these objectives, the following steps were taken: 

1. Conduct Field Surveys near diversions which included: 

 

a. Discharge Assessment: Conduct a seepage run on the affected streams. 

 

b. Habitat Assessment: Gather data on instream flow conditions and stream habitats 

for each stream diversion being studied using field data collected with the High 

Definition Stream Survey (HDSS) method. 

 

c. Diversion Assessment: Conduct barrier assessments of each diversion being 

studied to determine type (barrier, side or bottom grate), capacity, and potential 

for modification.  

 

d. Biotic Assessment: Gather data on the populations of native amphidromous stream 

animals and native damselflies using the High Definition Fish Survey (HDFS) 

method to document biota in survey segments above and below diversions. 

 

2. Analysis: Run and document HSHEP model results to assess suitable habitat for native 

amphidromous stream animals associated with four scenarios: 

a. Scenario 1 - No Diversion: Quantify the amount and distribution of suitable 

habitat under un-diverted stream conditions.  

b. Scenario 2 – Full Diversion: Quantify the amount and distribution of suitable 

habitat under full diversion conditions 
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c. Scenario 3 – IIFS Flow Restoration: Quantify the amount and distribution of 

suitable habitat under IIFS conditions as outlined in the Mediation Agreement 

d. Scenario 4 – Current Conditions: Quantify the amount and distribution of suitable 

habitat under current survey conditions 

 

 

 

FIELD METHODS 

 

Habitat Assessment 

The focus of the habitat assessment was to document instream conditions above and below 

stream diversions to support the HSHEP model. To assess habitat availability, the High 

Definition Stream Survey™ (HDSS) method was used to collect, classify, and analyze the data 

required for this project. In general, the HDSS approach follows a standardized series of steps 

that promotes rapid, systematic collection and processing of large amounts of stream conditions 

information (Figure 2). The specifics of the data collected may vary with the project’s 

requirements or site limitations but following the general HDSS process ensured a successful 

project. 

 

 

Figure 2:The standardized HDSS project flow chart. 
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Due to the narrow and shallow streams being surveyed, our backpack-mounted HDSS system 

was the primary data collection platform used during the surveys to collect habitat data. (Figure 

3). At sites where the stream was too deep to wade, we either swam through the site or towed a 

camera and sonar unit on a small floating platform (Figure 4). The different data collection 

methods gather data on the same habitat variables with some differences in the resolution of the 

results. For example, the HDSS backpack system collects depth measurement accurate to the 

nearest 6-inch depth group while the use of the sonar on the deeper sections provides depth to the 

nearest inch. The sonar results are reclassified into the depth groups used in the backpack 

surveys to provide consistent measurements throughout the different surveys.  Data collection 

was contingent on water flow, so field work timing was adjusted to avoid rain and high stream 

flows as much as possible. 

 

Figure 3: An example of the Backpack HDSS system. The GPS-linked video cameras are image stabilized to 

dampen the bounces associated with walking in a stream. 
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Figure 4: HDSS system mounted on a boogie board to tow through deeper stream segments. 

The backpack-mounted and floating HDSS system had the following capabilities: 

• 4-channel video recording (4 utilized for this project) 

• four separate 64 GB SDXC cards in an array of four video streams in four separate files 

• 4 above-water cameras 

o forward facing 

o streambank left 

o streambank right 

o down-looking for substrate classification 

• Garmin GPS receiver with GLONASS capabilities and WAAS differential correction 

• 1 to 3-meter ultimate accuracy 

• optimized for speeds less than 1 mph. 

 

The floating HDSS system also had both down-looking and side-scan sonar mounted on the 

floating platform to provide depth and underwater imagery. 

 

Measures of water depth, habitat type, substrate, and stream width were collected as primary 

indicators of habitat availability. These variables were converted into suitability criteria based on 

the published habitat suitability criteria for the native amphidromous stream animals and used to 

create the estimates of overall habitat area for each species (Parham 2015d). In addition to the 

habitat variables measured, stream discharge and water quality were measured both upstream 
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and downstream of the diversion to document the proportion of the flow diverted and flowing 

downstream. 

After the data was collected in the field, it was processed using HDSS Video Coder Software 

(Parham, 2014) (Figure 5), Microsoft Access, Microsoft Excel, and ArcGIS. Data was classified 

for approximately each meter of the stream longitudinally. Given the primary goal of quantifying 

habitat, the following variables were classified: 

• Water depth 

• Habitat type (riffle, run, pool, side pool, plunge pool, cascade, or falls)  

• Primary substrate size class (using Modified Wentworth Substrate Classification System 

– fine, sand, gravel, cobble, small boulder, large boulder and bedrock) 

• Percent wetted stream width 

• Presence of stream channel modifications 

 

Water Depth 

The Water Depth category captured the thalweg depth for the main flow of the stream channel. 

The thalweg can be considered the center of the main flow and is usually the deepest depth 

across the stream channel. The wading poles (which can be seen in the down-looking video) are 

set at 1 ft. at the first black joint and 2 ft. at the second joint for reference for the classifier. In 

deeper sections, verbal documentation of depths by the surveyors was noted for reference. The 

water depth was classified according to the following categories: Dry, < 1 inch, 1-3 inches, 3-6 

inches, 6-12 inches, 12-24 inches, 24-36 inches (2-3 ft. deep), 36+ inches (>3 ft. deep), and 

Unknown. 

 

Habitat Type 

Habitat type is one of the primary measures in describing instream habitat and was classified as 

riffle, run, pool, side pool, plunge pool, cascade, pocket water, or falls from the assembled HDSS 

video primarily concentrated on the forward view. Figure 6 shows an example of a run.  Habitat 

types change depending on amount of water in a river.  

In general, the habitat types classified from the HDSS videos were compatible with those habitat 

types used by the Hawaii Division of Aquatic Resources (DAR) in their habitat and fish surveys. 

One additional class (pocket water) was added which represents a mix of riffle, run, and small 

pool habitat commonly found in the mid to upper reaches of the stream. Transitions from one 

habitat type to the other were visually evaluated by an experienced classifier. 

Substrate 

Substrate is a typical classification variable in habitat suitability studies. The observed substrate 

is primarily determined by high flow events. The high flow events have enough power to move 

boulders and scour out pools. For example, Figure 6 shows cobble substrate. Other substrate 
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types included were fine sediment, sand, gravel, boulders and bedrock. As with all the variables, 

we used categories consistent with DAR in their habitat and fish surveys. 

Stream Width 

The stream width was determined by visual classification using the HDSS video. The stream 

width and wetted width was measured to better determine the area of the habitat units observed 

from the imagery. 

 

 

Figure 5: HDSS Video Coder V2.0 software used for systematic classification of video of streambank and stream 

bottom conditions. The software is easily customizable to allow appropriate classification systems to be used on a 

project. This example is from US. Army Corps of Engineers Flood Control project on Oahu, HI. 
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Figure 6: An example of the HDSS video output from Waimea River, Kauai. 

 

Diversion Assessments 

To document the site-specific conditions at stream diversions, the type, size, potential for 

modification and other factors were documented for each diversion. To convert the field 

information into data usable for the HSHEP model, the impacts of the diversion structure as a 

barrier to movement or its potential for entrainment of adult or larval animals was determined by 

classifying the diversion into a type and then estimating the effects based on the type. The main 

barrier types considered in the HSHEP model are:  

Stream mouth barriers – These barriers are the result of no water flow in the terminal 

stream segment. These barriers have two possible conditions, either open or closed. If 

baseflows are zero in the terminal segment, then a barrier is considered closed. If any 

flow is calculated to be present in the terminal segment, then the barrier is considered 

open. For the Puu Opae/West Kauai Energy Project, there were no stream mouth barriers 

to consider as all diversions were located in the headwater stream segments.  

Side Diversion – This type of diversion removes water from the stream through a side 

intake structure. The water in a natural stream channel flows downstream past the 

diversion and a portion is removed by the intake. These side diversions typically have a 

small impoundment to help regulate the amount of water diverted. Both ditch and auwai 

diversion can fall into this group. Entrainment is modeled with respect to the amount of 

water diverted. Upstream entrainment rates are lower that downstream entrainment rates 

because animals moving upstream are moving against the current and leads them past the 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            20 

 

diversion opposed to downstream into the diversion. With that said, at high diversion 

rates, some animals will get entrained both upstream and downstream. 

Bottom Grate Diversion – This diversion type removes water from a grate-covered 

channel that usually spans the stream channel bottom. Bottom grate diversions are sized 

to remove 100% of baseflow. Downstream and upstream entrainment rates are modeled 

with respect to the portion of Q70 baseflow diverted. Upstream entrainment is higher than 

with side diversion as upstream moving animals are easily trapped in the diversion as 

they try to pass over the bottom grate. 

Entrainment rate calculation for diversions - The primary barrier issue modeled with 

diversions is entrainment of migrating animals. Entrainment is directly related to the 

proportion of water removed by the diversion. When 100% of baseflow is diverted, the 

entrainment is modeled at 80%. This would represent the entrainment of all animals 

drifting downstream in the baseflow and leaves a portion of the animals at higher flows 

that overtop the diversion without entrainment. At diversion rates lower than total 

baseflow removal, the entrainment value is a portion of baseflow remaining after the 

diversion compared to natural baseflow multiplied by the maximum entrainment rate. For 

the purposes of this modeling exercise, a baseflow value of Q70 was used. 

 

BIOTIC SURVEYS 

 

High-Definition Fish Surveys (HDFS) 

The High Definition Fish Survey (HDFS) approach was used to document biota in the survey 

segments. HDFS utilizes pole-mounted, high-definition, underwater video cameras to capture 

images of fish or other aquatic animals at a specific location (Figure 7). The underwater cameras 

are geo-referenced so that specific time and place information is recorded in conjunction with all 

video observations.  

In general, the HDFS sample was considered a point or timed sample. The cameras were moved 

into position, slowly lowered to the bottom, and then left in position for approximately 30 

seconds to capture a sample of animals at that location (Figure 8). In some locations, the camera 

was moved slowly to the next position without removing it from the water. This process was 

repeated at sites distributed evenly throughout the available habitat. In locations where it was too 

deep and wide to wade a stream, we snorkeled the stream with a hand-held video camera on a 3 

ft pole. This allowed us to gather a visual record of the habitat and species present that could be 
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processed in a similar method to the other HDFS approach. The HDFS approach has been used 

throughout streams in Hawaii to observe many different species (Figure 9). 

To document the animals observed in the videos, the HDSS Video Coder software with a list of 

potential animal species was used. Additional species, if observed, were listed as Other1, -2, or -

3 and then identified after the classification process. This allowed a single standard classification 

approach to be used for all survey video. The potential Hawaiian Stream species list included: 

Native Fishes: O’opu nakea (Awaous stamenius), O’opu naniha (Stenogobius hawaiiensis), 

O’opu nōpili (Sicyotperus stimpsoni), O’opu alamo’o (Lentipes concolor) O’opu akupa (Eleotris 

sandvicensis), Aholehole (Kuhlia xenura), Mullet (Mugil cephalus) 

Native Crustaceans and Mollusks: Opae oeha’a (Macrobrachium grandimanus), Opae kala’ole 

(Atyoida bisulcata), Hihiwai (Neritina granosa), Hapawai (Neritina vespertina), Newcomb’s 

snail (Erinna newcombi) 

Introduced Fishes: Armored Catfish (Hypostomus c.f. watawata), Bristlenose Catfish (Ancistrus 

c.f. temmincki), Bronze Corydoras (Corydoras aeneus), Liberty Molly (Poecilia sp. hybrid 

complex), Green Swordtail (Xiphophorus hellerii), Guppy (Poecilia reticulata), Mosquitofish 

(Gambusia affinis), Blackchin Tilapia (Sarotherodon melanotheron), Convict Cichlid 

(Amatitlania nigrofasciata), Smallmouth Bass (Micropterus dolomieu), Carp (Cyprinus carpio), 

Goldfish (Carassius auratus), Dojo (Misgurnus anguillicaudatus), White Cloud Mountain 

Minnow (Tanichthys albonubes), Rainbow Trout (Oncorhynchus mykiss)  

Introduced Crustaceans, Mollusks, and Amphibians: Tahitian prawn (Macrobrachium lar), 

Grass Shrimp (Neocaridina denticulata sinensis), Crayfish (Procambarus clarkii), Cane Toad 

(Bufo marinus), Bull Frog (Rana catesbeiana), Wrinkled Frog (Rana rugosa) 

Insects: We captured pictures of damselfly and dragonfly adults and larvae for identification 

whenever we observed them on this project. We typically do not survey small or cryptic insect 

populations with this technique.  

During the video classification, a start code was inserted when the camera was in position. Next, 

all individuals of all species were recorded, and then a stop code was inserted. For each sample, 

the habitat type was recorded. This process allowed underwater video samples to be linked with 

the appropriate GPS data for that location.  

When density estimates for stream animals were needed, an estimate of the area observed was 

determined by recording average depth and width of field captured in the sample area. These two 

measures were multiplied together to get sample site area. The total number of each species 

observed within each habitat type for the different areas surveyed was divided by the area of that 

habitat type to get the species density within each habitat type. 
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Figure 7: Underwater geo-referenced video camera with external video light used for the HDFS observations. 

 

Figure 8: Example of High Definition Fish Survey (HDFS) used for this project. Inset image shows example of the 

underwater view on digital screen. (image from above the diversion on Kauaikinana Stream, Kauai). 
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Native fish, Awaous stamenius, in a stream pool in 

I’ao Stream, Maui. 

Native fish, Sicyopterus stimpsoni, on boulder substrate in 

I’ao Stream, Maui. 

  
Native species, Kuhlia xenura, in the lower reach of 

I’ao Stream, Maui. 

Introduced swordtails, Xiphophorus hellerii, in I’ao 

Stream, Maui. 

  
Introduced Blackchin tilapia, Sarotherodon 

melanotheron, over gravel substrate in Palolo Stream, 

Oahu. 

Introduced armored catfish, Hypostomus c.f. watawata in 

Waiawa Stream, Oahu. 

 

Figure 9: Examples of stream animals observed during HDFS projects on various Hawaiian Streams. 

 

Discharge 

To measure stream discharge, transects were set up across the stream perpendicular to the flow. 

For each cross section, measuring tape was placed over the stream at an area with a straight and 
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uniform flow pattern, minimal obstructions, and free of vegetation. Finding uniform flow sites in 

Hawaiian streams can be difficult, so locations were chosen to best fit the ideal transect and 

rocks or other flow obstructions were moved to improve the transect uniformity. At each cross 

section, we recorded a site number, site name and operator ID prior to collecting the water 

velocity information. 

Water velocity, water depth, and distance between points were measured at multiple points 

across a fixed transect using a handheld acoustic doppler velocimeter (Sontek Flowtracker2). 

Water velocity was measured at up to 3 points vertically (single point at 6/10th total depth, dual 

point at 2/10th and 8/10th total depth, or three point at 2/10th, 6/10th, and 8/10th total depth) based 

on water column depth and flow complexity. Stream discharge (cfs) was calculated to be the sum 

of discharge within each measured subsection (Figure 10).  

The sample averaging time for a given point measurement was between 20 and 40 sec and was 

dependent on point location flow characteristics. Shorter averaging times were appropriate for 

smooth flow locations and longer averaging times were used in turbulent flow conditions to 

better capture the average flow rate at the sample point (Sontek, 2016). The quality control 

settings on the FlowTracker 2 were set to highlight samples where Signal-to-Noise Ratio (SNR), 

Standard Error within the measurement, and/or spike thresholds were exceeded. Given the 

turbulent flow observed at most sites typical of the high gradient, boulder-filled Hawaiian 

streams, numerous quality control warnings were reported to the surveyor while conducting the 

flow measurements. The majority of these warnings were addressed by extending measurement 

time, resampling the location, or including additional nearby measurements as conditions and 

time allowed.  

In addtion to performing quality control checks on individual water velocity measurements, 

quality control settings for locations across the transect were set in the FlowTracker 2 collection 

profile. The mid-section discharge equation was used with the Interpolated Variance Estimator 

(IVE) and a rated discharge reference (Sontek, 2106). The station warning settings of 10% for 

discharge, 50% for depth change, and 100% spacing change resulted in additional sample points 

being added within the transect to better account for areas with high flow variability. 

To help better understand the baseline hydrological conditions within the upper Waimea River 

system, we completed a seepage run on the upper Waimea River tributaries. A seepage run is a 

way to determine the extent of groundwater / surface water interaction within a river system.  

The seepage run is basically a snapshot in time of the quantity of water within the tributaries and 

main stem of the river system. At each site within the river system, discharge was measured 

during stable flow conditions. The assumption for a seepage run is that discharge at the most 

downstream point is equal to the sum of water flowing in from upstream locations. If discharge 

at the downstream point is less than the sum of upstream locations then it is likely water is 

flowing from the stream into the ground water and, conversely, if discharge is greater at the 

downstream point than the sum of upstream locations, then water is likely upwelling from the 

ground into the stream. In addition to a direct measurement of discharge at up and downstream 

locations, we also developed a relationship between the discharge measured and upstream 
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watershed characteristics. We used upstream area and average annual rainfall to help better 

predict discharge inputs from unmeasured locations.  

 

 

Figure 10: An example of an idealized stream discharge transect with subsection measurements. (Image from 

Streamflow Method. EarthSoft, Inc. 2017 http://help.earthsoft.com/6.6/edge/index.htm?streamflow-method.htm) 

 

Water Quality 

Water quality variables (water temperature(°C), dissolved oxygen (% Saturation), pH, turbidity, 

and specific conductivity (µS/cm)) were also measured at sampling locations. Like discharge, 

water quality measures are a “point-in-time” measure that vary with weather conditions but still 

provide an indication of the water suitability for stream animals under the observed conditions. 

We used a Eureka Manta 35 water quality meter and/or a Horiba U-50 water quality meter to 

gather the water quality data. The sensors were calibrated according to the manufacturer’s 

recommendations prior to the survey samples. 

http://help.earthsoft.com/6.6/edge/index.htm?streamflow-method.htm
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Figure 11: An example of water quality sampling.  Here, Brett Connell is collecting water quality measurements for 

Waimea River, Kauai 

MODELING 

 

HSHEP Model 

The HSHEP model is an outgrowth of a history of collaboration among biologists at DAR and 

researchers at various universities, agencies, museums, and private companies. The collaborative 

effort focused on understanding the different aspects of the ecology and management of 

amphidromous stream animals (Fitzsimons and Nishimoto 2007).  The HSHEP model is an 

attempt to quantify how various man-made changes affect native Hawaiian stream animals. The 

HSHEP model is intended to capture the major aspects of native stream animal ecology, the 

typical geomorphology of Hawaiian streams, and common modifications to the environment 

within a single model. Additional factors outside of habitat can be modeled with the HSHEP 

approach but need additional modeling steps that are currently best addressed on a case-by-case 

basis. The HSHEP model provides water managers the ability to assess change to native species 
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habitat with respect to flow modifications, watershed development, or in-channel structures and 

is important in understanding the positive or negative implications of various actions.  

The HSHEP model follows the overall Habitat Evaluation Procedure (HEP) model concepts 

developed by the U.S. Fish and Wildlife Service (USFWS) to evaluate the quantity and quality 

of habitat available for a species of concern (USFWS 1980a, b, USFWS 1981).  In general, a 

Habitat Evaluation Procedure (HEP) model has several characteristics: 

1. It is a habitat-based assessment method. 

2. It assumes that habitat quality and quantity are related to the number of animals using a 

habitat over the long term. 

3. It uses measurable attributes of habitat quality and quantity to create relationships 

between habitat suitability and animal occurrence and density. 

4. It converts suitability relationships into standardized Habitat Suitability Indices (HSI) that 

encompass the range of observed habitat conditions. 

5. The HSI values range from 0 (unsuitable habitat) to 1 (most suitable habitat). 

6. It multiplies the habitat quality (value from the HSI) with the habitat quantity (area) to 

determine overall Habitat Units (HU) within the area of concern. 

 

As a result of the model design, HEP impact analyses are intended to allow the user to: 

 

• provide defined suitability-based estimates of HU within a study area, 

• provide impact assessments of the changes of HU within the study area under different 

management scenarios, 

• provide objective comparable unit measures for multi-site comparisons,  

• quantify changes in HU to be annualized and comparable with other cost/benefit 

analyses, 

• create plots of the distribution of HU in map-based formats (GIS analyses) to address 

issues of habitat fragmentation or connectivity. 

 

The HEP user manual describes a HEP model this way: “HEP is a convenient means of 

documenting and displaying, in standard units, the predicted effects of proposed actions.”  

USFWS designed HEP to be a legally defensible, standardized format for impact assessment in 

natural resource settings (USFWS 1980 a). While HEP models have been developed and used for 

impact assessment nationally for hundreds of species of birds, mammals, and fish, this is the first 

HEP model to assess changes in stream animal habitat in Hawaii. 

Traditional HEP procedures have been joined with multi-spatial modeling efforts for Hawaiian 

streams (Parham 2002, Kuamo’o et al. 2007, Parham 2008). The multi-spatial models address 

issues of scale in understanding differences in habitat availability and species distributions. For 
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example, the presence or density of amphidromous animals is influenced by the location of the 

sample site within a stream. Similar habitats found near the ocean may have different species 

assemblages than habitats found further inland.  Additionally, characteristics of different 

watersheds and their streams influence the observed species assemblages. Therefore, streams 

with terminal waterfalls have different species assemblages than streams without terminal 

waterfalls. By assessing suitability at multiple spatial scales, different aspects of amphidromous 

animal ecology can be more appropriately modeled (Figure 10). As a result of the combination of 

the HEP method with multi-scale analysis, management issues can be addressed on a site, stream 

segment, whole stream, or region level.  The HSHEP model is intended to be useful to assess the 

impacts of stream channel modification, flow alteration, land use change, climate change, stream 

restoration, and barrier modifications. 

 

Figure 9: Spatially-nested hierarchy of the DAR Aquatic Surveys Database and predictive levels within the HSHEP 

model. 

The latest description of the HSHEP model can be found in: 

Parham, J.E. 2015. The Hawaiian Stream Habitat Evaluation Procedure (HSHEP) model: Intent, 

Design, and Methods for Project Impact Assessment to Native Amphidromous Stream 

Animal Habitat. Submitted to Civil and Public Works Branch, U.S. Army Corps of 

Engineers, Honolulu District, HI. 178 pages. 

 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            29 

 

The HSHEP Model uses published information for species distributions at the watershed and 

reach scale and combines it with local data from the habitat and biotic surveys. Stream animals’ 

distribution and habitat use are documented using information stored in the DLNR-DAR Aquatic 

Surveys Database (2009). This represents over 13,000 survey locations and over 90,000 species 

observations (Parham et al, 2002-2010). The database includes results from state surveys as well 

as those from federal, university, and private researchers. More than 370 different literature 

sources support the data contained within the DAR Aquatic Surveys Database. The HSHEP 

model leverages the data within the DAR Aquatic Surveys Database to develop quantitative 

measures of habitat use for native stream animals. For this project, the HSHEP model was 

created for the typical group of native freshwater fish and macroinvertebrates found in Hawaiian 

streams (Table 1). 

 

Table 1: Highlighted Species habitat evaluated within Waimea River for this project. 

Organism Type and Family Scientific name Hawaiian name 

 

Freshwater fish 

(family Gobiidae) 

 

Awaous stamenius* ‘O‘opu nākea 

Lentipes concolor* ‘O‘opu alamo‘o 

Stenogobius hawaiiensis* ‘O‘opu naniha 

Sicyopterus stimpsoni* ‘O‘opu nōpili 

Freshwater fish 

(family Eleotridae) 
Eleotris sandwicensis* ‘O‘opu akupa 

Freshwater shrimp (Crustacean) 

(family Atyidae) 
Atyoida bisulcata* ‘Ōpae kala‘'ole 

Freshwater prawn (Crustacean) 

(family Palaemonidae) 
Macrobrachium grandimanus* ‘Ōpae ‘oeha‘a 

Freshwater snail (Mollusk) 

(family Neritidae) 
Neritina granosa* Hīhīwai 

*Identified as “Species of Greatest Conservation Need” in the Hawaii Statewide Aquatic 

Wildlife Conservation Strategy (Meadows et al. 2005). 

The selection of the highlighted set of amphidromous stream animals is appropriate in this case 

for several reasons.  

• These species have been observed on Kauai and statewide. 

 

• All of these species have a diadromous life history, meaning that they migrate from the 

freshwater stream to the ocean and back again (McDowall 2007). This potentially 

exposes the migrating animals to barriers in the stream pathway, entrainment into water 

diversion systems, and elimination of suitable habitat resulting from structures associated 

with the ditch system and its diversions. 

 

• The DAR Aquatic Surveys Database has distribution and habitat use information for each 

of these species. 
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• The HSHEP model has habitat suitability indices developed for each of these species. 

 

The implementation of the HSHEP model in prior assessments of Hawaiian streams had been 

single watershed models. When multiple watersheds were studied, a group of single watershed 

models were analyzed to see the overall impacts. However, for this and other projects, the 

modeling language was changed to more effectively deal with the complexity of a multiple ditch 

and watershed system.  To accomplish this, we ported the entire model workflow to the 

statistical computing language R to improve on several aspects of the modeling process without 

any alteration to the model concept or calculation.   

The conversion of the HSHEP model from a spreadsheet to the statistical computing language R 

provided several benefits:  

• Improved Error Checking – Reducing the numerous spreadsheets required to implement 

calculations with the spreadsheet model to individual R scripts made determining the 

source of errors in the model more efficient. 

• Increased Equation Readability - By explicitly stating the relationships among 

measurement points (nodes) and upstream basins for each watershed, we greatly 

improved on interpretation of the model’s calculations.  

• Allowed for Real-time Testing - Changes in inputs are easily read into the established R-

based model without needing additional manual editing (as is the case of the spreadsheet 

model). Therefore, real-time testing and manipulation of inputs to the model and the 

generation of outputs are much faster and there is also a reduction in the ‘hands-on’ time 

which may introduce novel errors to the computations. 

• Improved Documentation of Multiple Scenarios - The process to test multiple 

management scenarios is more efficient in R than in a spreadsheet. We can store and 

share the entire workflow, from inputs to results, in an R package, which makes the 

distribution of our results and any required reproduction of our work much easier and 

more efficient.  

We estimated stream discharge for each basin by comparing basin-area rainfall to discharge 

values collected during a seepage run and assigned the appropriate values to each basin (dash-dot 

delineated areas in Figure 10). We assigned values of habitat units available for production of 

each species of conservation concern from data generated during on-the-ground field surveys, to 

each basin. The values used for each ‘node’ – locations of the natural barriers and artificial 

diversions impacting stream flow that contributed to the Puu Opae/West Kauai Energy Project – 

were a vector of the amount of water passed, entrainment potential, passage barrier potential, and 

a general value for additional impacts for both upstream and downstream effects. These values 

were determined for each node during field surveys and from historical records about the 

installation and purpose of the diversions. 
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Figure 10. Conceptual schematic displaying the relationships among nodes, basins, and 

watersheds used in the HSHEP model. 

 

We performed modeling of the water and habitat availability within the Puu Opae/West Kauai 

Energy Project area using several assumptions. The calculations for water availability assumed 

that the amount of water available in any basin was a measure of the water in that basin 

augmented by the amount of water passed from the basin immediately upstream. For example, 

the amount of water present in basin II in Figure 11 is modeled as the amount of streamflow 

measured in that basin, plus the amount of stream flow from basin III minus the percentage of 

stream flow from basin III that is filtered by node 3. If 100 units of water are present in basins II 

and III, and node 3 diverts 50% of flow, then the modeled amount of water present in basin II is 

150 units (100 units + (100 units* 50% diversion)). This model assumption accounts for the facts 

that water passes downstream, and that Hawaiian streams are generally gaining streams, so that 

complete de-watering by an upstream diversion will not affect downstream basins beyond those 

immediately downstream. The model calculations to estimate habitat in each basin operated on 

the assumption that the production of a species in a basin was a function of the habitat in that 
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basin, filtered by the upstream restrictions of any basins downstream and augmented by any 

habitat available for production from the upstream basins as filtered by the intervening node. As 

an example using Figure 11, the amount of habitat available for production of a species in basin 

II is the amount of habitat in that unit multiplied by the upstream filtering effects and habitat 

present in basin I and nodes 1 and 2, plus the habitat available in basin III as filtered by the 

downstream passage/entrainment effects of node 3. These assumptions allow us to model the 

production of species of conservation concern from any basin while accounting for potential 

upstream and/or downstream effects due to diversions or other barriers, up to and including 

functionally preventing production in a basin due to complete de-watering or barrier passage (i.e. 

an undercut waterfall). For example, if node 2 represented an undercut waterfall in Figure 11, 

and thus prevented upstream migration of any species, the remaining habitat available in the 

upstream basins of the watershed (basins II-VI) would be modeled as 0 for migratory species. 

 

Figure 11. Schematic of a watershed showing the relationships among nodes (Arabic numerals 1-

6) and basins (Roman numerals I-VI). 

For the Puu Opae/West Kauai Energy Project, we defined the upstream and downstream basins 

and their associated nodes for every basin from the study area. We next wrote two equations for 

every basin: one to calculate the habitat available in each basin and one to calculate the amount 

of water found in each basin, both of which incorporated relationships from adjoining basins. We 

used these equations to model the effects of differing diversion rates on the habitat, biomass 

production, and water output of the diversions. 
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We calculated the amount of available habitat in a basin for a specific species as: 

HabitatE(i)
 = (HabitatSP(i) * NodeDS(i)) * (HabitatSP(i-1) * NodeUS(i-1)) * (HabitatSP(i-2) * NodeUS(i- 

2))… + ( HabitatSP(i+1) * NodeUS(i))  + (HabitatSP(i+2) * NodeDS(i+1))… + (HabitatSP(i-N) * NodeUS(i-N)) 

Where: 

• i = the current basin 

• i – 1 = the basin downstream of the current basin 

• i +1 = the basin immediately upstream of the current basin 

• HabitatSP(i) = the measured habitat for a species in the current basin 

• HabitatE(i) = the total effected habitat of the current node, accounting for upstream and 

downstream influences 

• NodeDS(i) = the filtering value for the node at the downstream end of the current basin 

• NodeUS(i) = the filtering value for the node at the upstream end of the current basin 

• N = number of basins upstream or downstream of the current basin 

In this model, the same node will be the downstream node for the basin i+1, and therefore its 

downstream entrainment, diversion, etc., values are applied, or the upstream node for basin i, and 

so the values for the upstream direction are used. To model the impacts of the node system on 

the water available in each node, and to account for water captured from the system under 

different management regimes, we also wrote equations for each basin. The equations to 

calculate the amount of water present in each basin (and its inverse, the amount of water 

captured from each basin) followed the form: 

WaterE(i) = Wateri + (Water(i+1) * NodeUS(i)) + (Water(i+2) * NodeUS(i))… (Water(i+n) * NodeUS(i)). 

Where: 

• Wateri = amount of water present in the current basin 

• WaterE(i) = amount of water effected by upstream node 

In this application, the NodeUS value is an atomic vector modeling for the percent of water 

passed from the adjacent upstream basin to the current basin through the diversion separating 

them. In cases where multiple tributaries pass water to the current basin through a single node, 

the water passed from each tributary is accounted for. 

To evaluate the results of the modeling process and to facilitate easy interpretation, tables which 

display the impacts of differing node management scenarios on water and species production 

grouped by the stated categorical variable were created. To generate the output, we chose a case 

to be used as a baseline scenario. We then calculated the percentage increase or decrease in 

habitat and water production under different management plans relative to the baseline.   
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RESULTS 

General Survey Information 

 

Survey Sites: The following figures show basin and nodes coding as well as sample sites that 

were surveyed for this project (Figure 12, Figure 13). The impact area for this assessment was 

defined as the Waimea River watershed upstream of the Waiahulu Diversion. The Waiahulu 

Diversion is part of the Kekaha Ditch System and not associated with the Puu Opae/West Kauai 

Energy Project. As a result of the location and operation of the Waiahulu Diversion, all of the 

field work and modeling in this survey focused on the stream segments upstream of the 

Waiahulu Diversion on the Waimea River (Site 11 in Figure 12). The operation of the Waiahulu 

Diversion will control impact on native stream animal habitat and passage from this location 

downstream. In all scenarios for this assessment, the Waiahulu Diversion was set to represent the 

Interim Instream Flow Standard as set forth in the Waimea Mediation Agreement. Therefore, the 

HSHEP model results presented here take into account the Waiahulu Diversion, but do not vary 

its impact among the presented scenarios. 
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Figure 12: Map of Waimea River basins and nodes for the HSHEP model. Sites 1, 2, 3, 4, 5, 10, and 11 were visited 

during the surveys. The other sites were used to calculate discharge and habitat availability for the HSHEP model. 

The red line represents the ditch systems, the yellow circle with a cross are stream diversions, and the purple circles 

are model nodes representing stream confluences.  
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Figure 13: Map of Waimea River basins and nodes for the HSHEP model. The number represent the basin codes 

used for the HSHEP model. The red line represents the ditch systems, the yellow circle with a cross are stream 

diversions, and the purple circles are model nodes representing stream confluences. 

 

Flow Conditions During Surveys: 

 

We surveyed the upper diversion sites in February 2018 and the Waimea Canyon sites during the 

June survey period. The streamflow was falling during the February survey ranging from 

approximately 30 cfs down to 8 cfs at the Kawaikoi Stream gage site (USGS 16010000) with too 

high of flow variability to collect the seepage run data, but conditions were good for the habitat, 

diversion and biotic surveys.  

We returned to Kauai in June of 2018 to finish the seepage run data collection and remaining 

surveys. We surveyed the upper Waimea River and its tributaries on 6-11-2018 to collect flow 
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data for the seepage run. According to the flow gage for the Waimea River near Waimea, Kauai 

(USGS 16031000), the overall daily mean discharge is 23 cfs over the 59-year period of record. 

The median daily discharge for June 11 is 8.0 cfs for the same period of record (yellow triangle 

on chart in Figure 17). For the survey date, June 11, 2018, the average discharge at the gage site 

was 44 cfs and was slowly falling during the survey period from 48 to 40 cfs (Figure 18). These 

conditions were much more favorable with lower flow than during our February survey trip.  

While the flow was higher than average conditions, it was lower and more stable than during the 

February survey period. The daily discharge at the Waiakoali Stream gage site was around 7 cfs 

as compared to a range of 30 to 8 cfs during the February survey. For comparative purposes, the 

maximum discharge during the week prior to the February survey was 5,350 cfs at the Kawaikoi 

Stream gage vs. only 69.2 cfs prior to the June survey. 

 

 

Figure 14: Discharge plot for USGS gage 16010000 for the period of February 1-16, 2018. 
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Figure 15: Discharge plot for USGS gage 16010000 for the period of June 1-12, 2018. 

  

 

Figure 16: Discharge plot for USGS gage 16031000 for the period of June 1-12, 2018. 
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Figure 17: Discharge plot for USGS gage 16031000 for the period of June 8-12, 2018. 

 

Figure 18: Discharge plot for USGS gage 16031000 for the period of June 11, 2018. 

Survey 

Time 

Period 

Survey Time Period 
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Habitat, Diversion and Biota Surveys 

 

We started the surveys in the area upstream of the Kauaikinana Stream diversion on 2-7-2018 

and then the Kawaikoi Diversion on 2-9-2018, followed by Waiakoali and Kokee Streams and 

Diversions on 2-10-2018, and completed downstream of the Kauaikinana Stream and Diversion 

on 2-12-2018. Heavy rains in early February forced us to delay surveying sites within Waimea 

Canyon. We completed the habitat and biota surveys on 6-11-2018 for the Waimea Canyon sites 

including the site just above Waiahulu Diversion and the lower ends of Waiahulu and Poomau 

Streams just prior to their confluence forming Waimea River. 

The following section describes the field information collected at each survey site (Figure 19). 

 

 

Figure 19: Survey sites with associated stream diversion name. 
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Waiakoali Stream 

The first active diversion along the Kokee Ditch is located on Waiakoali Stream. The diversion is 

a concrete dam with a small impoundment above it (Figure 20). The diverted water flows into a 

short segment of exposed ditch and then goes into an underground tunnel. During low 

streamflow conditions, the diversion captures 100% of the streamflow. We measured discharge 

on 2-10-2018 and 9.6 cfs of water was being diverted into Kokee Ditch and no water was 

flowing over the diversion. Downstream of the diversion, there was standing water in the deeper 

segments of the stream channel with a small amount of flow in the stream coming from either 

groundwater recharge or seepage around the diversion. 

We surveyed habitat and biota above and below the diversion on 2-10-2018. The habitat in the 

impoundment above the diversion transitioned from deep water with fine sediments and the 

occasional large boulder and fallen tree in the lower third, to more cobbles and gravels with large 

boulders in the midsection and then became stream-like in its headwaters where it was primarily 

cobble and boulder substrate (Figure 21). The impounded section was approximately 615 m long 

and then it began to steeply rise above the impounded area. The overall survey covered 665 m. 

The outside bends and other areas that were too deep to see the bottom made up about 20% of 

the survey above the diversion. This area above the diversion was the deepest and widest stream 

segment we surveyed. It contained a wide range of substrate, depth and flow combinations and is 

unlikely to go dry in most flow conditions. The stream segment arising from the impounded area 

appeared to have excellent instream habitat conditions.  

The water in this segment showed a tannic tint as it flowed from the Alakai swamp. Water 

quality was good above the diversion but had low dissolved oxygen and higher turbidity 

immediately below the diversion (Table 2). Dissolved oxygen increased rapidly downstream and 

turbidity decreased as shown by the results for the water quality measurement at the road 

crossing which is 75 m downstream from the diversion. 

  

 

Figure 20: Looking upstream at the diversion on Waiakoali Stream. The ditch is on the left side of the image. Water 

flows over the dam during periods of higher flow like observed here on 2-7-2018 (image on left). Habitat and Biota 
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Surveys were done on 2-10-2018 and 2-12-2018 after discharge had decreased to a level that did not overtop the 

diversion (image on right). 

 

Figure 21: The upper impounded segment of Waiakoali Stream above the diversion. The HDSS video cameras and 

sonar are being towed while snorkeler is surveying fish. 

Table 2: Water Quality measurements for Waiakoali Stream on 2-10-2018 
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Waiakoali Above 

Diversion 
2/10/2018 13:50:10 13.57 8.55 0.18 

Waiakoali Below Diversion 2/10/2018 14:07:22 14.41 3.23 5.82 

Waiakoali Road Cross 2/10/2018 13:57:38 13.87 7.22 1.11 

 

During the biotic surveys, we used visual snorkel surveys above the diversion due to its depth 

and thick shoreline vegetation. In addition to the visual snorkel surveys, underwater video was 

recorded from the boogie board HDSS platform. The underwater video allowed for additional 

underwater biotic observations to supplement the visual snorkel observations. We observed 

green swordtails (Xiphophorus hellerii), dojo (Misgurnus anguillicaudatus), and crayfish 

(Procambarus clarkii) during both the visual and underwater video surveys in the 665 m survey 
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segment (Figure 22). None of these species were observed in high density above the diversion. 

There may be multiple reasons for this: one, the water depth and instream cover provided 

extensive hiding places for the small stream animals and many may have been missed during 

surveys; or two, there may have been few of these animals present in this stream segment. 

Historically, rainbow trout have been stocked in the stream. Although we did not observe any 

during our survey, they may have existed in the deeper sections where visibility was poor. 

Interestingly in other streams (Kokee and Kauaikinana Streams) where we observed rainbow 

trout, the fish were easy to observe and it seems unlikely that we would have missed all of the 

trout if they were common. The complete absence of native amphidromous animals above the 

diversion most likely was not the result of a barrier to passage. Although during low flow periods 

the diversion would be a barrier as a result of the lack of water flow over the diversion, we did 

not observe any native amphidromous animals below the diversion and the observed species, 

green swordtails (Xiphophorus hellerii), dojo (Misgurnus anguillicaudatus), and crayfish 

(Procambarus clarkii) were observed both above and below the diversion. Maintenance of a 

minimum flow at this location as prescribed by the IIFS would eliminate any chance of this 

diversion being a barrier to native stream animal migration. 

Below the diversion, we used the standard HDFS method. We gathered underwater video 

covering approximately 93 m² throughout the 130 m survey segment. Crayfish were the most 

common species with a total of 21 individuals in all size classes observed. Crayfish were 

typically seen near undercut banks with detritus on the bottom. We observed four green 

swordtail and one dojo. Unidentified dragonflies were observed flying above the stream. 

We also completed a short HDFS survey of the Kokee ditch immediately downstream of 

Waiakoali Diversion. The habitat was primarily sand, gravel and cobble with rock walls. No 

animals were observed in the ditch at this location. 

 

   
 

Figure 22: Examples of species observed from Waiakoali Stream. Crayfish (left), Green Swordtails (middle) and 

Dojo (right). 

Kawaikoi Stream 

 

The second active diversion along the Kokee Ditch is the Kawaikoi Stream diversion, which is a 

concrete and boulder dam that diverts water into a ditch that flows downstream and joins the 
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Kokee Ditch (Figure 23). Water flowing from Waiakoali stream in the Kokee ditch is contained 

in a pipe and does not mix with Kawaikoi Stream (Figure 24). The design of the diversion is 

unlikely to cause problems for passage of native stream animals as there are no overhanging 

drops. However, the diversion would be a barrier when no water flows over it. During low 

streamflow conditions, the Kawaikoi Stream diversion diverts 100% of the natural stream flow. 

On the ditch downstream of the diversion there is an overflow structure for water return to the 

stream at high flow (Figure 25) and a sluice gate further down the ditch, which releases water 

back into the natural stream channel downstream of the overflow on the ditch. 

We surveyed Kawaikoi Stream on 2-9-2018 and discharge above the diversion was measured at 

24.2 cfs. The discharge was high from recent rains but falling. Kawaikoi Stream is the largest of 

the upper tributaries to the Waimea River that we surveyed. Water quality readings were 

generally good throughout the survey segment (Table 3) and the water was stained dark with 

tannic acid from the Alakai Swamp. 

Above the Kawaikoi diversion, the impounded segment (80 m) is shorter than on Waiakoali 

Stream (615 m) and averages 3.5 feet deep with a max depth of 6.5 feet. The substrate is 

primarily gravel with large boulders and about 10% cobble. Approximately 35% of the 

impounded segment had water too deep to clearly view the bottom. There were several large 

trees resting in the deepest area of this pool that likely had been washed into the stream at high 

flow. Above the road crossing and upstream of the head of the pool, the instream habitat 

conditions transitioned to more of a pool-run-riffle stream typical of the natural stream 

conditions. Downstream of the diversion the substrate continued to be primarily boulder (60%), 

but cobble (20%) was more common than gravel (10%) or bedrock (10%). Water depth in the 

stagnant pools averaged 1 to 2 ft deep with less than 10% of the area greater than 3 ft deep and 

30% less than 1 ft deep. Unlike the area above the diversion, green algae were growing on large 

areas of the rocks below the diversion. 

During the biotic surveys, we used the boogie board HDSS platform above the diversion due to 

its depth. The HDSS video surveys were augmented with HDFS pole surveys along the shoreline 

where possible. The HDFS pole camera provided 27 m2 of additional surveys. The underwater 

video allowed for biotic observations to be recorded. We observed four dojo (Misgurnus 

anguillicaudatus) and two crayfish (Procambarus clarkii) during the underwater video surveys 

in the 170 m survey segment.  

Below the diversion, we used the standard HDFS method. We gathered underwater video 

covering approximately 32 m² throughout the 125 m survey segment. Crayfish were the most 

common species with 5 individuals observed. We also observed two dojo. Unidentified 

dragonflies were observed flying above the stream. 

We also completed a short HDFS survey of the ditch downstream of the diversion. The habitat 

was primarily gravel and cobble with rock walls. No animals were observed in the ditch at this 

location. 
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Figure 23: Diversion at Kawaikoi Stream on 2-7-2018. The ditch is in the lower right corner. Much of the diversion 

is made up of large boulders cemented together (back left-hand side picture). 

 

Figure 24: Kokee Ditch crossing Kawaikoi Stream coming from Waiakoali stream. Kawaikoi Stream is below the 

pipe crossing and the diversion is upstream of this location. 
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Figure 25: Ditch overflow structure at Kawaikoi Stream on 2-7-2018. Ditch downstream of diversion is in the back 

of the photo and overflowing water returns to Kawaikoi Stream in front right. 

 

Table 3: Water Quality measurements for Kawaikoi Stream on 2-9-2018 
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Kawaikoi Above Diversion 2/9/2018 9:00:40 14.80 8.89 0.41 

Kawaikoi Below Diversion 2/9/2018 10:13:10 14.97 8.92 0.67 

Kawaikoi Road Crossing 2/9/2018 10:19:20 15.93 7.62 0.32 

Kawaikoi below Road Cross 2/9/2018 10:21:44 14.99 8.81 0.84 

 

Kauaikinana Stream 

 

The third active diversion along the Kokee Ditch is located on Kauaikinana Stream. This 

diversion is a concrete dam with a notch in the middle (Figure 26). The diverted water flows 

almost immediately into an underground tunnel. There is a small tributary that enters the 
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diversion pool immediately upstream of the ditch tunnel. Flow from the Kokee ditch combines 

with Kauaikinana Stream above the diversion and as a result there is a greater amount of water 

flowing in that segment of stream than would be expected naturally. During low flow conditions, 

the diversion could capture 100% of the streamflow if boards are placed in the diversion notch. 

We measured discharge on 2-12-2018 and 2.7 cfs of water was flowing down Kauaikinana 

Stream prior to the confluence with Kokee Ditch. After the confluence 11.7 cfs was measured in 

the stream and downstream of the diversion we measured 7.6 cfs. Water quality was good 

throughout all sections with high dissolved oxygen and low turbidity (Table 4). The water in 

Kauaikinana Stream was clear. 

Habitat conditions in Kauaikinana stream above the ditch confluence were excellent. Habitat 

type was a mix of pools, runs and short riffles (Figure 27). Water depth in most pools was greater 

than 3 feet deep and substrate was a mix of large boulders and bedrock with gravel and cobble 

interspersed. Many of the deeper pools were lined with clean gravel. The stream banks were 

fully vegetated, and the stream flow was swift. The biological surveys in this area covered a 

distance of 175m with 116 m² of stream area surveyed. We observed 38 rainbow trout from 4 to 

8 inches in length. The trout were concentrated in the larger pools with gravel bottoms (Figure 

29, Figure 30). In one pool alone, 11 trout were captured on the video surveys. Interestingly, 

even though habitat conditions were excellent and the water was very clear, we did not observe 

any other species. It is possible that the crayfish and dojo observed in other streams did not 

venture from under cover due to the potential predation for rainbow trout. Surveys did include 

numerous samples from the dense shoreline cover and in between and under large boulders 

where crayfish are commonly seen in other streams, but none were observed in Kauaikinana 

Stream. 

We were unable to effectively survey habitat or biota in the segment above the diversion and 

below the confluence with the Kokee Ditch. The water in this segment was extremely swift and 

quite dangerous due to the large quantity in the small stream channel. However, we were able to 

survey the pool immediately above the diversion. The survey sites covered an area of 14 m² in 

which we observed four rainbow trout. Substrate in this pool was primarily sand and gravel with 

a few large boulders.  

Below the diversion surveys were also difficult. The stream gradient was steep and the channel 

was overfull with water. In general, the habitat was a combination of plunge pools, cascades and 

deep runs (Figure 28). Large boulders, bedrock and cobble made up the primary substrate. In the 

145m stream segment, we surveyed 54 m² and observed four rainbow trout. The trout were 

primarily in the deepest pools. We also observed a wrinkled frog (Rana rugosa) in this segment 

(Figure 31). 
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Figure 26: The diversion on Kauaikinana Stream. The diversion tunnel is to the back left of the image and a small 

tributary flow into the diversion ditch behind the bridge in the background. 

Table 4: Water quality measures on Kauaikinana Stream. 

Location Date Time 

T
em

p
 (

°C
) 

D
O

 (
m

g
/l

) 

T
u

rb
id

it
y
 

(N
T

U
) 

Kauaikinana Stream Below Diversion 2/12/2018 8:41:32 15.17 8.91 0.57 

Kauaikinana Stream Above Diversion 

Downstream of Confluence with Ditch 
2/12/2018 8:55:42 15.23 8.89 0.58 

Kauaikinana Stream Above 

Confluence with Ditch 
2/12/2018 9:22:22 15.06 8.88 0.07 
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Figure 27: Example of stream habitat above the diversion on Kauaikinana Stream. 

 

Figure 28: Example of stream habitat below the diversion on Kauaikinana Stream. 
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Figure 29: Rainbow trout observed in Kauaikinana Stream. The trout were unafraid of the underwater camera and 

could be observed closely. 

 

 

Figure 30: A group of rainbow trout observed in Kauaikinana Stream. There are 7 trout in this image, and it shows 

typical pool habitat with gravel and bedrock substrate. 
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Figure 31: A wrinkled frog observed in Kauaikinana Stream. 
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Kokee Stream 

 

The final diversion in the upper Waimea River tributaries is on Kokee Stream. We surveyed this 

location on 2-10-2018. The diversion is a concrete dam that forms a small pool above it. Kokee 

Stream and Kokee Ditch flow into this pool and the ditch continues out of the pool (Figure 32). 

On the day of the survey, 11.7 cfs of water was flowing from Kokee Ditch into the diversion 

pool. We measured 16.3 cfs of water flowing downstream in Kokee Stream below the diversion. 

We were not able to gather a discharge measurement on the incoming Kokee Stream above the 

diversion pool as it was spread out through overgrown vegetation. The intake gate on the 

downstream segment of the Kokee Ditch appeared to be closed or lowered so that only minimal 

flows were permitted in the ditch. Assuming the gate was closed, streamflow above the diversion 

was estimated to be 4.6 cfs (4.6 cfs from Kokee Stream plus 11.7 cfs measured in the upstream 

section of Kokee Ditch equals 16.3 cfs measured downstream of diversion in Kokee Stream). 

Water quality was good throughout the sample area with low turbidity and high dissolved 

oxygen (Table 5). 

The pool above the diversion had gravel and cobble substrate with large boulders at the upper 

end. We surveyed 21 m² within this pool and observed five rainbow trout. In the stream flowing 

into diversion pool, we gathered video on an additional 28 m² form a 145 m segment and 

observed one trout. Kokee Stream is rather small (approximately 4 m wide) and overgrown by 

ginger and blackberry (Figure 33). Substrate was primarily boulder, cobble and gravel. We also 

surveyed about 50 m of the ditch flowing into the diversion pool and it was mostly gravel bottom 

and less than 1 foot deep of swiftly flowing water. We observed two rainbow trout in the ditch. 

Below the Kokee diversion the stream was difficult to survey. It has a small channel with heavy 

vegetation on the banks and also growing in the channel. The water was deep (averaging 3 to 4 

feet) and swift. The excess water from Kokee ditch results in a stream that was filled well over 

its natural capacity. In the 165 m segment, we surveyed 42 m² and observed 11 rainbow trout. 

We also observed dragonfly larvae in the stream segment. 
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Figure 32: Looking into the diversion pool on Kokee Stream from the incoming Kokee Ditch. The continuation of 

the Kokee Ditch is on the far side of the pool and the intake gate appeared closed. 

 

Table 5: Water quality at in Kokee Stream. 
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Kokee Stream Down 2/10/2018 8:49:27 14.09 9.05 3.28 

Kokee Stream Up 2/10/2018 10:23:50 14.53 8.56 2.09 

Kokee Ditch Inflow 2/10/2018 8:54:10 13.92 9.09 2.54 
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Figure 33: Looking upstream in Kokee Stream above the diversion. Note the heavy vegetation in the stream channel. 

 

Waiahulu and Poomau Confluence Sites 

 

We completed habitat and biotic surveys in the lower ends of the Waiahulu and Poomau Streams 

prior to their confluence forming the Waimea River on 6-11-2018. We hiked upstream from the 

Waiahulu Diversion to the confluence of the Waiahulu and Poomau Tributaries (1645 m 

upstream from diversion). We gathered discharge, water quality (Table 6), habitat and biota 

information in each tributary. All of these surveys were in Waimea Canyon as opposed to the 

previously discussed surveys at the upper diversions in Kokee. The Waimea Canyon sites are 

much more arid with less vegetation and more exposed soil than the upper forested sites. At this 

location Waiahulu Stream represents combined upstream discharge from primarily the upper 

Waiahulu Stream and Kokee Stream. Poomau Stream represents the combined discharge 

primarily from Mohihi, Waiakoali, Kawaikoi, Kauaikinana Streams. 

The Waiahulu tributary is the smaller of the two tributaries (10.6 ft wide compared to 28.8 ft 

wide for Poomau at the discharge transects). We surveyed a 415 m segment, which was 

primarily fast runs, plunge pools and cascades (Figure 34). Boulder and bedrock were the most 

common substrate, with sand and gravel at the bottom of the deeper pools. Water depth averaged 

about 2 ft deep with the deepest pools reaching 3.5 ft deep. We surveyed 73 m2 using the HDFS 
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pole-mounted camera system and observed numerous native fish in this area including 15 o’opu 

nōpili (Sicyotperus stimpsoni) and 19 o’opu nakea (Awaous stamenius) (Figure 36 and Figure 

37). We observed a wide range of sizes for both species from small to full grown adult fishes. In 

addition to the native fishes, we observed four introduced wrinkled frog (Rana rugosa) tadpoles. 

The Poomau tributary is slightly lower gradient than the Waiahulu tributary and therefore had 

fewer cascades and plunge pool habitats. Poomau was composed of larger pools, with runs and 

riffles between the pools (Figure 35). We surveyed a 575 m segment, which had a substrate 

composed of boulder and cobble interspersed with gravel and sand. The pools averaged about 3 

ft deep with the deepest areas over 5 ft deep. During the biotic surveys, we covered 67 m2 and 

observed 60 o’opu nōpili (Sicyotperus stimpsoni) and 16 o’opu nakea (Awaous stamenius). In 

one survey site, we observed 9 o’opu nōpili in a single m2 area. As we saw in Waiahulu, all sizes 

of both species were observed confirming that the fish were recently recruiting to the areas and 

surviving to adulthood. 

 

Figure 34: Looking upstream at Waiahulu Stream in the survey area. 
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Figure 35: Looking upstream at Poomau Stream in the survey area. 

 

 

Figure 36: O’opu nakea (Awaous stamenius) observed in Waiahulu Stream. 
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Figure 37: A group of o’opu nōpili (Sicyotperus stimpsoni) observed in Poomau Stream. 

 

Table 6: Water Quality readings at Waimea Canyon sites 
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Waiahulu Stream 6/15/2018 3:40:22 21.78 83.4 9.1 1.04 

Poomau Stream 6/15/2018 4:53:08 22.55 73.1 8.82 0.63 

Waimea River 6/15/2018 5:00:06 22.94 72.8 8.49 2.33 

 

 

Waimea River above the Waiahulu Diversion 

 

The Waiahulu Diversion is a relatively large diversion on the mainstream of the Waimea River, 

which supplies water to the Kekaha Ditch System. The Waiahulu Diversion is approximately 1 

mile downstream from the confluence of the Waiahulu and Poomau tributaries. We surveyed a 

285 m segment immediately upstream of the diversion. The Waimea River at this point was 

measured at 41.8 feet wide and was a mix of boulder, cobble and gravel substrate. From a habitat 

perspective, there is a mix of large pools separated by long stretches of pocket water. Pocket 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            58 

 

water is a mix of riffle, runs and small pools with no distinct habitat type covering the width of 

the stream (Figure 38). The large pools were found on the outside bends of the channel meanders 

and could be upwards of 50 m long with a bottom containing large boulders embedded in sand 

and gravel. In our biotic surveys, we observed six o’opu nōpili (Sicyotperus stimpsoni) and eight 

o’opu nakea (Awaous stamenius) in 49 m² of sample area. 

In addition to the sampling segment immediately above the diversion, we collected HDSS video 

on the whole segment between the Waiahulu diversion and the confluence of Waiahulu and 

Poomau tributaries. We observed no barriers to fish passage in this area and habitat conditions 

were generally excellent throughout the area. We observed numerous fish in this segment 

although we were not doing systematic observations. At two locations, the native fish, O’opu 

alamo’o (Lentipes concolor) were observed. This confirms that this species is found in the 

Waimea River although not at high densities in this area. 

 

 

Figure 38:  Looking upstream at Waimea River in the survey area. 

 

Seepage Run 

 

A seepage run was completed on 6-11-2018 by collecting stream discharge at eight different sites 

in the upper Waimea River system. The sites upstream of Waimea Canyon were in Mohihi, 

Waiakoali, Kawaikoi, Kauaikinana, and Kokee Streams and the sites within Waimea Canyon 
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were in Waiahulu and Poomau Streams, and downstream on the mainstem of the Waimea River. 

To minimize time delays between the discharge measurements, two survey teams were used for 

the seepage run; one for the streams in Kokee and one in Waimea Canyon.  

 

Figure 39: Seepage Run sample areas. 

 

The follow section describes the seepage run data collection at each site and then in total. 

 

Mohihi Stream 

The first site in the Kokee area was on Mohihi Stream just below the old Mohihi Diversion (Site 

1a). This site was accessed by driving to the end of Mohihi Rd and following a trail that led to 

the stream. We measured at total of 2.01 cfs of water flowing downstream. At this location, 

stream discharge data was collected only in the stream because the diversion is no longer 

operational, and no water was being diverted into Kokee Ditch.  
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Figure 40: Mohihi Stream sample location where 2.0 cfs was measured flowing downstream. GPS: 22.116907, -159.601289. 

2.01 cfs 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            61 

 

 

Figure 41: Stream flow measurement site on Mohihi Stream. 

 

Waiakoali Stream 
 

The second survey area was located near the Waiakoali Stream diversion. We collected 

discharge measurements in the stream downstream of the diversion, within the diversion ditch 

immediately after the diversion, and the sluice gate location on the ditch downstream from the 

diversion. There was 100% diversion (2.33 cfs) of water from the stream (measured in the ditch), 

however a small amount of groundwater seepage or leakage around the diversion (0.11 cfs) was 

measured immediately downstream of the diversion.  The ditch sluice gate after the diversion 

had a small amount of water flowing from the ditch back into the stream (0.07 cfs). The stream 

flow measurement (0.11 cfs) immediately downstream of the diversion and the water release 

from the sluice gate (0.07 cfs) would have combined downstream of our stream measurement 

location and resulted in a total of 0.18 cfs in the natural stream channel. 

 

1a 

 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            62 

 

 

Figure 42: Waiakoali Stream sample locations (yellow squares) with a combined total of 0.18 cfs downstream flow 

(yellow triangle).  Waiakoali Stream downstream of diversion located at 22.124496, -159.623535, Waiakoali 

Diversion located at 22.125100, -159.621966, Kokee Ditch sluice gate located at 22.125592, -159.624167. 
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Figure 43: 2a - Waiakoali Stream flow measurement downstream of the Waiakoali Diversion, 2b - Waiakoali Ditch 

flow measurement, 2c - flow measurement in the Kokee Ditch sluice gate downstream of the Waiakoali Diversion. 

 

Kawaikoi Stream 

 

The next site is located in the area of the Kawaikoi Stream Diversion. We completed discharge 

measurements in the ditch, overflow spillway, the Kokee Ditch flume (water diverted at 

Waiakoali) and in the stream downstream of the diversion.  There was 100% diversion from the 

stream. We measured 6.6 cfs in the ditch channel, which then combined with the 1.73 cfs already 

flowing in the flume from Waiakoali for total of 8.31 cfs in Kokee Ditch downstream of the 

Kawaikoi ditch intake. This results in 7.15 cfs flowing in the ditch towards Kauaikinana Stream. 

Immediately downstream of the diversion 0.08 cfs of stream flow was measured as a result of 

seepage through the dam, ground water or subsurface recharge. An overflow spillway along the 

sidewall of the ditch was located downstream of the ditch intake and released 0.81 cfs back into 

Kawaikoi Stream prior to the ditch water entering the tunnel. The combining of the stream flow 

immediately downstream of the dam and the overflow spillway flow (0.81 cfs) resulted in a total 

downstream contribution of 0.89 cfs for Kawaikoi Stream. 

 

2a 

 

2b 

 

2c 
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Figure 44: Kawaikoi Stream sample locations where a total of 0.89 cfs of water flowed downstream.  The 

contributing ditch flow of 6.6 cfs plus the 1.71 cfs flume flow from Waiakoali resulted in an 8.33 cfs Kokee ditch 

flow heading towards Kauaikinana. Kokee Ditch downstream of Kawaikoi intake: 22.129832, -159.623371, ditch 

overflow return point at Kawaikoi: 22.128881, -159.624574, Flume at Kawaikoi: 22.128939, -159.623730. 
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Figure 45: Kawaikoi Stream flow measurement location:3a, ditch flow measurement location at Kawaikoi :3b, 

Kawaikoi ditch spillway return flow measurement location:3c, Flume at Kawaikoi flow measurement location:3d. 

 

Kauaikinana Stream 

 

On Kauaikinana Stream we measured 2.19 cfs in the stream below the diversion.  Water diverted 

into the ditch at Kauaikinana immediately enters a tunnel that is difficult to access because the 

tunnel entrance is blocked by the intake gate.  Therefore, no measurement was taken in the ditch 

although an unmeasured amount was diverted. During this survey, the small tributary that flowed 

into the ditch just downstream of Kauaikinana Stream and immediately above the diversion 

tunnel was dry indicating this is an ephemeral stream. 

 

 

3a 

 

3b 

 

3c 

 

3d 
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Figure 46: Kauaikinana Stream sample location where 2.19 cfs flowed downstream on June 11, GPS: 2018. 

22.131211, -159.631234 

2.19 
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Figure 47: Kauaikinana Stream flow measurement:4a, Kauaikinana Diversion:4f. 

 

 

Kokee Stream 

 

The Kokee Stream diversion area had flow measurements completed in the stream below the 

diversion and at the incoming Kokee Ditch.  Incoming flow in Kokee Ditch measured 7.86 cfs 

and 4.97 cfs was measured in the stream downstream of the diversion. There was a small amount 

of streamflow in Kokee Stream upstream of the diversion pool, but the stream was overgrown 

with vegetation and flowed through boulders and matted vegetation making gathering a 

discharge reading difficult and unreliable. We visually estimated the incoming streamflow from 

Kokee Stream to be approximately 0.5 cfs. Water diverted at Kokee immediately enters a tunnel 

and the intake gate blocks access. Therefore, no measurement was taken of water being diverted 

at Kokee, but it was estimated to be at least 2.9 cfs based on the difference of incoming and 

outgoing discharge measurements.   

4a 

 

4f 
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Figure 48: Kokee Stream sample locations where 4.97 cfs flowed downstream and 7.86 cfs was measured flowing 

into the diversion. Kokee Stream: 22.114649, -159.654720, Kokee Ditch In-Flow at Kokee: 22.115072, -

159.654625, Kokee Diversion: 22.115051, -159.654933. 

 

Figure 49: Kokee Stream flow measurement location:5a, GPS: 22.114649, -159.654720, Kokee Ditch In-Flow 

measurement location at Kokee:5e, GPS: 22.115072, -159.654625, Kokee Diversion:5f, GPS: 22.115051, -

159.654933. 
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Waiahulu and Poomau Streams 

 

Stream discharge measurements were completed in both Waiahulu and Poomau Streams before 

their confluence forms Waimea River. Waiahulu Stream had a flow measurement of 6.58 cfs 

showing an increase of 1.61 cfs from what was measured in Kokee Stream downstream of the 

Kokee diversion. Poomau Stream had a flow measurement of 13.72 cfs showing an increase of 

8.45 cfs as compared to the calculated amount of flow combined from the upper four tributaries 

(Mohihi, Waiakoali, Kawaikoi and Kauaikinana Streams). After combining the two flow 

measurements from Waiahulu and Poomau Streams, 20.3 cfs of water was calculated to be 

flowing in the Waimea River downstream of the confluence.  

 

 

Figure 50: Poomau and Waiahulu Stream sample measurements upstream of the confluence. Calculated downstream 

flow for Waimea River was 20.3 cfs. 
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Figure 51: Waiahulu Stream flow measurement location:10g, GPS: 22.087182, -159.652591, Poomau Stream flow 

measurement location:10h, GPS: Stream:22.087388, -159.652327, Confluence of Waiahulu and Poomau 

Streams:10a, GPS: 22.086599, -159.652456. 

 

Waimea River 

 

The Waimea River above the Waiahulu Diversion had a measured discharge of 21.65 cfs. The 

discharge measurement at the confluence of Waiahulu and Poomau Streams of 20.3 cfs indicates 

that this section gained 1.35 cfs of water between the upstream and downstream measurement 

locations on Waimea River (Figure 52).  

 

 

 

10a 

 

10g 

 

10h 

 

10g

 

 

10h

 

 

10a

 

 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            71 

 

 

  Figure 52: Waimea River flow measurement location. GPS: 22.074533, -159.648236 

 

 

Figure 53: Waiahulu diversion (11f) on Waimea River: 22.074023, -159.648516. Discharge cross section transect 

was upstream approximately 100 m from the diversion pool. 
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Seepage Run Overall 

 

A schematic of the Waimea River drainage system was created to illustrate locations of streams, 

and where and how much stream discharge we measured (Figure 54 and Table 7). The difference 

in calculated stream flow upstream to the measured flow downstream resulted in the amount of 

flow that each section was gaining or losing (Figure 55). 

The measured flows at the lowest point of Waiahulu and Poomau Streams both indicated gaining 

flows in Waimea Canyon.  Kokee had a total of 4.97 cfs flowing downstream from the diversion 

and Waiahulu Stream flow measured 6.58 cfs showing an increase of 1.61 cfs from the discharge 

measured at the Kokee diversion.  Kauaikinana, Kawaikoi, Waiakoali, and Mohihi Streams had a 

combined total of 5.27 cfs downstream flow. Poomau measured 13.72 cfs showing an increase of 

8.45 cfs compared to the calculated amount of flow combined from the upper four tributaries 

(Kauaikinana, Kawaikoi, Waiakoali, and Mohihi Streams). The lowest section of Waimea 

surveyed had a calculated total of 20.3 cfs (combining Waiahulu and Poomau discharge 

measures) but 21.65 cfs was measured above the Waiahulu Diversion indicating a 1.35 cfs 

gaining to that section of river. 

The results presented above assume that we measured all surface water inputs into the system 

and that the difference between an upstream and downstream measurement was due entirely to 

either gains or losses to the groundwater. This assumption may hold true for our survey. The 

weather had dried out substantially from our February survey period. The small tributaries in the 

upper forested areas and in the canyon observed with flowing water in February were dry during 

the June survey. While we made every effort to identify all tributary contributions and we did not 

observe any other tributary stream inputs during our surveys, it is not proof that some did not 

exist.  

To further test whether additional unmeasured surface water discharge may account for the 

observed gains in the Waimea River system, we compared the total annual rainfall with each 

basin to the observed discharge to create a relationship to predict expected surface water 

discharge for all basins (Figure 56). The discharge quantities at each location were totaled to 

represent an accumulated discharge at the furthest downstream point while also accounting for 

the changes in output due to the diversions (Table 8). To account for additional groundwater, the 

difference between the total measured discharge and the modeled discharge above the Waiahulu 

Diversion was calculated (6.6 cfs). Then the quantity was apportioned based on basin area to 

basins below the Kauaikinana, Kawaikoi, Waiakoali diversions, and Mohihi Stream sample 

location (Table 8). No additional groundwater was added below the Kokee Stream diversion as 

surface water runoff from Kokee and Halemanu Streams could account for the gains in flow 

measured at the downstream end of Waiahulu Stream. The pattern observed from this analysis of 

the seepage run data showed that the Poomau side of the upper Waimea River system was a 

strongly gaining stream. This analysis does not conclude that there are no other gaining or losing 

reaches in the upper Waimea River system, only that the canyon streams on Poomau side of the 
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upper Waimea River system gained water at a higher rate than would be expected from the 

rainfall to runoff relationship. 

The rainfall-runoff relationship was created for a second reason. The relationship provided a 

comparative estimate of discharge for each basin to allow its inclusion in the HSHEP model. The 

primary effect of water diversion on the stream is the subsequent dewatering of the downstream 

stream reaches. Understanding the recovery of water in these downstream reaches is important to 

understanding the impact on stream animal habitat. If a stream has no other source of water 

below the diversion, the stream channel may stay dry for long distances. Conversely, if the reach 

is a rapidly gaining area, then the impact of the diversion may be limited. Based on the results of 

our surveys and analysis, it appears the Waimea River is overall a gaining system and therefore 

the implementation of the IIFS at diversion sites will not likely be lost to extensive losing 

reaches below the diversions. These results support the IIFS intent of restoring habitat and 

connectivity to dewatered reaches below the Kokee diversions by providing a consistent 

streamflow in these stream reaches. 

When comparing the results of the modeled basin discharge with other discharge values reported 

from this area, we see a consistent pattern in the magnitude of the discharge in the basins. The 

order from largest to smallest for the reported median discharge (Q50) moves from Kawaikoi to 

Waiakoali to Kauaikinana to Kokee Stream (Table 9) (Element Environmental, LLC., 2016). The 

modeled basin discharge followed the same pattern. It is not surprising that there is some 

difference in the values as the modeled basin discharge is based on a single set of discharge 

values while the others are based on long-term averages. 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            74 

 

  

 

 

Figure 54: Schematic of Waimea River seepage run locations. 
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Table 7: Flow measurement data for the Waimea River seepage run. 

Location Date Type cfs 

Mohihi Stream 6/11/2018 Measured 2.01 

Waiakoali Stream Downstream 6/11/2018 Measured 0.11 

Waiakoali Diversion Ditch 6/11/2018 Measured 2.33 

Waiakoali Diversion Ditch sluice return 6/11/2018 Measured 0.07 

Kawaikoi Stream Downstream 6/11/2018 Measured 0.08 

Kawaikoi Diversion Ditch 6/11/2018 Measured 6.60 

Kawaikoi Diversion Ditch sluice return 6/11/2018 Measured 0.81 

Kawaikoi Flume 6/11/2018 Measured 1.73 

Kauaikinana Stream Downstream 6/11/2018 Measured 2.19 

Kokee Stream Downstream 6/11/2018 Measured 4.98 

Kokee Ditch Inflow 6/11/2018 Measured 7.88 

Kokee Stream Upstream 6/11/2018 Estimated 0.50 

Waiahulu 6/11/2018 Measured 6.57 

Poomau 6/11/2018 Measured 13.72 

Waimea 6/11/2018 Measured 21.65 

 

 

 

  



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            76 

 

 

 

Figure 55: Discharge representation of seepage run for the upper Waimea River and its tributaries.   
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Figure 56: Linear relationship created between average annual rainfall in the basin and the measured stream 

discharge. 

 

Table 8: Estimated basin discharge based on area-rainfall vs measured discharge relationship. Basin discharge was 

set to 0 for estimates that were negative as these were unlikely to be perennial segments. Ground water amounts 

with apportioned based on area in the Poomau basins to balance the overall accumulated discharge between 

predicted value and the measured value. *The measured discharge for basin 14 (above Waiahulu Diversion) includes 

an additional 2.9 cfs that was diverted into the Kokee Ditch and out of the watershed. 

 

Basin 

Number Area (m
2
)

Rainfall 

Sum (mm)

Calculated 

Discharge 

(CFS)

Basin 

Discharge 

(CFS)

Runoff 

Accumulated 

Discharge 

(cfs)

Ground 

water 

(cfs)

Total Basin 

Discharge 

(cfs)

Total 

Accumulated 

Discharge 

(cfs)

Measured 

Discharge 

(cfs)

1 4,422,800 5,580,920 2.42 2.42 2.42 0.00 2.42 2.4 2.0

2 2,782,700 2,381,130 0.82 0.82 3.24 1.13 1.95 4.4

3 8,319,300 5,203,150 2.23 2.23 15.56 3.38 5.61 21.2

4 5,147,700 5,804,250 2.53 2.53 2.53 0.00 2.53 2.5 2.3

5 10,563,300 13,710,300 6.48 6.48 6.48 0.00 6.48 6.5 6.6

6 145,700 116,254 -0.31 0.00 2.53 0.06 0.06 2.6

7 1,091,500 786,178 0.02 0.02 1.08 0.44 0.46 1.5

8 251,400 192,270 -0.28 0.00 9.01 0.10 0.10 9.2

9 875,500 642,293 -0.05 0.00 10.10 0.36 0.36 10.7

10 3,462,900 2,866,660 1.06 1.06 1.06 0.00 1.06 1.1 1.8

11 3,709,200 2,400,620 0.83 0.83 0.83 0.00 0.83 0.8 0.5

12 1,678,000 966,995 0.11 0.11 0.94 0.00 0.11 0.9

13 3,982,300 2,075,110 0.67 0.67 2.10 0.00 0.67 2.1

14 2,723,000 1,325,840 0.29 0.29 17.95 1.04 1.33 24.6 24.6

15 3,025,800 1,730,620 0.49 0.49 0.49 0.00 0.49 0.5

16 333,200 272,984 -0.24 0.00 6.48 0.14 0.14 6.6
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Table 9: Comparison of basin discharge among reported and modeled values.  

Location USGS Q50 (cfs) 
Modeled Basin 
Discharge (cfs) 

Above Waiakoali Diversion 2.13 2.5 

Above Kawaikoi Diversion 7.76 6.5 

Above Kauaikinana Diversion 1.29 1.1 

Above Kokee Diversion n/a 0.8 

 

 

HSHEP Results 

The goal of the HSHEP modeling was to compare the IIFS flow restoration scenario as outlined 

in the mediation agreement with the suitable habitat under undiverted stream conditions. To 

accomplish this, we first needed to determine the natural or undiverted flow conditions and the 

extent of habitat for native stream animals as a baseline to compare to other scenarios. 

Additionally, the full diversion scenario, which represents the diversions as they were designed 

and operated during sugar production, provided a maximum impact scenario for comparison. 

Finally, the current condition scenario involves variable interbasin transfers of water. 

Specifically, some Waiakoali and Kawaikoi derived ditch flows are released at the Kauaikinana 

diversion thereby moving the waters from their streams of origin to the Kauaikinana stream 

before ultimately flowing into Poomau Stream. Additionally, some of the comingled ditch flow 

continuing on from Kauaikinana is released at Kokee Stream which contributes to Waiahulu 

Stream, thereby creating a second type of interbasin transfer prior to the flows rejoining at the 

confluence of Waiahulu and Koaie Streams. These variable and different interbasin transfers 

were considered to see how the IIFS flow restoration scenario may affect the stream conditions. 

Historically, this transfer of water was a functional byproduct of ditch system operation where 

ditch water was often released down-ditch from the diversion point into another stream. 

Operational considerations of multiple basin irrigation systems can confound some of the 

estimates of habitat availability as there is more water in some stream segments than would be 

naturally expected. The full diversion and current condition scenarios were completed to add a 

better understanding of the impact of the flow diversion in the upper Waimea River system. 

Scenario 3- IIFS Flow Restoration is the scenario that most closely represents the proposed 

project impacts. The values used for the four scenarios in the model are shown in Table 11 and 

were as follows: 

1. No Diversion: Under this scenario the impacts of all diversions were set to zero. This 

means that no water was diverted, no entrainment of animals occurred, no barrier affects 

existed, and there was no impact on habitat. This scenario represents the natural flow 

scenario without the diversions present. This scenario provides the maximum available 
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habitat as the upper bound for the environmental benefit of any scenario and is not 

intended or being proposed as a management option. 

 

2. Full Diversion: Under this scenario the impacts of all diversions were set to the maximum 

as they were designed to be operated during sugar production. In general, the diversions 

were designed to remove 100% from the stream during low streamflow conditions. As a 

result, there is a loss of habitat, potential for entrainment and the possibility of limiting 

the upstream movement of animals. Based on the field surveys, the primary impact of 

these diversions would be entrainment of both upstream moving animals and downstream 

drifting larvae as well as the loss of habitat resulting from the removal of baseflow during 

low flow periods. Mohihi Diversion is included in this scenario as it represents the 

conditions during sugar production. It is important to note that the Mohihi Diversion is no 

longer active and not currently diverting any water into Kokee Ditch. As a result, its 

diversion capacity is set to zero in Scenarios 3 and 4 as follow. 

 

3. IIFS Flow Restoration: Under this scenario the impacts of the diversions reflect the 

required variable instream flow requirements as described in the CWRM mediation 

agreement (Table 10). The IIFS requirements are intended to minimize environmental 

degradation while maximizing water availability. The IIFS flows provide habitat in the 

stream during low flow periods and can provide a pathway for animal movement past the 

diversions. To model the change in habitat suitability with respect to Q70 baseflow, we 

used the USGS flow to habitat relationships created for the native stream animals 

(Gingrich and Wolff, 2005). 

 

Table 10: IIFS flow values and selected rules based on the modeled stream flow used for the HSHEP model. 

 
 

4. Current Conditions: Under this scenario the impacts of the diversions were set to the 

observed conditions during our field surveys. This proved difficult to apply to the 

HSHEP model as much of the diverted water at the beginning of the ditch was being 

returned to different streams further along the ditch. From a conceptual management 

HSHEP

Below EV 

Rule

Above EV 

Rule

Diversion

Established 

Value (EV) 

(MGD) EV (cfs)

2/3 of 

EV (cfs)

Modeled 

Flow (cfs)

2/3 of 

Modeled 

Flow (cfs) EV IIFS

Modeled 

Rule

% of 

HSHEP 

Flow 

Instream

Kokee 0.2 0.3 n/a 0.8 n/a

100% below 

1.2 MDG 

(1.9 cfs) Below rule 100%

Kauaikinana 1.2 1.9 1.2 1.1 0.7 0.6 Below EV 67%

Kawaikoi 6.4 9.9 6.6 6.5 4.3 4.0 Below EV 67%

Waiakoali 1.3 2.0 1.3 2.5 1.7 0.8 Above EV 32%

CWRM
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standpoint, DAR decided that adding additional water above baseflow to a stream from 

an interbasin transfer does not result in additional habitat and this was formalized into the 

HSHEP model when it was created. Therefore, where water returns were greater than 

predicted Q70 baseflow the diversion impact was set to zero, but no additional positive 

habitat was created. Additionally, the extra water that flowed downstream was not 

accounted as lost from the ditch, so under the current conditions we overestimated ditch 

water production and underestimated water flowing downstream. It does, however, 

accurately quantify habitat availability based on the management criteria determined by 

DAR. 

 

 

Although this project focuses on the watersheds upstream of the Waiahulu diversion on the 

Waimea River, as part of the modeling process the whole Waimea River watershed was 

included. Table 12 shows the habitat units and percent habitat for all basins within the Waimea 

River watershed. Basin 0 represents all of the river and its tributaries below the Waiahulu 

diversion. The majority of stream length (72%) and native stream animal habitat (89%) is found 

below the Waiahulu diversion as the Waiahulu diversion is far up in the watershed. It is also 

important to note that a number of species were not predicted to have habitat upstream of the 

Waiahulu diversion. This includes o’opu alamo’o (Lentipes concolor), o’opu naniha 

(Stenogobius hawaiiensis), o’opu akupa (Eleotris sandvicensis), Opae oeha’a (Macrobrachium 

grandimanus), and hihiwai (Neritina granosa). Each of these species were expected to be found 

in the Waimea River watershed but not upstream of the Waiahulu diversion. The species 

presence in the watershed, but not above Waiahulu diversion is primarily a result of these species 

most commonly being found near the ocean and not far inland. The Waiahulu diversion is 

approximately 11 miles inland from the ocean which is quite far by Hawaiian stream standards.  

With respect to the basins upstream of the Waiahulu diversion, suitable habitat was predicted to 

occur for opae kala’ole (Atyoida bisulcata), o’opu nakea (Awaous stamenius) and o’opu nōpili 

(Sicyotperus stimpsoni) in descending order respectively (Table 13) under the no diversion 

scenario. While 69% of the stream length was found above Kokee diversions only 13% of 

suitable habitat for all species was located above Kokee diversions compared to the stream 

segments between the Kokee diversions and the Waiahulu diversion. Therefore, the effects of the 

diversions will be primarily observed on native stream animal habitat in Waimea Canyon. Under 

the full diversion scenario, the majority of native species suitable habitat was eliminated with 

only 1% remaining above the Kokee diversions and 10% below as a result of the combination of 

lost habitat, entrainment and barriers to movement for the migratory animals (Table 14). Under 

the flow restoration scenario approximately one third of the habitat is restored (  
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Table 15) while only about 10% of the habitat is available under the current conditions (Table 

16) as compared to the natural flow conditions (Table 17). 

In comparison to the field observations, we observed both o’opu nakea and o’opu nōpili in 

stream segment within Waimea Canyon as was predicted by the HSHEP model. We did not 

observe opae kala’ole although they were predicted to be found in the area. Although the HSHEP 

model predicted much of their suitable habitat would be found in the steeper back end of 

Waimea Canyon, our surveys did not extend to those locations. We did observe one o’opu 

alamo’o in the Waimea River above the Waiahulu diversion that was not predicted to occur in 

the HSHEP results.  

One output of the HSHEP model is a streamflow accumulation throughout the system as well as 

the ditch water accumulation (Table 18 and Table 19). The availability of these flow predictions 

could allow various flow release amounts to be tested in different locations to maximize habitat 

gains. One problem with these predictions in comparison to our field surveys was the difficulty 

in accounting for the return water in Kauaikinana and Kokee streams, thus the water predictions 

in the current condition scenario should be used with caution or adjusted to reflect these water 

returns. 
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Table 11: Node values used in the HSHEP model for the upper Waimea River watershed. 
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1 Waihulu Diversion Dam to Kekaha ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

2 Kauaikinana Diversion Dam to Kokee ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

3 Kawaikoi Diversion Dam to Kokee ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

4 Waiakoali Diversion Dam to Kokee ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

5 Kokee Diversion Dam to Kokee ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

6 Confluence of Kawaikoi and Waiakoali Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

7 Confluence of Kauaikinana and Kawaikoi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

8 Confluence of Poomau and Mohihi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

9 Confluence of Kokee and Halemanu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

10 Confluence of Poomau and Waiahulu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

11 Mohihi Diversion Dam to Kokee Ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

1 Waihulu Diversion Dam to Kekaha ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

2 Kauaikinana Diversion Dam to Kokee ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

3 Kawaikoi Diversion Dam to Kokee ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

4 Waiakoali Diversion Dam to Kokee ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

5 Kokee Diversion Dam to Kokee ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

6 Confluence of Kawaikoi and Waiakoali Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

7 Confluence of Kauaikinana and Kawaikoi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

8 Confluence of Poomau and Mohihi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

9 Confluence of Kokee and Halemanu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

10 Confluence of Poomau and Waiahulu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

11 Mohihi Diversion Dam to Kokee Ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

1 Waihulu Diversion Dam to Kekaha ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

2 Kauaikinana Diversion Dam to Kokee ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

3 Kawaikoi Diversion Dam to Kokee ditch Diversion 1.00 0.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

4 Waiakoali Diversion Dam to Kokee ditch Diversion 1.00 1.00 0.60 1.00 1.00 1.00 0.20 1.00 1.00 1.00 0.00

5 Kokee Diversion Dam to Kokee ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

6 Confluence of Kawaikoi and Waiakoali Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

7 Confluence of Kauaikinana and Kawaikoi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

8 Confluence of Poomau and Mohihi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

9 Confluence of Kokee and Halemanu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

10 Confluence of Poomau and Waiahulu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

11 Mohihi Diversion Dam to Kokee Ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

1 Waihulu Diversion Dam to Kekaha ditch Diversion 0.66 0.34 0.74 1.00 1.00 1.00 0.47 1.00 1.00 1.00 0.00

2 Kauaikinana Diversion Dam to Kokee ditch Diversion 0.33 0.67 0.87 1.00 1.00 1.00 0.74 1.00 1.00 1.00 0.00

3 Kawaikoi Diversion Dam to Kokee ditch Diversion 0.33 0.67 0.87 1.00 1.00 1.00 0.74 1.00 1.00 1.00 0.00

4 Waiakoali Diversion Dam to Kokee ditch Diversion 0.68 0.32 0.73 1.00 1.00 1.00 0.46 1.00 1.00 1.00 0.00

5 Kokee Diversion Dam to Kokee ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

6 Confluence of Kawaikoi and Waiakoali Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

7 Confluence of Kauaikinana and Kawaikoi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

8 Confluence of Poomau and Mohihi Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

9 Confluence of Kokee and Halemanu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

10 Confluence of Poomau and Waiahulu Confluence 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

11 Mohihi Diversion Dam to Kokee Ditch Diversion 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

No Diversion

Full Diversion

Current Conditions

IIFS Flow Return
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Table 12: Habitat Units (m) and percent for native amphidromous stream species in the Waimea River watershed. 

AB = Opae kala’ole (Atyoida bisulcata), AS = O’opu nakea (Awaous stamenius), ES = O’opu akupa (Eleotris 

sandvicensis), LC = O’opu alamo’o (Lentipes concolor), MG = Opae oeha’a (Macrobrachium grandimanus), NG = 

Hihiwai (Neritina granosa), SH = O’opu naniha (Stenogobius hawaiiensis), SS= O’opu nōpili (Sicyotperus 

stimpsoni), and All SP = All Species Combined. 

 

 

 

 

Basin
Stream 

Length (m)
AB (m) AS (m) ES (m) LC (m) MG (m) NG (m) SH (m) SS (m) All SP (m)

0 284,460       9,626 13,448 244 3,372 353 1,171 2,333 7,394 37,941

1 17,620         135 0 0 0 0 0 0 0 135

2 4,770           80 0 0 0 0 0 0 0 80

3 9,650           1,064 436 0 0 0 0 0 125 1,626

4 16,490         126 0 0 0 0 0 0 0 126

5 27,100         207 0 0 0 0 0 0 0 207

6 630               5 0 0 0 0 0 0 0 5

7 1,470           13 0 0 0 0 0 0 0 13

8 780               14 0 0 0 0 0 0 0 14

9 2,190           73 0 0 0 0 0 0 0 73

10 7,380           56 0 0 0 0 0 0 0 56

11 8,640           96 0 0 0 0 0 0 0 96

12 3,340           298 1 0 0 0 0 0 1 301

13 2,710           174 384 0 0 0 0 0 84 642

14 2,080           80 722 0 0 0 0 0 110 912

15 6,210           363 6 0 0 0 0 0 1 370

16 800               6 0 0 0 0 0 0 0 6

total 396,320       12,418 14,998 244 3,372 353 1,171 2,333 7,715 42,604

Basin Length % AB AS ES LC MG NG SH SS AllSP

0 72% 78% 90% 100% 100% 100% 100% 100% 96% 89%

1 4% 1% 0% 0% 0% 0% 0% 0% 0% 0%

2 1% 1% 0% 0% 0% 0% 0% 0% 0% 0%

3 2% 9% 3% 0% 0% 0% 0% 0% 2% 4%

4 4% 1% 0% 0% 0% 0% 0% 0% 0% 0%

5 7% 2% 0% 0% 0% 0% 0% 0% 0% 0%

6 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

7 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

8 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

9 1% 1% 0% 0% 0% 0% 0% 0% 0% 0%

10 2% 0% 0% 0% 0% 0% 0% 0% 0% 0%

11 2% 1% 0% 0% 0% 0% 0% 0% 0% 0%

12 1% 2% 0% 0% 0% 0% 0% 0% 0% 1%

13 1% 1% 3% 0% 0% 0% 0% 0% 1% 2%

14 1% 1% 5% 0% 0% 0% 0% 0% 1% 2%

15 2% 3% 0% 0% 0% 0% 0% 0% 0% 1%

16 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table 13: Habitat Units for the modeled basins under No Diversion scenario associated with the Puu Opae/West 

Kauai Energy Project and includes breakdown for areas above and below the diversions on the Kokee Ditch System. 

AB = Opae kala’ole (Atyoida bisulcata), AS = O’opu nakea (Awaous stamenius), ES = O’opu akupa (Eleotris 

sandvicensis), LC = O’opu alamo’o (Lentipes concolor), MG = Opae oeha’a (Macrobrachium grandimanus), NG = 

Hihiwai (Neritina granosa), SH = O’opu naniha (Stenogobius hawaiiensis), SS= O’opu nōpili (Sicyotperus 

stimpsoni), and All SP = All Species Combined. 

 

 

 

 

 

 

 

Basin

Stream 

Length 

(m)

AB (m) AS (m) ES (m) LC (m) MG (m) NG (m) SH (m) SS (m) All SP (m)

1 17,620 135 0 0 0 0 0 0 0 135

2 4,770 80 0 0 0 0 0 0 0 80

3 9,650 1,064 436 0 0 0 0 0 125 1,625

4 16,490 126 0 0 0 0 0 0 0 126

5 27,100 207 0 0 0 0 0 0 0 207

6 630 5 0 0 0 0 0 0 0 5

7 1,470 13 0 0 0 0 0 0 0 13

8 780 14 0 0 0 0 0 0 0 14

9 2,190 73 0 0 0 0 0 0 0 73

10 7,380 56 0 0 0 0 0 0 0 56

11 8,640 96 0 0 0 0 0 0 0 96

12 3,340 298 1 0 0 0 0 0 1 300

13 2,710 174 384 0 0 0 0 0 84 642

14 2,080 80 722 0 0 0 0 0 110 912

15 6,210 363 6 0 0 0 0 0 1 370

16 800 6 0 0 0 0 0 0 0 6

total 111,860 2,790 1,549 0 0 0 0 0 321 4,660

Above 77,230 620 0 0 0 0 0 0 0 620

Below 34,630 2,170 1,549 0 0 0 0 0 321 4,040

Above % 69% 22% 0% 0% 0% 0% 0% 0% 0% 13%

Below % 31% 78% 100% 0% 0% 0% 0% 0% 100% 87%

No Diversion
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Table 14: Habitat Units for the modeled basins under Full Diversion scenario associated with the Puu Opae/West 

Kauai Energy Project and includes breakdown for areas above and below the Kokee diversions. AB = Opae kala’ole 

(Atyoida bisulcata), AS = O’opu nakea (Awaous stamenius), ES = O’opu akupa (Eleotris sandvicensis), LC = O’opu 

alamo’o (Lentipes concolor), MG = Opae oeha’a (Macrobrachium grandimanus), NG = Hihiwai (Neritina granosa), 

SH = O’opu naniha (Stenogobius hawaiiensis), SS= O’opu nōpili (Sicyotperus stimpsoni), and All SP = All Species 

Combined. 

 

  

Basin

Stream 

Length 

(m)

AB (m) AS (m) ES (m) LC (m) MG (m) NG (m) SH (m) SS (m) All SP (m)

1 17,620 2 0 0 0 0 0 0 0 2

2 4,770 8 0 0 0 0 0 0 0 8

3 9,650 105 41 0 0 0 0 0 12 157

4 16,490 2 0 0 0 0 0 0 0 2

5 27,100 3 0 0 0 0 0 0 0 3

6 630 0 0 0 0 0 0 0 0 0

7 1,470 1 0 0 0 0 0 0 0 1

8 780 1 0 0 0 0 0 0 0 1

9 2,190 5 0 0 0 0 0 0 0 5

10 7,380 1 0 0 0 0 0 0 0 1

11 8,640 1 0 0 0 0 0 0 0 1

12 3,340 22 0 0 0 0 0 0 0 22

13 2,710 19 42 0 0 0 0 0 9 71

14 2,080 8 71 0 0 0 0 0 11 90

15 6,210 44 1 0 0 0 0 0 0 44

16 800 0 0 0 0 0 0 0 0 0

total 111,860 222 155 0 0 0 0 0 32 409

Above 77,230 9 0 0 0 0 0 0 0 9

Below 34,630 213 155 0 0 0 0 0 32 400

Above % 69% 4% 0% 0% 0% 0% 0% 0% 0% 2%

Below % 31% 96% 100% 0% 0% 0% 0% 0% 100% 98%

Full Diversion
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Table 15: Habitat Units for the modeled basins under IIFS Flow Restoration scenario associated with the Puu 

Opae/West Kauai Energy Project and includes breakdown for areas above and below the Kokee diversions. AB = 

Opae kala’ole (Atyoida bisulcata), AS = O’opu nakea (Awaous stamenius), ES = O’opu akupa (Eleotris 

sandvicensis), LC = O’opu alamo’o (Lentipes concolor), MG = Opae oeha’a (Macrobrachium grandimanus), NG = 

Hihiwai (Neritina granosa), SH = O’opu naniha (Stenogobius hawaiiensis), SS= O’opu nōpili (Sicyotperus 

stimpsoni), and All SP = All Species Combined. 

 

  

Basin

Stream 

Length 

(m)

AB (m) AS (m) ES (m) LC (m) MG (m) NG (m) SH (m) SS (m)
All SP 

(m)

1 17,620 47 0 0 0 0 0 0 0 47

2 4,770 28 0 0 0 0 0 0 0 28

3 9,650 361 148 0 0 0 0 0 43 551

4 16,490 15 0 0 0 0 0 0 0 15

5 27,100 46 0 0 0 0 0 0 0 46

6 630 1 0 0 0 0 0 0 0 1

7 1,470 4 0 0 0 0 0 0 0 4

8 780 4 0 0 0 0 0 0 0 4

9 2,190 23 0 0 0 0 0 0 0 23

10 7,380 12 0 0 0 0 0 0 0 12

11 8,640 33 0 0 0 0 0 0 0 33

12 3,340 104 0 0 0 0 0 0 0 104

13 2,710 60 133 0 0 0 0 0 29 223

14 2,080 27 247 0 0 0 0 0 38 312

15 6,210 126 2 0 0 0 0 0 0 129

16 800 2 0 0 0 0 0 0 0 2

total 111,860 894 531 0 0 0 0 0 110 1,536

Above 77,230 153 0 0 0 0 0 0 0 153

Below 34,630 741 531 0 0 0 0 0 110 1,383

Above % 69% 17% 0% 0% 0% 0% 0% 0% 0% 10%

Below % 31% 83% 100% 0% 0% 0% 0% 0% 100% 90%

Flow Restoration (IIFS)
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Table 16: Habitat Units for the modeled basins under Current Conditions scenario associated with the Puu 

Opae/West Kauai Energy Project and includes breakdown for areas above and below the Kokee diversions. AB = 

Opae kala’ole (Atyoida bisulcata), AS = O’opu nakea (Awaous stamenius), ES = O’opu akupa (Eleotris 

sandvicensis), LC = O’opu alamo’o (Lentipes concolor), MG = Opae oeha’a (Macrobrachium grandimanus), NG = 

Hihiwai (Neritina granosa), SH = O’opu naniha (Stenogobius hawaiiensis), SS= O’opu nōpili (Sicyotperus 

stimpsoni), and All SP = All Species Combined. 

 

Basin

Stream 

Length 

(m)

AB (m) AS (m) ES (m) LC (m) MG (m) NG (m) SH (m) SS (m) All SP (m)

1 17,620 16 0 0 0 0 0 0 0 16

2 4,770 10 0 0 0 0 0 0 0 10

3 9,650 115 47 0 0 0 0 0 13 175

4 16,490 2 0 0 0 0 0 0 0 2

5 27,100 3 0 0 0 0 0 0 0 3

6 630 0 0 0 0 0 0 0 0 0

7 1,470 2 0 0 0 0 0 0 0 2

8 780 1 0 0 0 0 0 0 0 1

9 2,190 6 0 0 0 0 0 0 0 6

10 7,380 7 0 0 0 0 0 0 0 7

11 8,640 12 0 0 0 0 0 0 0 12

12 3,340 36 0 0 0 0 0 0 0 36

13 2,710 21 46 0 0 0 0 0 10 77

14 2,080 9 80 0 0 0 0 0 12 101

15 6,210 44 1 0 0 0 0 0 0 44

16 800 0 0 0 0 0 0 0 0 0

total 111,860 282 173 0 0 0 0 0 36 491

Above 77,230 39 0 0 0 0 0 0 0 39

Below 34,630 243 173 0 0 0 0 0 36 452

Above % 69% 14% 0% 0% 0% 0% 0% 0% 0% 8%

Below % 31% 86% 100% 0% 0% 0% 0% 0% 100% 92%

Current Condition*
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Table 17: Summary habitat units for the scenarios and percent change in habitat units from the No Diversion 

Condition includes breakdown for areas above and below the Kokee diversions. AB = Opae kala’ole (Atyoida 

bisulcata), AS = O’opu nakea (Awaous stamenius), ES = O’opu akupa (Eleotris sandvicensis), LC = O’opu alamo’o 

(Lentipes concolor), MG = Opae oeha’a (Macrobrachium grandimanus), NG = Hihiwai (Neritina granosa), SH = 

O’opu naniha (Stenogobius hawaiiensis), SS= O’opu nōpili (Sicyotperus stimpsoni), and All SP = All Species 

Combined.. 

 

  

Basins AB (m) AS (m) ES (m) LC (m) MG (m) NG (m) SH (m) SS (m) All SP (m)

No Diversion Above 620 0 0 0 0 0 0 0 620

No Diversion Below 2,170 1,549 0 0 0 0 0 321 4,040

Full Diversion Above 9 0 0 0 0 0 0 0 9

Full Diversion Below 213 155 0 0 0 0 0 32 400

IIFS Flow Restoration Above 153 0 0 0 0 0 0 0 153

IIFS Flow Restoration Below 741 531 0 0 0 0 0 110 1,383

Current Condtions Above 39 0 0 0 0 0 0 0 39

Current Condtions Below 243 173 0 0 0 0 0 36 452

Basins AB (%) AS (%) ES (%) LC (%) MG (%) NG (%) SH (%) SS (%) All SP (%)

No Diversion Above 100.0% - - - - - - - 100.0%

No Diversion Below 100.0% 100.0% - - - - - 100.0% 100.0%

Full Diversion Above 1.4% - - - - - - - 1.4%

Full Diversion Below 9.8% 10.0% - - - - - 9.9% 9.9%

IIFS Flow Restoration Above 24.7% - - - - - - - 24.7%

IIFS Flow Restoration Below 34.2% 34.3% - - - - - 34.3% 34.2%

Current Condtions Above 6.3% - - - - - - - 6.3%

Current Condtions Below 11.2% 11.2% - - - - - 11.2% 11.2%

Habitat Units (m)

% Change from No Diverson Condition
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Table 18: Accumulated streamflow remaining in the stream segments under the various modeled scenarios. *Does 

not account for return flow after diversion. **Sites associated with Kokee Ditch immediately downstream of 

diversion with IIFS. Inclusion of Mohihi Diversion reflects its historical use in the full diversion scenario, but the 

diversion is not in operation. 

   Modeled Water in Stream (cfs) 

Basin 
Order 

Basin Name 
Basin 
Code 

No 
Diversion 

Full 
Diversion 

IIFS Flow 
Restoration 

Current 
Conditions* 

1 Upper Mohihi  1 2.4 2.4 2.4 2.4 

2 Lower Mohihi 2 4.3 1.9 4.3 4.3 

3 Upper Waiakoali 4 2.5 2.5 2.5 2.5 

4 Lower Waiakoali** 6 2.6 0.1 0.9 0.1 

5 Upper Kawaikoi 5 6.5 6.5 6.5 6.5 

6 Lower Kawaikoi** 16 6.6 0.1 4.5 0.1 

7 Upper Kauaikinana 10 1.1 1.1 1.1 1.1 

8 Lower Kauaikinana** 7 1.6 0.5 1.2 1.6 

9 Upper Poomau 8 9.3 0.3 5.5 0.3 

10 Middle Poomau 9 11.3 1.2 7.1 2.3 

11 Lower Poomau 3 21.2 8.7 17.0 12.2 

12 Upper Kokee 11 0.8 0.8 0.8 0.8 

13 Lower Kokee** 12 0.9 0.1 0.9 0.9 

14 Halemanu 15 0.5 0.5 0.5 0.5 

15 Waiahulu 13 2.1 1.3 2.1 2.1 

16 Waimea 14 24.6 11.3 20.4 15.5 

 

Table 19: Water diverted into the ditch systems under the various scenarios. *Does not account for return flow after 

diversion. **Sites associated with Kokee Ditch immediately downstream of diversion with IIFS. Inclusion of 

Mohihi Diversion reflects its historical use in the full diversion scenario but currently it is not operational. 

 

Node 

Label Node Description

Natural 

Flow

Full 

Diversion

IIFS Flow 

Restoration

Current 

Conditions*

1 Mohihi Diversion Dam to Kokee Ditch 0.0 2.4 0.0 0.0

2 Waiakoali Diversion Dam to Kokee ditch** 0.0 2.5 1.7 2.5

3 Kawaikoi Diversion Dam to Kokee ditch** 0.0 6.5 2.1 6.5

4 Kauaikinana Diversion Dam to Kokee ditch** 0.0 1.1 0.4 0.0

5 Kokee Diversion Dam to Kokee ditch** 0.0 0.8 0.0 0.0

6 Confluence of Kawaikoi and Waiakoali 0.0 0.0 0.0 0.0

7 Confluence of Kauaikinana and Kawaikoi 0.0 0.0 0.0 0.0

8 Confluence of Poomau and Mohihi 0.0 0.0 0.0 0.0

9 Confluence of Kokee and Halemanu 0.0 0.0 0.0 0.0

10 Confluence of Poomau and Waiahulu 0.0 0.0 0.0 0.0

11 Waihulu Diversion Dam to Kekaha ditch 0.0 11.3 13.5 15.6

Total diverted 0.0 24.6 17.7 24.6

Amount Diverted to Ditch (cfs)
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CONCLUSIONS 

 

We combined direct field observations of stream discharge, instream habitat and biota with the 

HSHEP model to assess the impacts of water diversion to support the Puu Opae/West Kauai 

Energy Project on native amphidromous stream animal habitat. As a result of the overall study, 

several broad conclusions can be drawn. 

1. The location of the Kokee Ditch diversions at the back end of the Waimea River 

watershed minimizes the overall impact of these diversions on native stream animal 

habitat. 

The Waimea River system is one of the largest in the Hawaiian Islands and the Kokee diversions 

are located far inland on upper tributary streams (Parham et al. 2008). The native stream animals 

of concern are all amphidromous (McDowall 2007). The adults live and reproduce in the 

freshwater streams. When the eggs hatch, the larvae must drift downstream to further develop in 

the ocean. After some time, they will return to migrate upstream as post-larvae to find suitable 

habitat to grow and reproduce. Results from the HSHEP model suggests that the majority of 

native stream animal habitat (89%) is located downstream of the Waiahulu diversion on the 

Kekaha Ditch system (not part of the Puu Opae/West Kauai Energy Project). Only opae kala’ole 

(Atyoida bisulcata) had suitable habitat above the Kokee diversions, amounting to only 3% of its 

suitable habitat in the entire Waimea River system. As a result of the migratory life history of 

these animals, impacts found lower in the watershed level have a greater effect than those found 

further upstream. 

2. Instream habitat was good throughout the survey area and restoration of streamflow as 

defined in the IIFS will improve habitat suitability. 

Generally, all of the sites within the Puu Opae/West Kauai Energy Project area have high-quality 

habitat conditions under current operating conditions. With the exception of the immediate area 

around the Kokee Ditch diversions, the streams had minimally impacted shoreline vegetation, an 

excellent mix of substrate and cover present, low embeddedness, cool water temperature, high 

dissolved oxygen, and low turbidity. Most habitat problems associated with diversions were 

related to the reduction in flow below the diversion. By chance, our surveys during the first half 

of 2018 were conducted during a period of high and frequent rainfall, and as a result, some of the 

water quality problems that may occur during a dry period were not observed. We would expect 

to see diminished wetted stream width, shallower depths and greater isolation of pools with 

stretches of dry stream between them. These conditions would lead to higher water temperature, 

lower dissolved oxygen and unsuitable habitat for stream animals and ultimately, the stream 
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channel may become dry below the diversions for some distance before gaining water from 

sources not influenced by the diversion.  

However, it does appear, that in general, the streams in the upper Waimea River system gain 

water from ground water or subsurface flow. Thus, even in dry conditions with 100% diversion 

of water, the stream channel would slowly re-water as you travel downstream. Our study cannot 

determine the exact location or rate at which the streams would re-water, but the data support 

some natural recharge in the streams below the diversions. The IIFS flow standards outlined in 

the Waimea Mediation Agreement for the streams diverted into the Kokee Ditch will likely 

alleviate much of the direct problems associated with the 100% diversion of flow on instream 

habitat and are predicted to restore 33% of the overall habitat. 

3. The stream types and observed biota differ among sampling areas. 

Upon closer inspection of the project area, the streams may be separated into three different 

groups: the blackwater streams in the upper forested basins, the clearwater streams in the upper 

forested basins, and the lower canyon streams (Figure 57). The blackwater streams in the upper 

forested basins include Mohihi, Waiakoali, and Kawaikoi Streams. The streams drain portions of 

the Alakai swamp and the dark tint to the water comes from tannins leached out from the 

decaying vegetation in the swamp. This is a natural condition and is in no way caused by the 

diversions. The clearwater streams in the upper forested basins include Kauaikinana and Kokee 

Streams. The basins above the diversions in the streams drain little to none of the Alakai swamp 

and thus the water is very clear in the streams. Some of the interbasin water transfer from 

Waiakoali, and Kawaikoi Streams to Kokee Stream via the ditch resulted in more blackwater 

flowing down Kokee Stream than would be naturally expected. The interbasin transfer of water 

Waiakoali, and Kawaikoi Streams to Kokee Stream via the ditch will not occur once the Puu 

Opae/West Kauai Energy Project is operational. All of the streams in the upper forested basins 

had cooler water than the streams in the lower canyon. The lower canyon streams included 

Waiahulu and Poomau Streams and the Waimea River. They were warmer (22 °C vs 15°C) and 

flowed through a more arid climate at the bottom of Waimea Canyon. Additionally, these 

streams were wider and streamside vegetation was much reduced as compared to the streams in 

the upper forested basins. 

With respect to the biota observed in the Puu Opae/West Kauai Energy Project area, the 

distribution of species consistently fit the stream-type grouping described above. In the 

blackwater streams in the upper forested basins we observed crayfish (Procambarus clarkii), 

dojo (Misgurnus anguillicaudatus) and a few green swordtails (Xiphophorus hellerii) above and 

below the diversions. While these species occurred throughout the blackwater stream sampling 

locations, they were observed sporadically and in low numbers. No rainbow trout (Oncorhynchus 

mykiss) were observed in these streams although historically they had been stocked in these 

areas.  

In the clearwater streams in the upper forested basins, we observed primarily rainbow trout. The 

trout were numerous in the deeper pools and appear to have self-sustaining populations. We also 
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observed rainbow trout in the ditches between these streams, which indicates they may be 

moving between streams. We did not observe any native stream animals in any of the upper sites 

above or below the diversions. This includes the native shrimp opae kala’ole (Atyoida bisulcata) 

even though the local habitat appeared highly suitable and the HSHEP model predicted some 

suitable habitat in these areas. We did observe introduced dragonflies at multiple locations, but 

no native damselflies were observed in our surveys. 

In the lower canyon streams, we observed large numbers of native stream fishes. The most 

common were o’opu nōpili (Sicyotperus stimpsoni) and o’opu nakea (Awaous stamenius). We 

observed small, medium and large-sized fish of each species confirming that consistent 

recruitment of upstream migrating young fish was occurring and that the habitat quality 

supported adult fishes. O’opu nōpili were more common on boulders and cobble in deeper, swift 

water runs and plunge pools, while o’opu nakea was commonly observed in sand or gravel 

substrate in deeper pools. The HSHEP model predicted suitable habitat for these two species in 

the Waimea Canyon stream segments above Waiahulu Diversion. The consistent streamflow 

restoration with the instream flow standards at the Kokee diversions as outlined in the Waimea 

Mediation Agreement should support the continued occurrence of the native stream fishes and 

likely will increase population sizes by improving habitat conditions during dry conditions above 

the Waiahulu Diversion. 

One o’opu alamo’o (Lentipes concolor) was observed in the Waimea River above the Waiahulu 

diversion documenting that the species does exist in this area. The absence of suitable habitat 

predicted in the HSHEP model does not mean a species could not occur, only that most 

observations for a species occurred in other habitat types or locations. Interestingly, no Tahitian 

prawn (Macrobrachium lar) were observed at any location. These are an introduced species but 

share the amphidromous life cycle with other native stream species. Tahitian prawns are 

common in many Hawaiian streams and we expected to observe them in the lower canyon 

streams. Tahitian prawns are not included in the HSHEP model, so we cannot assess whether this 

was due to local or reach level processes. 
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Figure 57: Distribution of Stream Types in the upper Waimea River watershed 

 

4. The effects of interbasin transfer of diverted water may obscure some of the natural 

patterns in the streams. 

Under current conditions, some of the water diverted from Waiakoali and Kawaikoi Streams is 

being released into Kauaikinana and Kokee Streams. The effects of this were especially dramatic 

in Kokee Stream. Downstream of the diversion, the channel was overfull with water when 

compared to the stream above the diversion (≈ 0.5 cfs above vs 5 cfs below). This water 

provided additional habitat as it flowed downstream greater than what would be expected from 

natural streamflow alone. The HSHEP model was designed in collaboration with biologists and 

managers at DAR and DAR’s position was no additional habitat is credited for flows over the 

natural streamflow as a result of interbasin water transfer.  
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While interbasin transfer of water may not increase habitat within the HSHEP model when 

determining overall impact, we may have seen positive effects of the water in Waiahulu Stream 

in Waimea Canyon. This stream was expected to have 2.1 cfs flow while we measured 6.6 cfs. 

Instream conditions were excellent, and we observed numerous native fishes in the lower end of 

Waiahulu Stream. Decreases in the fish populations after the interbasin transfer water is returned 

to its natural stream course may occur as conditions in Waiahulu Stream return to a more natural 

(lower) flow. The converse of this condition is that Poomau Stream should see improved 

conditions as its contributing streams would have IIFS standards which may result in increased 

fish populations. 

5. Downstream conditions outside of the impacts of the Puu Opae Energy Project may have 

great effect on native stream species observed in this area. 

Downstream conditions often control the suitability of upstream habitat given the migratory life 

cycle of the native amphidromous animals (Parham 2013b, Parham 2017). For this project, the 

Waiahulu Diversion on the Kekaha Ditch, which is not part of the Puu Opae/West Kauai Energy 

Project, affects all upstream habitat. Within the HSHEP model we included the flow restoration 

value at Waiahulu as outlined in the Mediation Agreement as compared to the full diversion 

scenario. The Waimea Mediation Agreement specified the minimum flow of 8 cfs downstream 

of the Waiahulu Diversion, resulting in fewer animals being entrained during Q70 baseflow 

conditions. This, by definition, improved the suitability of all upstream habitats as suitable 

habitat within the HSHEP model requires a migratory pathway to the ocean and back. Much of 

the improvement in habitat scores related to the IIFS flow restoration scenario was a result of 

decreasing entrainment at the Waiahulu Diversion by passing more water over the diversion. The 

exact effect of the Waiahulu Diversion was not determined in the HSHEP model results as the 

impacts extend outside of project impact area. However, this is an example of how downstream 

conditions can affect observed native stream animal populations at upstream locations. 

Overall, the combination of field surveys and habitat modeling supports the IIFS flow restoration 

scenario in improving instream habitat conditions for native amphidromous stream animals. 

While suitable habitat is fundamental for a species’ persistence and is the focus of the HSHEP 

model, it is not the only thing that may affect species populations. Other factors, such as 

pollution, disease, or competition with introduced species may also influence the observed 

distribution and densities of native animals yet understanding the natural distribution of animals 

without the presence of these additional factors is still important. Additionally, the streams in the 

headwater of the Waimea River system are relatively unique in comparison to most Hawaiian 

streams. They drain a high elevation swamp, are much further inland, and drop into an arid 

canyon environment. As a result, it may not be appropriate to use information gathered from 

statewide surveys to predict the suitability of these unique habitats. To confirm the success of the 

IIFS flow restoration in improving native stream animal populations, additional surveys focused 

in the Poomau and Waiahulu streams should be conducted over time and used to help adaptively 

manage minimum flows as needed. 
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EXECUTIVE SUMMARY 

In support of Hawai‘i Revised Statutes (HRS) Chapter 343 and National Environmental Policy Act 

(NEPA) compliance for the Kauai Island Utility Cooperative (KIUC) Puʻu Opae/West Kauaʻi Energy 

Project (project), SWCA Environmental Consultants was contracted by Joule Group, LLC, on behalf 

of KIUC to conduct terrestrial flora and fauna surveys in the project area, including checking for the 

potential presence of state or federally listed threatened, endangered, proposed, or candidate species or rare 

species (hereafter referred to as special-status species).  

The flora and fauna surveys comprised both pedestrian (foot) and reconnaissance-level (automobile) 

ground surveys of a 982-acre study area in western Kauaʻi. The surveys took place on August 20–22, 

September 18, and October 1, 2018, and March 3–4, 2022. The project area consists of the area where 

construction and operations phases will take place, which collectively comprises 560 acres. SWCA’s 

study area is larger than the project area to account for the potential for design and engineering changes.  

Flora surveys were conducted to document vegetation types; plant species, including the potential for 

special-status plant species to occur in the study area; and areas designated as critical habitat. 

The presence of plants traditionally gathered for cultural use were also noted. Fauna surveys were 

conducted to document all birds, mammals, reptiles, amphibians, fish, and invertebrate species seen 

or heard and any sign (scat or tracks). Field surveys for the endangered Hawaiian hoary bat, or ‘ope‘ape‘a 

(Lasiurus cinereus semotus), were conducted by noting areas of suitable foraging and roosting habitat 

as indicators of potential presence; acoustic surveys were not conducted. 

The study area comprises primarily the Agriculture vegetation cover type. No threatened or endangered 

plant species were found during ground surveys of the study area; however, critical habitat for five 

special-status species is located in the study area and one Species of Concern, Cyanea leptostegia 

(giant koke‘e), was observed on the Kōkeʻe Diversion access road.  

In all, 34 bird species were documented during the survey, including 15 that are protected by the 

Migratory Bird Treaty Act. Of these 34 species, seven are endemic to Hawaiʻi, two are migratory 

shorebirds, one is an indigenous waterbird, one is an indigenous seabird, and 23 are nonnative 

introductions.  

Five nonnative mammal species, two nonnative reptile species, and one nonnative amphibian species 

were documented during the surveys. Twenty-six invertebrate individuals were observed during the 

survey; of these, 24 were identified to the genus or species level, including two endemic to Hawai‘i and 

two that are indigenous.  

Fourteen special-status species could occur in the study area based on the wildlife habitat present: ʻiʻiwi 

(Drepanis coccinea), Kaua‘i thrush (Myadestes palmeri), Kaua‘i akepa (Loxops caeruleirostris), and 

Kaua‘i creeper (Oreomystis bairdi) (collectively referred to as special-status forest birds); Hawaiian coot 

(Fulica alai), Hawaiian duck (Anas wyvilliana), Hawaiian gallinule (Gallinula galeata sandvicensis), and 

Hawaiian stilt (Himantopus mexicanus knudseni) (collectively referred to as Hawaiian waterbirds); 

Hawaiian goose (Branta sandvicensis); Hawaiian petrel (Pterodroma sandwichensis); band-rumped 

storm-petrel (Oceanodroma castro); Hawaiian hoary bat (Lasiurus cinereus semotus); Hawaiian picture-

wing fly (Drosophila sharpi); and one threatened species: Newell’s shearwater (Puffinus auricularis 

newelli). Recommendations to avoid and minimize impacts to these species are provided in this report.  
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1 INTRODUCTION 

In support of Hawai‘i Revised Statutes (HRS) Chapter 343 and National Environmental Policy Act 

(NEPA) compliance for the Kauai Island Utility Cooperative (KIUC) Puʻu Opae/West Kauaʻi Energy 

Project (project), SWCA Environmental Consultants (SWCA) was contracted by Joule Group, LLC, 

on behalf of KIUC to conduct terrestrial flora and fauna surveys in the project area, including checking 

for the potential presence of state or federally listed threatened, endangered, proposed, or candidate species 

or rare species (hereafter referred to as special-status species). This report does not provide an assessment 

of stream habitat or an assessment of aquatic or semi-aquatic wildlife; these assessments were conducted 

by Trutta Environmental Solutions (2018). The intent of this technical report is to inform a federal 

environmental assessment (EA) and state environmental impact statement (EIS). The EIS applicant will be 

the KIUC. The surveys took place in August 2018, October 2018, and March 2022, and focused on an 

approximately 982-acre study area in western Kauaʻi (Appendix A, Figure A-1). The project consists of 

upgrades to existing infrastructure and construction of new infrastructure to support multiple applications 

including pumped storage, solar generation, load shifting capability, net generation, and irrigation delivery. 

This report details the field methods, results, impacts analysis, and suggested mitigation measures for the 

project. 

Four appendices support this technical report. Appendix A provides maps showing the study area and 

survey results (Figures A-1 through A-5). Appendix B provides a list of plant species by study area 

section. Appendix C provides photographs of the study area and its features (Figures C-1 through C-14). 

Appendix D provides correspondence with U.S. Fish and Wildlife Service (USFWS) and Hawai‘i 

Department of Land and Natural Resources (DLNR) identifying species with the potential to occur in the 

study area.  

1.1 Proposed Project 

The study area is defined as the conglomerate of all study area sections. The project area consists of the 

area where construction and operations phases will take place, which collectively comprises 560 acres. 

SWCA’s study area is larger than the project area to account for the potential for design and engineering 

changes. The Project Action, impacted area, and study area are described in Table 1 and shown in 

Appendix A, Figure A-1.  

Table 1. Puʻu Opae/West Kauaʻi Energy Project Actions and Study Area Sections 

Project Action 
Total Potential Impact Area (Project Area) 
(Construction phase [C] and Operations phase [O]) 

Study Area 

Rehabilitation work at the diversions to repair 
damaged areas and leaks for both operational and 
safety reasons, installation of flow monitoring 
equipment, and installation of remote monitoring 
equipment at diversion sites. 

Kauaikinana Intake: 0.11 acre (C); 0.01 acre (O) 
Waiakoali Intake: 0.09 acre (C); 0.01 acre (O) 
Kawaikōī Intake: 0.15 acre (C); 0.01 acre (O) 
Kōkeʻe Intake: 0.03 acre (C); 0.01 acre (O) 

Kauaikinana Intake: 0.66 acre 
Waiakoali Intake: 1.17 acres 
Kawaikōī Intake: 2.39 acres 
Kōkeʻe Intake (including access 
road): 2.38 acres 

Replacement of the gate structure at Puʻu Moe 
Divide with a new gate structure and intake for the 
project. The existing regulating structure would be 
replaced with a new structure, measuring 
approximately 40 feet long, 10 feet wide, and 
10 feet deep. 

0.25 acre (C); 0.09 acre (O) 6.21 acres 



Terrestrial Flora and Fauna Technical Report for the Proposed Pu‘u Opae Water/West Kauaʻi Energy Project, Kauaʻi, 
Hawai‘i  

2 

Project Action 
Total Potential Impact Area (Project Area) 
(Construction phase [C] and Operations phase [O]) 

Study Area 

Rehabilitation of the Puʻu Lua, Puʻu Opae, and 
Mānā Reservoirs in accordance with current dam 
safety regulatory standards and installation of level 
monitoring at each reservoir. Pu‘u Lua and Pu‘u 
‘Ōpae reservoirs would likely be rehabilitated to 
operate within their historic capacity levels. 
The rehabilitated Mānā Reservoir would be 
expanded from the historic capacity of 44 million 
gallons (MG) to as much as 80 MG. 
New construction of two hydroelectric facilities with 
a combined capacity of 25 megawatts and a 
37,800-horsepower pumping station. Access to both 
Mānā powerhouses is from existing gravel roads. 
Included in associated reservoir study area 
sections. 
New construction of discharge from Mānā Reservoir 
to the existing Mānā Plain storm drain system. 

Puʻu Lua Dam and Reservoir: 21.66 acres (C); 17.68 
acres (O) 
Puʻu Opae Reservoir and Powerhouse: 40.85 acres 
(C); 22.59 acres (O) 
Mānā Reservoir and Powerhouse: 44.16 acres (C); 
29.45 acres (O)  

Puʻu Lua Dam and Reservoir: 
80.87 acres 
Puʻu Opae Reservoir and 
Powerhouse: 40.00 acres 
Mānā Reservoir and 
Powerhouse: 63.12 acres 

Upper Penstock: Replacement of the lateral branch 
of the Kōkeʻe Ditch that runs between Puʻu Moe 
Divide and Puʻu Opae Reservoir with a new 32- to 
36-inch-diameter pressurized pipe. Installation of a 
new steel pressurized pipe, approximately 
23,400 feet in length, between Pu‘u Moe Divide and 
the Pu‘u ‘Ōpae Reservoir. The new pipe would be 
buried, vary in diameter from 30 to 36 inches, and 
would generally follow the alignment of the existing 
open ditch and road alignment.  
Lower Penstock: New construction of a new 36- to 
54-inch-diameter pressurized pipeline running 
between Puʻu Opae Reservoir and Mānā Reservoir. 
Installation of a new steel pressurized pipeline, 
approximately 11,800 feet in length, between Pu‘u 
‘Ōpae Reservoir and Mānā Reservoir. The new pipe 
would be buried, would vary in diameter from 54 to 
60 inches, and would follow a relatively direct path 
from Pu‘u ‘Ōpae to Mānā, primarily across 
agricultural fields.   
New electrical distribution lines are along the Lower 
Penstock alignment, around the rim of Puʻu Opae 
and Mānā Reservoirs, or within the proposed 
photovoltaic array footprint and therefore contained 
within the pipe alignment, reservoir, and 
photovoltaic construction disturbance areas. 

77.54 acres (C); 47.13 acres (O) 327.61 acres 

New solar photovoltaic footprint, buried feeder lines, 
and aboveground interconnection line 

375 acres (C); 303.2 acres (O) 457.29 acres (includes PV solar 
array, aboveground 
interconnection line, and access 
road to Pu‘u ‘Ōpae Reservoir) 

1.1.1 Repairs and Rehabilitation  

The four Kōke‘e Ditch Diversions are located on Waiakōali, Kawaikōī, Kauaikinanā, and Kōke‘e 

streams. Repairs would be made to each diversion structure as needed for safety and structural integrity, 

and modifications would be made to provide for instream flow allowances to be released into the natural 

stream channels and for remote operation of the stream intakes. The Commission on Water Resource 

Management in April 2018 set the instream flow allowances for the four streams diverted into the Kōke‘e 

Ditch Irrigation System. The entire length of the existing Kōke‘e Ditch and tunnel system between the 

diversions and the Pu‘u Moe Divide would be operated and maintained by KIUC through the life of the 

project.  



Terrestrial Flora and Fauna Technical Report for the Proposed Pu‘u Opae Water/West Kauaʻi Energy Project, Kauaʻi, 
Hawai‘i  

3 

The Proposed Action would involve diverting a variable flow equivalent to a rolling average of 11 million 

gallons per day (MGD) from the streams into the Kōke‘e Ditch and Pu‘u Lua Reservoir, and then into the 

new Pu‘u Moe Regulating Structure for the energy project and for irrigation of Department of Hawaiian 

Home Lands and Agribusiness Development Corporation (ADC) lands.  

The existing gate structure at Pu‘u Moe Divide would be replaced with a new gate structure that would 

provide irrigation water to ADC mauka (inland) lands and would include a new intake for the project. 

The existing regulating structure would be replaced with a new structure, measuring approximately 40 feet 

long, 10 feet wide, and 10 feet deep. The new structure would include an intake with a fine mesh screen, 

a settling tank, an intake slide gate, and a ditch regulating gate and weir.  

Three State-owned reservoirs, Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā, would be rehabilitated in accordance 

with current dam safety regulatory standards. This work would include any repairs and upgrades 

necessary for safe storage and operations of the reservoirs. Modifications to the outlet works would also 

be a component of the work to ensure reliable irrigation supply. Pu‘u Lua and Pu‘u ‘Ōpae reservoirs 

would likely be rehabilitated to operate within their historic capacity levels. The rehabilitated Mānā 

Reservoir would be expanded from the historic capacity of 44 MG to as much as 80 MG. KIUC would 

perform ongoing operation, maintenance, and repairs as needed on these structures through the life of the 

project.  

No new roads would be built for the project. Access to the Pu‘u Moe Divide, the Pu‘u Lua Reservoir, and 

the Kōke‘e Ditch diversions would be via existing roads. The Pu‘u ‘Ōpae Reservoir and Powerhouse 

would be accessed by an existing road approximately 2.8 miles in length and entered from the Mānā 

Plain. Access to the new Mānā Powerhouse would be via existing gravel access roads on ADC land. 

Minor upgrades and repairs would be made to these existing roads as necessary to safely support the 

construction traffic.  

1.1.2 New Construction  

• Installation of a new steel pressurized pipe (Upper Penstock), approximately 23,400 feet 

(4.4 miles) in length, between Pu‘u Moe Divide and the Pu‘u ‘Ōpae Reservoir. The new pipe 

would be buried, vary in diameter from 30 to 36 inches, and would generally follow the 

alignment of the existing open ditch and road alignment.  

• Installation of a new steel pressurized pipeline (Lower Penstock), approximately 11,800 feet 

(2.2 miles) in length, between Pu‘u ‘Ōpae Reservoir and Mānā Reservoir. The new pipe would 

be buried and aboveground, vary in diameter from 54 to 60 inches, and would follow a relatively 

direct path from Pu‘u ‘Ōpae to Mānā, primarily across agricultural fields.  

• New construction of two hydroelectric facilities with a combined capacity of 25 megawatts (MW) 

of generation and pumping capacity based on 35 MW of power output from the photovoltaic (PV) 

array. The powerhouses would have reinforced concrete substructures and contain new generating 

and pumping equipment, switchgear, and ancillary systems.  

• Pu‘u ‘Ōpae Powerhouse. The Upper Penstock would deliver flows to the Pu‘u ‘Ōpae 

Powerhouse, which would be located on the east side of the Pu‘u ‘Ōpae Reservoir and measure 

approximately 42 × 54 feet in plan, with a floor elevation of 1,538 feet above mean sea level 

(amsl). A new tailrace measuring approximately 110 feet long would convey flow from the 

powerhouse to the reservoir. A turbine shut-off valve would be employed on the main penstock, 

along with an energy-dissipating bypass valve to allow isolation of the turbine and continued 

delivery of irrigation water to the Pu‘u ‘Ōpae Reservoir. The Pu‘u ‘Ōpae Powerhouse would 

house a single two-jet, horizontal Pelton turbine and synchronous generator with a rated capacity 
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of 4 MW under 1,320 feet of head. The turbine would be operated automatically using available 

flows within its operating range of 2.6 MGD to 25.8 MGD.  

• Mānā Powerhouse. The Lower Penstock would deliver flows to the Mānā Powerhouse located 

on the east side of Mānā Reservoir and consisting of a conventional hydroelectric powerhouse 

measuring 70 × 70 feet in plan, set adjacent to an outdoor pump station measuring 110 × 35 feet 

in plan, with a floor elevation of 62 feet amsl. The powerhouse structure would also contain 

a gated low-level outlet to drain the reservoir and an irrigation supply pipe connecting with 

a filter station and pressurized irrigation system owned by others. The Mānā Powerhouse would 

house a single vertical Pelton turbine with a nameplate capacity of 20 MW. The turbine would 

be operated automatically using available flows from Pu‘u ‘Ōpae Reservoir within the operating 

range of 4 MGD to 120 MGD. The pump station would utilize multi-stage vertical turbine pumps 

set outdoors in a row aligned along the Lower Penstock. The pumps would each have a shut-off 

valve and check valve and be set in individual bays with their own intake from the reservoir.  

The project would discharge all water used for generation into the Mānā Reservoir and supply irrigation 

for farmers on the Mānā Plain via irrigation systems owned and operated by others. The project would 

discharge from Mānā Reservoir into an existing storm drain ditch approximately 600 feet south of the 

reservoir via a new buried culvert.  

The project would include new construction of a solar PV array rated at approximately 35 MW of AC 

power (MWac) and 56 MW of DC power (MWdc). The PV portion of the project would be located 

on agricultural lands owned by ADC and managed by Kekaha Agricultural Association in the immediate 

vicinity of the Mānā Reservoir and lower powerhouse. The estimated area required is 375 acres, utilizing 

a single-axis tracking system, and comprising 14 blocks rated at 2.5 megavolt amps (MVA) each. 

Up to 70 megawatt hours (MWh) of battery storage would be used to buffer PV output and provide block 

dispatch to the pumps or directly to the grid.  

The proposed location for the solar field installation is on land owned by ADC and designated for 

agricultural use by Kaua‘i County and the Hawai‘i State Land Bureau. However, these areas are not 

identified as prime agricultural lands and are within fields less desirable for farming due to flooding 

issues, high water retention that is a result of elevation, and a high percentage of clay in the soil.  

New construction of two substations and interconnection to KIUC’s transmission grid is part of the 

project. The Pu‘u ‘Ōpae Powerhouse would have a new 5-MVA substation on the north side of the 

powerhouse and a 12.5-kilovolt (kV) feeder line buried within the new Pu‘u ‘Ōpae reservoir embankment 

and the Lower Penstock alignment connecting it to the Mānā Powerhouse substation. The PV array would 

connect to a new project substation via 12.5-kV feeder lines buried along existing farm roads on Mānā 

Plain. The substations would have oil containment dikes and protective equipment as dictated by KIUC 

and consistent with best utility practices. The project would be interconnected to KIUC’s existing 

57.1-kV transmission line via a new 10,000-foot-long (1.9-mile-long) aboveground line. Potential impacts 

to waterbirds and seabirds from the operational phase of the aboveground interconnection line will be 

covered under KIUCs existing Habitat Conservation Plan. There would be no overhead lines mauka of 

Mānā or Pu‘u ‘Ōpae Reservoirs.  

Together these features would provide hydroelectric generation, firmed solar generation, and also provide 

reliable irrigation water supply to support diversified agriculture on the mauka lands managed by both 

Department of Hawaiian Home Lands and ADC and irrigation for the agricultural fields on the Mānā 

Plain. The proposed project can deliver generation during peak demand hours or on rainy days when solar 

is not available and would be managed in an integrated manner balancing several criteria: instream flow 

releases and habitat needs, energy storage and net generation, and irrigation. This project is an important 

part of KIUC’s strategic plan to develop firm renewable generation sources and energy storage for the 
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purpose of load shifting the intermittent daylight solar generation, avoiding curtailment, and maintaining 

system stability while contributing to the State’s goal of 100% renewable energy by 2045.  

2 REGULATORY ENVIRONMENT 

This section describes laws and regulations applicable to terrestrial flora and fauna in the context of the 

project. 

2.1 Endangered Species Act  

The federal Endangered Species Act (ESA) of 1973, as amended, is regulated by the USFWS and 

National Oceanic and Atmospheric Administration (NOAA) National Marine Fisheries Service and 

protects wildlife and plant species that have been listed as threatened or endangered. It is designed 

to conserve the ecosystem on which species depend. Candidate species, which may be listed in the near 

future, are not afforded protection under the ESA until they are formally listed as endangered 

or threatened. Section 9 of the ESA and rules promulgated under Section 4(d) of the ESA prohibit the 

unauthorized take of any endangered or threatened species of wildlife listed under the ESA. Under the 

ESA, the term take means “to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect 

species listed as endangered or threatened, or to attempt to engage in any such conduct.” As defined 

in regulations, the term harm means “an act that actually kills or injures wildlife; it may include 

significant habitat modification or degradation, which actually kills or injures wildlife by significantly 

impairing essential behavioral patterns, including breeding, feeding, or sheltering” (50 Code of Federal 

Regulations [CFR] 17.3). The rules define harass to mean “an intentional or negligent act or omission 

that creates the likelihood of injury to wildlife by annoying it to such an extent, as to significantly disrupt 

normal behavior patterns, which include, but are not limited to, breeding, feeding, or sheltering” (50 CFR 

17.3). 

The ESA affords maximum legal protections to species listed as threatened or endangered under the law 

and also provides authorization for incidental take permits for take that occurs incidental to otherwise 

legal operations. To comply with federal laws, additional measures must be taken to ensure that take 

of ESA-listed species does not occur. Any fatality of a listed species should be reported to the USFWS 

and the Hawai‘i Division of Forestry and Wildlife (DOFAW) as soon as possible, and an incident report 

should be filed within 24 hours of detection. 

The ESA also provides for the designation of critical habitat for listed species if there are areas of habitat 

believed to be essential to the species’ conservation. Critical habitat can be designated for a single species 

or a group of species. A critical habitat designation does not necessarily restrict further development, but 

prevents federal actions from destroying or adversely modifying that habitat. 

2.2 Migratory Bird Treaty Act 

The Migratory Bird Treaty Act (MBTA) of 1918, as amended, is regulated by the USFWS and prohibits 

the take of migratory birds. A list of birds protected under MBTA-implementing regulations is published 

under 50 CFR 10.13. Unless permitted by regulations, under the MBTA, “it is unlawful to pursue, hunt, 

take, capture or kill; attempt to take, capture or kill; possess, offer to sell, barter, purchase, deliver 

or cause to be shipped, exported, imported, transported, carried or received any migratory bird, part, nest, 

egg or product” (16 United States Code 703–712). The MBTA provides no process for authorizing 

incidental take of MBTA-protected birds. As a result, birds that are not covered under the ESA that may 

be adversely affected by the proposed project cannot be covered by take authorizations. Regardless, 
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incidental take of individual MBTA-protected species is unlikely to adversely affect MBTA-protected 

species as a whole; however, any take of MBTA-protected species should be documented and reported 

in a similar manner to any endangered or threatened species of wildlife listed under the ESA. 

2.3 Hawai‘i Revised Statutes Chapter 195D 

The purpose of HRS Chapter 195D is “to insure the continued perpetuation of indigenous aquatic life, 

wildlife, and land plants, and their habitats for human enjoyment, for scientific purposes, and as members 

of ecosystems” and is regulated by the Hawai‘i DLNR DOFAW. Section 195D-4 states that any 

endangered or threatened species of fish or wildlife recognized by the ESA shall be so deemed by the 

state statute. Like the ESA, the unauthorized take of such endangered or threatened species is prohibited 

(HRS 195-D-4[e]), but incidental take licenses can be obtained (HRS Section 195D-21). In addition 

to species protected under the ESA, rules adopted under HRS Section 195D-4 allow for the listing 

of indigenous species as threatened or endangered for the following reasons:  

• Habitat destruction or alteration (current or predicted)  

• Overexploitation  

• Disease or predation  

• Lack of regulatory mechanisms  

• Other factors threatening the species’ continued existence  

Determinations are made based on any and all available sources of data (scientific, commercial, and 

other) and consultation with appropriate agencies (federal, state, and county) and interested organizations 

and parties. 

3 LITERATURE REVIEW 

Before the field surveys, SWCA conducted a literature review of published articles, government reports, 

and scholarly reports in preparation for the surveys. Table 2 lists the relevant reports reviewed and 

pertinent items gleaned from each report. This report does not provide an assessment of stream habitat 

or an assessment of aquatic or semi-aquatic wildlife; these assessments were conducted by Trutta 

Environmental Solutions (2018).  

Table 2. Flora and Fauna Literature Review 

Document (Author) Relevance to the Project and Study Area 

Final Environmental Assessment Mānā Plain Wetland 
Restoration Project at the Mānā Plains Forest Reserve (DLNR 
2014a) 

Describes plans to restore native wetland and associated uplands 
on the Mānā Plain, which will provide additional habitat for native 
Hawaiian waterbirds. 

Final Environmental Assessment Kōke‘e Timber Management 
Area Forest Management Plan Implementation (DLNR 2016) 

Describes plans to improve access to trailheads by creating new 
parking lots and developing connecting trails in Kōke‘e State Park. 

Final Environmental Assessment Finding of No Significant 
Impact (FONSI) for Drilling and Testing Kōke‘e-Waineke and 
Kōke‘e A-1 Exploratory Wells (DLNR 2004) 

Describes plans to drill and test two new exploratory wells in 
Kōke‘e and Waimea Canyon State Parks. 

Mapping Plant Species Ranges in the Hawaiian Islands: 
Developing a Methodology and Associated GIS Layers (Price et 
al. 2007) 

Documents the methods used to map the geographic ranges of 
plant species in upland areas of the Hawaiian Islands using a 
geographic information system (GIS) and details several practical 
uses for species range maps. 

Final Environmental Assessment Kōke‘e Field Station and Mid-
Elevation Nursery (DLNR 1996) 

Describes plans for a nursery and field station to be located at 
Pōhakuwa‘iawa‘ia, in Kōke‘e State Park. Provides a plant list. 
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Document (Author) Relevance to the Project and Study Area 

Draft Environmental Assessment for the East Alaka‘i Protective 
Fence Project (The Nature Conservancy 2008) 

Describes plans to construct a protective hog wire fence, assemble 
weatherports and radio repeaters, monitor invasive species, and 
maintain ungulate control in the Alaka‘i Plateau.  

Kōke‘e and Waimea Canyon State Parks Master Plan (DLNR 
2014b) 

Describes a plan for Kōke‘e and Waimea Canyon State Parks that 
will guide the protection, preservation, and management of these 
areas until 2034. 

Revised Recovery Plan for Hawaiian Forest Birds (USFWS 
2006) 

Describes the taxonomy, life history, habitat preferences, threats, 
and recovery strategy for 21 native forest bird taxa. 

Recovery Plan for Hawaiian Waterbirds (USFWS 2011) Describes federally listed waterbird locations on Kauaʻi. 

Conservation Biology of Hawaiian Forest Birds (Pratt et al. 
2009) 

Describes habitat and life history requirements for Hawaiian forest 
birds. 

Best Management Practices to Protect Endangered and Native 
Birds at Solar Installations in Hawai‘i (Penniman and Duffy 
2021) 

Describes best management practices to potentially reduce 
impacts on native seabirds and waterbirds at PV solar arrays in 
Hawai‘i.  

4 FIELD METHODS 

4.1 Flora 

Flora surveys comprised both meandering pedestrian (foot) and reconnaissance-level (automobile) ground 

surveys of the study area. The study area is approximately 982 acres, which is larger than the project area 

to account for potential changes in the project design. Areas inaccessible by foot were viewed through 

binoculars. Flora surveys took place on August 20–22, September 18, and October 1, 2018, and March 3–

4, 2022, to determine whether vegetation types and species found during previous surveys and mapping 

efforts are still present in the study area and to record any notable changes. The potential for special-status 

species to occur in the study area was also noted. Rocky outcrops, gulches, stream sides, and other areas 

likely to contain native species were closely examined for special-status and native species. Areas 

designated as critical habitat were also identified and closely examined. The presence of plants 

traditionally gathered for cultural use was noted and these are discussed in Section 5.1.3. 

Plants recorded during the surveys are indicative of the season (rainy versus dry) and the environmental 

conditions at the time of the surveys. The 2022 surveys were conducted during a dry period; the mean 

rainfall for February 2022 was well below average for all areas of the island (NOAA 2022). It is likely 

that additional surveys conducted at a different time of the year would result in minor variations in the 

species and abundances of plants observed. 

4.2 Fauna 

Fauna surveys comprised both meandering pedestrian (foot) and reconnaissance-level (automobile) 

ground surveys of the study area. The study area is approximately 982 acres, which is larger than the 

project area to account for potential changes in the project design. Ground surveys were conducted on 

August 20–22, September 18, and October 1, 2018, and March 3–4, 2022, and consisted of visual 

observations (aided by 10 × 42–millimeter binoculars) and auditory vocalization identifications. All birds, 

mammals, reptiles, amphibians, fish, and invertebrate species seen or heard, and any sign (scat or tracks) 

were noted. Field surveys for the endangered Hawaiian hoary bat, or ‘ope‘ape‘a, were conducted by 

noting areas of suitable foraging and roosting habitat as indicators of potential presence; acoustic surveys 

were not conducted. 
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5 RESULTS 

The following section describes the results of the flora and fauna surveys in the study area. 

5.1 Flora 

5.1.1 Vegetation Classification 

The Hawai`i Gap Analysis Program (HIGAP) vegetation data layer (Gon et al. 2006) describes 

12 vegetation cover types in the study area (Appendix A, Figures A-2 and A-3) and was determined 

during the field surveys to be highly representative of the study area. Table 3 lists the area of each 

vegetation cover type present in the study area. Each type is described following Table 3, with 

descriptions of some types combined because of similarities. The Very Sparse Vegetation to Unvegetated 

cover type is not described in detail below because it typically consists of bare soil, rock, or other 

non-vegetated surfaces. 

Table 3. Area of Vegetation Cover Types in the Study Area 

Vegetation Cover Type Area (acres) Percentage of Total 

Agriculture 491 50% 

Alien Forest 128 13% 

Alien Shrubland 121 12% 

Very Sparse Vegetation to Unvegetated 93 9% 

Closed Koa-ʻŌhiʻa Forest 49 5% 

Water 32 3% 

Open/Closed ʻŌhiʻa Forest 25 3% 

Native Mesic to Dry Forest and Shrubland 16 2% 

Koa Haole Shrubland 12 1% 

Kiawe Forest and Shrubland 7 1% 

Alien Grassland 7 1% 

Low-Intensity Developed 2 < 1% 

Total   9831 100% 

1 This area differs from the study area (981.7 acres) due to small differences associated with the HIGAP analysis.  

5.1.1.1 AGRICULTURE 

According to the HIGAP vegetation layer, the Agriculture vegetation type makes up 50% of the study 

area (80% in the solar footprint and 20% in Pu‘u Opae Lower Penstock and Mānā Reservoir; see 

Table 3). Photographs of this vegetation type are provided in Figures C-4, C-5, and C-8 in Appendix C. 

In the study area, this vegetation type consists of abandoned sugarcane (Saccharum sp.) fields. The 

sugarcane has been replaced over time by weedy ruderal species such as Guinea grass (Urochloa maxima) 

and koa haole (Leucaena leucocephala), which are the two most common species in this type. Other 

species noted during the surveys include kiawe (Prosopis pallida), castor bean (Ricinus communis), lion’s 

ear (Leonotis nepetifolia), swollen fingergrass (Chloris barbata), and comb hyptis (Hyptis pectinata). The 

nonnative ruderal vines bitter melon (Momordica charantia), teasel gourd (Cucumis dipsaceus), purple 

bushbean (Macroptilium atropurpureum), and little bell (Ipomoea triloba) can be seen scattered 

throughout (see Appendix C, Figure C-5). Grass species and koa haole dominate the middle of the fallow 

fields, with other herbaceous and woody species along the margins and near ditches and other waterways.  
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5.1.1.2 ALIEN FOREST 

Alien Forest is the most common vegetation type in upcountry portions of the study area. According 

to the HIGAP vegetation layer, this vegetation type makes up 13% of the study area (see Table 3). 

Photographs of this vegetation type are provided in Figures C-2, C-3, C-6, C-8, and C-9 in Appendix C. 

Gon et al. (2006) describe this vegetation type as “Mixed, typically dense canopies of alien tree species, 

often plantation forest plantings, with dominants including, but not limited to: Eucalyptus, Casuarina, 

Falcataria, Araucaria, Fraxinus, Melaleuca, Psidium, and Grevillea spp.” Various eucalyptus species 

(Eucalyptus spp.), likely introduced as forestry plantings, are the predominant overstory species in this 

vegetation type in the study area. Other dominant overstory species vary with location, elevation, and 

rainfall levels and include sugi pine (Cryptomeria japonica), mainly at Kawaikōī Intake; slash pine (Pinus 

elliottii), at Pu‘u Lua and the Pu‘u Opae Upper Penstock; black wattle (Acacia mearnsii), at Pu‘u Opae 

and Pu‘u Lua; and silk oak (Grevillea robusta), mainly in the Kōke‘e Intake but found near many portions 

of the study area. Remnant stands of the native koa (Acacia koa) and ʻōhiʻa (Metrosideros polymorpha) 

are occasionally in the overstory. When present, the midstory of this vegetation type is most often 

dominated by strawberry guava (Psidium cattleianum), an invasive species that is able to establish in the 

shade of other, larger trees. Understory species establishing in the dense shade of eucalyptus and other 

alien trees are uncommon; however, nonnative herbaceous species and grasses establish readily at the 

margins of this vegetation type. Dominant species vary depending on location and include barbas de indio 

(Andropogon bicornis), a highly invasive grass being spread by maintenance work and found at Pu‘u Lua, 

Pu‘u Moe, the Pu‘u Opae Lower Penstock, the Pu‘u Opae Reservoir, and the Pu‘u Opae Upper Penstock; 

West Indian dropseed (Sporobolus indicus), a common nonnative grass seen in most locations; 

narrow-leaved plantain (Plantago lanceolata), a nonnative herbaceous species seen along roads and other 

disturbed areas in many sites; and kahili ginger (Hedychium gardnerianum) and prickly Florida 

blackberry (Rubus argutus), two common invasive species found in the understory in several locations. 

Vining species found in this vegetation type in the study area include Japanese honeysuckle (Lonicera 

japonica) and earring flower (Fuchsia magellanica). 

5.1.1.3 ALIEN SHRUBLAND 

According to the HIGAP vegetation layer, the Alien Shrubland vegetation type makes up 12% of the 

study area (see Table 3). Photographs of this vegetation type are provided in Figures C-5, C-7, C-8, C-10, 

and C-11 in Appendix C. Alien Shrubland is in the solar footprint of the Kōkeʻe Intake, Pu‘u Opae Lower 

Penstock, Pu‘u Opae Reservoir, and Pu‘u Opae Upper Penstock. Shrub and tree species common in this 

vegetation type in the study area include kiawe, koa haole, klu (Vachellia farnesiana), and lantana 

(Lantana camara). The native shrub species pūkiawe (Leptecophylla tameiameiae) and ‘a‘ali‘i 

(Dodonaea viscosa) are scattered in the Pu‘u Opae Upper Penstock area. Herbaceous species in this 

vegetation type are consistent with the species seen along margins in the Alien Forest. Barbas de indio 

grass is common in this vegetation type and mainly colonizes disturbed roadside areas, but it is also 

capable of growing in the thick uluhe (Dicranopteris linearis) thickets occasionally seen in this vegetation 

type. 

5.1.1.4 CLOSED KOA-ʻŌHIʻA FOREST AND OPEN/CLOSED ʻŌHIʻA FOREST 

The Closed Koa-ʻŌhiʻa Forest and Open/Closed ʻŌhiʻa Forest vegetation types account for a combined 

total of 8% of the vegetation in the study area (see Table 3). Open forests have a sparser canopy cover 

than do closed forests. Photographs of this vegetation type are provided in Figures C-1, C-2, C-3, C-6and 

C-9 in Appendix C. The descriptions of these two vegetation types are combined here because of their 

similarities. A strictly native species–dominated overstory was rarely seen during the surveys; instead, 

these forests tended to have koa, and ʻōhiʻa co-dominating with invasive species such as firetree (Morella 

faya), eucalyptus, sugi pine, and black wattle (Acacia mearnsii). The midstory is often a co-dominant 
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mixture of native and nonnative species, with natives such as hāpu‘u fern (Cibotium sp.), pilo (Kadua 

sp.), alani (Melicope sp.), ‘ahakea lau li‘i (Bobea brevipes), naupaka kuahiwi (Scaevola procera), and 

kāwa‘u (Ilex anomala) blending with invasive species such as kahili ginger and strawberry guava. 

The understory consists of uluhe (a native fern) with a mixture of nonnative herbaceous species along the 

margins, including narrow-leaved plantain (Plantago lanceolata), West Indian dropseed, and Meyens 

flatsedge (Cyperus meyenianus). Japanese honeysuckle and earring flower are seen twining in sunnier, 

more open portions of these vegetation types. 

5.1.1.5 WATER 

Reservoirs, streams, and irrigation ditches found in the agricultural portions of the study area provide 

habitat for a number of nonnative hydrophytic plant species, including sourbush (Pluchea carolinensis), 

umbrella sedge (Cyperus involucratus), and California grass (Urochloa mutica) (Appendix C, 

Figure C-11). Upper-elevation water features were bordered by a variety of mostly nonnative grass 

species, including barbas de indio, bristly foxtail (Setaria verticillata), meadow ricegrass (Ehrharta 

stipoides), and dallis grass (Paspalum dilatatum). Ruderal species such as milkwort (Polygala 

paniculata), horseweed (Conyza canadensis), and comb hyptis are also commonly seen. 

5.1.1.6 NATIVE MESIC TO DRY FOREST AND SHRUBLAND 

The Native Mesic to Dry Forest and Shrubland vegetation type consists of approximately 2% of the 

vegetation in the study area (see Table 3). Photographs of this vegetation type are provided in Figures C-6 

and C-13 in Appendix C. Gon et al. (2006) describe this vegetation type as follows: “Vegetation 

a composite of low forest and adjacent shrubland types, typically in lowland mesic to dry-mesic settings, 

typically on steep to moderate slopes, where topography hinders ability to distinguish between specific 

types, but typically including koa-dominated forest types and ‘a‘ali‘i and other dry shrublands, adjacent 

to Koa-‘Ōhi‘a Forest at higher elevations.” Koa is the most common native tree in these areas, and the 

nonnative species ironwood (Casuarina equisetifolia), silk oak, eucalyptus, paperbark (Melaleuca 

quinquenervia), and slash pine are found throughout. Shrub species include pūkiawe, ‘a‘ali‘i, and lantana, 

and uluhe dominates the understory in this vegetation type in the study area. 

5.1.1.7 KOA HAOLE SHRUBLAND AND KIAWE FOREST AND SHRUBLAND  

The Koa Haole Shrubland and Kiawe Forest and Shrubland vegetation types account for a combined total 

of 1% of the vegetation in the study area (see Table 3). Shrublands dominated by koa haole and kiawe 

were noted in lowland, agricultural portions of the study area. The descriptions of these two vegetation 

types are combined because of their similarities. The overstory is made up mainly of these two species, 

punctuated occasionally by nonnative trees such as mango (Mangifera indica), monkeypod (Samanea 

saman), and eucalyptus. Guinea grass and castor bean are in the midstory, and common ruderal species 

such as lion’s ear, ‘uhaloa (Waltheria indica), comb hyptis, and cocklebur (Xanthium strumarium var. 

canadense) dominate the understory and nearby areas. 

5.1.1.8 ALIEN GRASSLAND 

The Alien Grassland vegetation type accounts for 1% of the vegetation in the study area (see Table 3). 

Nonnative grasses such as swollen fingergrass, Guinea grass, and pitted beardgrass (Bothriochloa 

pertusa) are on the margins of most agricultural fields in the study area. Mixed in with these grasses 

is a variety of ruderal herbaceous species, similar to those found within the Agriculture, Koa Haole 

Shrubland, and Kiawe Forest and Shrubland vegetation types (see Appendix C, Figure C-7).  
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5.1.1.9 LOW-INTENSITY DEVELOPED 

The Low-Intensity Developed vegetation type accounts for less than 1% of the vegetation in the study 

area (see Table 3). Areas labeled as Low-Intensity Developed are described by Gon et al. (2006) 

as constructed areas mixed with substantial amounts of vegetated surface. Within the study area, this 

HIGAP designation mainly refers to small sheds, quarry structures, and other human-made items related 

to past and present land use.  

5.1.2 Special-Status Flora and Critical Habitat 

Special-status flora refers to plant species listed by the USFWS and the State of Hawai‘i as threatened, 

endangered, or candidate. These species are discussed in detail below. 

Table 4 lists the nine special-status plant species with USFWS-designated critical habitat within the study 

area and indicates which vegetation types (taken from the HIGAP vegetation layer) are found within each 

critical habitat unit. These critical habitats contain species adapted for montane-mesic ecosystems and 

occur immediately makai of montane-wet critical habitat. See Figure A-3 in Appendix A for the locations 

of the critical habitat units. The DLNR DOFAW has identified an additional 18 federally listed 

endangered, threatened, or otherwise rare plant species that may occur in or near the study area: 

Asplenium dielmannii, Cyanea leptostegia, Euphorbia halemanui, Exocarpos luteolus, Gahnia aspera 

subsp. globosa, Melanthera fauriei, Melanthera waimeaensis, Myrsine mezii, Panicum niihauense, Poa 

sandvicensis, Pritchardia minor, Schiedea lychnoides, Schiedea viscosa, Sesbania tomentosa, Sicyos 

lanceoloideus, Sicyos waimanaloensis, Spermolepis hawaiiensis, and Wilkesia hobdyi (see Appendix D). 

No threatened or endangered plant species were found during ground surveys of the study area; however, 

it is possible that these species could or do exist in these areas, particularly on steep cliffs and gulches 

inaccessible to grazing ungulates. Cyanea leptostegia, which is listed as a Species of Concern by the 

USFWS, was observed along the Kōke‘e Diversion access road. There are no management actions 

required for a Species of Concern. 

Table 4. Endangered or Threatened Plant Species with Critical Habitat within the Study Area 

HIGAP Vegetation Classes  

Found in Critical Habitat Unit 

Species Found in Critical Habitat Unit  

(Listing Status) 

Montane Mesic – Unit 2 
 

Alien Forest Nothocestrum peltatum (endangered) 
Solanum sandwicense (endangered) 
Xylosma crenatum (endangered) 
Remya kauaiensis (endangered) 

Montane Wet – Unit 2 
 

Open ʻŌhiʻa Forest (uluhe) Xylosma crenatum (critically endangered) 
Remya kauaiensis (endangered) 
Nothocestrum peltatum (critically endangered) 
Dubautia latifolia (critically endangered) 
Solanum sandwicense (endangered) 

5.1.3 Native Vegetation 

Results of the desktop analysis and pedestrian survey confirm that the vast majority of the study area 
is dominated by alien forest, shrubland, and grassland (agriculture land). Common invasive forest and 
grassland species typically form monocultures that outcompete native plants, causing further disturbance 
and decreasing the potential for native and unique species to occur. The only parts of the study area that 
contain 50% or greater cover of native vegetation are located at Kauaikinana Intake and Kawaikoi Intake 
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in the uppermost areas of the study area. The east end of the Kōke‘e Diversion access road is the most 
native-species dominated portion of the study area. It consists of an overstory of koa with an understory 
of ʻukiʻuki (Dianella sandwicensis) and an array of native shrub and tree species in the mid-story. Refer 
to Section 5.1.3 of this report for information on native vegetation observed at each project location. 

Native species, and especially threatened and endangered species, have higher potential to occur 
in higher-elevation landcover types, as evidenced by the presence of designated critical habitat in the 
higher-elevation portions of the study area. In general, listed and other native species are more likely 
to occur in areas that pigs and goats cannot access, such as cliff faces and other steep topography. Giant 
koke‘e (Cyanea leptostegia), which is listed as a Species of Concern by the USFWS, was located along 
the Kōke‘e Diversion access road. 

5.1.4 Site-specific Information  

The following section outlines information regarding vegetation and special-status plant species at each 
study area location, and identifies the areas of native vegetation where mitigation measures are 
recommended (see Section 6.1.4).  

5.1.4.1 WAIAKOALI INTAKE AND ACCESS ROAD 

The Waiakoali Intake access road primarily passes through forest dominated by strawberry guava; 

however, the area also contains scattered native plant species such as ʻōhiʻa, ‘ala‘a (Planchonella 

sandwicensis), pilo (Coprosma sp.), and Kadua sp. The immediate margins of the road primarily contain 

nonnative broadleaved herbs and sedges. No roadside vegetation clearance will be required. Some limited 

trimming of vegetation that is overhanging or extending into the roadway may be required during the 

construction and operational phases.  

Vegetation in the immediate vicinity of the intake consists of nonnative disturbance-adapted species, 

including dallis grass and Florida blackberry. Surrounding vegetation is described by HIGAP 

as Open/Closed ʻŌhiʻa Forest. Care should be taken during construction to avoid damaging the native 

trees surrounding this intake. 

The streambanks located below the diversion consist of strawberry guava forest with patches of kahili 

ginger and Florida blackberry in more open areas. Occasional koa, ʻōhiʻa, and the invasive New Zealand 

laurel (Corynocarpus laevigatus) also occur within this area.   

5.1.4.2 KAWAIKOI INTAKE 

The margins of the existing access road that connects Mohihi – Camp 10 Road with the Kawaikoi intake 

is composed primarily of nonnative sugi pine and strawberry guava forest. These vegetated margins of the 

road are unlikely to be modified or cleared during construction as they have previously been maintained.  

The access road to the picnic area on the eastern side of the intake site is surrounded by nonnative sugi 

pine with a primarily bare understory, except for occasional nonnative Chinese privet (Ligustrum 

sinense). No vegetation clearing is proposed in that location.   

The immediate margins of the intake site where disturbance would occur comprise a mix of native and 

nonnative forest. The areas of native forest comprise ‘ōhi‘a, koa, ‘ōlapa (Cheirodendron sp.), pilo, and 

patches of palapalai (Microlepia strigosa) in more open areas. Although it is likely that some of the native 

plant species within the immediate vicinity of the intake would need to be cleared for construction, effort 

should be made to limit this clearance of native vegetation.  
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5.1.4.3 KAUAIKINANA INTAKE 

The area immediately adjacent to the bridge at the northern-most end of the Kauaikinana study area 

comprises nonnative vegetation that would not be adversely impacted during construction. However, this 

area contains a steep slope on which native tree, shrub, and fern species are growing that should not 

be impacted during construction. Species that are present on the slope include: ‘ōhi‘a, koa, olomea 

(Perrottetia sandwicensis), and uluhe.  

The access road between the bridge and the Kauaikinana intake appears to have been well maintained 

in the past and therefore the margins of the road are relatively clear of vegetation. However, plants 

of māmaki (Pipturus albidus), ‘a‘ali‘i, pilo, and pūkiawe occur along the road and should be avoided 

where possible if vegetation clearance is needed for construction and road maintenance.   

The area immediately surrounding the intake contains dense areas of native trees—including ‘ōlapa, 

‘ahakea lau li‘i ‘olena (Coprosma waimeae), and Kadua sp.—that should be avoided during construction 

to the extent possible.  

5.1.4.4 KŌKE‘E INTAKE 

The Kōke‘e Diversion access road passes through native mesic koa forest that contains an understory 
of golden hala pepe (Dracaena aurea), hame (Antidesma platyphyllum), ‘ākia (Wikstroemia furcata), 
‘uki‘uki, and po‘ola nui (Bidens cosmoides). One giant koke‘e (Cyanea leptostegia), a USFWS Species 
of Concern, was recorded within 3 meters (10 feet) of the road edge during the survey. In addition, plants 
of the federally endangered ‘akoko (Euphorbia halemanui) are known to grow along the road (DOFAW 
Kaua‘i, pers. comm.). Every effort should be made to avoid disturbance of the vegetation within this 
intact native forest, including cutting or spraying vegetation along the corridor of the access road due 
to the presence of these species. Helicopters would be used to transport materials to the intake site, and 
this road would only be used by light vehicles to access the intake. Therefore, any impacts to the native 
vegetation are likely to be reduced if vehicles are required to stay within the footprint of the road and 
travel at low speeds to avoid mud and dust impacting native plants on the immediate margins of the road.  

The area surrounding the Kōke‘e Intake primarily contains nonnative shrubland comprising Mexican 
elder (Sambucus mexicana), lantana, and white ginger (Hedychium coronarium). It is likely that most 
of the proposed construction work would take place within this portion of the study area. As such, 
no native vegetation would be removed or impacted during the Proposed Action.  

5.1.4.5 PU‘U LUA RESERVOIR 

Vegetation on the margins of the road will not be removed. However, some limited trimming 
of vegetation that is overhanging or extending into the roadway may be required during the construction 
and operational phases. No special-status native plant species were recorded along the margins of the 
access road during the survey. Mature nonnative forest would be cleared from the embankments and 
peninsula surrounding the reservoir. No special-status native plants were recorded within this portion 
of the study area; however, the removal of these trees would require consideration of impacts 
on Hawaiian hoary bats and native forest birds (see Section 6.2 for details). 

5.1.4.6 UPPER AND LOWER PENSTOCK 

A 60-foot-wide corridor of primarily nonnative vegetation would be removed along the entire length 
of the penstock corridor. The removal of this vegetation would need to consider impacts on Hawaiian 
hoary bats and native forest birds (see Section 6.2 for details). 
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The margins of a section of Niu Valley Road on the lower slopes of Makahoa Ridge were surveyed 
in March 2022. These road margins contained nonnative vegetation comprising Koa Haole Shrubland. 
Some limited trimming of vegetation that is overhanging or extending into the roadway may be required 
during the construction and operational phases. There is a wiliwili (Erythrina sandwicensis) grove located 
upslope from this access road; however, this area of forest will not be impacted by any actions taken 
to improve this section of road.  

5.1.4.7 PU‘U OPAE RESERVOIR AND ACCESS ROAD 

Mature nonnative trees and at least one large koa would be removed from the embankment immediately 
surrounding the reservoir as part of the proposed project. In addition, nonnative shrubland would 
be removed near the entrance of the reservoir where the powerhouse would be located and the Kōkeʻe 
Ditch System would be cleared of vegetation alongside the lower Puu Opae access road. No special-status 
native plants were recorded within this portion of the study area; however, the removal of these trees will 
require consideration of impacts on Hawaiian hoary bats and native forest birds (see Section 6.2 for 
details). 

5.1.4.8 MĀNĀ RESERVOIR AND POWERHOUSE 

All the nonnative vegetation that is currently growing within the reservoir and on the surrounding 

embankments would be removed during the proposed project. The margins of the Mānā Reservoir and the 

proposed powerhouse are dominated by nonnative vegetation. No special-status native plant species were 

recorded within these areas. Occasional native plant species were recorded around waterways and 

reservoirs and include ‘ākulikuli (Sesuvium portulacastrum), kaluhā (Bolboscoenus maritimus subsp. 

paludosus), and pā‘ū‘ohi‘iaka (Jacquemontia sandwicensis).  

5.1.4.9 MĀNĀ PLAINS, SOLAR FIELD, AND INTERCONNECTION LINE  

The Mānā Plains is dominated by nonnative shrubland and grassland and developed agriculture land. 

No special-status native plant species were recorded within this portion of the study area. The areas 

of roadside in which the proposed aboveground interconnection line would connect the project with the 

electrical grid were surveyed in March 2022. These areas of roadside contained nonnative vegetation and 

no special-status native plant species were located.  

5.1.5 Plants Traditionally Gathered for Cultural Use 

The study area is located within the ahupua‘a (traditional land division) of Waimea in the moku (district) 

of Kona (leeward). Like most of the ahupua‘a on the island of Kaua‘i, Waimea stretches from the 

mountains to the sea, including a range of traditionally recognized environmental zones from the wao kele 

(the remote and rainy forested uplands) to the kahakai (the shoreline). The current study area does not 

pass through the kahakai zone, but does extend from the kula kai (coastal grassy plain) through the kula 

uka (inland grassy plain), and into the wao kānaka (wao is the general term for inland region, the wao 

kānaka is the inland region where people may live or occasionally frequent), wao lā‘au (inland forest), 

wao nāhele (inland forested wilderness), wao akua (wilderness of the gods), and wao kele (Table 5). 

During the pre-contact period (prior to 1778), specific activities were conducted within each of these 

ecological zones, and each possessed its own distinct range of available natural resources that were used 

by the inhabitants of the ahupua‘a.  
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Table 5. Traditional Environmental Zones in the Study Area 

Traditional 
Name  

Description  Activities  Resources  Reference 

Kula kai Plain or open country. The term kula applies to any grassy 
plain, so this zone, the grassy plain toward the sea, 
comprises the dry coastal plain stretching inland from the 
shoreline. The extent of habitation and dryland cultivation 
within this zone is dependent on rainfall and soil fertility. 
Native pili (Heteropogon contortus) grass was gathered to 
provide thatching material. The kōlea (Pacific golden-plover 
[Pluvialis fulva]), was seasonally hunted for food. 

Habitation 
Dryland cultivation 
Gathering 
Bird hunting 

Pili grass 
Wild birds 
Dryland crops 

Malo 1951:17; Pukui and 
Elbert 1971:164; Handy et 
al. 1972:55; Kelly 1983:47–
50 

Kula uka This zone comprises plains or open country. The term kula 
applies to any grassy plain, so that the kula can extend well 
inland (uka). This area is seldom cultivated or inhabited. It 
often forms a culturally barren zone between the heavily 
occupied coast and the cultivated uplands. As with the kula 
kai, native pili grass was gathered to provide thatching 
material. Native shrubs were harvested for firewood. The 
kōlea (Pacific golden-plover) was seasonally hunted for 
food. 

Gathering 
Bird hunting 

Pili grass 
Wood for fuel 
Wild birds 

Malo 1951:17; Pukui and 
Elbert 1971:164; Handy et 
al. 1972:55; Kelly 1983:47–
50 

Wao kānaka This zone comprises the inland realm of human activity. It is 
the area of the forest that was most heavily under human 
management, where sections of forest were given over to 
field agriculture and scattered habitation. David Malo says 
of it, “here grows the amau fern and here men cultivate the 
land” (Malo 1951:17). Historical land records occasionally 
reference fields of kalo (taro) or mai‘a (banana, Musa x 
paradisiaca) planted “in the forest.” Native and introduced 
trees were tended, individually or in groves, for cultural 
purposes. The zone was used when needed to augment 
availability of food resources. 

Gathering of forest resources 
Supplemental cultivation 
Habitation 

Forest crops 
Timber (for canoes, temple images, 
tools, etc.) 
Wood for fuel 
Cordage and weaving materials 
Medicinal plants 
Dye plants 
Forest plants for religious ceremonies 
Forest plants for ornamentation 

Malo 1951:17; Pukui and 
Elbert 1971:353; Winter 
and Lucas 2017:460–464 

Wao lā‘au This zone comprises the area for gathering of timber and 
other forest products. This would be where canoe logs were 
felled. It was a managed forest ecosystem for the growth 
and harvesting of both native and Polynesian introduced 
plants with an emphasis on maximizing native biodiversity 
of forest products. Managed and extracted resources 
included native and introduced hardwood timber trees, 
introduced food trees, native and introduced biofuel 
sources, cordage and weaving materials, plants for 
medicines and dyes, and ceremonial and adornment plants. 

Gathering of forest resources Timber (for canoes, temple images, 
tools, etc.) 
Wood for fuel 
Cordage and weaving materials 
Medicinal plants 
Dye plants 
Forest plants for religious ceremonies 
Forest plants for ornamentation 

Pukui and Elbert 1971:353; 
Winter and Lucas 
2017:460–464 
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Traditional 
Name  

Description  Activities  Resources  Reference 

Wao nāhele This zone comprises the inland forest beyond the 
practicable area of resource management and extraction. It 
is a forest zone that was minimally tended (generally 
remote upland, mesic forest) and left as a native-dominant 
plant community. The area’s primary function was to 
maximize suitable habitat for native birds captured for their 
feathers. The area was impractical to access except by bird 
catchers. 

Bird hunting Native forest birds Malo 1951:17; Pukui and 
Elbert 1971:353; Winter 
and Lucas 2017:460–464 

Wao akua This zone is known as the “wilderness of the gods”. It is a 
zone in the cloud forest designated for the sacred elements 
of the forest to be left undisturbed. The area’s primary 
function was as a perpetual source population for endemic 
biodiversity. It is designated as “sacred forest,” making it a 
restricted forest zone for a native-only plant community. It is 
associated with the montane cloud forest. 

– – Malo 1951:17; Pukui and 
Elbert 1971:353; Winter 
and Lucas 2017:460–464 

Wao kele This zone comprises the forest where soil never dries out. It 
is described by Pukui and Elbert as “a rain belt” (Pukui and 
Elbert 1971:353), whereas David Malo refers to it as the 
zone in which “the monarchs of the forest grow” (Malo 
1951:17). It is also called the wao maukele. It is a zone of 
remote forest whose primary function was to maximize 
aquifer recharge and is an untended forest zone associated 
with core watershed areas (remote upland, wet forest below 
the clouds) that was left as a native-dominant plant 
community. Impractical for access except for transit via 
trails. 

– – Malo 1951:17; Pukui and 
Elbert 1971:353; Winter 
and Lucas 2017:460–464 
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At its upper reaches, the study area appears to rest within what traditionally would have been considered 
to be the wao kele and the wao akua, the zones of undisturbed forest that served as aquifers and resource 
banks for native biodiversity. These remote forest zones, which were beyond the area of pre-contact 
human resource management and extraction, were dominated by indigenous plant communities. These 
were areas of the forest where “the monarchs of the forest grow” (Malo 1951:17). Below the wao kele 
and the wao akua was the wao nāhele, a stretch of relatively undisturbed forest that was a prime habitat 
for native birds. During the pre-contact period, this upland forest zone was accessed by bird hunters 
seeking to capture forest birds for their colorful feathers, which were used to decorate chiefly cloaks 
(ahu‘ula), helmets (mahiole), and standards (kāhili). The flora surveys suggest that these upland forest 
zones were originally dominated by native koa and ʻōhiʻa, with an understory of indigenous forest plants. 
Because of the spread of alien tree species, the location and extent of these undisturbed native forests are 
difficult to reconstruct today. 

Below these undisturbed forests is the wao lā‘au. This was the zone where timber and other forest 
products were traditionally gathered. Massive koa (Acacia koa) logs were felled to serve as the hulls 
of canoes and ʻōhiʻa timbers were cut down to be used as house posts. These and other native hardwoods 
were used for a range of purposes from digging sticks and other daily tools to carved temple images. 
Trees, vines, and shrubs, both natives and Polynesian introductions, were harvested for use as firewood, 
cordage, and weaving materials, medicines, and dyes, as well as ceremonial and personal adornment. 

The wao lā‘au was a managed forest ecosystem supplying important forest resources to the inhabitant 
of the ahupua‘a. The current floral surveys identified a number of native plants surviving within the 
Closed Koa-ʻŌhiʻa Forest and Open/Closed ʻŌhiʻa Forest areas. Most of these forest plants were 
harvested and used during the pre-contact period. The silky wool (pulu) covering the frond buds of the 
hāpu‘u fern was traditionally used to fill pillows and mattresses (Neal 1948:13). The pilo (Kadua sp.) was 
harvested and used for medicinal purposes (Neal 1948:319). The yellow wood of the ‘ahakea lau li‘i 
(Bobea brevipes) was employed for canoes gunwales (Krauss 1993:50), poi pounding boards, canoe 
paddles (Malo 1951:20), and door frames (Krauss 1993:57). The fruit of the naupaka kuahiwi (Scaevola 
procera) was used to make a purplish black dye (Krauss 1993:66). The hard wood of the kāwa‘u was 
used to craft anvils and beaters in making kapa (bark) cloth as well as for canoe parts (Abbott 1992:52; 
Krauss 1993:62; Malo 1951:21). Some of these resources, particularly dye and medicinal plants, are still 
harvested and used today by contemporary cultural practitioners. 

Still farther downslope was the wao kānaka. This area at the lower edge of the forest was most heavily 
encroached upon by human activity. Within it were scattered house sites and fields where upland kalo 
(taro, Colocasia esculenta) or mai‘a (banana, Musa x paradisiaca) were grown. This zone was used 
as needed to augment availability of food resources. 

Within the heavily desiccated landscape of western Kaua‘i, traditional agricultural activity on the lower 
slopes was focused within the kahawai, the stream valleys where kalo was grown in flooded terrace fields. 
Such valley field systems are outside the study area. 

On the lower slopes of the hills would have been native dryland communities dominated by shrubs such 
as ‘a‘ali‘i, which was commonly employed as firewood. The hard wood of the ‘a‘ali‘i was sometimes 
used for house posts and spears, whereas its fruits were used as medicines and dye (Abbott 1992:68; 
Krauss 1993:65; Malo 1951:21). 

The open country that characterizes the lower portions of the study area corresponds to the traditional 
kula uka and kula kai lands. Though seriously altered by the effects of commercial agriculture and 
development, and covered now in introduced grasses and shrubs, these lands would traditionally have 
provided a number of resources such as the native pili (Heteropogon contortus) grass, which was gathered 
by the pre-contact inhabitants of the ahupua‘a to provide thatching materials for their house walls and 
roofs (Neal 1948:72–73). 
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5.2 Fauna 

The fauna observed in the study area includes species that are endemic, indigenous, migratory, and 

nonnative introductions. The endemic, indigenous, and migratory species often require specific niche 

habitats and are frequently locally abundant where they occur. The nonnative introduced species tend 

to be more generalist and often occupy a broad range of habitats. 

The prefield desktop analysis of HIGAP data identified a mosaic of 13 land cover types in the study area. 

Using professional judgement, the HIGAP land cover types were categorized into wildlife habitat types 

based on the dominant vegetation and vegetative structure. This was done to simplify the analysis because 

wildlife often use certain land cover types composed of similar structure in similar ways. Table 6 displays 

HIGAP land cover types categorized into six wildlife habitat types present in the study area and the 

amount of each wildlife habitat type present in the study area. The developed/agricultural wildlife habitat 

type is the most abundant (see Appendix A, Figures A-4 and A-5). 

Table 6. Wildlife Habitat Types in the Study Area 

Habitat Type Area (acres) HIGAP Vegetation Cover Type 

Developed/Agricultural 492 Low Intensity Developed 

Agriculture 

Forest 218 Closed Koa-ʻŌhiʻa Forest 

Closed ʻŌhiʻa Forest 

Open ʻŌhiʻa Forest 

Alien Forest 

Native Mesic to Dry Forest and Shrubland 

Shrubland 140 Kiawe Forest and Shrubland 

Alien Shrubland 

Koa Haole Shrubland 

Rocky 93 Very Sparse Vegetation to Unvegetated 

Wetland 32 Water 

Grassland 7 Alien Grassland 

5.2.1 Avifauna 

The birds observed in the study area are species commonly found in water reservoirs, waterways, 

agricultural fields, shrubland, and forest areas at 8 to 3,500 feet (3–1,068 meters [m]) amsl 

in northwestern Kauaʻi.  

In all, 34 bird species were documented, 15 of which are protected by the MBTA (Table 7). Of these 

34 species, seven species are endemic to Hawaiʻi, two are migratory shorebirds, one is an indigenous 

waterbird, one is an indigenous seabird, and 23 are nonnative introductions (see Table 7). The ʻiʻiwi 

(Drepanis coccinea), Hawaiian duck (Anas wyvilliana), Hawaiian goose (Branta sandvicensis), and 

Hawaiian gallinule (Gallinula galeata sandvicensis) are federally and state-listed endangered birds 

detected during ground surveys. The ʻiʻiwi was identified by a single vocalization. The Hawaiian duck, 

Hawaiian goose, and Hawaiian gallinule were identified visually using binoculars. The federally and 

state-listed species are discussed in more detail in Section 5.2.5. 
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Table 7. Birds Observed by SWCA in and near the Study Area 

Common Name Scientific Name Study Area Section* Status† MBTA 

African silverbill Euodice cantans PO NN  

Apapane Himatione sanguinea KKW, K E X 

Barn owl Tyto alba K NN X 

Black-crowned night heron Nycticorax nycticorax MR I X 

Black francolin Francolinus francolinus MR NN  

Brazilian cardinal Paroaria coronata KKW, PL, PO, K NN  

Cattle egret Bubulcus ibis  MR NN X 

Chestnut munia Lonchura atricapilla MR NN  

Common myna Acridotheres tristis KKW, MR, PL, PO NN  

Erckel’s francolin Pternistis erckelii KKW, PL, PO NN  

Feral chicken Gallus gallus domesticus KKW, MR, PL, PM, PO NN  

Gray francolin Francolinus pondicerianus MR NN  

Great frigatebird Fregata minor PO I X 

Hawaiian duck
‡
 Anas wyvilliana PL, PO E X 

Hawaiian gallinule
‡
 Gallinula galeata sandvicensis MR E X 

Hawaiian goose
‡
 Branta sandvicensis MR E X 

House finch Haemorhous mexicanus KKW, MR, PL, PO NN X 

ʻIʻiwi
‡
 Drepanis coccinea KKW E X 

Japanese bush warbler Horornis diphone MR NN  

Japanese white-eye Zosterops japonicus  KKW, MR, PL, PM, PO, K NN  

Kauai amakihi Chlorodrepanis stejnegeri KKW E X 

Kauai ʻelepaio Chasiempis sclateri KKW, K E  

Melodious laughingthrush Garrulax canorus KKW, MR, PL, PO, K NN  

Northern cardinal Cardinalis MR, PO NN X 

Northern mocking bird Mimus polyglottos MR, PO NN X 

Pacific golden-plover Pluvialis fulva PL, PO M X 

Red avadavat Amandava amandava MR NN  

Ring-neck pheasant Phasianus colchicus MR NN  

Rock dove Columba livia MR, PO NN  

Scaly-breasted munia Lonchura punctulata KKW, MR, PL NN  

Spotted dove Spilopelia chinensis MR, PO NN  

Wandering tattler Tringa incana PL M X 

White-rumped shama Copsychus malabaricus KKW, MR, PL, PO, K NN  

Zebra dove Geopelia striata MR, PO NN  

Total Number of Species 
 

 34 15 

* Kauaikinana Intake, Kawaikōī Intake, and Waiakoali Intake = KKW; Mānā Reservoir = MR; Puʻu Lua Intake = PL; Puʻu Moe = PM; Puʻu Opae = PO; 
and Kōkeʻe Intake = K 

† Status: E = endemic, I = indigenous, NN = nonnative permanent resident, M = migrant 

‡ Federally and state-listed endangered birds detected during ground surveys 
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5.2.1.1 FOREST BIRDS 

Four special-status forest bird species were observed in the study area: ʻiʻiwi, Kaua‘i thrush, Kaua‘i akepa, 

and Kaua‘i creeper. These species are recognized by the USFWS and the State of Hawai‘i as threatened, 

endangered, or candidate and are covered in more detail under Section 5.2.5 of this report. Three 

additional native forest bird species that are not threatened, endangered, or candidate were observed 

during surveys: ʻapapane (Himatione sanguinea), Kauai ʻamakihi (Chlorodrepanis stejnegeri), and Kauai 

ʻelepaio (Chasiempis sclateri). ʻApapane and Kauai ʻamakihi are covered under the MBTA. In addition, 

five passerines and three francolin species, all of which are nonnative, may be present within forests 

or forest margins: black francolin (Francolinus francolinus), Erckel’s francolin (Pternistis erckelii), gray 

francolin (Francolinus pondicerianus), Japanese bush warbler (Horornis diphone), Japanese white-eye 

(Zosterops japonicus), melodious laughingthrush (Garrulax canorus), northern mockingbird (Mimus 

polyglottos), and white-rumped shama (Copsychus malabaricus).  

5.2.2 Mammals 

Mammals detected during the surveys include cow (Bos taurus), feral goat (Capra hircus), feral pig (Sus 

scrofa), domestic dog (Canis familiaris), and feral cat (Felis catus). No other mammals were observed 

during the ground surveys, although rat (Rattus spp.) and mouse (Mus musculus) are expected to occur. 

The potential for the presence of Hawaiian hoary bat was assessed based on the presence of suitable 

habitat and vegetation types; no acoustic survey was conducted. Hawaiian hoary bats forage and roost 

in pastures, croplands, orchards, forests, and developed lands such as golf courses, urban areas, and 

suburban yards. Hawaiian hoary bats are solitary and roost in exotic and native woody vegetation. They 

could forage throughout the study area and roost in the trees of the study area’s 211 acres of forest wildlife 

habitat type. The birthing and pup-rearing season typically occurs between June 1 and September 15. 

It is common for adult females to leave flightless young unattended in “nursery” trees and shrubs while 

foraging. 

5.2.3 Terrestrial Reptiles and Amphibians 

No terrestrial reptiles or amphibians are native to Hawai‘i. The garden skink (Lampropholis delicata), 

house gecko (Hemidactylus frenatus), and American bullfrog (Rana catesbeiana) are the only reptile 

or amphibian species detected during the ground surveys. 

5.2.4 Insects and Other Invertebrates 

Twenty-six invertebrate individuals were observed during the survey. Of these, 24 were identified to the 

genus or species level. Two of these species are endemic to Hawaiʻi (potter wasp [Euodynerus sp.] and 

a damselfly [Megalagrion sp.]) and two are indigenous (green darner [Anax junius] and golden skimmer 

[Pantala flavescens]). The remaining species are nonnative introductions: house fly (Musca domestica), 

black soldier fly (Hermetia illucens), honey bee (Apis sp.), black and yellow mud dauber (Sceliphron 

caementarium), katydid (Microcentrum rhombifolium), gray bird grasshopper (Schistocerca nitens), 

Rambur’s forktail damselfly (Ischnura ramburii), familiar bluet damselfly (Enallagma civile), 

spot-winged glider (Pantala hymenaea), roseate skimmer dragonfly (Orthemis ferruginea), American 

lady butterfly (Vanessa virginiensis), black witch moth (Ascalapha odorata), cabbage white (Pieris 

rapae), southern green stinkbug (Nezara viridula), aedes mosquito (Aedes sp.), carpenter bee (Xylocopa 

sonorina), orb-weaver spider (Gasteracantha cancriformis), Hawaiian garden spider (Argiope appensa), 

variable ladybird beetle (Coelophora inaequalis), Fuller rose beetle (Naupactus cervinus), and various 

ants. All are common in northwest Kauaʻi. 
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5.2.5 Special-Status Fauna and Critical Habitat 

Special-status fauna refers to wildlife species listed by the USFWS and the State of Hawaiʻi as threatened, 

endangered, or candidate. The following section discusses the special-status species observed in the study 

area and the special-status species that have the potential to occur in the study area based on historical 

records, available habitat, and the USFWS list of ESA-listed species (USFWS 2018a). 

The USFWS and DOFAW list 13 special-status species that may occur in or transit over, in the case 

of the seabird species, the study area (see Appendix D). The study area also encompasses designated 

critical habitat for the Kaua‘i akepa, Kaua‘i creeper, and Hawaiian picture-wing fly (Drosophila sharpi) 

(Appendix A, Figure A-5). The combined list of species that could occur in or transit over the study area 

follows. 

• Thirteen endangered species: 

o ʻIʻiwi, Kaua‘i thrush, Kaua‘i akepa, Kaua‘i creeper, ʻakekeʻe, and akikiki (collectively 

referred to as special-status forest birds) 

o Hawaiian coot, Hawaiian duck, Hawaiian gallinule, and Hawaiian stilt (collectively referred 

to as Hawaiian waterbirds) 

o Hawaiian goose 

o Hawaiian petrel (seabird) 

o Band-rumped storm-petrel (seabird) 

o Hawaiian hoary bat  

o Hawaiian picture-wing fly 

• One threatened species: Newell’s shearwater (seabird) 

Four special-status species—ʻiʻiwi, Hawaiian duck, Hawaiian goose, and Hawaiian gallinule—were 

detected during the field surveys. One ʻiʻiwi was detected at the Kauaikinana Intake, which is in the forest 

wildlife habitat of the study area. Six Hawaiian geese were observed flying over the proposed solar field, 

and 11 Hawaiian geese and one Hawaiian gallinule were observed foraging in the Mānā Reservoir. 

Hawaiian ducks were observed foraging and loafing in the Puʻu Lua and Puʻu Opae Reservoirs (five 

at Puʻu Lua and two at Puʻu Opae). 

Fourteen special-status species could either occur in or transit over, in the case of seabirds, the study area 

based on the wildlife habitat present: the four special-status forest birds; the four Hawaiian waterbirds; 

Hawaiian goose; three seabirds (Hawaiian petrel, Newell’s shearwater, and band-rumped storm-petrel); 

Hawaiian hoary bat; and Hawaiian picture-wing fly. 

There is a known band-rumped storm-petrel colony in Waimea Canyon. This colony is located at least 

800 m (approximately 2,600 feet) from the nearest portion of the study area, which is Puʻu Lua Reservoir. 

In addition, dense forest occurs between the project area and the colony, which provides a buffer from 

potential disturbances (personal communication, Andre Raine, Archipelago Research and Conservation, 

February 2, 2022). Therefore, this petrel colony is very unlikely to be impacted by the project. 

Hawaiian hoary bats have been recorded at Puʻu Lua Reservoir, Puʻu Ka Pele Forest Reserve, and as far 

downslope as Puʻu Opae (DOFAW Kaua‘i Branch 2021). This bat species has been documented roosting 

in forested habitat and could forage over all the vegetation types throughout the study area (Table 8). 

Table 8 links special-status fauna species with the potential to occur in the study area along with their 

associated wildlife habitat types (see Table 6). 
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Table 8. Special-Status Fauna with Potential to Occur in the Study Area 

Habitat Type Special-Status Fauna 

Forest ʻiʻiwi, Kaua‘i thrush, Kaua‘i akepa, Kaua‘i creeper, Hawaiian hoary bat, Hawaiian petrel, Newell’s 
shearwater, band-rumped storm-petrel, and Hawaiian picture-wing fly 

Shrubland Hawaiian goose, Hawaiian hoary bat, Hawaiian petrel, Newell’s shearwater, and band-rumped 
storm-petrel 

Grassland Hawaiian hoary bat, Hawaiian goose, Hawaiian stilt, Hawaiian petrel, Newell’s shearwater, and 
band-rumped storm-petrel 

Wetland Hawaiian coot, Hawaiian duck, Hawaiian gallinule, Hawaiian stilt, Hawaiian goose, and Hawaiian 
hoary bat 

Rocky Hawaiian goose, Hawaiian hoary bat, Hawaiian petrel, Newell’s shearwater, and band-rumped 
storm-petrel 

Developed/Agricultural Hawaiian goose, Hawaiian stilt, Hawaiian hoary bat 

Table 9 provides the approximate elevational ranges of where special-status fauna are known to occur 

in Hawai‘i and where they may occur within the study area. Special-status fauna life history information 

is provided in Table 10. 

Table 9. Elevational Ranges of Special-Status Fauna with Potential to Occur in the Study Area 

Species Elevation (amsl) Source 

ʻIʻiwi Above 3,300 feet Mitchell et al. (2005) 

Kaua‘i thrush Above 3,300 feet USFWS (2006) 

Kaua‘i akepa Above 3,609 feet USFWS (2021) 

Kaua‘i creeper 1,969 to 5,249 feet USFWS (2021) 

Hawaiian coot Sea level to 4,950 USFWS (2011) 

Hawaiian duck Sea level to 7,000 feet USFWS (2011) 

Hawaiian goose Sea level to 8,000 feet USFWS (2004) 

Hawaiian gallinule Sea level to 410 feet Mitchell et al. (2005) 

Hawaiian stilt Sea level to 660 feet Mitchell et al. (2005) 

Hawaiian petrel Above 2,788 feet BirdLife International (2018) 

Newell’s shearwater 500 to 2,300 USFWS (1983)  

Band-rumped storm-petrel 1,950 to 3,900 feet, and on Lehua Islet 
below 650 feet 

Mitchell et al. (2005) 

Hawaiian hoary bat Sea level to 13,200 feet Baldwin (1950); Fujioka and Gon (1988); Kepler 
and Scott (1990); Tomich (1974); USFWS (1998)  

Hawaiian picture-wing fly 3,000 to 3,936 feet USFWS (2021) 

Table 10. Life History Information of Special-Status Fauna with Potential to Occur in the Study 
Area 

Species Breeding Season Incubation Fledgling 
Incubation 
and Fledgling 

Reference  

ʻIʻiwi February to July 14 days 22 days 36 days Fancy and Ralph 
(1998) 

Kaua‘i thrush March to 
September 

13–15 days up to 23 days up to 38 days Tweed et al. (2006); 
USFWS (2006) 

Kaua‘i akepa March to June 15–19 days up to 22 days up to 41 days Hammond et al. 
(2015); Lepson and 
Pratt (1997)  

Kaua‘i creeper January to July 13–20 days up to 23 days up to 43 days Hammond et al. 
(2015); VanderWerf 
and Roberts (2008) 
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Species Breeding Season Incubation Fledgling 
Incubation 
and Fledgling 

Reference  

Hawaiian duck Year-round, mostly 
from March to June 

26–30 days after 65 days after 90 days Engilis et al. (2002) 

Hawaiian gallinule Year-round, mostly 
from March to 
August 

19–22 days several weeks estimated to be 
36 days 

Mitchell et al. (2005); 
Bannor and Kiviat 
(2002) 

Hawaiian coot Year-round, peaks 
in March and 
September 

25 days 75 days 100 days Pratt and Brisbin 
(2002); Mitchell et al. 
(2005) 

Hawaiian stilt Mid-February 
through August 

23–26 days at least 27 days 50+ days Robinson et al. 
(1999); USFWS 
(2011) 

Hawaiian goose August to April, 
peaks in December 

29–32 days 365 days 394+ days Banko et al. (1999) 

Hawaiian petrel April through 
December 

55 days 110 days 165 days USFWS (2005) 

Newell’s 
shearwater 

June through 
November 

62 days 92 days 154 days USFWS (2005) 

Band-rumped 
storm petrel 

April through 
October 

42 days 64–73 days 137 days USFWS (2005) 

Hawaiian hoary bat April through 
September 

60- to 90-day 
gestation period 

60- to 90-day 
nursing period 

Not applicable U.S. Department of 
Agriculture (2009) 

Hawaiian picture-
wing fly 

Year round with 
increase following 
rainy season 

Not applicable Not applicable Not applicable USFWS (2021) 

5.2.6 Site-Specific Information 

The following section outlines information regarding special-status animal species recorded at specific 
sites within the study area.  

5.2.6.1 WAIAKOALI INTAKE 

The federally threatened ‘i‘iwi was recorded near Waiakoali Intake during the survey. It is possible that 

Kaua‘i thrush, Kaua‘i, ‘akepa, and Kaua‘i creeper, as well as the MBTA species ‘apapane and Kaua‘i 

‘amakihi, may also occur, at least periodically, within this portion of the study area. Specific measures 

to protect special-status forest bird species at this and other forested sites within the study area are 

outlined in Section 6.2.5.  

5.2.6.2 KAWAIKOI INTAKE  

It is possible that the federally threatened ‘i‘iwi, as well as Kaua‘i thrush, Kaua‘i, ‘akepa, Kaua‘i creeper, 

and the MBTA species ‘apapane and Kaua‘i ‘amakihi may occur, at least periodically, within the general 

vicinity of the Kawaikoi Intake. Specific measures to protect special-status forest bird species at this and 

other forested sites within the study area are outlined in Section 6.2.5. 

5.2.6.3 KAUAIKINANA INTAKE 

Similar to Kawaikoi Intake, Kauaikinana Intake could potentially provide habitat for federally threatened 
‘i‘iwi, as well as Kaua‘i thrush, Kaua‘i akepa, Kaua‘i creeper, and the MBTA species ‘apapane and Kaua‘i 
‘amakihi. The Kauaikinana Intake study area (approximately 0.66 acres) is located in designated critical 
habitat for Kaua‘i akepa, Kaua‘i creeper, and Hawaiian picture-wing fly (Appendix A, Figure A-5). The 
mitigation measures outlined in Section 6.2.5 should be followed to avoid impacts to any special-status 
forest birds that are present at the site.  
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5.2.6.4 KŌKE‘E INTAKE 

Based on the known distribution of the MBTA species ‘apapane and Kaua‘i ‘amakihi (Paxton et al. 2016), 

it is possible that both of these species could be present, at least periodically, at Kōke‘e Intake. 

Approximately 2.1 acres of the intake and access route is located in designated critical habitat for Kaua‘i 

akepa, Kaua‘i creeper, and Hawaiian picture-wing fly (Appendix A, Figure A-5). Section 6.2.5 provides 

measures to avoid or minimize impacts on these species if they are present within or near the site during 

the construction phase of the project.  

5.2.6.5 PU‘U LUA RESERVOIR 

Hawaiian hoary bat has previously been recorded at Pu‘u Lua Reservoir (DOFAW Kaua‘i Branch 2021). 
Therefore, the impact minimization measures for bats that are outlined in Section 6.2.3 below should 
be followed at all times when working in this area.  

Pu‘u Lua Reservoir is known to provide habitat for the federally endangered Hawaiian duck. 
The reservoir and surrounding areas may also provide habitat for the federally endangered Hawaiian 
goose and Hawaiian stilt. Therefore, the measures outlined in Section 6.2 to reduce impacts on these 
species should be implemented during the construction and operational phases of the project within the 
vicinity of the reservoir.  

5.2.6.6 PU‘U MOE 

It should be assumed that Hawaiian hoary bat occurs at the site as they are known to be common within 
the nearby Pu‘u Ka Pele Forest Reserve (DOFAW Kaua‘i Branch 2021). Therefore, the impact 
minimization measures for bats that are outlined in Section 6.2.3 below should be followed when working 
in this area.  

5.2.6.7 UPPER PENSTOCK 

It is likely that Hawaiian hoary bat occurs and native and nonnative MBTA forest bird species occur, 
at least periodically, within the nonnative trees that are located within the footprint of the upper penstock. 
Therefore, the impact minimization measures for bats and forest birds that are outlined in Section 6.2 
below should be followed when working in this area. 

5.2.6.8 PU‘U OPAE RESERVOIR 

Hawaiian hoary bat has been recorded between the diversions and Pu‘u Opae Reservoir (DOFAW Kaua‘i 
Branch 2021), and therefore the impact minimization measures for bats that are outlined in Section 6.2.3 
should be followed at all times while working in this area.  

Hawaiian duck was recorded at Pu‘u Opae Reservoir during the survey (see Table 7). In addition, 
it is possible that Hawaiian goose and Hawaiian stilt may also use habitat at the reservoir, at least 
periodically. Therefore, the measures outlined in Section 6.2 to reduce impacts on these species should 
be implemented during the construction and operational phases of the project. 

5.2.6.9 LOWER PENSTOCK 

It is likely that Hawaiian hoary bat and native and nonnative MBTA forest bird species occur, at least 
periodically, within the nonnative trees that are located within the footprint of the Lower Penstock. 
Therefore, the impact minimization measures for bats and forest birds that are outlined in Section 6.2 
below should be followed when working in this area. 



Terrestrial Flora and Fauna Technical Report for the Proposed Pu‘u Opae Water/West Kauaʻi Energy Project, Kauaʻi, 
Hawai‘i  

25 

5.2.6.10 MĀNĀ RESERVOIR AND PLAIN AND INTERCONNECTION LINE 

The Mānā Reservoir and seasonally inundated areas of the Mānā Plain where the proposed PV solar array 

would be constructed is known to provide habitat for the federally endangered Hawaiian gallinule and 

Hawaiian goose and may also provide habitat for the federally endangered Hawaiian duck, Hawaiian 

coot, and Hawaiian stilt. Due to the potential presence of these species, the mitigation measures outlined 

in Section 6.2 should be implemented during the construction and operational phases of the project. 

Potential impacts to waterbirds and seabirds resulting from the operational phase of the aboveground 

interconnection line will be covered under KIUCs existing Habitat Conservation Plan.  

6 MITIGATION MEASURES 

6.1 Flora and Phytosanitation  

6.1.1 Special-Status Flora 

Although no special-status plant species were found during ground surveys of the study area, some 

diversion intakes are located within critical habitat designated for these species. For this reason, a survey 

should be performed throughout the proposed project site by a qualified botanist prior to any vegetation 

removal activities in the affected area. If any special-status species are recorded during the survey, the 

location of the plants should be noted with flagging, a GPS point recorded, and the project contractors and 

DOFAW notified of the location of the population(s). Work should cease at the specific site and guidance 

should be sought from the appropriate regulatory agency. The botanist should possess the following 

qualifications: 

• Familiarity with the plants of the area, including special-status species 

• Familiarity with natural communities of the area, including special-status natural communities  

• Experience conducting floristic field surveys 

• Experience with analyzing impacts of development on native plant species and natural 

communities 

A biological monitor (botanist) should also be present during the construction phase within areas of the 

site where special-status plant species occur, to prevent any incidences of damage to or death of these 

species. 

6.1.2 Native Flora and Invasive Species 

A small amount of native trees and vegetation would potentially be removed from around the Kawaikoi 

and Waiakoali Intakes, the Pu‘u Lua and Pu‘u Opae Reservoirs, and possibly also within sections of the 

proposed footprint of the upper and lower penstock. As part of this vegetation removal, the following 

actions should be undertaken:  

• The biological monitor (botanist) should briefly survey the area of native vegetation 

to be removed prior to clearance.   

• Every effort should be made to limit the total area of native vegetation removed during 

construction. This includes avoiding felling trees, pushing or dumping vegetation, and piling 

spoils outside of the footprint of the construction area.  
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• All plant material that is removed should be left to break down at locations where this material 

would not enter water bodies. Retaining this vegetation material would allow native invertebrates 

that are present on the vegetation to persist at the site, as well as to augment soil carbon pools. 

• Monitoring by a qualified biologist should be undertaken between 6 months and 1 year after the 

clearance of vegetation to determine if highly invasive plant species have established at the 

construction sites. If highly invasive plants do colonize the construction sites, a control plan 

should be developed for their management. The species that meet the criteria of highly invasive 

should be determined through consultation with DOFAW Kauai Branch and the Kauai Invasive 

Species Committee.   

To avoid the unintentional introduction or transport of invasive species to the project area (including two 

Ceratocystis species that cause a fungal disease, rapid ‘ōhi‘a death), all equipment including vehicles, 

hand tools, and boots arriving from outside the project area should be washed at a base yard or other site 

equipped with a washing station and then visually inspected on-site prior to any construction activities. 

When commencing work and moving to different areas of the project site that contain native forest, boots 

and hand tools should be cleaned and sprayed with 70% alcohol. As much as possible, cutting and 

damage to the roots and limbs of ‘ōhi‘a trees within the project site should be avoided. If ‘ōhi‘a are cut, 

all wood should be left in place and not moved off-site. In addition, construction materials arriving from 

outside Kaua‘i should be washed and/or visually inspected (as appropriate) for soil and other debris, plant 

materials, and invasive or harmful nonnative species (plants, amphibians, reptiles, and insects). When 

possible, any materials used in construction activities should be purchased from a local supplier on Kaua‘i 
to avoid introducing nonnative species not present on the island.  

Inspection and cleaning should be conducted at a designated location. The inspector must be a qualified 

botanist/entomologist able to identify invasive species that are of concern relevant to the point of origin 

of the equipment, vehicle, or material. The following online resources list the invasive species that should 

be checked for during inspections: 

• U.S. Department of Agriculture, Hawai‘i State-listed Noxious Weeds: 

https://plantsorig.sc.egov.usda.gov/java/noxious?rptType=State&statefips=15 

• Kaua‘i Invasive Species Committee Target Pests: http://www.kauaiisc.org/kiscpests/  

6.2 Fauna 

A preconstruction survey of the project site should be undertaken by a DOFAW Kaua‘i biologist (at their 

discretion) and a representative of KIUC or a suitably qualified subcontractor in the areas where each 

of the species listed below are expected to occur. Regular on-site staff should be trained to identify 

special-status species with the potential to occur on-site and should know the appropriate measures 

to be taken if they are present. A post-construction report should be submitted to the DOFAW Kaua‘i 

office within 30 days of the completion of the project. The report should include all wildlife surveys, 

observations, and monitoring reports; wildlife incidents; and the date, time, and location of the wildlife 

incident. The report should also include photographs of the site before, during, and after project 

construction is completed. All sick, injured, or dead special-status and MBTA-covered wildlife that are 

encountered at the project site during the construction and operational phases should be reported to the 

appropriate wildlife agencies. To minimize potential impacts to fauna during these phases, the measures 

detailed in the following sections should be followed.  

https://plantsorig.sc.egov.usda.gov/java/noxious?rptType=State&statefips=15
http://www.kauaiisc.org/kiscpests/
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6.2.1 Waterbirds 

• A qualified biological monitor should conduct special-status waterbird nest surveys where 

suitable habitat occurs at the project area 2 weeks prior to project construction. Surveys should 

be repeated within 3 days of project initiation and after any subsequent delay of work of 3 or 

more days.  

• If special-status and MBTA-covered waterbirds are encountered during the project, general 

avoidance measures to minimize disturbance of the birds should be implemented. These include 

appropriate signage, reduced speed limits, and the education of personnel regarding the presence 

of these species.  

• If an active nest and/or brood is found within the project area, the following should occur:  

o The USFWS should be contacted within 48 hours for further guidance. 

o A 100-foot (30-m) buffer around all active nests and/or broods should be created and 

maintained until the chicks/ducklings have fledged. Activities that could alter behavior and/or 

alter habitat should be avoided. 

o A qualified biological monitor should be present in the project area during all construction 

or earth-moving activities until the chicks/ducklings fledge to ensure that special-status 

waterbirds and nests are not adversely impacted.  

• When working within or adjacent to water resources, incorporate best management practices 

regarding working around aquatic environments into the project design. 

• A qualified wildlife biologist knowledgeable in Hawaiian fauna should be present during 

construction activity in the proposed PV solar array and installation of the interconnection line on 

Mānā Plain to monitor the construction phase. 

6.2.2 Hawaiian Goose 

• Hawaiian geese should not be approached, fed, and/or disturbed.  

• If Hawaiian geese are observed loafing or foraging within the project area during the Hawaiian 

geese breeding season (September through April), a qualified biologist should survey for nests 

in and around the project area prior to the resumption of any work. Surveys should be repeated 

after any subsequent delay of work of 3 or more days. 

• A qualified biological monitor should conduct special-status waterbird nest surveys where 

suitable habitat occurs near the project area 2 weeks prior to project construction (e.g., reservoirs 

and the sites of the proposed PV solar array and interconnection lines on Mānā Plain). Surveys 

should be repeated within 3 days of project initiation and after any subsequent delay of work 

of 3 or more days.  

• If a nest is found within a 150-foot (46-m) radius of proposed work, or a previously undiscovered 

nest is found within said radius after work has begun, all work should cease immediately and the 

USFWS should be contacted for further guidance. 

• A qualified wildlife biologist knowledgeable in Hawaiian fauna should be present to monitor the 

construction phase. 

• In areas where Hawaiian geese are known to occur, post and implement reduced speed limits, and 

notify project personnel of their presence. 

• Pre-construction planning and post-construction monitoring at the proposed solar array should 

be undertaken to ensure that Hawaiian geese are not impacted by the installation.  
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6.2.3 Hawaiian Hoary Bat 

• Hawaiian hoary bat has been previously recorded at and near sections of the study area. 

Therefore, it should be assumed that bats are present within areas of forest within the footprint 

of the project. If trees are felled during the bat breeding season (between June 1 and September 

15), direct impacts could occur to juvenile bats that are too small to fly but too large to be carried 

by a parent. To minimize this impact, no trees taller than 15 feet (4.6 m) should be trimmed 

or removed during this period of the year.   

• Barbless wire should be used for all fence construction to avoid entanglement of Hawaiian hoary 

bat. 

6.2.4 Seabirds 

No nighttime construction is planned during the course of the project. Similarly, there is no nighttime 

lighting planned for the operational phase of the project. Therefore, there would be no significant 

effects on native seabirds from the construction and operational phases of the project. All comments 

below concerning lighting are provided as general guidance only.  

• Construction activity should be restricted to daylight hours during the seabird peak fallout period 

(September 15 to December 15) to avoid the use of nighttime lighting that could attract seabirds.  

• All outdoor lights should be shielded to prevent upward radiation. This has been shown to reduce 

the potential for seabird attraction. A selection of acceptable, seabird-friendly lights can be found 

online at the State of Hawai‘i DLNR website: http://dlnr.hawaii.gov/wildlife/files/2016/03/ 

DOC439.pdf. 

Outside lights not needed for security and safety should be turned off from dusk through dawn 

during the fledgling fallout period (September 15 to December 15). 

6.2.5 Forest Birds 

• Pre-construction surveys should be undertaken for native Hawaiian forest birds and MBTA-

covered species in forest habitats in the project area within 1 week of the commencement 

of construction.  

• A qualified wildlife biologist who is experienced at identifying Hawaiian forest bird species and 

their nests should be present to monitor construction in forested habitat. If an active nest 

of native Hawaiian forest birds and MBTA-covered species is located within the footprint of the 

active work site, the location of the nest should be recorded with a GPS unit and the area flagged 

and communicated to the project manager and crew. No work should occur within 30 feet (10 m) 

of the nest until the nestlings have fledged.  

• If tree removal and trimming as part of construction occurs between January and September (the 

nesting season of the species listed in Table 10) in the elevational range where special-status 

or MBTA-protected forest birds may be present, a qualified biologist who is very familiar with 

identifying nests of native forest birds should survey trees for active nests immediately prior 

to any felling and trimming operations. 

• Construction and installation phases should occur during the special-status forest bird 

non-nesting season (approximately October 1 through January 31).  

• If a downed tree must be removed from a road, trail, or other passageway, it should be inspected 

for the presence of active bird nests, specifically the nests of MBTA-covered and special-status 

http://dlnr.hawaii.gov/wildlife/files/2016/03/DOC439.pdf
http://dlnr.hawaii.gov/wildlife/files/2016/03/DOC439.pdf
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bird species, that may have been present. If an active nest is found, it should be protected in place 

until the chicks fledge (see above for guidance). 

• During the construction and operational phases, every effort should be made to reduce areas 

of human-made standing water, which act as mosquito breeding sites. The invasive southern 

house mosquito (Culex quinquefasciatus) is the primary vector for avian malaria (caused 

by Plasmodium relictum) and avian pox (caused by Avipoxvirus spp.), two diseases responsible 

for the decline of numerous species of native Hawaiian honeycreepers. To minimize standing 

water within the project site both during and after the construction phase, the following actions 

should be implemented within the project site: remove tire ruts in roads and tracks, empty open 

water tanks, turn over water-collecting containers, and do not allow water to collect in tarps. 

Further guidance regarding best management practices for mosquito mitigation practices can 

be found in the USFWS’s mosquito management handbook (USFWS 2018b).  

• During the operational phase of the project, contractors that undertake vegetation maintenance 

within the project corridor should be informed about the importance of searching for and 

avoiding bird nests during the nesting season (January to September). If contractors do encounter 

bird nests within maintenance corridors, they should avoid any disturbance of vegetation 

in which the nests occur and not undertake maintenance within 30 feet (10 m) of the nest site.  

6.3 Invertebrates 

Host plant preferences of Drosophila sharpi are believed to be similar to those of its closely-related 

sibling species, D. primaeva, which lays eggs within the decomposing bark of native Cheirodendron sp. 

(olapa) and Polyscias sp. (ohe ohe) trees (USFWS 2021). No vegetation removal is planned for the 

portions of the project located with the Hawaiian picture-wing fly designated critical habitat (i.e., 

Kauaikinana and Kōkeʻe intakes; Appendix A, Figure A-5). However, if vegetation removal of the 

suspected host plants takes place in the critical habitat areas, a pre-removal survey for eggs and larvae 

should be conducted on those plants. If eggs or larvae are identified, those host plants should be left in 

place until the flies have developed into adults and flown away.  

6.4 Operations and Ditch Maintenance 

Once operational, the vegetation maintenance around the intake sites, Kōkeʻe Ditch System, reservoirs, 

roads, and PV solar array should be undertaken by qualified and reputable contractors who are 

experienced in safely conducting vegetation maintenance within remote areas. Roads that would be 

maintained by the Project during the operational phase (Pu‘u Lua Reservoir access road, Pu‘u Opae 

Reservoir access road, and the Trail 1 Road that starts at Pu‘u Moe Divide and extends from Kōke‘e 

Highway to Pu‘u Opae Reservoir) would involve some limited removal of vegetation extending or 

hanging into the roadway. Best management practices concerning limiting the spread of invasive species, 

as addressed above, should be followed at all times. In addition, vegetation maintenance crews should 

prevent trimmed stems, branches, and logs from entering waterways. If herbicides are required to manage 

vegetation, these should be used sparingly and by certified pesticide applicators who are experienced in 

working in areas of native vegetation in Hawai‘i. If introduced grasses are to be used for erosion control 

following construction (e.g., on steep banks), the grass seed should be purchased from a Hawaii 

Department of Agriculture–certified source to ensure that invasive species are not present within the seed 

lot.  
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7 SELECT IMPACTS 

The following section provides an impact analysis for the operational phase of the proposed PV solar 

array and the effects of the construction and operation of the project on mosquito population dynamics 

at the project site. Not all potential impacts are discussed in this section.  

7.1 Mosquitoes 

The southern house mosquito (Culex quinquefasciatus) is present throughout forested areas of the 

proposed project site. This nocturnal mosquito species is the primary vector for avian malaria (caused 

by Plasmodium relictum) and avian poxvirus (caused by Poxvirus avium), two diseases that kill Hawaiian 

honeycreepers (Atkinson and LaPointe 2009; Samuel et al. 2015). The southern house mosquito occurs 

in Hawai‘i from sea level to approximately 4,921 feet amsl during the winter months, to up to or just over 

6,000 feet amsl during the warmer summer months (Ahumada et al. 2004; Freed et al. 2005; Samuel et al. 

2015). The larval stage of this mosquito species is completed in natural or human-created stagnant bodies 

of water such as standing surface water, vehicle tracks, pig wallows, ground pools, and tree cavities.  

The Proposed Action is unlikely to nominally increase mosquito populations within the higher elevation 

areas of the project footprint due to the existing abundance of non-project-related breeding habitat within 

the wider area. This includes substantial areas of potential mosquito breeding habitat within intermittent 

pockets of standing water on stream margins, pig wallows, and surface water within the general location 

of the project. However, as a precautionary measure, strategies to avoid the creation of mosquito breeding 

habitat are provided in Section 6.2.5. 

By contrast, the completion and ongoing maintenance of roads within the project area may result 

in a reduction of mosquito breeding habitat due to the removal of existing areas of stagnant water within 

ruts and puddles in the dirt roads. Implementing these road upgrades and following the guidance to reduce 

mosquito breeding habitat outlined in Section 6.2.5 would ensure that there is a net decrease in available 

mosquito breeding habitat within the project area.  

7.2 Solar Array 

Native waterbirds are likely to occur within the vicinity of the proposed PV solar array as the immediate 

area is adjacent to fallow agricultural fields that are prone to flooding. In addition, the DOFAW-managed 

Kawai’ele State Waterbird Sanctuary is located approximately 1.75 miles away from the proposed 

PV solar array location. 

Despite the proximity of the proposed PV solar array to known waterbird habitat, there is no evidence that 

solar arrays impact waterbirds and seabirds in Hawai‘i. Therefore, in contrast to the precautionary 

approach concerning the impacts of PV solar arrays on native waterbirds and seabirds in Hawaiʻi 

proposed by Penniman and Duffy (2021), there is no current evidence to warrant minimization measures 

for these native species due to the Proposed Action. For example, no special-status fauna or MBTA bird 

species have been recorded at any of KIUC’s five PV solar facilities during the past 10 years of operation, 

including at the Pacific Missile Range Facility (PMRF) where systematic biological monitoring has 

occurred since 2019 (Dawn Huff, Joule Group LLC, pers. comm.). The remaining four facilities have 

ongoing vegetation management below the solar arrays, either through sheep grazing or mowing, and are 

regularly visited by KIUC staff who are aware of downed-wildlife protocols. This suggests that these 

solar arrays do not impact native waterbirds or seabirds. To date, the only special-status or MBTA species 

that has been recorded dead near a PV solar array in the state was a Hawaiian coot. This bird was located 

immediately below powerlines outside the boundary of a solar array and was reported through KIUC’s 
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Habitat Conservation Program reporting system as the result of a powerline collision, which was 

congruent with the injuries present.  

Based on several meta-analyses of avian monitoring and mortality data at PV array sites on the U.S. 

mainland (Kosciuch et al. 2020; Smith and Dwyer 2016; Walston et al. 2016), it is hypothesized that 

waterbirds are attracted to solar arrays as they could potentially simulate the surface of waterbodies, 

creating a hypothesized “lake effect”. Birds that do attempt to land within the solar arrays may be at risk 

of injury or mortality due to collision or become stranded as a result of unsuitable surfaces on which 

to take off. However, to date, no experimental research has been undertaken to quantitatively test this 

hypothesis. Therefore, it is difficult to fully determine the effects of the proposed PV solar array on native 

waterbirds that may occur within the vicinity of the project site. However, based on the design of the 

proposed PV solar array, and the limited evidence that PV facilities impact avifauna in Hawai‘i, the 

proposed PV solar array is not expected to pose a threat to waterbirds.   

The layout of the single-axis tracking mounts and panels of some of the PV arrays reported in Walston et 

al. (2016) and Kosciuch et al. (2020) differs from those that would be used in the proposed project. 

For example, many of the study sites contained fixed panels spaced approximately 6 feet apart, 

as measured on Google Earth, without white cell borders. By contrast, the rows of PV panels in the 

proposed project would be spaced 40 feet apart to allow access for maintenance vehicles and growing of 

agricultural crops, thereby reducing the likelihood that avifauna would mistake the arrays for waterbodies. 

In addition, the studies to date have been conducted in dry, desert environments that greatly differ from 

those that are present at the proposed project site. As cautioned by Kosciuch et al. (2020), extrapolating 

the published evaluation of bird mortality at PV utility-scale solar facilities to sites in drastically different 

environments such as the Proposed Action would be subject to great uncertainty and at risk of producing 

meaningless results. 

The potential effects of the proposed PV solar array on native forest birds and MBTA-protected passerine 

species are likely to be negligible due to the location of the proposed solar array within agricultural lands 

and the distance of the nearest areas of native and exotic forest (the nearest exotic forest is approximately 

3,000 feet [0.6 mile, or 914 m] to the northeast). Because the impacts of solar arrays on Hawai‘i’s native 

fauna are currently poorly understood, it is not necessary to implement a downed wildlife monitoring 

program during the operational phase of the proposed project. 

7.3 Water Diversion 

One of the Proposed Actions is the diversion of water from streams into ditches by the existing ditch 

system infrastructure. This action in and of itself would have no impact on terrestrial habitats and 

threatened or endangered species above the locations of the diversions. Flows immediately below the 

diversions would be increased from their current status due to the maintenance of the instream flow 

standards set by the Commission on Water Resource Management. Currently, all low to median stream 

flow is diverted into the ditch. Current operations return most of the diverted flow back to the stream 

a few hundred feet downstream of the diversion through gates further along the ditch system. During 

operations of the Proposed Action, the average diversion volume leaving each stream would be higher 

than current operations, but instream flow standards would be maintained. The results of WKEP 

operations compared to current status would be an increase of flow immediately downstream of each 

diversion, but an overall average decrease of flow remaining in each stream channel. As such, the aquatic 

environments immediately below the diversions would potentially be enhanced by the project, with 

relatively minor changes to streamside vegetation anticipated further downstream. It is important to note 

that the flora species in the low-elevation areas where this impact would take place have already been 

impacted by human presence and consist of common invasive species. For this reason, any changes in 
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stream flow associated with the use of the diversions would be very unlikely to decrease habitat for 

special-status or native species.  

The current floristic conditions in the study area are a result of more than 100 years of impacts from use 

and management of the ditch systems and access roads. As a result, these areas are already heavily 

invaded by nonnative plant species. Any changes to plant species composition that may result from 

increases or decreases in flow regime due to water diversion would be expected to be insignificant, 

compared with the conversion from native to invaded forest that occurred over the course of over 

a century or more. Therefore, the Proposed Action would not be expected to significantly impact the flora 

of the study area. 
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Checklist of Plants Observed in the Study Area 
  



 

B-1 

Table B-1. Checklist of Plants Observed at Kauaikinana Diversion on August 20, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Apiaceae Centella asiatica (L.) Urb. X Asiatic pennywort 

Araliaceae Cheirodendron sp. E ‘ōlapa, lapalapa 

Asteraceae Erigeron karvinskianus DC. X daisy fleabane 

Asteraceae Hypochoeris radicata L. X hairy cat's-ear, gosmore 

Brassicaceae Nasturtium officinale R.Br. X watercress 

Buddlejaceae Buddleja davidii Franch. X   

Caprifoliaceae Lonicera japonica Thunb. X Japanese honeysuckle 

Crassulaceae Kalanchoe pinnata (Lam.) Pers. X air plant 

Fabaceae Trifolium repens var. repens X white clover 

Geraniaceae Geranium homeanum Turcz. X   

Lythraceae Cuphea carthagenensis (Jacq.) J.F.Macbr. X tarweed, Colombian cuphea 

Myricaceae Morella faya (Aiton) Wilbur X firetree 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Onagraceae Fuchsia magellanica Lam. X hardy fuchsia, earring flower 

Oxalidaceae Oxalis corniculata L. P? yellow wood sorrel 

Plantaginaceae Plantago lanceolata L. X narrow-leaved plantain 

Plantaginaceae Plantago major L. X broad-leaved plantain, laukahi 

Polygonaceae Rumex acetosella L. X sheep sorrel 

Rosaceae Eriobotrya japonica (Thunb.) Lindl. X   

Rosaceae Rubus argutus Link X prickly Florida blackberry 

Rubiaceae Bobea brevipes A.Gray E ‘ahakea lau li‘i, ‘akupa 

Rubiaceae Coprosma waimeae Wawra E ‘ōlena 

Rubiaceae Kadua sp. E   

Rutaceae Melicope sp. E alani, alani kuahiwi 

Verbenaceae Verbena litoralis Kunth X vervain 

Monocot    

Agavaceae Cordyline fruticosa (L.) A.Chev. P kï, ti 

Commelinaceae Commelina diffusa Burm.f. X honohono wai, dayflower 

Cyperaceae Cyperus meyenianus Kunth X Meyen's flatsedge 

Cyperaceae Cyperus polystachyos Rottb. I   

Poaceae Melinis repens (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Paspalum dilatatum Poir. X dallis grass 

Poaceae Paspalum urvillei Steud. X vasey grass 

Poaceae Setaria verticillata (L.) P.Beauv. X bristly foxtail 

Poaceae Sporobolus indicus (L.) R.Br. X West Indian dropseed, smutgrass 

Zingiberaceae Hedychium coronarium J.Kōnig X white ginger 

Zingiberaceae Hedychium gardnerianum Sheppard ex Ker Gawl. X kāhili ginger 
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Family Scientific Name and Authorship Status Common Name 

Pteridophyte    

Blechnaceae Blechnum appendiculatum Willd. X   

Blechnaceae Sadleria cyatheoides Kaulf. E ‘ama‘u, ‘ama‘uma‘u 

Gleicheniaceae Dicranopteris linearis  I uluhe 

Thelypteridaceae Cyclosorus parasiticus (L.) Farw. X ` 

Table B-2. Checklist of Plants Observed at Kauaikinana Diversion during the 2022 Survey on 
March 3, 2022 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Erigeron karvinskianus  DC. X daisy fleabane 

Asteraceae Hypochoeris radicata  L. X hairy cat's-ear, gosmore 

Buddlejaceae Buddleja davidii  Franch. X   

Caprifoliaceae Lonicera japonica  Thunb. X Japanese honeysuckle 

Celastraceae Perrottetia sandwicensis  A.Gray E olomea, pua‘a olomea, waimea (Maui) 

Epacridaceae Leptecophylla tameiameiae  (Cham. & Schltdl.) 
C.M.Weiller I pūkiawe 

Fabaceae Acacia koa  A.Gray E koa 

Fabaceae Acacia melanoxylon  R.Br. ex Aiton X   

Fabaceae Desmanthus pernambucanus  (L.) Thell. X slender mimosa, virgate mimosa 

Fabaceae Neonotonia wightii  (Wight & Arn.) Lackey X   

Fabaceae Trifolium repens var. repens X white clover 

Geraniaceae Geranium homeanum  Turcz. X   

Lauraceae Persea americana  Mill. X avocado, alligator pear 

Myricaceae Morella faya  (Aiton) Wilbur X firetree 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum  Sabine X strawberry guava 

Onagraceae Fuchsia magellanica  Lam. X hardy fuchsia, earring flower 

Plantaginaceae Plantago lanceolata  L. X narrow-leaved plantain 

Plantaginaceae Plantago major  L. X broad-leaved plantain, laukahi 

Rosaceae Rubus argutus  Link X prickly Florida blackberry 

Rubiaceae Coprosma waimeae  Wawra E ‘ōlena 

Rutaceae Melicope sp. E alani, alani kuahiwi 

Rutaceae Zanthoxylum sp. E kāwa‘u, kāwa‘u kua kuku kapa 

Sapindaceae Dodonaea viscosa  Jacq. I ‘a‘ali‘i 

Urticaceae Pipturus albidus  (Hook. & Arn.) A.Gray E māmaki 

Verbenaceae Verbena litoralis  Kunth X vervain 
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Family Scientific Name and Authorship Status Common Name 

Monocot    

Poaceae Melinis repens  (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Paspalum urvillei  Steud. X vasey grass 

Poaceae Schizachyrium condensatum  (Kunth) Nees X little bluestem, beardgrass 

Zingiberaceae Hedychium gardnerianum  Sheppard ex Ker Gawl. X kāhili ginger 

Poaceae Melinis repens  (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Paspalum urvillei  Steud. X vasey grass 

Poaceae Schizachyrium condensatum  (Kunth) Nees X little bluestem, beardgrass 

Zingiberaceae Hedychium gardnerianum  Sheppard ex Ker Gawl. X kāhili ginger 

Pteridophyte    

Blechnaceae Blechnum appendiculatum  Willd. X   

Gleicheniaceae Dicranopteris linearis  I uluhe 

Blechnaceae Blechnum appendiculatum  Willd. X   

Gleicheniaceae Dicranopteris linearis  I uluhe 

Table B-3. Checklist of Plants Observed at Kawaikoi Diversion on August 20, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Araliaceae Cheirodendron sp. E ‘ōlapa, lapalapa 

Asteraceae Erechtites valerianifolia (Wolf) DC. X fireweed 

Asteraceae Erigeron karvinskianus DC. X daisy fleabane 

Asteraceae Hypochoeris radicata L. X hairy cat's-ear, gosmore 

Caprifoliaceae Lonicera japonica Thunb. X Japanese honeysuckle 

Fabaceae Acacia koa A.Gray E koa 

Fabaceae Leucaena leucocephala (Lam.) de Wit X koa haole 

Gentianaceae Centaurium erythraea subsp. erythraea X bitter herb, European centaury 

Goodeniaceae Scaevola procera Hillebr. E naupaka kuahiwi 

Lythraceae Cuphea carthagenensis (Jacq.) J.F.Macbr. X tarweed, Colombian cuphea 

Melastomataceae Tibouchina urvilleana var. urvilleana X lasiandra, princess flower 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Onagraceae Fuchsia magellanica Lam. X hardy fuchsia, earring flower 

Plantaginaceae Plantago lanceolata L. X narrow-leaved plantain 

Plantaginaceae Plantago major L. X broad-leaved plantain, laukahi 

Rosaceae Rubus argutus Link X prickly Florida blackberry 

Rutaceae Melicope sp. E alani, alani kuahiwi 

Gymnosperm    

Taxodiaceae Cryptomeria japonica (Thunb. ex L.f.) D.Don X   
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Family Scientific Name and Authorship Status Common Name 

Monocot    

Araceae Syngonium podophyllum Schott X   

Cyperaceae Cyperus meyenianus Kunth X Meyen's flatsedge 

Iridaceae Crocosmia x_crocosmiiflora (Lemoine) N.E.Br. X montbretia 

Poaceae Cenchrus echinatus L. X common sandbur 

Poaceae Paspalum urvillei Steud. X vasey grass 

Poaceae Setaria verticillata (L.) P.Beauv. X bristly foxtail 

Poaceae Sporobolus indicus (L.) R.Br. X West Indian dropseed, smutgrass 

Zingiberaceae Hedychium gardnerianum Sheppard ex Ker Gawl. X kāhili ginger 

Pteridophyte    

Aspleniaceae Asplenium sp. E   

Blechnaceae Sadleria cyatheoides Kaulf. E ‘ama‘u, ‘ama‘uma‘u 

Gleicheniaceae Dicranopteris linearis  I uluhe 

Table B-4. Checklist of Plants Observed at Kawaikoi Diversion during the 2022 Survey on March 3, 
2022 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Apiaceae Centella asiatica  (L.) Urb. X Asiatic pennywort 

Araliaceae Cheirodendron sp. E ‘ōlapa, lapalapa 

Asteraceae Ageratum conyzoides  L. X maile hohono 

Asteraceae Erechtites valerianifolia  (Wolf) DC. X fireweed 

Asteraceae Hypochoeris radicata  L. X hairy cat's-ear, gosmore 

Caprifoliaceae Lonicera japonica  Thunb. X Japanese honeysuckle 

Fabaceae Acacia koa  A.Gray E koa 

Melastomataceae Tibouchina urvilleana var. urvilleana X lasiandra, princess flower 

Myricaceae Morella faya  (Aiton) Wilbur X firetree 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum  Sabine X strawberry guava 

Plantaginaceae Plantago lanceolata  L. X narrow-leaved plantain 

Plantaginaceae Plantago major  L. X broad-leaved plantain, laukahi 

Rosaceae Rubus argutus  Link X prickly Florida blackberry 

Rubiaceae Coprosma sp. E pilo, hupilo 

Rubiaceae Richardia scabra  L. X   

Rutaceae Melicope sp. E alani, alani kuahiwi 

Scrophulariaceae Castilleja arvensis  Cham. & Schltdl. X Indian paintbrush, painted cup 

Gymnosperm    

Taxodiaceae Cryptomeria japonica  (Thunb. ex L.f.) D.Don X Sugi pine 
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Family Scientific Name and Authorship Status Common Name 

Monocot    

Poaceae Setaria palmifolia  (J.Kōnig) Stapf X palmgrass 

Poaceae Setaria verticillata  (L.) P.Beauv. X bristly foxtail 

Poaceae Sporobolus indicus  (L.) R.Br. X West Indian dropseed, smutgrass 

Zingiberaceae Hedychium gardnerianum  Sheppard ex Ker Gawl. X kāhili ginger 

Pteridophyte    

Dennstaedtiaceae Microlepia strigosa var. strigosa I palapalai, palai 

Table B-5. Checklist of Plants Observed at Waiakoali Diversion on August 20, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Erechtites valerianifolia (Wolf) DC. X fireweed 

Asteraceae Hypochoeris radicata L. X hairy cat's-ear, gosmore 

Asteraceae Pluchea indica (L.) Less. X Indian fleabane, marsh fleabane 

Buddlejaceae Buddleja asiatica Lour. X huelo ‘ïlio, dog tail 

Fabaceae Acacia koa A.Gray E koa 

Lythraceae Cuphea carthagenensis (Jacq.) J.F.Macbr. X tarweed, Colombian cuphea 

Meliaceae Melia azedarach L. X chinaberry, pride-of-India 

Myricaceae Morella faya (Aiton) Wilbur X firetree 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Plantaginaceae Plantago major L. X broad-leaved plantain, laukahi 

Polygonaceae Rumex acetosella L. X sheep sorrel 

Rosaceae Rubus argutus Link X prickly Florida blackberry 

Rubiaceae Coprosma kauensis (A.Gray) A.Heller E kōï 

Rubiaceae Kadua sp. E   

Sapindaceae Dodonaea viscosa Jacq. I ‘a‘ali‘i 

Urticaceae Pipturus albidus (Hook. & Arn.) A.Gray E māmaki 

Gymnosperm    

Taxodiaceae Cryptomeria japonica (Thunb. ex L.f.) D.Don X   

Monocot    

Cyperaceae Cyperus meyenianus Kunth X Meyen's flatsedge 

Iridaceae Crocosmia x_crocosmiiflora (Lemoine) N.E.Br. X montbretia 

Poaceae Cynodon dactylon (L.) Pers. X Bermuda grass, mānienie, mānienie 
haole 

Poaceae Melinis repens (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Paspalum urvillei Steud. X vasey grass 

Poaceae Sporobolus indicus (L.) R.Br. X West Indian dropseed, smutgrass 

Zingiberaceae Hedychium gardnerianum Sheppard ex Ker Gawl. X kāhili ginger 
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Family Scientific Name and Authorship Status Common Name 

Pteridophyte    

Blechnaceae Sadleria cyatheoides Kaulf. E ‘ama‘u, ‘ama‘uma‘u 

Gleicheniaceae Dicranopteris linearis  I uluhe 

Pteridaceae Pityrogramma austroamericana Domin X goldfern, goldback fern 

Thelypteridaceae Cyclosorus parasiticus (L.) Farw. X ` 

Table B-6. Checklist of Plants Observed at the Waiakoali Diversion Access Road during the 2022 
Survey on March 3, 2022 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Erigeron karvinskianus  DC. X daisy fleabane 

Asteraceae Hypochoeris radicata  L. X hairy cat's-ear, gosmore 

Corynocarpaceae Corynocarpus laevigatus  J.R.Forst. & G.Forst. X karakanut, New Zealand laurel 

Fabaceae Acacia koa  A.Gray E koa 

Myricaceae Morella faya  (Aiton) Wilbur X firetree 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum  Sabine X strawberry guava 

Oleaceae Fraxinus uhdei  (Wenz.) Lingelsh. X tropical ash 

Plantaginaceae Plantago lanceolata  L. X narrow-leaved plantain 

Plantaginaceae Plantago major  L. X broad-leaved plantain, laukahi 

Polygonaceae Rumex acetosella  L. X sheep sorrel 

Rosaceae Rubus argutus  Link X prickly Florida blackberry 

Rubiaceae Coprosma kauensis  (A.Gray) A.Heller E kōï 

Rubiaceae Coprosma waimeae  Wawra E ‘ōlena 

Rubiaceae Kadua affinis  DC. E manono 

Rubiaceae Kadua sp. E   

Sapindaceae Dodonaea viscosa  Jacq. I ‘a‘ali‘i 

Gymnosperm    

Pinaceae Pinus sp. X   

Taxodiaceae Cryptomeria japonica  (Thunb. ex L.f.) D.Don X   

Monocot    

Cyperaceae Cyperus involucratus  Rottb. X umbrella sedge 

Poaceae Andropogon bicornis  L. X barbas de indio 

Poaceae Melinis repens  (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Sporobolus indicus  (L.) R.Br. X West Indian dropseed, smutgrass 

Zingiberaceae Hedychium gardnerianum  Sheppard ex Ker 
Gawl. 

X kāhili ginger 
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Family Scientific Name and Authorship Status Common Name 

Pteridophyte    

Cyatheaceae Sphaeropteris cooperi  (Hook. ex F.Muell.) 
R.M.Tryon 

X Australian tree fern, scaly tree fern 

Dryopteridaceae Dryopteris wallichiana  (Spreng.) Hyl. I ‘i‘o nui, laukahi 

Gleicheniaceae Dicranopteris linearis  I uluhe 

Gleicheniaceae Diplopterygium pinnatum  (Kunze) Nakai E uluhe lau nui 

Lindsaeaceae Sphenomeris chinensis  (L.) Maxon I pala‘ā, palapala‘ā, Pala‘e, p‘ā‘ū o Pala‘e 

Thelypteridaceae Cyclosorus parasiticus  (L.) Farw. X ` 

Table B-7. Checklist of Plants Observed at Koke‘e Diversion on August 20, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Apocynaceae Alyxia stellata (J.R.Forst. & G.Forst.) Roem. & 
Schult. 

I maile 

Aquifoliaceae Ilex anomala Hook. & Arn. I kāwa‘u, ‘aiea (Kaua‘i) 

Asteraceae Ageratum conyzoides L. X maile hohono 

Asteraceae Conyza bonariensis (L.) Cronquist X hairy horseweed 

Balsaminaceae Impatiens sodeni Engl. & Warb. ex Engl. X   

Brassicaceae Nasturtium officinale R.Br. X watercress 

Caprifoliaceae Sambucus mexicana C.Presl ex DC. X Mexican elder 

Euphorbiaceae Euphorbia hyssopifolia L. X spurge 

Fabaceae Acacia koa A.Gray E koa 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Onagraceae Fuchsia magellanica Lam. X hardy fuchsia, earring flower 

Passifloraceae Passiflora ligularis Juss. X sweet granadilla 

Plantaginaceae Plantago lanceolata L. X narrow-leaved plantain 

Proteaceae Grevillea robusta A.Cunn. ex R.Br. X silk oak 

Rosaceae Prunus persica (L.) Batsch X peach 

Rosaceae Rubus argutus Link X prickly Florida blackberry 

Rubiaceae Coprosma foliosa A.Gray E pilo, hupilo 

Rubiaceae Kadua sp E au, pilo 

Scrophulariaceae Veronica serpyllifolia L. X thyme-leaved speedwell 

Verbenaceae Lantana camara L. X lantana 

Monocot    

Araceae Colocasia esculenta (L.) Schott P kalo, taro 

Cyperaceae Cyperus meyenianus Kunth X Meyen's flatsedge 

Liliaceae Dianella sandwicensis Hook. & Arn. I ‘uki‘uki, ‘uki 

Pandanaceae Freycinetia arborea Gaudich. I ‘ie‘ie, ‘ie 
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Family Scientific Name and Authorship Status Common Name 

Poaceae Ehrharta stipoides Labill. X meadow ricegrass 

Poaceae Sporobolus indicus (L.) R.Br. X West Indian dropseed, smutgrass 

Zingiberaceae Hedychium coronarium J.Kōnig X white ginger 

Pteridophyte    

Dennstaedtiaceae Microlepia strigosa var. strigosa I palapalai, palai 

Nephrolepidaceae Nephrolepis exaltata (L.) Schott I kupukupu 

Table B-8. Checklist of Plants Observed on the Koke‘e Diversion Access Road during the 2022 
Survey on March 3, 2022 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Apocynaceae Alyxia stellata  (J.R.Forst. & G.Forst.) Roem. & 
Schult. I 

maile 

Asteraceae Ageratum conyzoides  L. X maile hohono 

Asteraceae Erechtites valerianifolia  (Wolf) DC. X fireweed 

Balsaminaceae Impatiens sodeni  Engl. & Warb. ex Engl. X   

Brassicaceae Nasturtium officinale R.Br. X watercress 

Buddlejaceae Buddleja madagascariensis  Lam. X smoke bush 

Campanulaceae Cyanea leptostegia  A.Gray E hāhā lua, hāhā 

Celastraceae Perrottetia sandwicensis  A.Gray E olomea, pua‘a olomea, waimea (Maui) 

Corynocarpaceae Corynocarpus laevigatus  J.R.Forst. & G.Forst. X karakanut, New Zealand laurel 

Epacridaceae Leptecophylla tameiameiae  (Cham. & Schltdl.) 
C.M.Weiller I 

pūkiawe 

Euphorbiaceae Antidesma platyphyllum  
E 

hame, ha‘ā, ha‘āmaile, hamehame, 
mehame, mehamehame 

Euphorbiaceae Euphorbia celastroides var. celastroides E ‘akoko, koko, ‘ekoko, kōkōmālei 

Euphorbiaceae Euphorbia hyssopifolia  L. X spurge 

Fabaceae Acacia koa  A.Gray E koa 

Fabaceae Acacia melanoxylon  R.Br. ex Aiton X   

Goodeniaceae Scaevola procera  Hillebr. E naupaka kuahiwi 

Lauraceae Persea americana  Mill. X avocado, alligator pear 

Melastomataceae Heterocentron subtriplinervium  (Link & Otto) 
A.Braun & C.D.Bouché X 

pearl flower 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum  Sabine X strawberry guava 

Oleaceae Ligustrum sinense  Lour. X   

Oleaceae Nestegis sandwicensis  (A.Gray) O.Deg., I.Deg. & 
L.A.S.Johnson E 

olopua, pua, ulupua 

Onagraceae Fuchsia magellanica  Lam. X hardy fuchsia, earring flower 

Passifloraceae Passiflora ligularis  Juss. X sweet granadilla 

Phytolaccaceae Phytolacca octandra  L. X southern pokeberry 
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Family Scientific Name and Authorship Status Common Name 

Proteaceae Grevillea robusta  A.Cunn. ex R.Br. X silk oak 

Rosaceae Prunus cerasifera x salicina X Methley plum 

Rosaceae Rubus argutus  Link X prickly Florida blackberry 

Rubiaceae Coprosma foliosa  A.Gray E pilo, hupilo 

Rubiaceae Kadua affinis  DC. E manono 

Rubiaceae Psychotria sp. E kōpiko 

Rutaceae Melicope barbigera  A.Gray E uahiapele, alani, alani kuahiwi 

Santalaceae Santalum pyrularium  A.Gray E ‘iliahi, sandalwood 

Sapotaceae Planchonella sandwicensis  (A.Gray) Pierre E ‘āla‘a, āulu, ‘ēla‘a, kaulu 

Thymelaeaceae Wikstroemia furcata  (Hillebr.) Rock E ‘ākia, kauhi 

Verbenaceae Lantana camara  L. X lantana 

Monocot    

Agavaceae Dracaena aurea  (H.Mann) N.E.Br. E hala pepe, le‘ie 

Cyperaceae Carex wahuensis E   

Cyperaceae Cyperus meyenianus  Kunth X Meyen's flatsedge 

Liliaceae Dianella sandwicensis  Hook. & Arn. I ‘uki‘uki, ‘uki 

Poaceae Ehrharta stipoides  Labill. X meadow ricegrass 

Poaceae Melinis repens  (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Setaria verticillata  (L.) P.Beauv. X bristly foxtail 

Poaceae Urochloa maxima  (Jacq.) R.D.Webster X Guinea grass 

Pteridophyte    

Blechnaceae Blechnum appendiculatum  Willd. X   

Cyatheaceae Sphaeropteris cooperi  (Hook. ex F.Muell.) 
R.M.Tryon X 

Australian tree fern, scaly tree fern 

Dennstaedtiaceae Microlepia strigosa var. strigosa I palapalai, palai 

Thelypteridaceae Cyclosorus parasiticus  (L.) Farw. X ` 

Table B-9. Checklist of Plants Observed at Mana Reservoir on August 21, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Amaranthaceae Alternanthera pungens Kunth X khaki weed 

Amaranthaceae Amaranthus spinosus L. X spiny amaranth 

Asteraceae Pluchea indica (L.) Less. X Indian fleabane, marsh fleabane 

Asteraceae Verbesina encelioides (Cav.) Benth. & Hook. X golden crown-beard 

Asteraceae Xanthium strumarium var. canadense (Mill.) Torr. 
& A.Gray 

X cocklebur 

Boraginaceae Heliotropium curassavicum L. I kïpūkai, seaside heliotrope 

Buddlejaceae Buddleja asiatica Lour. X huelo ‘ïlio, dog tail 

Convolvulaceae Ipomoea indica (Burm.) Merr. I koali ‘awa 
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Family Scientific Name and Authorship Status Common Name 

Convolvulaceae Ipomoea obscura (L.) Ker Gawl. X morning glory 

Convolvulaceae Ipomoea triloba L. X little bell 

Convolvulaceae Jacquemontia sandwicensis A.Gray E pā‘ū-o-Hi‘iaka 

Cucurbitaceae Cucumis dipsaceus Ehrenb. ex Spach X hedgehog gourd, teasel gourd 

Cucurbitaceae Momordica charantia L. X balsam pear, bitter melon 

Euphorbiaceae Euphorbia hirta L. X hairy spurge 

Euphorbiaceae Euphorbia hyssopifolia L. X spurge 

Euphorbiaceae Ricinus communis L. X castor bean 

Fabaceae Canavalia cathartica Thouars X maunaloa 

Fabaceae Crotalaria incana L. X fuzzy rattlepod 

Fabaceae Desmanthus pernambucanus (L.) Thell. X slender mimosa, virgate mimosa 

Fabaceae Indigofera suffruticosa Mill. X indigo 

Fabaceae Leucaena leucocephala (Lam.) de Wit X koa haole 

Fabaceae Macroptilium atropurpureum (DC.) Urb. X   

Fabaceae Samanea saman (Jacq.) Merr. X monkeypod 

Fabaceae Vachellia farnesiana (L.) Wight & Arn. X klu 

Lamiaceae Hyptis pectinata (L.) Poit. X comb hyptis 

Lamiaceae Leonotis leonurus (L.) R.Br. X   

Malvaceae Abutilon grandifolium (Willd.) Sweet X hairy abutilon, ma‘o 

Malvaceae Malva parviflora L. X cheese weed 

Malvaceae Malvastrum coromandelianum subsp. 
coromandelianum 

X false mallow 

Malvaceae Sida spinosa L. X prickly sida 

Moraceae Ficus microcarpa L.f. X Chinese banyan 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Passifloraceae Passiflora edulis Sims X passion fruit, liliko‘i 

Sterculiaceae Waltheria indica L. I? ‘uhaloa 

Monocot    

Poaceae Chloris barbata Sw. X swollen fingergrass 

Poaceae Urochloa maxima (Jacq.) R.D.Webster X Guinea grass 

Table B-10. Checklist of Plants Observed at the Solar Farm on August 21, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Amaranthaceae Alternanthera pungens Kunth X khaki weed 

Amaranthaceae Amaranthus spinosus L. X spiny amaranth 

Anacardiaceae Schinus terebinthifolius Raddi X Christmas berry 

Asteraceae Conyza canadensis  X horseweed 

Asteraceae Pluchea carolinensis (Jacq.) G.Don X sourbush, marsh fleabane 
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Family Scientific Name and Authorship Status Common Name 

Asteraceae Pluchea indica (L.) Less. X Indian fleabane, marsh fleabane 

Asteraceae Verbesina encelioides (Cav.) Benth. & Hook. X golden crown-beard 

Asteraceae Xanthium strumarium var. canadense (Mill.) Torr. 
& A.Gray 

X cocklebur 

Chenopodiaceae Atriplex semibaccata R.Br. X Australian saltbush 

Convolvulaceae Ipomoea obscura (L.) Ker Gawl. X morning glory 

Convolvulaceae Ipomoea triloba L. X little bell 

Cucurbitaceae Cucumis dipsaceus Ehrenb. ex Spach X hedgehog gourd, teasel gourd 

Cucurbitaceae Momordica charantia L. X balsam pear, bitter melon 

Euphorbiaceae Euphorbia hirta L. X hairy spurge 

Euphorbiaceae Ricinus communis L. X castor bean 

Fabaceae Crotalaria incana L. X fuzzy rattlepod 

Fabaceae Desmanthus pernambucanus (L.) Thell. X slender mimosa, virgate mimosa 

Fabaceae Indigofera suffruticosa Mill. X indigo 

Fabaceae Lablab purpureus (L.) Sweet X hyacinth bean 

Fabaceae Macroptilium atropurpureum (DC.) Urb. X   

Fabaceae Prosopis pallida (Humb. & Bonpl. ex Willd.) Kunth X kiawe 

Fabaceae Samanea saman (Jacq.) Merr. X monkeypod 

Fabaceae Vachellia farnesiana (L.) Wight & Arn. X klu 

Lamiaceae Hyptis pectinata (L.) Poit. X comb hyptis 

Lamiaceae Leonotis leonurus (L.) R.Br. X   

Malvaceae Malvastrum coromandelianum subsp. 
coromandelianum 

X false mallow 

Malvaceae Sida fallax Walp. I ‘ilima 

Moraceae Ficus microcarpa L.f. X Chinese banyan 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Solanaceae Solanum lycopersicum var. cerasiforme (Dunal) 
D.M.Spooner, G.J.Anderson & R.K.Jansen 

X tomato 

Sterculiaceae Waltheria indica L. I? ‘uhaloa 

Monocot    

Cyperaceae Cyperus involucratus Rottb. X umbrella sedge 

Poaceae Chloris barbata Sw. X swollen fingergrass 

Poaceae Melinis repens (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Urochloa mutica (Forssk.) T.Q.Nguyen X California grass, Para grass 



 

B-12 

Table B-11. Checklist of Plants Observed along the Interconnection Line at the Solar Farm during 
the 2022 Survey on March 4, 2022 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Aizoaceae Sesuvium portulacastrum  (L.) L. I ‘ākulikuli, sea purslane 

Asteraceae Conyza canadensis  X horseweed 

Asteraceae Pluchea carolinensis  (Jacq.) G.Don X sourbush, marsh fleabane 

Asteraceae Pluchea indica  (L.) Less. X Indian fleabane, marsh fleabane 

Asteraceae Xanthium strumarium var. canadense  (Mill.) Torr. 
& A.Gray 

X cocklebur 

Convolvulaceae Jacquemontia sandwicensis  A.Gray E pā‘ū-o-Hi‘iaka 

Fabaceae Canavalia cathartica  Thouars X maunaloa 

Fabaceae Desmanthus pernambucanus  (L.) Thell. X slender mimosa, virgate mimosa 

Fabaceae Leucaena leucocephala  (Lam.) de Wit X koa haole 

Myrtaceae Syzygium cumini  (L.) Skeels X Java plum 

Onagraceae Ludwigia octovalvis  (Jacq.) P.H.Raven P? primrose willow, kāmole, alohalua, 
kāmole lau li‘i, kāmole lau nui 

Monocot    

Cyperaceae Bolboschoenus maritimus subsp. paludosus  
(A.Nelson) T.Koyama 

I makai, kaluhā 

Poaceae Cynodon dactylon  (L.) Pers. X Bermuda grass, mānienie, mānienie 
haole 

Poaceae Melinis repens  (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Urochloa mutica  (Forssk.) T.Q.Nguyen X California grass, Para grass 

Table B-12. Checklist of Plants Observed at Pu‘u Lua on August 22, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Acanthospermum australe (Loefl.) Kuntze X spiny-bur, Paraguay bur 

Asteraceae Bidens pilosa L. X Spanish needle 

Asteraceae Conyza canadensis  X horseweed 

Asteraceae Erechtites valerianifolia (Wolf) DC. X fireweed 

Asteraceae Erigeron karvinskianus DC. X daisy fleabane 

Asteraceae Pluchea indica (L.) Less. X Indian fleabane, marsh fleabane 

Buddlejaceae Buddleja asiatica Lour. X huelo ‘ïlio, dog tail 

Epacridaceae Leptecophylla tameiameiae (Cham. & Schltdl.) 
C.M.Weiller 

I pūkiawe 

Fabaceae Acacia koa A.Gray E koa 

Fabaceae Acacia mearnsii De Wild. X black wattle 

Lamiaceae Hyptis pectinata (L.) Poit. X comb hyptis 

Myricaceae Morella faya (Aiton) Wilbur X firetree 

Myrtaceae Eucalyptus sp. X eucalyptus 
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Family Scientific Name and Authorship Status Common Name 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Oleaceae Olea europaea subsp. cuspidata (Wall. ex G.Don) 
Cif. 

X olive 

Oxalidaceae Oxalis corniculata L. P? yellow wood sorrel 

Plantaginaceae Plantago lanceolata L. X narrow-leaved plantain 

Polygalaceae Polygala paniculata L. X milkwort 

Proteaceae Grevillea robusta A.Cunn. ex R.Br. X silk oak 

Rosaceae Rubus argutus Link X prickly Florida blackberry 

Rubiaceae Richardia scabra L. X   

Santalaceae Santalum involutum H.St.John E   

Sapindaceae Dodonaea viscosa Jacq. I ‘a‘ali‘i 

Verbenaceae Lantana camara L. X lantana 

Verbenaceae Stachytarpheta cayennensis (Rich.) Vahl X ōwï 

Gymnosperm    

Pinaceae Pinus elliottii Engelm. X slash pine 

Monocot    

Cyperaceae Cyperus meyenianus Kunth X Meyen's flatsedge 

Cyperaceae Machaerina angustifolia (Gaudich.) T.Koyama I ‘uki 

Poaceae Andropogon bicornis L. X barbas de indio 

Poaceae Andropogon virginicus var. virginicus X broomsedge, yellow bluestem 

Poaceae Ehrharta stipoides Labill. X meadow ricegrass 

Poaceae Eragrostis elongata (Willd.) J.Jacq. X lovegrass 

Poaceae Melinis repens (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Paspalum conjugatum P.J.Bergius X Hilo grass 

Poaceae Paspalum dilatatum Poir. X dallis grass 

Poaceae Setaria verticillata (L.) P.Beauv. X bristly foxtail 

Poaceae Sporobolus indicus (L.) R.Br. X West Indian dropseed, smutgrass 

Poaceae Stenotaphrum secundatum (Walter) Kuntze X St. Augustine grass 

Zingiberaceae Hedychium gardnerianum Sheppard ex Ker Gawl. X kāhili ginger 

Pteridophyte    

Gleicheniaceae Dicranopteris linearis  I uluhe 

Pteridaceae Pityrogramma austroamericana Domin X goldfern, goldback fern 

Thelypteridaceae Cyclosorus parasiticus (L.) Farw. X ` 
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Table B-13. Checklist of Plants Observed on the Pu‘u Lua Access Road during 2022 Surveys on 
March 3, 2022 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Erigeron karvinskianus  DC. X daisy fleabane 

Epacridaceae Leptecophylla tameiameiae  (Cham. & Schltdl.) 
C.M.Weiller 

I pūkiawe 

Fabaceae Acacia koa  A.Gray E koa 

Fabaceae Acacia mearnsii  De Wild. X black wattle 

Myrtaceae Eucalyptus sp. X eucalyptus 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum  Sabine X strawberry guava 

Oleaceae Olea europaea subsp. cuspidata  (Wall. ex 
G.Don) Cif. 

X olive 

Plantaginaceae Plantago lanceolata  L. X narrow-leaved plantain 

Polygalaceae Polygala paniculata  L. X milkwort 

Proteaceae Grevillea robusta  A.Cunn. ex R.Br. X silk oak 

Rosaceae Eriobotrya japonica  (Thunb.) Lindl. X   

Rosaceae Rubus argutus  Link X prickly Florida blackberry 

Rubiaceae Coprosma sp. E pilo, hupilo 

Rubiaceae Kadua affinis  DC. E manono 

Sapindaceae Dodonaea viscosa  Jacq. I ‘a‘ali‘i 

Verbenaceae Lantana camara  L. X lantana 

Verbenaceae Stachytarpheta cayennensis  (Rich.) Vahl X ōwï 

Gymnosperm    

Taxodiaceae Cryptomeria japonica  (Thunb. ex L.f.) D.Don X   

Monocot    

Cyperaceae Carex wahuensis E   

Poaceae Setaria verticillata  (L.) P.Beauv. X bristly foxtail 

Poaceae Urochloa maxima  (Jacq.) R.D.Webster X Guinea grass 

Pteridophyte    

Cyatheaceae Sphaeropteris cooperi  (Hook. ex F.Muell.) 
R.M.Tryon 

X Australian tree fern, scaly tree fern 
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Table B-14. Checklist of Plants Observed at Pu‘u Moe on August 22, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Hypochoeris radicata L. X hairy cat's-ear, gosmore 

Asteraceae Montanoa hibiscifolia (Benth.) Standl. X tree daisy 

Epacridaceae Leptecophylla tameiameiae (Cham. & Schltdl.) 
C.M.Weiller 

I pūkiawe 

Fabaceae Acacia koa A.Gray E koa 

Fabaceae Desmodium triflorum (L.) DC. X tick trefoil, tick clover 

Malvaceae Sida spinosa L. X prickly sida 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Oleaceae Olea europaea subsp. cuspidata (Wall. ex G.Don) 
Cif. 

X olive 

Plantaginaceae Plantago lanceolata L. X narrow-leaved plantain 

Polygalaceae Polygala paniculata L. X milkwort 

Rubiaceae Richardia scabra L. X   

Sapindaceae Dodonaea viscosa Jacq. I ‘a‘ali‘i 

Verbenaceae Stachytarpheta cayennensis (Rich.) Vahl X ōwï 

Monocot    

Poaceae Ehrharta stipoides Labill. X meadow ricegrass 

Poaceae Melinis repens (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Paspalum dilatatum Poir. X dallis grass 

Poaceae Paspalum urvillei Steud. X vasey grass 

Poaceae Setaria verticillata (L.) P.Beauv. X bristly foxtail 

Poaceae Sporobolus indicus (L.) R.Br. X West Indian dropseed, smutgrass 

Poaceae Stenotaphrum secundatum (Walter) Kuntze X St. Augustine grass 

Pteridophyte    

Gleicheniaceae Dicranopteris linearis  I uluhe 

Thelypteridaceae Cyclosorus parasiticus (L.) Farw. X ` 

Table B-15. Checklist of Plants Observed at Pu‘u Opae Lower Pipeline on September 18, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Pluchea indica (L.) Less. X Indian fleabane, marsh fleabane 

Asteraceae Verbesina encelioides (Cav.) Benth. & Hook. X golden crown-beard 

Cactaceae Opuntia ficus-indica (L.) Mill. X pānini 

Euphorbiaceae Ricinus communis L. X castor bean 

Fabaceae Acacia koa A.Gray E koa 

Fabaceae Crotalaria incana L. X fuzzy rattlepod 
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Family Scientific Name and Authorship Status Common Name 

Fabaceae Desmodium triflorum (L.) DC. X tick trefoil, tick clover 

Fabaceae Indigofera suffruticosa Mill. X indigo 

Fabaceae Leucaena leucocephala (Lam.) de Wit X koa haole 

Fabaceae Prosopis pallida (Humb. & Bonpl. ex Willd.) 
Kunth 

X kiawe 

Fabaceae Samanea saman (Jacq.) Merr. X monkeypod 

Fabaceae Vachellia farnesiana (L.) Wight & Arn. X klu 

Lamiaceae Hyptis pectinata (L.) Poit. X comb hyptis 

Malvaceae Sida fallax Walp. I ‘ilima 

Malvaceae Sida spinosa L. X prickly sida 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Myrtaceae Syzygium cumini (L.) Skeels X Java plum 

Proteaceae Grevillea robusta A.Cunn. ex R.Br. X silk oak 

Sapindaceae Dodonaea viscosa Jacq. I ‘a‘ali‘i 

Sterculiaceae Waltheria indica L. I? ‘uhaloa 

Verbenaceae Lantana camara L. X lantana 

Monocot    

Poaceae Andropogon bicornis L. X barbas de indio 

Poaceae Cenchrus ciliaris L. X buffelgrass 

Poaceae Melinis repens (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Urochloa maxima (Jacq.) R.D.Webster X Guinea grass 

Table B-16. Checklist of Plants Observed along the Niu Valley Access Road during 2022 Surveys 
on March 4, 2022 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Parthenium hysterophorus  L. X false ragweed, Santa Maria 

Asteraceae Verbesina encelioides  (Cav.) Benth. & Hook. X golden crown-beard 

Fabaceae Indigofera suffruticosa  Mill. X indigo 

Fabaceae Leucaena leucocephala  (Lam.) de Wit X koa haole 

Fabaceae Neonotonia wightii  (Wight & Arn.) Lackey X   

Fabaceae Prosopis pallida  (Humb. & Bonpl. ex Willd.) 
Kunth 

X kiawe 

Fabaceae Vachellia farnesiana  (L.) Wight & Arn. X klu 

Lamiaceae Hyptis pectinata  (L.) Poit. X comb hyptis 

Malvaceae Sidastrum micranthum  (A.St.-Hil.) Fryxell X   

Myrtaceae Syzygium cumini  (L.) Skeels X Java plum 

Nyctaginaceae Boerhavia coccinea  Mill. X   

Sterculiaceae Waltheria indica  L. I? ‘uhaloa 
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Family Scientific Name and Authorship Status Common Name 

Verbenaceae Lantana camara  L. X lantana 

Monocot    

Cyperaceae Cyperus involucratus  Rottb. X umbrella sedge 

Poaceae Chloris barbata  Sw. X swollen fingergrass 

Poaceae Eragrostis amabilis  (L.) Wight & Arn. X lovegrass 

Poaceae Urochloa maxima  (Jacq.) R.D.Webster X Guinea grass 

Table B-17. Checklist of Plants Observed at Pu‘u Opae Reservoir on September 18, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Conyza bonariensis (L.) Cronquist X hairy horseweed 

Asteraceae Sphagneticola trilobata (L.) Pruski X wedelia 

Fabaceae Acacia mearnsii De Wild. X black wattle 

Fabaceae Mimosa pudica var. unijuga (Duchass. & Walp.) 
Griseb. 

X sensitive plant, sleeping grass 

Fabaceae Stylosanthes scabra Vogel X   

Lythraceae Cuphea carthagenensis (Jacq.) J.F.Macbr. X tarweed, Colombian cuphea 

Malvaceae Sida rhombifolia L. X   

Malvaceae Urena lobata L. X aramina 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Myrtaceae Psidium guajava L. X common guava 

Plantaginaceae Plantago lanceolata L. X narrow-leaved plantain 

Polygalaceae Polygala paniculata L. X milkwort 

Proteaceae Grevillea robusta A.Cunn. ex R.Br. X silk oak 

Rubiaceae Richardia scabra L. X   

Sapindaceae Dodonaea viscosa Jacq. I ‘a‘ali‘i 

Sterculiaceae Waltheria indica L. I? ‘uhaloa 

Verbenaceae Lantana camara L. X lantana 

Verbenaceae Stachytarpheta cayennensis (Rich.) Vahl X ōwï 

Monocot    

Poaceae Andropogon bicornis L. X barbas de indio 

Poaceae Paspalum dilatatum Poir. X dallis grass 
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Table B-18. Checklist of Plants Observed at Pu‘u Opae Upper Pipeline on September 18, 2018 

Family Scientific Name and Authorship Status Common Name 

Dicot    

Asteraceae Elephantopus mollis Kunth X elephant's-foot 

Casuarinaceae Casuarina equisetifolia L. X common ironwood 

Epacridaceae Leptecophylla tameiameiae (Cham. & Schltdl.) 
C.M.Weiller 

I pūkiawe 

Fabaceae Acacia confusa Merr. X Formosa koa 

Fabaceae Acacia mearnsii De Wild. X black wattle 

Fabaceae Chamaecrista nictitans subsp. patellaria var. 
glabrata (Vogel) H.S.Irwin & Barneby 

X partridge pea 

Fabaceae Desmodium triflorum (L.) DC. X tick trefoil, tick clover 

Malvaceae Urena lobata L. X aramina 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Myrtaceae Melaleuca quinquenervia (Cav.) S.T.Blake X paperbark 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 

Myrtaceae Psidium guajava L. X common guava 

Plantaginaceae Plantago lanceolata L. X narrow-leaved plantain 

Polygalaceae Polygala paniculata L. X milkwort 

Proteaceae Grevillea robusta A.Cunn. ex R.Br. X silk oak 

Sapindaceae Dodonaea viscosa Jacq. I ‘a‘ali‘i 

Sterculiaceae Waltheria indica L. I? ‘uhaloa 

Verbenaceae Lantana camara L. X lantana 

Verbenaceae Stachytarpheta cayennensis (Rich.) Vahl X ōwï 

Gymnosperm    

Pinaceae Pinus elliottii Engelm. X slash pine 

Monocot    

Poaceae Andropogon bicornis L. X barbas de indio 

Poaceae Andropogon virginicus var. virginicus X broomsedge, yellow bluestem 

Poaceae Cymbopogon refractus (R.Br.) A.Camus X barbwire grass, soap grass 

Poaceae Melinis repens (Willd.) Zizka X Natal redtop, Natal grass 

Poaceae Paspalum conjugatum P.J.Bergius X Hilo grass 

Poaceae Setaria verticillata (L.) P.Beauv. X bristly foxtail 

Pteridophyte    

Blechnaceae Sadleria cyatheoides Kaulf. E ‘ama‘u, ‘ama‘uma‘u 

Gleicheniaceae Dicranopteris linearis  I uluhe 

Thelypteridaceae Cyclosorus parasiticus (L.) Farw. X 
 

 

 



 

 

APPENDIX C 
 

Photographs of the Study Area  

  



 

C-1 

 
Figure C-1. Kauaikinana Intake. The predominant vegetation type here is Open/Closed 
ʻŌhiʻa Forest, which is characterized by a dominant overstory of ʻōhiʻa (Metrosideros 
polymorpha). A strictly native species–dominated overstory was rarely seen during 
surveys. In addition to ʻōhiʻa, several nonnative trees, including strawberry guava 
(Psidium cattleianum) and firetree (Morella faya), were co-dominating this area. Buddleja 
davidii is shown in the midstory, and the nonnative grass species dallis grass (Paspalum 
dilatatum) can be seen in the foreground. 

 
Figure C-2. Kawaikoi Intake. Vegetation types here include Open/Closed ʻŌhiʻa Forest 
and Alien Forest. ʻŌhiʻa can be seen in the foreground, with a mix of native and alien 
species, including kāhili ginger (Hedychium gardnerianum), earring flower (Fuchsia 
magellanica), and ‘ama‘u (Sadleria cyatheoides) on the margins. 
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Figure C-3. Waiakoali Intake taken during pedestrian surveys. Vegetation types in this 
area include Alien Forest and Open/Closed ʻŌhiʻa Forest. Shown here is an ʻōhiʻa forest 
with firetree and strawberry guava mixed in. Dallis grass and prickly Florida blackberry 
(Rubus argutus) dominate in the open areas. 

 
Figure C-4. Mānā Reservoir Area construction footprint. Flora in this location consisted 
entirely of the Agriculture vegetation type. Plant species in this photograph include koa 
haole (Leucaena leucocephala), Guinea grass (Urochloa maxima), lion’s ear (Leonotis 
nepetifolia), and castor bean (Ricinus communis). A large monkeypod tree (Samanea 
saman) can be seen in the background. Large trees like this one and other species were 
likely originally planted and now persist in the area.  
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Figure C-5. Solar footprint. Agriculture and Alien Shrubland vegetation types can be 
found in this area. The footprint is dominated by the invasive species koa haole and 
Guinea grass. Hydrophytic plants such as sourbush (Pluchea indica) and umbrella sedge 
(Cyperus involucratus) can be found along ditches. 

 
Figure C-6. Vegetation near Pu‘u Lua Reservoir. Vegetation in this area is a patchy 
mosaic of native vegetation types such as Open/Closed ʻŌhiʻa/Closed Koa-ʻŌhiʻa and 
Native Mesic to Dry Forest, and Alien Forest. Forestry trees like eucalyptus (Eucalyptus 
sp.) and silk oak (Grevillea robusta) co-dominate with koa in the reservoir area, with the 
native shrubs pūkiawe (Leptecophylla tameiameiae) and a‘ali‘i (Dodonaea viscosa)  
co-dominating with nonnative olive (Olea europea subsp. cuspidata) in the midstory. 
Nonnative grass species dominate roadsides and the margins of the reservoir. 
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Figure C-7. Vegetation near Niu Valley Road. Vegetation in this area is primarily Alien 
Shrubland and Alien Grassland and consists mainly of koa haole and kiawe (Prosopis 
pallida) with an understory of invasive grasses and herbaceous species that have been 
heavily browsed by goats. The most prominent native species in this area is a grove of 
wiliwili (Erythrina sandwicensis), which can be found on a hillside overlooking the road. 
This grove is located far from the survey area and is not in any way expected to be 
impacted by improvements to the road. 

 
Figure C-8. Overlooking the Lower Penstock. The Agriculture and Alien Shrubland 
vegetation types predominate in this area, and prominent species include lantana 
(Lantana camara), klu (Vachellia farnesiana), koa haole, buffelgrass (Cenchrus ciliaris), 
Guinea grass, and various herbaceous ruderal species. 
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Figure C-9. Vegetation around Pu‘u Opae Reservoir. Vegetation in this site is primarily 
Alien Forest and Alien Shrubland. Tree species surrounding the reservoir include silk 
oak, black wattle (Acacia mearnsii), eucalyptus, and strawberry guava. ‘Uhaloa 
(Waltheria indica), lantana, barbas de indio (Andropogon bicornis), and other ruderal 
species dominate the understory and margins. 

 
Figure C-10. Vegetation in the Upper Penstock. This area is a mosaic of Alien Shrubland 
and Alien Forest gradating to Native Mesic to Dry Forest and Shrubland and Open/Closed 
ʻŌhiʻa Forest vegetation types at higher elevations. Shown here is an overstory of 
ironwood (Casuarina equisetifolia), strawberry guava, Formosa koa, and eucalyptus, 
with occasional natives koa and ʻōhiʻa. Very little grows in the thick understory of these 
tree species, but species such as bristly foxtail (Setaria verticillata), Cyclosorus 
parasiticus, and milkwort (Polygala paniculata) can be found on forest margins, 
roadsides, and along ditches. 
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Figure C-11. Vegetation around the Kōkeʻe Intake. Although the footprint of this site 
consists primarily of the Alien Shrubland vegetation type, likely spread to this location 
through ongoing maintenance work, it is located within designated critical habitat. 
Vegetation shown here includes a large patch of white ginger (Hedychium 
coronarium), lantana, and Mexican elder (Sambucus mexicana), surrounded by the 
Closed ʻŌhiʻa Forest vegetation type.  

 
Figure C-12. Details of the vegetation around the Kōkeʻe Intake site footprint. Vegetation 
shown here includes a large patch of white ginger with some individuals of hala pepe 
(Dracaena aurea) located within it. Although hala pepe is not a protected species, care 
should be taken to avoid damaging native species in the project footprint when possible. 
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Figure C-13. Details of the vegetation along the Kōkeʻe Intake Access Road. This road 
traverses Closed Koa-‘Ōhi‘a  Forest and Native Mesic to Dry Forest and Shrubland and 
is located within critical habitat. The overstory of the forest along this road mainly 
consists of koa (Acacia koa). The understory in many areas was dominated by ʻukiʻuki 
(Dianella sandwicensis), which was interspersed with a variety of native shrub and 
smaller tree species, including hame (Antidesma platyphyllum), olomea (Perrottetia 
sandwicensis), and manono (Kadua affinis). Hāhā (Cyanea leptostegia), a species of 
concern, was found along this road. A construction monitor is recommended for this 
area to ensure damage to this species is avoided, however, there are no management 
actions required for a Species of Concern. 
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Figure C-14. Water vegetation type. Hydrophytic species such as California grass 
(Urochloa mutica) and Indian fleabane (Pluchea indica) can be seen at the margin of the 
waterbody.  
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October 10th, 2018 

 
TO:   James H. Breeden 

Wildlife Biologist 
SWCA Environmental Consultants 

 
FROM:  Adam M. Williams 
  Kauai Botanist 
  DLNR-DOFAW 
 
RE: Species List Requests for the Proposed Kauaʻi Island Utility Cooperative’s Puʻu Opae 
Water Project, Kauaʻi. 
 
Aloha Mr. Breeden: 
 
After reviewing the GIS shapefiles you have provided us for the abovementioned proposed 
project, and your request for “a list of state threatened and endangered species, candidate species, 
proposed species, plants and animals of concern, and critical habitats in and near the proposed 
KIUC Pu‘u Opae Water Project (project)” I have the following comments. Firstly, the polygons 
in the shapefile represent the precise project boundaries without any buffer, as was generated for 
the fauna species list request for this same project. After consulting the databases and species 
records available to me I was not able to detect a known record of a rare plant species occurrence 
within the indicated polygons, but there are several that were quite close (~380m and 430m). 
Although the project is apparently not anticipated to have impacts to native flora outside of the 
immediate project footprint, it would still be good to consider species from the surrounding areas 
that could potentially be found at the project site but have not been recorded previously. Another 
thing to consider is that the watersheds within which this project and its diversions occur contain 
many rare and listed plant species, especially the upper sections of the Koke‘e Ditch System. 
While the habitat lower down around the three reservoirs and the upper and lower penstocks is 
much further degraded, and the vegetation consists predominantly of secondary naturalized 
species, there is yet another suite of rare native dryland plants which could be encountered. 
 
Given all these considerations, I offer you the following plant species list, comprised of 
Federally listed Endangered and Threatened, or otherwise rare plant species that may occur 
“near” the project. If you have any questions about this list or the species on it please feel free to 
contact me at Adam.M.Williams@hawaii.gov or 808-639-3827. Thank you,  
 
Adam M. Williams 

mailto:Adam.M.Williams@hawaii.gov
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Species List for the Proposed Kauaʻi Island Utility Cooperative’s Puʻu Opae Water 
Project, Kauaʻi 
 
Asplenium dielmannii  Viane (E) 
Cyanea leptostegia  A.Gray (SOC) 
Dubautia latifolia  (A.Gray) D.D.Keck (E)  
Euphorbia halemanui  Sherff (E)  
Exocarpos luteolus  C.N.Forbes (E) 
Gahnia aspera subsp. globosa  (H.Mann) J.Kern (rare) 
Melanthera fauriei  (H.Lév.) W.L.Wagner & H.Rob. (E) 
Melanthera waimeaensis  (H.St.John) W.L.Wagner & H.Rob. (E) 
Myrsine mezii  Hosaka (E) 
Nothocestrum peltatum  Skottsb. (E) 
Panicum niihauense  H.St.John (E)  
Poa sandvicensis  (Reichardt) Hitchc. (E) 
Pritchardia minor  Becc. (SOC) 
Remya kauaiensis  Hillebr. (E)  
Schiedea lychnoides  Hillebr. (E) 
Schiedea viscosa  H.Mann (E)  
Sesbania tomentosa  Hook. & Arn. (E) 
Sicyos lanceoloideus  (H.St.John) W.L.Wagner & D.R.Herbst (E) 
Sicyos waimanaloensis  H.St.John (E) 
Solanum sandwicense  Hook. & Arn. (E)  
Spermolepis hawaiiensis  H.Wolff (E) 
Wilkesia hobdyi  H.St.John (E) 
 
 
 
 
 
 



In Reply Refer To:                 October 18, 2018 
01EPIF00-2019-TA-0019 

Mr. James H Breeden 
SWCA Environmental Consultants 
1001 Bishop Street, Suite 2800 
Honolulu, Hawaii 96813 
 
Subject: Kauai Island Utility Cooperative Puu Opae Water Project, Kauai, Hawaii 

Dear Mr. Breeden: 

The U.S. Fish and Wildlife Service (Service) received your email on September 17, 2018, 
requesting a species list and guidance to reduce impacts on affected species and habitats for the 
proposed Kauai Island Utility Cooperative (KIUC) Puu Opae water project located on Kauai, 
Hawaii. The proposed project will involve the use of existing Kokee ditch irrigation systems, as 
well as Puu Lua, Puu Opae, and Mana reservoirs. The project would involve repairs to existing 
diversions and installation of gauging equipment at Kauaikinana and Waiakoali, replacement of 
gate and intake installation at Puu Moe, reservoir rehabilitation, ditch replacement and pipe 
upgrades. Additionally, the project involves the construction of two hydroelectric facilities, new 
outfall construction, construction of new transmission and buried distribution lines, and a new 
205-acre solar photovoltaic footprint and buried feeder lines. The Service offers the following 
comments to assist you in your planning process so that impacts to trust resources can be 
avoided. Our comments are provided under the authorities of the Endangered Species Act of 
1973 (ESA), as amended (16 U.S.C. 1531 et seq.). 

Based on the information in our database and records, including data provided by the Hawaii 
Biodiversity and Mapping Program, the following are threatened or endangered species that may 
occur or transit through the vicinity of your proposed project area: the endangered Hawaiian stilt 
(Himantopus mexicanus knudseni), Hawaiian gallinule (Gallinula galeata sandvicensis),  
Hawaiian coot (Fulica alai), and Hawaiian duck (Anas wyvilliana) (hereafter collectively 
referred to as Hawaiian waterbirds); the endangered Hawaiian goose (Branta sandvicensis); the 
endangered Hawaiian hoary bat (Lasiurus cinereus semotus); the endangered Hawaiian petrel 
(Pterodroma sandwichensis), the endangered band-rumped storm-petrel (Oceanodroma castro), 
and the threatened Newell’s shearwater (Puffinus auricularis newelli) (hereafter collectively 
referred to as Hawaiian seabirds).   

Hawaiian waterbirds 
Listed Hawaiian waterbirds are found in fresh and brackish-water marshes and natural or man-
made ponds. Hawaiian stilts may also be found wherever ephemeral or persistent standing water 
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may occur. Threats to these species include non-native predators, habitat loss, and habitat 
degradation. Hawaiian ducks are also subject to threats from hybridization with introduced 
mallards.  
 
To avoid and minimize potential project impacts to Hawaiian waterbirds we recommend you 
consider incorporating the following applicable measures into your project description: 

 In areas where waterbirds are known to be present, post and implement reduced speed 
limits, and inform project personnel and contractors about the presence of endangered 
species on-site. 

 If water resources are located within or adjacent to the project site, incorporate 
applicable best management practices (see enclosed) regarding work in aquatic 
environments into the project design. 

 Have a biological monitor that is familiar with the species’ biology conduct Hawaiian 
waterbird nest surveys where appropriate habitat occurs within the vicinity of the 
proposed project site prior to project initiation. Repeat surveys again within three 
days of project initiation and after any subsequent delay of work of three or more 
days (during which the birds may attempt to nest).  
 
If a nest or active brood is found: 

 Contact the Service within 48 hours for further guidance. 
 Establish and maintain a 100-foot buffer around all active nests and/or broods until 

the chicks/ducklings have fledged. Do not conduct potentially disruptive activities or 
habitat alteration within this buffer. 

 Have a biological monitor that is familiar with the species’ biology present on the 
project site during all construction or earth moving activities until the 
chicks/ducklings fledge to ensure that Hawaiian waterbirds and nests are not 
adversely impacted. 

 
Hawaiian goose (Nene) 
Nene are found on the islands of Hawaii, Maui, Molokai, and Kauai predominately, with a small 
population on Oahu. They are observed in a variety of habitats, but prefer open areas, such as 
pastures, golf courses, wetlands, natural grasslands and shrublands, and lava flows. Threats to the 
species include introduced mammalian and avian predators, wind facilities, and vehicle strikes.  
 
To avoid and minimize potential project impacts to Nene we recommend you consider 
incorporating the following applicable measures into your project description: 

 Do not approach, feed, or disturb Nene. 
 If Nene are observed loafing or foraging within the project area during the Nene breeding 

season (September through April), have a biologist familiar with the nesting behavior of 
Nene survey for nests in and around the project area prior to the resumption of any work. 
Repeat surveys after any subsequent delay of work of three or more days (during which 
the birds may attempt to nest).  

 Cease all work immediately and contact the Service for further guidance if a nest is 
discovered within a radius of 150 feet of proposed work, or a previously undiscovered 
nest is found within said radius after work begins. 
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 In areas where Nene are known to be present, post and implement reduced speed limits, 
and inform project personnel and contractors about the presence of endangered species 
on-site.  

 
Hawaiian hoary bat 
The Hawaiian hoary bat roosts in both exotic and native woody vegetation across all islands and 
will leave young unattended in trees and shrubs when they forage. If trees or shrubs 15 feet or 
taller are cleared during the pupping season, there is a risk that young bats could inadvertently be 
harmed or killed since they are too young to fly or may not move away. 
 
To avoid and minimize impacts to the endangered Hawaiian hoary bat we recommend you 
consider incorporating the following applicable measure into your project description:  

 Do not disturb, remove, or trim woody plants greater than 15 feet tall during the bat 
birthing and pup rearing season (June 1 through September 15).  

 
Hawaiian seabirds 
Hawaiian seabirds may traverse the project area at night during the breeding season (March 1 to 
December 15). Outdoor lighting could result in seabird disorientation, fallout, and injury or 
mortality. Seabirds are attracted to lights and after circling the lights they may become exhausted 
and collide with nearby wires, buildings, or other structures or they may land on the ground. 
Downed seabirds are subject to increased mortality due to collision with automobiles, starvation, 
and predation by dogs, cats, and other predators. Young birds (fledglings) traversing the project 
area between September 15 and December 15, in their first flights from their mountain nests to 
the sea, are particularly vulnerable.   
 
To avoid and minimize potential project impacts to Hawaiian seabirds we recommend you 
consider incorporating the following applicable measures into your project description:  

 Fully shield all outdoor lights so the bulb can only be seen from below bulb height and 
only use when necessary. 

 Install automatic motion sensor switches and controls on all outdoor lights or turn off 
lights when human activity is not occurring in the lighted area. 

 Avoid nighttime construction during the seabird fledging period, September 15 through 
December 15. 
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If additional information becomes available, or it is determined that the proposed project may 
affect federally listed species, we recommend you coordinate further with our office so that we 
may assist you with ESA compliance. We appreciate your efforts to conserve endangered 
species.  If you have questions regarding this response, please contact Narrissa Spies, Fish and 
Wildlife Biologist (phone: 808-792-9400, email: narrissa_spies@fws.gov). When referring to 
this project, please include this reference number: 01EPIF00-2019-TA-0019. 
 
       Sincerely, 
 
 
        
 
       Acting Island Team Manager 

Oahu, Kauai, Northwestern Hawaiian 
Islands and American Samoa 
 

Enclosure:  Service’s BMPS for Work in Aquatic Environments 

LEILA 
NAGATANI

Digitally signed by 
LEILA NAGATANI 
Date: 2018.10.18 
16:48:04 -10'00'



 

 

U.S. Fish and Wildlife Service 
Recommended Standard Best Management Practices 

 
The U.S. Fish and Wildlife Service (USFWS) recommends the following measures to be 
incorporated into project planning to avoid or minimize impacts to fish and wildlife resources.  
Best Management Practices (BMPs) include the incorporation of procedures or materials that 
may be used to reduce either direct or indirect negative impacts to aquatic habitats that result 
from project construction-related activities.  These BMPs are recommended in addition to, and 
do not over-ride any terms, conditions, or other recommendations prepared by the USFWS, other 
federal, state or local agencies.  If you have questions concerning these BMPs, please contact the 
USFWS Aquatic Ecosystems Conservation Program at 808-792-9400.  

 
1.  Authorized dredging and filling-related activities that may result in the temporary or 
permanent loss of aquatic habitats should be designed to avoid indirect, negative impacts to 
aquatic habitats beyond the planned project area.   
 
2.  Dredging/filling in the marine environment should be scheduled to avoid coral spawning and 
recruitment periods, and sea turtle nesting and hatching periods.  Because these periods are 
variable throughout the Pacific islands, we recommend contacting the relevant local, state, or 
federal fish and wildlife resource agency for site specific guidance.  
 
3.  Turbidity and siltation from project-related work should be minimized and contained within 
the project area by silt containment devices and curtailing work during flooding or adverse tidal 
and weather conditions. BMPs should be maintained for the life of the construction period until 
turbidity and siltation within the project area is stabilized.  All project construction-related debris 
and sediment containment devices should be removed and disposed of at an approved site.  
 
4. All project construction-related materials and equipment (dredges, vessels, backhoes, silt 
curtains, etc.) to be placed in an aquatic environment should be inspected for pollutants 
including, but not limited to; marine fouling organisms, grease, oil, etc., and cleaned to remove 
pollutants prior to use.  Project related activities should not result in any debris disposal, non-
native species introductions, or attraction of non-native pests to the affected or adjacent aquatic 
or terrestrial habitats.  Implementing both a litter-control plan and a Hazard Analysis and Critical 
Control Point plan (HACCP – see http://www.haccp-nrm.org/Wizard/default.asp) can help to 
prevent attraction and introduction of non-native species. 
 
5.  Project construction-related materials (fill, revetment rock, pipe, etc.) should not be stockpiled 
in, or in close proximity to aquatic habitats and should be protected from erosion (e.g., with filter 
fabric, etc.), to prevent materials from being carried into waters by wind, rain, or high surf. 
 
6.  Fueling of project-related vehicles and equipment should take place away from the aquatic 
environment and a contingency plan to control petroleum products accidentally spilled during the 
project should be developed.  The plan should be retained on site with the person responsible for 
compliance with the plan.  Absorbent pads and containment booms should be stored on-site to 
facilitate the clean-up of accidental petroleum releases. 
 
7.  All deliberately exposed soil or under-layer materials used in the project near water should be 
protected from erosion and stabilized as soon as possible with geotextile, filter fabric or native or 
non-invasive vegetation matting, hydro-seeding, etc. 
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Management Summary 

Reference Cultural Impact Assessment Report for the Kaua‘i Island Utility 

Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea 

Ahupua‘a, Waimea District, Kaua‘i Island TMK: multiple (Nielsen and 

Hammatt 2018) 

Date October 2019 

Project Number(s) Cultural Surveys Hawai‘i, Inc. (CSH) Job Code: WAIMEA 22 

Agencies  Department of Land and Natural Resources (DLNR), Office of 

Conservation and Coastal Lands (OCCL), Department of Health, 

Commission of Water Resources (CWRM) DLNR 

Land Jurisdiction State of Hawai‘i, Department of Hawaiian Home Lands (DHHL)  and 

Agribusiness Development Corporation (ADC) 

Project Proponent Kaua‘i Island Utility Cooperative (KIUC)   

Project Funding Kaua‘i Island Utility Cooperative (KIUC) 

Project Location The project is located in Waimea Ahupua‘a, Waimea District, Kaua‘i 

Island. The project area is quadrangle depicted on a portion of the 2013 

U.S. Geological Survey (USGS) 7.5-minute topographic (see Figure 1), 

a tax map plat (seeFigure 2 through Figure 4 ), and a 2013 aerial 

photograph (see Figure 5). 

Project Description The proposed Pu‘u ‘Ōpae/West Kauai Energy Project is an energy and 

irrigation project that is designed with the intent of serving three 

primary functions; pumped storage and load shifting capability, store 

and release hydro energy generation, and irrigation delivery to lands 

adjacent to the Project. The Project site is approximately four miles 

north of the town of Kekaha and six miles northwest of the town of 

Waimea. The Project footprint spans lands owned and managed by 

Department of Land and Natural Resources (“DLNR”), Department of 

Hawaiian Homelands, and Agribusiness Development Corporation 

(ADC).  

Repairs and rehabilitation work to existing infrastructure is described 

below. 

• The four primary Kōke‘e Ditch Diversions are located on 

Waiakoali, Kawaikōī, Kauaikinanā, and Kōke‘e streams. At 

each diversion structure, repairs will be made as needed for 

safety and structural stability, and modifications will be 

made to provide for instream flow allowances to be released 

into the natural stream channels. In April 2018 Commission 

on Water Resource Management set the instream flow 
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allowances for the four streams diverted into the Kōke‘e 

Ditch system. Flow measurement points and recording 

devices will be added to the diverted streams above each 

intake and at key points along the ditch. 

• The proposed Pu‘u ‘Ōpae/West Kauai Project would involve 

diverting a variable flow equivalent to a rolling average of 11 

MGD into the Kokee Ditch System for the energy project 

and for other water users on the system. 

• The existing gate structure at Pu‘u Moe Divide will be 

replaced with a new gate structure that will provide irrigation 

water to ADC mauka lands and will include a new intake for 

the Project. The existing regulating structure will be replaced 

with a new structure, measuring approximately 40 feet long, 

10 feet wide and 10 feet deep. The new structure will include 

an intake with a fine mesh screen, a settling tank, an intake 

slide gate, and a ditch regulating gate and weir. 

• Three state-owned reservoirs, Pu‘u Lua, Pu‘u ‘Ōpae and 

Mānā Reservoirs, will be rehabilitated in accordance with 

current dam safety regulatory standards. This work will 

include any repairs and upgrades necessary for safe storage 

and operations of the reservoirs. Modifications to the outlet 

works will also be a component of the work to ensure 

reliable irrigation supply. Pu‘u Lua and Pu‘u ‘Ōpae 

Reservoirs will likely be rehabilitated to operate within their 

historic capacity levels. Mānā reservoir rehabilitation will 

involve an expansion from the historic capacity of 44 MG to 

80 MG.  

• No new roads will be built for the Project. Access to the Pu‘u 

Moe Divide, the Pu‘u Lua Reservoir and the Kōke‘e Ditch 

diversions will be through existing roads. The Pu‘u ‘Ōpae 

Reservoir and Powerhouse will be accessed by an existing 

road approximately 2.8 miles in length and entered from the 

Mānā Plain. Access to the new Mānā Powerhouse will be via 

existing gravel access roads on ADC land. Minor upgrades 

and repairs will be made to these existing roads as necessary 

to safely support the construction traffic. 

New construction will include the following: 

• Installation of a new steel pressurized pipe, approximately 

23,400 ft in length, between Pu‘u Moe Divide and the Pu‘u 

‘Ōpae Reservoir. The new pipe will be buried, vary in 

diameter from 30 to 36 inches, and will generally follow the 

alignment of the existing open ditch and road alignment. 
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• Installation of a new steel pressurized pipeline, 

approximately 11, 800 feet in length, between Pu‘u ‘Ōpae 

Reservoir and Mānā Reservoir. The new pipe will be buried, 

vary in diameter from 54 to 60 inches and will follow a 

relatively direct path from Pu‘u Ōpae to Mānā primarily 

across agricultural fields. 

• New construction of two hydroelectric facilities with a 

combined capacity of 25 megawatts (“MW”) of generation 

and 37,800 fluid horsepower of pumping capacity. The 

powerhouses will have reinforced concrete substructures and 

contain new generating and pumping equipment, switchgear, 

and ancillary systems. 

o Pu‘u ‘Ōpae Powerhouse –The Upper Penstock will 

deliver flows to the Pu‘u ‘Ōpae Powerhouse, which will 

be located on the east side of the Pu‘u Ōpae Reservoir 

and measure approximately 42 feet by 54 feet in plan 

with a floor elevation of 1,538 ft msl. A new concrete 

and HDPE tailrace measuring approximately 140 feet 

long will convey flow from the powerhouse to the 

reservoir. A turbine shut-off valve (TSV) will be 

employed on the main penstock, along with an energy 

dissipating bypass valve to allow isolation of the turbine 

and continued delivery of irrigation water to the Pu‘u 

‘Ōpae reservoir. The Pu‘u ‘Ōpae Powerhouse will house 

a single two-jet, horizontal Pelton turbine and 

synchronous generator with a rated capacity of 4 MW 

under 1,320 feet of head. The turbine will be operated 

automatically using available flows within its operating 

range of 2.6 MGD to 25.8 MGD (4 cfs to 40 cfs). 

o Mānā Powerhouse: The Lower Penstock will deliver 

flows to the Mānā Powerhouse, which will be located on the 

east side of the Mānā Reservoir and measure 70 feet by 70 

feet in plan and set adjacent to an outdoor pump station 

measuring 120 ft by 35 ft in plan with a floor elevation of 62 

ft msl. The powerhouse structure will also contain a gated 

low-level outlet to drain the reservoir and an irrigation 

supply pipe connecting with a filter station and pressurized 

irrigation system owned by others. The Mānā Powerhouse 

will house single vertical Pelton turbine with a nameplate 

capacity of 20 MW. The turbine will be operated 

automatically using available flows from Pu‘u Ōpae 

Reservoir within the operating range of 4 MGD to 120 MGD 

(5 to 185 cfs). The pump station will utilize fourteen (14) 
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multi-stage vertical turbine pumps, each rated at 2,700 HP. 

The pumps will be set outdoors in a row aligned along the 

Lower Penstock. The pumps will each have a shut off valve 

and check valve and be set in individual bays with their own 

intake from the reservoir. 

• The Project will discharge all water used for generation into 

the Mānā Reservoir and supply irrigation for farmers on the 

Mānā plains via a irrigation systems owned and operated by 

others. The Project will discharge of any water not used for 

irrigation from Mānā Reservoir into an existing storm drain 

ditch located approximately 600 feet south of the reservoir 

via a new buried culvert.  

• The Project will include new construction of a solar 

photovoltaic (PV) array rated at approximately 35 MWac 

and 56 MWdc. The PV portion of the project will be located 

on agricultural lands owned by ADC and managed by KAA 

in the immediate vicinity of the Mānā reservoir and lower 

powerhouse. The estimated area required is between 250 and 

300 acres, based on the use of a single-axis tracking system, 

comprised of 14 blocks rated at 2.5 MVA each. Up to 70 

MWh of battery storage will be used to buffer PV output and 

provide block dispatch to the pumps or directly to the grid. 

• New construction of two substations and interconnection to 

KIUC’s transmission grid is part of the Project. The Pu‘u 

‘Ōpae Powerhouse will have a new 5 MVA substation on the 

north side of the powerhouse and a 12,000 foot long 12.5 kV 

feeder line buried within the new Pu‘u ‘Ōpae reservoir 

embankment and the Lower Penstock alignment connecting 

it to the Mānā substation. The new substation at Mānā will 

have two 20 MVA step-up transformers and include oil 

containment dikes and protective equipment as dictated by 

KIUC. 

Together these features will provide an average of up to thirty gigawatt 

hours (30 GWh) of hydroelectric generation annually plus seventy five 

gigawatt hours (75 GWh) of firmed solar generation, and also provide 

reliable irrigation water supply to support diversified agriculture on the 

mauka lands managed by both DHHL and ADC and irrigation for the 

agricultural fields on the Mānā plains. The proposed Project can deliver 

generation during peak demand hours or on rainy days when solar is not 

available and will be managed in an integrated manner balancing several 

criteria: instream flow releases and habitat needs, energy storage and net 

generation, and irrigation. This Project is an important part of KIUC’s 

strategic plan to develop firm renewable generation sources and energy 
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storage for the purpose of load shifting the intermittent daylight solar 

generation, avoiding curtailment, maintaining system stability while 

contributing to the state’s goal of 100% renewable energy by 2045. 

Project Acreage The project area comprises approximately 1,015 acres (410 hectares). 

Document Purpose This CIA was prepared to comply with the State of Hawai‘i’s 

environmental review process under Hawai‘i Revised Statutes (HRS) 

§343, which requires consideration of the proposed project’s potential 

effect on cultural beliefs, practices, and resources. Through document 

research and cultural consultation efforts, this report provides 

information compiled to date pertinent to the assessment of the 

proposed project’s potential impacts to cultural beliefs, practices, and 

resources (pursuant to the Office of Environmental Quality Control’s 

Guidelines for Assessing Cultural Impacts) which may include 

traditional cultural properties (TCPs). These TCPs may be significant 

historic properties under State of Hawai‘i significance criterion “e,” 

pursuant to Hawai‘i Administrative Rules (HAR) §13-275-6 and §13-

284-6. Significance criterion “e” refers to historic properties that “have 

an important value to the native Hawaiian people or to another ethnic 

group of the state due to associations with cultural practices once 

carried out, or still carried out, at the property or due to associations 

with traditional beliefs, events or oral accounts—these associations 

being important to the group’s history and cultural identity” (HAR §13-

275-6 and §13-284-6). The document will likely also support the 

project’s historic preservation review under HRS §6E and HAR §13-

275 and §13-284. The document is intended to support the project’s 

environmental review and may also serve to support the project’s 

historic preservation review under HRS §6E-8 and HAR §13-284. 

Results of 

Background 

Research 

Background research for this study yielded the following results which 

are presented in approximate chronological order: 

1. Waimea Ahupua‘a is by far the largest on the island, comprising 

92,646 acres and accounting for more than a quarter of the total 

land area of Kaua‘i. It encompasses all of the Waimea River 

Canyon area, the uplands of Kōke‘e, the high swampy plateau of 

Alaka‘i, and the northwestern coastal valleys of Nu‘alolo and 

Miloli‘i (Gray 1875:140-146). 

2.  Rain in the Waimea Ahupua‘a varies greatly depending on 

location – highland mauka (inland) locations of Waimea recive 

large rainfall amounts while coastal ridges and plains of the 

Kekaha-Mānā area receives some of the lowest rainfall on the 

island.The Kapa‘ahoa rain was assoacited with Waimea town 

while the Alaka‘iu Valley is said to have Nahae rain meaning “to 

shed”. The wind associated with Waimea was Waipao, which 
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means “wind-scooped” according to Kent (1986:443) or “the 

cool breeze” according to Nakuina (1992:140).  

3. Hawaiian legends concerning Waimea speak of the Menehune 

people who according to Thrum (1908:110-111) were 

summoned by: “Pi the chief of Waimea who gets the Menehune 

to construct for him a dam across the Waimea river.”  

4. The story Kanaka-nunui-moe, or “the sleeping giant,” mentions 

Kōke‘e, Waimea Canyon, and Mānā. This story tells of a giant’s 

efforts to help village people construct a heiau (place of 

worship). 

5.  Waiawa, which is translated to mean “milkfish water” (Soehren 

2002:184) or “Place of awa” (Andrews 1922:672), Kekaha 

understood to mean, “land unsuited for taro growth” (Andrews 

1922:650) and Mānā understood as, “a satisfied condition 

(Andrews 1922:658)” are all ‘ili with Waimea.  

6. Pu‘u-kāpele Peak is positioned at the highest point of 

Waimea Canyon rim at an elevation of 3,662 feet. The 

original pronunciation of Pu‘u-kāpele is translated to 

mean, “distended hill. The hill is so named because of its 

resemblance to the characteristic distended bellies of the 

Menehune, many of whom lived in this area” (Wichman 

1998:13). 

7. Waimea is thought to have first been settled by voyagers 

from Tahiti, led by Kūalu-nui-kini-akua. In pre-Contact 

times Waimea was also a site of great significance for 

po‘e kuhikuhi pu‘uone (site experts) and po‘e kilo hoku 

holo moana (navigators) who traveled to the area to make 

observations.  

8. The British vessels Discovery and Resolution, under the 

command of Captain James Cook, anchored at Waimea 

Bay on 20 January 1778. Cook’s observations during an 

excursion on shore in 1778 reveal that, “a great crowd 

assembled at the beach. . .  [with] a brisk trade for pigs, 

fowls, and roots [occurring]. . .” (Cook 1821:189).  

9. Missionary journals and documents recount the events 

shaping Waimea from the 1820s onwards. In May 1826, 

kama‘āina (native born) of the ahupua‘a (traditional land 

unit) were struck by two catastrophic events, an influenza 

epidemic and a great flood. The flood wreaked havoc 

upon lo‘i (irrigated fields) kalo (taro) and damaged 

structures built by the missionaries. 

10. Over 150 kuleana (Native tenant awards) awards were 

granted in Waimea. Records for Land Commission 
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Awards (LCAs) generated during the Māhele show, 

interspersed among lo‘i, were house sites, small plots of 

kula (field and/or pasture land) on which were cultivated 

traditional native dry land crops as well as introduced 

ones, and also pasture land. In the upper canyon past the 

Makaweli fork, the degree of settlement thinned out 

greatly with lo‘i and house sites dispersed along the 

banks of the Waimea River. 

11. During the last decade of the nineteenth century, the 

population of Waimea would rebound, growing from a 

total of 2,739 persons in 1890 to 4,595 in 1896, and 

5,886 in 1900 (Schmitt 1977:13). That growth was 

attributed to the establishment of commercial sugar cane 

planting in Waimea and an influx of immigrant labor.  

12. In the mauka portion of Waimea Ahupua‘a, land was 

divided and preserved by the creation of state parks such 

as Kōke‘e State Park and Waimea Canyon State Park. 

The development of the parks themselves began in the 

late 1940s at the instigation of Joseph M. Souza, Jr. 

13. Previous archaeological studies located within and 

around the project area have identified historic sites 

including pre-Contact habitation terraces, burials, heiau, 

and cultural deposits. 

14. The community consultation process for this project area 

has indentified the importance of water to those residents 

of Hawaiian Home Lands and the Waimea Ahupua‘a. 

The traditional cultural practices of the Waimea 

Ahupua‘a in the past, present and future all depend on 

the need for continued water sources. In the kama‘āina 

interview with Mr. Eben Manini, CSH learned that KIUC 

project activities may impact the traditional cultural 

practice of mālama ʻāina (Custodial of land) within a 

native forest located on a small puʻu within a zone the 

project area. It is stated in his interview that KIUC is 

planning to run a section of pipeline within this zone of 

the project area (Figure 34). Mr. Manini and his son walk 

this pu`u for the past 10 years to care for the native 

forest. He offers a consideration to re-route the pipeline 

to an area where there are more eucalyptus trees so that 

they can continue to practice mālama ʻāina and preserve 

what is still native in this forested pu`u.  
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Results of 

Community 

Consultation 

CSH attempted to contact Native Hawaiian Organizations (NHO), 

agencies, and community members. Below is a list of individuals who 

shared their mana‘o (thought, opinions) and ‘ike (knowledge) about the 

project area and Waimea Ahupua‘a: 

 

1. Roselle Bailey, Kumu Hula; Emeritus Kōke‘e Natural History 

Museum 

2. Eben Manini, kama‘āina of Waimea 

3. Mr. & Mrs. Ho‘okano-Pereira, Queen Deborah Kapule 

Hawaiian Civic Club 

4. Kawai Van Warren 

 

Traditional Cultural 

Practices Identified 

During Community 

Consultation and 

Kama‘āina 

Interviews 

The following traditional cultural practices were identified during the 

community consultation and kama‘āina interview process in the 

vicinity of the project area and the Waimea Ahupuaʻa. 

 

• Hula (Traditional Hawaiian dance) 

• Haku mele (Composing song/chant) 

• Mahi ʻai (Traditional cultivation of loʻi kalo and dry land 

kalo, ʻuala) 

• Mālama i ka wai (Caring for water and their ecosystems) 

• Mālama ʻāina (Custodial land) 

• Aloha ʻāina (Love of the land) 

• Lawaiʻa (Fishing) 

• Gathering of natural resources 

• Umu hau pōhaku (stone wall dry stacking) 

• Mālama i nā iwi kūpuna (Ancestral remains) 

• Nā mea ho‘ohana (Tool making practices, poi pounders, adz) 

• Pule (Prayer)  

• Oli (Chant) 

• Laulima (Group of people working together) 

• Pono (Maintaining balance) 

 

Traditional Cultural 

Sites & Resources 

Related to Ongoing 

Traditional Cultural 

Practices 

 

The following cultural sites and resources relating to ongoing traditional 

cultural practces were identified during the community consultation and 

interview process within the vicinity of the project area and the Waimea 

Ahupuaʻa. All are presented in alphabetical order.  

 

Cultural Sites & Resources: 

• Alakaʻi Swamp 

• Heiau (Temple/Shrine) 

• Nā Ala Hele (Trails) 
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• Pōhaku hānau (Birth stone) 

• Pōhaku Manu (Famed Stone) 

• Puʻu ‘Ōpae (Cultural Site) 

• Wai 

 

Native Hawaiian Plants: 

• Hala pepe 

• Hōʻawa 

• Hoi kuahiwi 

• ‘Iliahi 

• Kalia 

• Kalo 

• Kauila 

• Koa 

• Koaiʻe 

• Kokiʻo keʻokeʻo 

• Lauaʻe 

• Loulu 

• Maile (General maile) 

• Maili lau liʻiliʻi (Small leaf maile) 

• Māmaki 

• Mokihana 

• Niu 

• ʻOhai 

• ʻOhe kikoʻola 

• ʻŌhiʻa ha 

• ʻŌhiʻa lehua 

• Olopua 

• Palapalai 

• Pāʻū o Hiʻiaka 

• Pili 

• Pūkiawe 

• ʻUlaʻula 

• Ulu 

 

Native Hawaiian Birds 

 

• ʻAkikiki 

• ʻAninaniau 

• ʻApapane 

• ʻElepaio 
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• ʻIʻiwi 

• Kauaʻi Amakihi 

• Kauaʻi ʻAkepa 

• Puaiohi 

 

Stream Resources 

• Hinana 

• Hīhīwai 

• ʻOʻopu 

• ʻŌpae 

 

Conclusion of 

Potential Impacts to 

Ongoing Traditional 

Cultural Practices & 

Traditional Cultural 

Resources within the 

Project Area 

 In conclusion, the following information on the potential impacts to 

ongoing traditional cultural practices and traditional cultural resources 

related to the project area were gathered based on the data collected 

during the community consultation process and kama‘āina interviews 

for this cultural impact assessment. Although consultation efforts 

identified, ongoing traditional cultural practices and cultural resources 

within the vicinity of the project area and the Waimea Ahupuaʻa only 

one traditional cultural practice was found within the project area.  

 

In the kama‘āina interview with Mr. Eben Manini, CSH learned that 

KIUC project activities may impact the traditional cultural practice of 

mālama ʻāina within a native forest located on a small puʻu within a 

zone in the project area. It is stated in his interview that KIUC is 

planning to run a section of pipeline within this zone of the project area 

(Figure 34). Mr. Manini and his son walk this pu`u for the past 10 years 

to care for the native forest.  

Impacts and 

Recommendations 

The findings of this CIA indicate there are Native Hawaiian cultural 

resources, beliefs, and ongoing practices associated with the proposed 

project area and immediate vicinity.  The following is based on a 

synthesis of all the information gathered during preparation of the CIA. 

Faithful attention to these recommendations, and efforts to develop 

appropriate measures to address these concerns, will help mitigate the 

adverse impacts of the proposed action on Hawaiian cultural beliefs, 

practices, and resources. 

 

Previous archaeological surveys situated within and around the project 

region have recognized historical sites including pre-contact habitation 

terraces, burials, heiau, and cultural deposits, so all staff engaged in this 

energy and irrigation project should proceed with caution and 

sensitivity of any identified locations and sites connected with the 

project region and its surrounding areas. However, in the event that any 
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iwi kūpuna are encountered, all earth moving activities in the area will 

stop, the area will be cornered off, and the SHPD, coroner, and Police 

Department will be notified pursuant to HAR §13-300-40. In addition, 

in the event of an inadvertent discovery of human remains, the 

completion of a burial treatment plan, in compliance with HAR §13-300 

and HRS §6E-43, is recommended. 

 

During the entire community consultation process and kama‘āina 

interviews the impact of water diversion was identified as a major 

concern of impacts to the continued life source and sustainability to all 

ongoing traditional cultural praciteces, traditional cultural rights, and 

traditional cultural resources are of great concern within the vicinity of 

the project area as well as the entire ahupuaʻa of Waimea.  

 

Kamaʻāina interview with Mr. Eben Manini identified one potential 

impact to his ongoing traditional practice of mālama ‘āina. He and his 

son continue in the preservation of the native plants found within a 

small puʻu in the project area (Section 6.4.1). CSH recommends that 

KIUC consider the recommendation made by Mr. Manini to consider 

re-routing the pipeline to an area where there are more eucalyptus trees 

so that they can continue to practice mālama ʻāina and preserve what is 

still native in this forested pu`u. 

 

CSH proposes that the Pu‘u ‘Ōpae Project and the KIUC continue to 

work with community members who have been contacted for this 

cultural impact assessment due to the water issues, prior archaeological 

surveys and traditional cultural practices that are still on-going in the 

vicinity of the Project region and the Waimea Ahupua‘a to minimize 

any potential cultural impacts within the study area and its vicinity.  
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Section 1    Introduction 

 Project Background 

On behalf of Kaua‘i Island Utility Cooperative (KIUC), Cultural Surveys Hawai‘i, Inc. (CSH) 

has conducting a cultural impact assessment (CIA) for the proposed Kaua‘i Island Utility 

Cooperative Pu‘u ‘Ōpae/West Kauai Energy Project, Waimea Ahupua‘a, Waimea District, Kaua‘i 

Island TMK: multiple. The project area is approximately 1,015 acres (410 hectors). The project 

area quadrangle is depicted on a portion of the 2013 U.S. Geological Survey (USGS) 7.5- minute 

topographic (Figure 1, Figure 2,, Figure 3, and Figure 4), and a 2013 aerial photograph (Figure 5). 

The proposed Pu‘u ‘Ōpae/West Kauai Energy Project is an energy and irrigation project that 

is designed with the intent of serving three primary functions; pumped storage and load shifting 

capability, store and release hydro energy generation, and irrigation delivery to lands adjacent to 

the Project. The Project site is approximately four miles north of the town of Kekaha and six miles 

northwest of the town of Waimea. The Project footprint spans lands owned and managed by 

Department of Land and Natural Resources (“DLNR”), Department of Hawaiian Homelands, and 

Agribusiness Development Corporation (ADC).  

Repairs and rehabilitation work to existing infrastructure is described below. 

• The four primary Kōke‘e Ditch Diversions are located on Waiakoali, Kawaikōī, 

Kauaikinanā, and Kōke‘e streams. Modifications will be made to each diversion 

structure to provide for instream flow allowances to be released into the natural 

stream channels. Commission on Water Resource Management in April 2018 set the 

instream flow allowances for the four streams diverted into the Kōke‘e Ditch system. 

Flow measurement points and recording devices will be added to the diverted streams 

above each intake and at key points along the ditch to increase the hydrology data of 

the watershed and ditch system. The entire length of the existing Kōke‘e ditch and 

tunnel system between the diversions and the Pu‘u Moe Divide will be operated and 

maintained by KIUC through the life of the Project. 

• The proposed Pu‘u ‘Ōpae/West Kauai Project would involve diverting a variable flow 

equivalent to a rolling average of 11 MGD into the Kokee Ditch System for the energy 

project and for other water users on the system. 

• The existing gate structure at Pu‘u Moe Divide will be replaced with a new gate 

structure that will provide irrigation water to ADC mauka lands and will include a 

new intake for the Project. The existing regulating structure will be replaced with a 

new structure, measuring approximately 40 feet long, 10 feet wide and 10 feet deep. 

The new structure will include an intake with a fine mesh screen, a settling tank, an 

intake slide gate, and a ditch regulating gate and weir. The proposed Pu‘u ‘Ōpae 

Project would involve diverting a variable flow equivalent to a rolling average of 11 

MGD into the new pipeline at the new Pu‘u Moe Regulating Structure for the energy 

project and for DHHL irrigation. 
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• Three state-owned reservoirs, Pu‘u Lua, Pu‘u ‘Ōpae and Mānā Reservoirs, will be 

rehabilitated in accordance with current dam safety regulatory standards. This work 

will include any repairs and upgrades necessary for safe storage and operations of the  
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Figure 1. Portion of the 1991 USGS 7.5-minute topographic quadrangle showing the location of 

the project area 



Cultural Surveys Hawai‘i Job Code: WAIMEA 22                   Introduction 

CIA for KIUC’s Pu‘u Ōpae/West Kauai Energy Project, Waimea, Kaua‘i  

TMKs: various  

4 

 

 

Figure 2. Tax Map Key (TMK) [4] 1-2-01 showing the project area (Hawai‘i TMK 2014)
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Figure 3. TMK: [4] 1-2-02 showing the project area (Hawai‘i TMK 2014)
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Figure 4. MK: [4] 1-4-1 showing the project area (Hawai‘i TMK 2014)
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Figure 5. Aerial photograph of the project area (USGS 2011) 
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reservoirs. Modifications to the outlet works will also be a component of the work to 

ensure reliable irrigation supply. Pu‘u Lua and Pu‘u ‘Ōpae Reservoirs will likely be 

rehabilitated to operate within their historic capacity levels. The rehabilitated Mānā 

reservoir will be expanded from the historic capacity of 44 MG to 80 MG. KIUC will 

perform ongoing operation, maintenance and repairs as needed on these structures 

through the life of the Project.  

• No new roads will be built for the Project. Access to the Pu‘u Moe Divide, the Pu‘u 

Lua Reservoir and the Kōke‘e Ditch diversions will be through existing roads. The 

Pu‘u ‘Ōpae Reservoir and Powerhouse will be accessed by an existing road 

approximately 2.8 miles in length and entered from the Mānā Plain. Access to the 

new Mānā Powerhouse will be via existing gravel access roads on ADC land. Minor 

upgrades and repairs will be made to these existing roads as necessary to safely 

support the construction traffic. 

New construction will include the following: 

• Installation of a new steel pressurized pipe, approximately 23,400 ft in length, 

between Pu‘u Moe Divide and the Pu‘u ‘Ōpae Reservoir. The new pipe will be 

buried, vary in diameter from 32 to 36 inches, and will generally follow the alignment 

of the existing open ditch and road alignment. 

• Installation of a new steel pressurized pipeline, approximately 11, 800 feet in length, 

between Pu‘u ‘Ōpae Reservoir and Mānā Reservoir. The new pipe will be buried, 

vary in diameter from 54 to 60 inches and will follow a relatively direct path from 

Pu‘u ‘Ōpae to Mānā primarily across agricultural fields. 

• New construction of two hydroelectric facilities with a combined capacity of 25 

megawatts (“MW”) of generation and 27,000 fluid horsepower of pumping capacity. 

The powerhouses will have reinforced concrete substructures and contain new 

generating and pumping equipment, switchgear, and ancillary systems. 

o Pu‘u ‘Ōpae Powerhouse –The Upper Penstock will deliver flows to the Pu‘u 

‘Ōpae Powerhouse, which will be located on the east side of the Pu‘u Ōpae 

Reservoir and measure approximately 42 feet by 54 feet in plan with a floor 

elevation of 1,538 ft msl. A new 140 foot long concrete and HDPE tailrace 

will convey flow from the powerhouse to the reservoir. A turbine shut-off 

valve (TSV) will be employed on the main penstock, along with an energy 

dissipating bypass valve to allow isolation of the turbine and continued 

delivery of irrigation water to the Pu‘u ‘Ōpae reservoir. The Pu‘u ‘Ōpae 

Powerhouse will house a single two-jet, horizontal Pelton turbine and 

synchronous generator with a rated capacity of 4 MW under 1,320 feet of 

head. The turbine will be operated automatically using available flows within 

its operating range of 2.6 MGD to 25.8 MGD (4 cfs to 40 cfs). 

o Mānā Powerhouse: The Lower Penstock will deliver flows to the Mānā 

Powerhouse, which will be located on the east side of the Mānā Reservoir and 

measure 70 feet by 70 feet in plan and set adjacent to an outdoor pump station 

measuring 120 ft by 35 ft in plan with a floor elevation of 62 ft msl. The 

powerhouse structure will also contain a gated low-level outlet to drain the 

reservoir and an irrigation supply pipe connecting with a filter station and 
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pressurized irrigation system owned by others. The Mānā Powerhouse will 

house single vertical Pelton turbine with a nameplate capacity of 20 MW. The 

turbine will be operated automatically using available flows from Pu‘u Ōpae 

Reservoir within the operating range of 4 MGD to 120 MGD (5 to 185 cfs). 

The pump station will utilize fourteen (14) multi-stage vertical turbine pumps, 

each rated at 2,700 HP. The pumps will be set outdoors in a row aligned along 

the Lower Penstock. The pumps will each have a shut off valve and check 

valve and be set in individual bays with their own intake from the reservoir. 

The proposed Pu‘u ‘Ōpae/West Kauai Energy Project is an energy and irrigation project that is 

designed with the intent of serving three primary functions; pumped storage and load shifting 

capability, store and release hydro energy generation, and irrigation delivery to lands adjacent to 

the Project. The Project site is approximately four miles north of the town of Kekaha and six 

miles northwest of the town of Waimea. The Project footprint spans lands owned and managed 

by Department of Land and Natural Resources (“DLNR”), Department of Hawaiian Homelands, 

and Agribusiness Development Corporation (ADC).  

Repairs and rehabilitation work to existing infrastructure is described below. 

• The four primary Kōke‘e Ditch Diversions are located on Waiakoali, Kawaikōī, 

Kauaikinanā, and Kōke‘e streams. At each diversion structure, repairs will be made 

as needed for safety and structural stability, and modifications will be made to 

provide for instream flow allowances to be released into the natural stream channels. 

In April 2018 Commission on Water Resource Management set the instream flow 

allowances for the four streams diverted into the Kōke‘e Ditch system. Flow 

measurement points and recording devices will be added to the diverted streams 

above each intake and at key points along the ditch. 

• The proposed Pu‘u ‘Ōpae/West Kauai Project would involve diverting a variable flow 

equivalent to a rolling average of 11 MGD into the Kokee Ditch System for the 

energy project and for other water users on the system. 

• The existing gate structure at Pu‘u Moe Divide will be replaced with a new gate 

structure that will provide irrigation water to ADC mauka lands and will include a 

new intake for the Project. The existing regulating structure will be replaced with a 

new structure, measuring approximately 40 feet long, 10 feet wide and 10 feet deep. 

The new structure will include an intake with a fine mesh screen, a settling tank, an 

intake slide gate, and a ditch regulating gate and weir. 

• Three state-owned reservoirs, Pu‘u Lua, Pu‘u ‘Ōpae and Mānā Reservoirs, will be 

rehabilitated in accordance with current dam safety regulatory standards. This work 

will include any repairs and upgrades necessary for safe storage and operations of the 

reservoirs. Modifications to the outlet works will also be a component of the work to 

ensure reliable irrigation supply. Pu‘u Lua and Pu‘u ‘Ōpae Reservoirs will likely be 

rehabilitated to operate within their historic capacity levels. Mānā reservoir 

rehabilitation will involve an expansion from the historic capacity of 44 MG to 80 

MG.  

• No new roads will be built for the Project. Access to the Pu‘u Moe Divide, the Pu‘u 

Lua Reservoir and the Kōke‘e Ditch diversions will be through existing roads. The 

Pu‘u ‘Ōpae Reservoir and Powerhouse will be accessed by an existing road 
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approximately 2.8 miles in length and entered from the Mānā Plain. Access to the 

new Mānā Powerhouse will be via existing gravel access roads on ADC land. Minor 

upgrades and repairs will be made to these existing roads as necessary to safely 

support the construction traffic. 

New construction will include the following: 

• Installation of a new steel pressurized pipe, approximately 23,400 ft in length, 

between Pu‘u Moe Divide and the Pu‘u ‘Ōpae Reservoir. The new pipe will be 

buried, vary in diameter from 30 to 36 inches, and will generally follow the alignment 

of the existing open ditch and road alignment. 

• Installation of a new steel pressurized pipeline, approximately 11, 800 feet in length, 

between Pu‘u ‘Ōpae Reservoir and Mānā Reservoir. The new pipe will be buried, 

vary in diameter from 54 to 60 inches and will follow a relatively direct path from 

Pu‘u Ōpae to Mānā primarily across agricultural fields. 

• New construction of two hydroelectric facilities with a combined capacity of 25 

megawatts (“MW”) of generation and 37,800 fluid horsepower of pumping capacity. 

The powerhouses will have reinforced concrete substructures and contain new 

generating and pumping equipment, switchgear, and ancillary systems. 

o Pu‘u ‘Ōpae Powerhouse –The Upper Penstock will deliver flows to the Pu‘u 

‘Ōpae Powerhouse, which will be located on the east side of the Pu‘u Ōpae 

Reservoir and measure approximately 42 feet by 54 feet in plan with a floor 

elevation of 1,538 ft msl. A new concrete and HDPE tailrace measuring 

approximately 110 feet long will convey flow from the powerhouse to the 

reservoir. A turbine shut-off valve (TSV) will be employed on the main penstock, 

along with an energy dissipating bypass valve to allow isolation of the turbine and 

continued delivery of irrigation water to the Pu‘u ‘Ōpae reservoir. The Pu‘u 

‘Ōpae Powerhouse will house a single two-jet, horizontal Pelton turbine and 

synchronous generator with a rated capacity of 4 MW under 1,320 feet of head. 

The turbine will be operated automatically using available flows within its 

operating range of 2.6 MGD to 25.8 MGD (4 cfs to 40 cfs). 

o Mānā Powerhouse: The Lower Penstock will deliver flows to the Mānā 

Powerhouse, which will be located on the east side of the Mānā Reservoir and 

measure 70 feet by 70 feet in plan and set adjacent to an outdoor pump station 

measuring 120 ft by 35 ft in plan with a floor elevation of 62 ft msl. The 

powerhouse structure will also contain a gated low-level outlet to drain the 

reservoir and an irrigation supply pipe connecting with a filter station and 

pressurized irrigation system owned by others. The Mānā Powerhouse will house 

single vertical Pelton turbine with a nameplate capacity of 20 MW. The turbine 

will be operated automatically using available flows from Pu‘u Ōpae Reservoir 

within the operating range of 4 MGD to 120 MGD (5 to 185 cfs). The pump 

station will utilize fourteen (14) multi-stage vertical turbine pumps, each rated at 

2,700 HP. The pumps will be set outdoors in a row aligned along the Lower 

Penstock. The pumps will each have a shut off valve and check valve and be set 

in individual bays with their own intake from the reservoir. 
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• The Project will discharge all water used for generation into the Mānā Reservoir and 

supply irrigation for farmers on the Mānā plains via a irrigation systems owned and 

operated by others. The Project will discharge of any water not used for irrigation 

from Mānā Reservoir into an existing storm drain ditch located approximately 600 

feet south of the reservoir via a new buried culvert.  

• The Project will include new construction of a solar photovoltaic (PV) array rated at 

approximately 35 MWac and 56 MWdc. The PV portion of the project will be located 

on agricultural lands owned by ADC and managed by KAA in the immediate vicinity 

of the Mānā reservoir and lower powerhouse. The estimated area required is 250 to 

300 acres, based on the use of a single-axis tracking system, comprised of 14 blocks 

rated at 2.5 MVA each. Up to 70 MWh of battery storage will be used to buffer PV 

output and provide block dispatch to the pumps or directly to the grid. 

• New construction of two substations and interconnection to KIUC’s transmission grid 

is part of the Project. The Pu‘u ‘Ōpae Powerhouse will have a new 5 MVA substation 

on the north side of the powerhouse and a 12,000 foot long 12.5 kV feeder line buried 

within the new Pu‘u ‘Ōpae reservoir embankment and the Lower Penstock alignment 

connecting it to the Mānā substation. The new substation at Mānā will have two 20 

MVA step-up transformers and include oil containment dikes and protective 

equipment as dictated by KIUC. 

Together these features will provide an average of up to thirty gigawatt hours (30 GWh) of 

hydroelectric generation annually plus seventy five gigawatt hours (75 GWh) of firmed solar 

generation, and also provide reliable irrigation water supply to support diversified agriculture on 

the mauka lands managed by both DHHL and ADC and irrigation for the agricultural fields on the 

Mānā plains. The proposed Project can deliver generation during peak demand hours or on rainy 

days when solar is not available and will be managed in an integrated manner balancing several 

criteria: instream flow releases and habitat needs, energy storage and net generation, and irrigation. 

This Project is an important part of KIUC’s strategic plan to develop firm renewable generation 

sources and energy storage for the purpose of load shifting the intermittent daylight solar 

generation, avoiding curtailment, maintaining system stability while contributing to the state’s goal 

of 100% renewable energy by 2045.  

 

 Document Purpose 

This cultural impact assessment (CIA) was prepared to comply with the State of Hawai‘i’s 

environmental review process under Hawai‘i Revised Statutes (HRS) §343, which requires 

consideration of the proposed project’s potential effect on cultural beliefs, practices, and resources. 

Through document research, this report provides information compiled to date pertinent to the 

assessment of the proposed project’s potential impacts to cultural beliefs, practices, and resources 

(pursuant to the Office of Environmental Quality Control’s Guidelines for Assessing Cultural 

Impacts) which may include traditional cultural properties (TCPs). These TCPs may be significant 

historic properties under State of Hawai‘i significance Criterion e, pursuant to Hawai‘i 

Administrative Rules (HAR)§13-275-6 and §13-284-6. Significance Criterion e refers to historic 

properties that “have an important value to the native Hawaiian people or to another ethnic group 

of the state due to associations with cultural practices once carried out, or till carried out, at the 
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property or due to associations with traditional beliefs, events or oral accounts—these associations 

being important to the group’s history and cultural identity” (HAR §13-275-6 and §13-284-6). The 

document will likely also support the project’s historic preservation review under HRS §6E and 

HAR §13-275 and §13-284.The document is also intended to support the project’s environmental 

review. 

 Scope of Work 

The scope of work for this cultural impact assessment includes the following: 

1. Examination of cultural and historical resources including Land Commission documents, 

historic maps, and previous research reports for the specific purpose of identifying 

traditional Hawaiian activities including gathering of plant, animal, and other resources or 

agricultural pursuits as may be indicated in the historic record. 

2. Review of previous archaeological work within and near the subject parcel that may be 

relevant to reconstructing traditional land use activities; and to the identification and 

description of cultural resources, practices, and beliefs associated with the parcel. 

3. Identify present and past uses of the cultural resources, practices, and beliefs associated 

with the parcel through interviews with person knowledgeable about the project area and 

its surroundings. 

4. Preparation of a report that summarizes the results of these research activities and provides 

recommendations based on findings. 

 Environmental Setting 

Waimea, of southwest Kaua‘i, is the name of a canyon, river, modern district and ahupua‘a 

(traditional land unit) on the south and southwest coast of Kaua‘i. The Pu‘u ‘Ōpae/West Kauai 

Energy project area is in the ahupua‘a of Waimea on the west side of the island of Kaua‘i, in the 

old district or moku of Kona and current district of Waimea, TMK: [4] 1-2-01, [4] 1-2-02, and [4] 

1-4-1. Waimea Ahupua‘a is by far the largest on the island, comprising 92,646 acres and 

accounting for more than a quarter of the total land area of Kaua‘i. It encompasses all of the 

Waimea River Canyon area, the uplands of Kōke‘e, the high swampy plateau of Alaka‘i, and the 

northwestern coastal valleys of Nu‘alolo and Miloli‘i (Gray 1875:140-146). Kekaha, Pōki‘i, 

Waiawa, and Mānā are ahupua‘a located in the ancient district of Kona, Waimea District, on the 

southwest side of the island of Kaua‘i. All of these ahupua‘a are now ‘ili ‘āina (land section) of 

the ahupua‘a of Waimea.The project starts in the very west area and delivers water to the most 

arid areas where there are no nautral water sources. Waimea Ahupua‘a is composed of several 

ecological regions that vary markedly in both climate and terrain. 

1.4.1 Soils  

According to the U.S. Department of Agriculture (USDA) Soil Survey Geographic (SSURGO) 

database (2001) and soil survey data gathered by Foote et al. (1972), the project area consists of 

soils from the Kokee Series, Kunuweia Series, Oli Series, Paaiki Series, Badland-Mahana 

complex, Mahana Series, Puu Opae Series, Kekaha Series, Niu Series, Waiawa Series, Lualualei 

Series, and Makaweli Series (Figure 6, Figure 7, Figure 8, and Figure 9). Additionally, the project 

area consists of expanses of water, rock outcrop, rough mountainous land, rubble land, and rough 

broken land. Soils of the Kokee Series are described as: 
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[. . .] well-drained soils on uplands on the island of Kauai. These soils developed in 

material weathered from basic igneous rock, probably mixed with volcanic ash. 

They are gently sloping to very steep. Elevations range from 3,400 to 4,200 feet. 

The annual rainfall amounts to 60 to 70 inches. The mean annual soil temperature 

is 59° F. Kokee soils are geographically associated with Paaiki and Kunuweia soils.  

These soils are used for water supply, wildlife habitat, and woodland. The natural 

vegetation consists of ohia lehua [‘ōhi‘a lehua], puakeawe [pūkiawe], blackberry 

[possibly ‘ākala], yellow foxtail, koa, plantain, uki uki [‘uki ‘uki], redwood, and 

associated plants. [Foote et al. 1972:71] 

The soils of the Kunuweia Series are defined as: 

[. . .] well-drained, very gravelly soils on ridgetops on the island of Kauai. These 

soils developed in material weathered from basic igneous rock. They are nearly 

level to strongly sloping. Elevations range from 3,500 to 4,000 feet. The annual 

rainfall amounts to 70 to 150 inches. The mean annual soil temperature is 58° F. 

Kunuweia soils are geographically associated with Kokee soils. 

These soils are used for water supply, wildlife habitat, and woodland. The natural 

vegetation consists of ohia [‘ōhi‘a lehua], koa, redwood, blackwood, blackberry, 

mokihana, olopua, maile, hilo grass, rice grass, uki, uki uki, and ferns. [Foote et al. 

1972:78] 

Oli Series soils are described by Foote et al. as the following: 

This series consists of well-drained, moderately deep to deep soils on uplands on 

the islands of Molokai, Maui, and Kauai. These soils developed in volcanic ash 

deposited over basic igneous rock. They are gently sloping to very steep. Elevations 

range from 1,000 to 2,250 feet. The annual rainfall amounts to 30 to 40 inches, most 

of which occurs from November to April. The mean annual soil temperature is 70° 

F. Oli soils are geographically associated with Mahana and Naiwa soils. 

These soils are used for sugarcane, pasture, woodland, and wildlife habitat. The 

natural vegetation consists of guava, lantana, molasses grass, Bermuda grass, Katal 

redtop, and aalii [‘a‘ali‘i]. [Foote et al. 1972:102] 
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Figure 6. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 

topographic map, indicating soil types within and surrounding the project area (U.S. 

Department of Agriculture Soils Survey Geographic Database [SSURGO] 2001)
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Figure 7. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 

topographic map, indicating soil types within and surrounding the project area (U.S. 

Department of Agriculture Soils Survey Geographic Database [SSURGO] 2001)
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Figure 8. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 

topographic map, indicating soil types within and surrounding the project area (U.S. 

Department of Agriculture Soils Survey Geographic Database [SSURGO] 2001)
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Figure 9. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 

topographic map, indicating soil types within and surrounding the project area (U.S. 

Department of Agriculture Soils Survey Geographic Database [SSURGO] 2001)
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Soils of the Paaiki Series are described as: 

[. . .] well-drained soils on dissected uplands on the island of Kauai. These soils 

developed mainly in material weathered from basic igneous rock but partly in 

volcanic ash and ejecta. They are gently sloping to very steep. Elevations range 

from 2,900 to 3,500 feet. The annual rainfall amounts to 40 to 60 inches; clouds 

cover the area on many afternoons. The mean annual soil temperature is 60° F. 

Paaiki soils are geographically associated with Oli and Kokee soils. These soils are 

used for woodland, wildlife habitat, and water supply. The natural vegetation 

consists of Formosa koa, koa, puakeawe, Boston fern, ohia, aalii, uki, molasses 

grass, uki uki, and rice grass. [Foote et al. 1972:105] 

The soils of the Badland-Mahana complex are defined as: 

This complex occurs on the western side of the island of Kauai. Badland makes up 

about 60 percent of the acreage; Mahana silt loam, 20 to 35 percent slopes, makes 

up about 40 percent. Elevations range from 1,500 to 3,000 feet. The annual rainfall 

amounts to 30 to 45 inches. Slopes are steep to very steep. 

Most of the Badland part of this complex is barren, but some areas have been 

planted to ironwood, silk-oak, and eucalyptus. The Mahana part is used for pasture 

and woodland. [Foote et al. 1972:28] 

Mahana Series soils are described as follows: 

This series consists of well-drained soils on uplands on the islands of Kauai and 

Oahu. These soils developed in volcanic ash. They are gently sloping to very steep. 

Elevations range from 1,000 to 3,000 feet. The annual rainfall amounts to 30 to 45 

inches. The mean annual soil temperature is 67° F. Mahana soils are geographically 

associated with Oli and Puu Opae soils on Kauai and with Kolekole soils on Oahu.  

These soils are used for pasture, woodland, wildlife habitat, irrigated sugarcane, 

and water supply. The natural yegetation consists of puakeawe, aa1ii, rice grass, 

molasses grass, silver oak, yellow foxtail, lantana, joee, Japanese tea, passion 

flower, and associated plants. [Foote et al. 1972:85] 

The soils of the Puu Opae Series are defined as: 

This series consists of well-drained soils on uplands on the island of Kauai. These 

soils developed in material weathered from basic igneous rock. They are 

moderately sloping to steep. Elevations range from 500 to 2,500 feet. The annual 

rainfall amounts to 30 to 50 inches. The mean annual soil temperature is 70° F. Puu 

Opae soils are geographically associated with Mahana soils.  

These soils are used for pasture, woodland, and wildlife habitat. A small acreage is 

in sugarcane. The natural vegetation consists of molasses grass, silver oak, passion 

flower, puakeawe, yellow foxtail, lantana, uluhe, ti, and aalii. [Foote et al. 

1972:117]  

Soils of the Kekaha Series are described as: 
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This series consists of well-drained soils on alluvial fans and flood plains on the 

island of Kauai. These soils developed in alluvium washed from upland soils. They 

are nearly level to steep. Elevations range from nearly sea level to 150 feet. The 

annual rainfall amounts to 20 to 25 inches. The mean annual soil temperature is 74° 

F. Kekaha soils are geographically associated with Lualualei and Nohili soils. 

These soils are used for irrigated sugarcane, pasture, and wildlife habitat. The 

natural vegetation consists of koa haole, kiawe, klu, and finger grass. [Foote et al. 

1972:68] 

Niu Series soils are described by Foote et al. as the following: 

This series consists of well-drained soils on uplands on the island of Kauai. These 

soils developed in material weathered from basic igneous rock, possibly mixed with 

volcanic ash. They are gently sloping to steep. Elevations range from 750 to 1,800 

feet. The annual rainfall amounts to 22 to 35 inches, of which 70 percent falls in 

the period November to April. The mean annual soil temperature is 64° to 71° F. 

Niu soils.are geographically associated with Mahana and Makaweli soils. 

These soils are used for irrigated sugarcane, pasture, wildlife habitat, and woodland. 

The natural vegetation consists of kiawe, lantana, klu, koa haole, aalii, feather 

finger grass, pili grass, guinea grass, and indigo. [Foote et al. 1972:98]  

Soils of the Waiawa Series are described as: 

This series consists of well-drained verv shallow, extremely rocky soils on uplands 

on the island of Kauai. These soils developed in colluvium and in material 

weathered from basic igneous rock. They are steep to very steep. Elevations range 

from nearly sea level to about 2,000 feet. The annual rainfall amounts to 22 to 4 

inches. The mean annual soil temperature is 74° F. Waiawa soils are geographically 

associated with Makaweli and Niu soils. 

These soils are used for pasture, wildlife habitat, and water supply. The natural 

vegetation consists of koa haole, prickly pear cactus, klu, feather finger grass, 

lantana, and pili grass. [Foote et al. 1972:129]  

Lualualei Series soils are described by Foote et al. as the following: 

This series consists of well-drained soils on the coastal plains, alluvial fans, and on 

talus slopes on the islands of Kauai, Oahu, Molokai, and Lanai. These soils 

developed in alluvium and colluvium. They are nearly level and gently sloping. 

Elevations range from 10 to 125 feet. In most places the annual rainfall amounts to 

18 to 30 inches, but it is as low as 10 inches on Lanai and as high as 50 inches on 

Kauai. Most of the rainfall occurs during storms in the period from November to 

April. There is a prolonged dry period in summer. The mean annual soil 

temperature is 75° F. Lualualei soils are geographically associated with Honouliuli, 

Jaucas, and Kekaha soils. 

These soils are used for sugarcane, truck crops, pasture, wildlife habitat, urban 

development, and military installations. The natural vegetation consists of kiawe, 

koa haole, bristlv foxtail, uhaloa, and fingergrass. [Foote et al. 1972:84]  
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Soils of the Makaweli Series are described as: 

This series consists of well-drained soils on uplands on the island of Kauai. These 

soils developed in material weathered from basic igneous rock. They are gently 

sloping to steep. Elevations range from nearly sea level to 500 feet. The annual 

rainfall amounts to 20 to 35 inches. Three-fourths of it occurs from October through 

March. The mean annual soil temperature is 74° F. Makaweli soils are 

geographically associated with Niu soils. These soils are used for irrigated 

sugarcane, pasture, and homesites. The natural vegetation consists of kiawe, 

lantana, finger grass, klu, koa haole, and pili grass. [Foote et al. 1972:90] 

1.4.2 Rains  

Rain in the Waimea Ahupua‘a vary greatly depending on location. The Alakai Swamp and 

upper Kōke‘e areas receive large rainfall amounts; fresh water is especially plentiful in this 

locality. The coastal ridges and plains of the Kekaha-Mānā area receive some of the lowest rainfall 

on the island. On the drier leeward coast of Kaua‘i, annual rainfall averages less than 20 inches 

(500 mm) and occurs primarily in the fall and winter months (September to March) (Giambelluca 

et al. 1986:86-98). Rainfall climatology underpinned traditional Hawaiian understandings of the 

seasons. Two distinct annual seasons were recognized. The first, known as kau (period of time, 

especially summer) lasts typically from May to October and is a season marked by a high-sun 

period corresponding to warmer temperatures and steady trade winds. The second season, hoʻoilo 

(winter, rainy season) continues through the end of the year from November to April and is a much 

cooler period when trade winds are less frequent, and widespread storms and rainfall become more 

common (Giambelluca et al. 1986:17). 

Each small geographic area on Kaua‘i had a Hawaiian name for its own rains. According to 

Akana and Gonzalez (2015), 

Rain names are a precious legacy from our kūpuna who were keen observers of the 

world around them and who had a nuanced understanding of the forces of nature. 

They knew that one place could have several types of rain, each distinct from the 

other. They knew when a particular rain would fall, its color, its duration, its 

intensity, its path, its sound, its scent, and its effect on the land and their lives . . . 

Rain names are a treasure of cultural, historical, and environmental information. 

[Akana and Gonzalez 2015:n.p.] 

In the ahupua‘a of Waimea many rain names are associated with areas near or within the project 

area. Kapa‘ahoa rain is known to be associated with Waimea according to Akana and Gonzalez 

(2015). The Kapa‘ahoa rain of Waimea is mentioned in the following excerpts: 

5. ‘O Lu‘anu‘u a Laka, ‘o Lu‘anu‘u ke keiki a Laka, ‘o Hīkāwaelena ka makuahine, 

he ali‘i wahine ‘o ia no ka ua Kapa‘ahoa no Waimea i Kaua‘i. 

Lu‘anu‘u of Laka, Lu‘anu‘u is the son of Laka; Hīkāwaelena is his mother; she is 

a chiefess of the Kapa‘ahoa rain of Waimea in Kaua‘i. 

From the legend of Lu‘anu‘u. Hawaiian source: Kamakau, “Ka moolelo Hawaii” 

10/28/1869. English trans. by author. Additional source: Kamakau, Tales 147.  
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6. Ku‘u kāne, e ku‘u kāne ho‘i My beloved husband, oh, my dear husband 

indeed 

Ku‘u kāne mai ka wai ‘ula ‘iliahi My dear husband of the red sandalwood 

o Waimea waters of Waimea 

Wai nono ‘ula aka ua Kapa‘ahoa Red-glowing water of the Kapa‘ahoa rain 

From a kanikau, or lament, for Kamehameha IV by his wife, ‘Emalani 

Kaleleonālani. Source: Nogelmeier 339. Note: Pukui, ‘Ōlelo 179, says that “ka wai 

‘ula ‘iliahi o Waimea” refers to Waimea Stream, which runs red following a storm. 

“where it meets Makaweli Stream to form Waimea River, the water is sometimes 

red on one side and clear on the other. The red side is called ‘wai ‘ula ‘iliahi.”  

7. Kau ke Kiuwai‘ahulu o Waimea The Kiuwai‘ahulu wind of Waimea settles 

Wai nono ‘ula aka ua Kapa‘ahoa Blushing water of the Kapa‘ahoa rain 

I ho‘olu‘u a kohu i ka pili  Dyed and stained by the closeness 

A ‘ula mai he‘a ka uka o Kahana Becoming red, stained red are the uplands of 

Kahana 

From a chant originally composed for Lunalilo and inherited by Kalākaua. This 

portion of the mele was composed by Ka‘ahumanu. Hawaiian source: Na Mele 

Aimoku 147-48. English trans. by author. [Akana and Gonzalez, 2015:66-67] 

Furthermore, Nounou‘ili meaning “to pelt the skin” is also a rain associated with Waimea. “Ka 

ua Nounou‘ili o Waimea. The skin-pelting [Nounou‘ili] rain of Waimea. A traditional saying. 

Source: Pukui, ‘Ōlelo 172” (Akana and Gonzalez 2015:212).  

The Alaka‘iu Valley located in the north-eastern corner of the ahupua‘a of Waimea is said to 

have Nahae rain. Nahae means “to shed”: 

‘Oiai ‘o ka nanā ‘o Kauaikananā While the surly one is Kauaikananā 

‘O ka mana o ka ua Nahae i Alaka‘i The power is in the shredding [Nahae] rain at 

Alaka‘i 

From a mele māka‘ika‘i, or travel chant, for ‘Emalani Kaleleonālani by Kapapa. 

Source: Nogelmeier 132. Note: Kuapuu, “He wahi moolelo” 4/10/1861, says that 

“Kauaikananā” is the name of a valley in Waimea, Kaua‘i. It is also the name of a 

stream there. [Akana and Gonzalez 2015:180] 

The rain of Mānā, Kaua‘i is mentioned in the following excerpts: 

E Kū, e Lono, e Kāne, Kanaloa Kū, Lono, Kāne, Kanaloa 

‘Akahi ‘oe a ‘ike i ka mole wai You are just now seeing the source of water 

I nā mole wai pūhae a ka makani The water sources torn by the wind 

I nā lile wai ‘ono kau i ka pali The sparkling, delicious water placed on the 

cliffs 

I nā muliwai loloa a ka ua Kiu The long streams created by the Kiu rain 

‘Ololī ka wai ‘oloke‘a i Mānā  Narrow are the waters crisscrossing at Mānā 

Uhalu ‘ole ke kaha ‘ōkolo i ka helu Innumerable are the places across which they 

crawl 
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From a mele for Haili, the daughter of Kaumuali‘i. Hawaiian source: Pukui, Nā 

Mele Welo 38. English trans. by author. [Akana and Gonzalez 2015:106]  

A ua wai Nāulu ka uka o Mānā The waters of the sudden Nāulu 

showers cover Mānā 

Ke hahai lā i ka li ‘ulā o Kaunalewa  Following the mirage of Kaunalewa 

From a mele by Hi‘iakaikapoliopele upon her arrival at Hā‘ena, Kaua‘i. Hawaiian 

source: Ho‘oulumāhiehie, Ka Mo‘olelo 180. English trans.: Ho‘oulumāhiehie, Epic 

168. [Akana and Gonzalez 2015:200] 

Nu‘alolo valley rain is called the Hōli‘o rain in the following chant: 

Nū ka leo o ke kai i ka haka lewa o The voice of the sea roars upon the  

Nu‘alolo floating platform of Nu‘alolo 

Kū ka ‘ehu o ka huna o ke kai i nā pali The mist of the sea ascends the cliffs 

Hū ka ‘ōmaka wai a ka ua i ka makani The source of the rain gushes in the 

wind 

Makani halihali i ka ua Hōli‘o  Wind that carries the Holi'o rain  

From a mele māka‘ika‘ i, or travel chant, for ‘Emalani Kaleleonālani and her travels 

on Kaua‘i. Hawaiian source: Nogelmeier 72. English trans. by author. [Akana and 

Gonzalez 2015:39-40] 

1.4.3 Winds 

Hawaiians gave names to the winds, rains, surf, and seas in virtually every area of the islands. 

The wind of Waimea was Waipao, which means “wind-scooped” according to Kent (1986:443) or 

“the cool breeze” according to Nakuina (1992:140). A storm in the northeast portion of Waimea 

was called ‘E‘elokoa, meaning “stormy” (Pukui and Elbert 1986:37). 

A chant in the story of “The Wind Gourd of La‘amaomao,” mentions the winds of the Waimea 

Ahupua‘a by the hero Kūapāka‘a: 

There they are, the winds of Kaua‘i. . .  

Kuehu-kai is the wind of Miloli‘i, 

Pu‘ukapele is of Mana, 

Moeahua is of Kekaha, 

Waipao is of Waimea 

[Nakuina 1992:52-53] 

The Kuehukai wind of Miloli‘i is translated to mean, “stirring up the sea” by Nakuina 

(1992:139). Elbert and Pukui (1984:331) say that Pu‘ukapele wind is the, “Same as Pu‘u-pele, the 

name of a wind at Mānā, Kaua‘i, and of a place on Kaua‘i”.  

Another wind of Waimea is the Naulu. The Naulu wind was identified within a mele describing 

the wedding night of Wanahili, a princess of Puna (Hawai‘i Island) and Manu‘a, a king of Hilo 

and son of Kanehili (Emerson 1965:100). In the fourteenth stanza, the Naulu wind of Waimea is 

identified: 
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O Wanahili ka po loa ia Manu‘a, Wanahili hides the whole night with Manu‘a, 

O ka pu kau kama i Hawaii akea; By trumpet hailed through broad Hawaii, 

O ka pu leina kea a Kiha-  By the white vaulting conch of Kiha- 

O kiha nui a Pii-lani-   Great Kiha, offspring of Pii-lani, 

O Kauhi kalana-honu‘-a-Kama; Father of eight-branched Kama-lala-walu. 

O ka maka iolena ke hoohaulani i-ō! The far-roaming eye now sparkles with joy, 

O kela kanaka hoali mauna,  Whose energy erstwhile shook mountains, 

O Ka Lani ku‘i hono i ka moku. The king who firm-bound the isles in one 

state, 

I waihona kapuahi kanaka ehā, His glory, symboled by four human altars, 

Ai i Kauai, i Oahu, i Maui,  Reaches Kauai, Oahu, Maui, 

I Hawaii kahiko o Keawe enaena, Hawaii the eld of Keawe, 

Ke a-a mai la me ko o-koko,  Whose tabu, burning with blood-red blaze. 

Ke lapa-lapa la i ka makani, Shoots flame-tongues that leap with the wind, 

Makani kua, he Naulu.  The breeze from the mountain, the Naulu. 

Kua ka Waihoa i ka Mikioi.  Waihoa humps its back, while cold Mikioi 

Pu-ā ia lalo o Hala-li‘i,  Blows fierce and swift across Hala-li‘i.  

Me he alii, alii, la no ka hele i Kekaha, It vaunts like a King at Kekaha, 

Ka hookiekie i ka li‘u-la,    Flaunting itself in the sun’s heat, 

Ka hele i ke alia-lia la, alia!  And lifts itself up in mirage, 

Alia-lia la‘a-laau Kekaha.  Ghost-forms of Woods and tres in Kekaha- 

Ke kaha o Kala-ihi, Wai-o-lono. Sweeping o‘er waste Kala-ihi, Water of 

Lono; 

Ke olo la ke pihe a ka La, e!  While the sun shoots forth its fierce rays- 

Ke nu la paha i Honua-ula.  Its heat, percance, reaches to Honu-ula.  

[Emerson 1965:100-101] 

1.4.4 Streams  

There exist several streams and waterways in Waimea Ahupua‘a. Kauaikinanā Stream, 

translated to mean “the rain defied,” rises at approximately 3,830 feet and meets Kawikio Stream 

at 2,565 feet to form Po‘omau Stream. Po‘omau Stream, translated as “constant source” or 

“constant head”, is a major tributoary to the Waimea River. Kawaikōī Stream rises to 4,160 feet 

at Alakai Swamp, drops down into Po‘omau canyon and ends at Moeloa waterfall, meaning “long 

sleep”. The natural stream and river system do not traverse most of the project area but rather the 

project area spans an arid region with no natural water resource (Figure 10). The name Kawaikōī 
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is translated to mean “the flowing water” (Ulukau 2014) or “rushing stream” (Gay 1873:22). The 

stream Waiahulu begins at an elevation of 1,620 feet at the meeting of Halemanu and Kōke‘e 

streams. Waiahulu joins the Po‘omau Stream at 965 feet to produce the Waimea River. The 

Waimea River, which begins at an elevation of approximately 965 feet at the joining of Waiahulu 

and Po‘omau Streams, is translated to mean “reddish water”(Ulukau 2014). Wichman (2003) 

describes Waimea Stream at the time of early voyages to Kaua‘i: 

The river itself was generous in its gift of ‘o‘opu (goby). Once a year the spawn of 

the ‘o‘opu (hinana) swam down the rivers to the sea in such numbers that they 

touched the skin of anyone entering the water. Hinana were only one or two inches 

in length and were easily netted. They quickly became a favorite food. Better yet, 

after a season in the ocean the hinana returned as adult ‘o‘opu to their spawning 

grounds, and their life cycle began again. [Wichman 2003:6] 

Hinana (spawn) were especially popular as dainty food. 

By the mouth of the river of Waimea, Kauai, was a multitude of men and women 

along the banks, for those were good days in which to catch hinana in nets. The 

fish were as plentiful as rubbish in that land when the hinana season came. The 

natives there call it “ke i‘a ili kanaka o Waimea” (the fish of Waimea that touches 

the skin of man) (75.51). 

The hinana was a fish of which the natives of Waimea and thereabouts were so 

fond that they hardly shared with others. . . Hinana was i‘a pi ia (fish stingily 

regarded). ‘There were people so lucky in fishing that they were said to have skins 

like Ku‘ula (‘ili Ku‘ula). If there were such persons in a locality only they were 

allowed to dive into the water with hinana nets. No others went into the water at 

that time, for that would counteract the influence or mana of the diver. If there were 

only one such person she had to go alone. Strangely, all the ‘ili Ku‘ula people I 

knew were women. 

 . . . The spawn, hinana, a very popular food, were gathered in vast quantities in 

certain areas. Even today the coming of this fish is worth talking about. (1940) An 

informant from Waimea, Kauai, says that the well-known fish of the land has 

appeared (May). This fish was well liked from the time of our ancestors. “‘Ai wale 

i ka hinana, ka i‘a kaulana o ka ‘aina.”(Eat freely of the hinana, the well-known 

fish .of the land.) [Titcomb 1972:122-123] 

1.4.5 Seashore and Ocean  

Mary Kawena Pukui of the Bishop Museum made a list of surfing spots mentioned in Hawaiian 

oral traditions. For Waimea, she recorded the names of Kaua (meaning “war”), Kualua (“twice”), 

and Po‘o (“head”) (Finney and Houston 1996:31). John Papa ‘I‘ī, the early Hawaiian historian, 

had a similar list of Kaua‘i surfing spots: 

The surf of Kamakaiwa is in Kapaa, Kauai, and so is the surf of Kaohala and one 

that runs to the sand of Wailua. Others are the surfs of Poo, Koalua, and the one 

that runs to the mouth of the sand-bottomed stream of Waimea, and the surf of 

Manalau is in Waioli. [‘Ī‘ī 1959:135]
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Figure 10 USGS Topographic Map 1991 Showing Stream Systems and Project Area.
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The spirited act of hinana harvesting is described in Margaret Titcomb’s (1972), “Native Use 

of Fish in Hawaii.”  

Clark (2002) adds that Waimea Rivermouth, located off the mouth of Waimea River, GI’s, off 

Waimea State Recreation Pier, and Wright Beach Park, on the west bank of the Waimea River, are 

also popular surf sites in Waimea, Kaua‘i. Clark also sites Waimea as a, “Former interisland 

steamer landing at the end of Moana Road” and as “a fishing site used by the residents of West 

Kaua‘i” (Clark 2002:381).  

The Kaulakahi channel that runs between Waimea and Ni‘ihau was said to be plentiful in marine 

resources supplying “such fishes as the ulua (jackfish), mahimahi (dolphin), ono (mackerel), and 

a‘u (marlin), all large enough to feed many people” (Wichman 2003:6). Furthermore, Wichmans 

states that people in Waimea benefited from the “reef fish, sea urchins, squid, and seaweeds 

(Wichman 2003:6)” of the shallow water.  

1.4.6 Built Environment 

The project passes through the man-made Pu‘u Lua Reservoir, Pu‘u ‘Ōpae Reservoir and Mānā 

Reservoir (Figure 111 and Error! Reference source not found.3). The project area also intersects 

a number of man-made ditches. Besides the aquatic infrastructure developments, the project area 

is largely surrounded by uninhabited forested land and conservation areas. The project area passes 

through lower elevation bluff areas that are dominated by kiawe (Prosopis pallida) and pili grass 

(Heterogpogon contortus) (Figure 144). Middle elevation areas of the proposed project area were 

documented by CSH to contain California grass (Urochloa mutica), Silver oak (Grevillea robusta), 

koa haole (Leucaena leucocephala), and strawberry guava (Psidium cattleianum). Higher 

evelation zones of the current project area were noted by CSH to contain loulu (native fan palm; 

Pritchardia), ‘ōhi‘a lehua (Metrosideros), pūkiawe (Leptecophylla tameiameiae), and koa (Acacia 

koa).  

These conservation areas include Kōke‘e State Park, Waimea Canyon State Park, Pu‘u Ka Pele 

Forest Reserve, and Nā Pali-Kona Forest Reserve. The trees found in these extensive forested lands 

include koa, ‘ōhi‘a lehua, ‘ōhi‘a ha (Syzygium sandwicense), ‘ohe kiko‘ola (Polyscias waimeae) 

hala pepe (Pleomele), hō‘awa (Pittosporum), kalia (Elaeocarpus bifidus), māmaki (Pipturus 

kauaiensis) loulu, ‘iliahi (sandalwood; Santalum), and the Kaua‘i kauila (Alphitonia ponderosa). 

Other plants such as the maile (Alyxia stellata) shrub — prized for lei making, the hoi kuahiwi 

(Smilax melastomifolia) vine, the native white hibiscus koki‘o ke‘oke‘o (Hibiscus arnottianus), as 

well as the berry producing plants popolo (Solanum americanum), mokihana (Melicope anisata) 

and pūkiawe are noted to occupy the general project area (Handy and Handy 1972).  

Kōke‘e and Waimea Canyon State Parks as well as Alaka‘i Swamp are known as some of the 

best areas for viewing endemic forest birds of Hawai‘i. The endemic Kauaian birds ‘Elepaio 

(Chasiempis sandwichensis sclateri), Kaua‘i ‘Amakihi (Chlorodrepanis virens stejnegeri), 

‘Anianiau (Chlorodrepanis parva), Kaua‘i ‘Akepa (Loxops coccinea caeruleirostris), Puaiohi 

(Phaeornis palmeri) and ‘Akikiki (Kaua‘i Creeper; Paroreomyza bairdi bairdi) as well as the 

native Hawaiian birds,‘Apapane (Himatione sanguinea), and ‘I‘iwi (Vestiaria coccinea), are 

species that can be observed in the general project area (Hawai‘i Audubon Society 2017; Munro 

1982). 
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Figure 11. Photo to Pu‘u Lua Reservoir, view to the east (CSH 2018) 

 

Figure 12. General view of Pu‘u ‘Ōpae Reservoir, view to the south (CSH 2018)
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Figure 13 View of Mānā Reservoir, courtesy of Joule Group 

 

Figure 14. General area of proposed pipeline route showing a bluff dominated by kiawe 

(Prosopis pallida) and pili (Heterogpogon contortus) vegetation (CSH 2018) 
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Section 2    Methods 

 Archival Research  

Research centers on Hawaiian activities including ka‘ao (legends), wahi pana (storied places), 

‘ōlelo no‘eau (proverbs), oli (oli), mele (songs), traditional mo‘olelo (stories), traditional 

subsistence and gathering methods, ritual and ceremonial practices, and more. Background 

research focuses on land transformation, development, and population changes beginning with the 

early post-Contact era to the present day. 

Cultural documents, primary and secondary cultural and historical sources, historic maps, and 

photographs were reviewed for information pertaining to the study area. Research was primarily 

conducted at the CSH library. Other archives and libraries including the Hawai‘i State Archives, 

the Bishop Museum Archives, the University of Hawai‘i at Mānoa’s Hamilton Library, Ulukau, 

The Hawaiian Electronic Library (Ulukau 2014), the State Historic Preservation Division (SHPD) 

Library, the State of Hawai‘i Land Survey Division, the Hawaiian Historical Society, the Kaua‘i 

Historical Society, the Kaua‘i Museum, and the Hawaiian Mission Houses Historic Site and 

Archives are also repositories where CSH cultural researchers gather information. Information on 

Land Commission Awards (LCAs) were accessed via Waihona ‘Aina Corporation’s Māhele 

database (Waihona ‘Aina 2000), the Office of Hawaiian Affairs (OHA) Papakilo Database (Office 

of Hawaiian Affairs 2015), and the Ava Konohiki Ancestral Visions of ‘Āina website (Ava 

Konohiki 2015). 

 Community Consultation  

2.2.1 Scoping for Participants 

The cultural department commences our consultation efforts by utilizing our previous 

community contact list to facilitate the interview process. This is then followed with a review of 

CSH’s in-house database of kūpuna (elders), kama‘āina (native born), cultural practitioners, lineal 

and cultural descendants, Native Hawaiian Organizations (NHOs; includes Hawaiian Civic Clubs 

and those listed on the Department of Interior’s NHO list), and community groups. CSH also 

contacts agencies such as SHPD, OHA, and the appropriate Island Burial Council where the 

proposed project is located for their response to the project and to identify lineal and cultural 

descendants, individuals and/or NHO with cultural expertise and/or knowledge of the study area. 

CSH is also open to referrals and new contacts. 

2.2.2 “Talk Story” Sessions 

Prior to the interview, CSH cultural researchers explain the role of a CIA, how the consent 

process works, the project purpose, the intent of the study, and how their ‘ike (knowledge) and 

mana‘o (thought, opinion) will be used in the report. The interviewee is given an Authorization 

and Release Form to read and sign. 

“Talk Story” sessions range from the formal (e.g., sit down and kūkā [consultation, discussion] 

in participant’s choice of place over set interview questions) to the informal (e.g., hiking to cultural 

sites near the study area and asking questions based on findings during the field outing). In some 

cases, interviews are recorded and transcribed later. 
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CSH also conducts group interviews, which range in size. Group interviews usually begin with 

set, formal questions. As the group interview progresses, questions are based on interviewees’ 

answers. Group interviews are always transcribed, and notes are taken. Recorded interviews assist 

the cultural researcher in 1) conveying accurate information for interview summaries, 2) reducing 

misinterpretation, and 3) missing details to mo‘olelo. 

CSH seeks kōkua (assistance) and guidance in identifying past and current traditional cultural 

practices of the study area. Those aspects include general history of the ahupua‘a; past and present 

land use of the study area; knowledge of cultural sites (for example, wahi pana, archaeological 

sites, and burials); knowledge of traditional gathering practices (past and present) within the study 

area; cultural associations (ka‘ao and mo‘olelo); referrals; and any other cultural concerns the 

community might have related to Hawaiian cultural practices within or in the vicinity of the study 

area. 

2.2.3 Completion of Interview 

After an interview, CSH cultural researchers create an interview summary based on information 

provided by the interviewee. Cultural researchers give a copy of the interview summary to the 

interviewee for review and ask that they make any necessary edits. Once the interviewee has made 

those edits, CSH incorporates their ‘ike and mana‘o into the report. When the draft report is 

submitted to the client, cultural researchers then prepare a finalized packet of the participant’s 

interview summary, and any photos taken during the interview. We also include a thank you card 

and honoraria.  

It is important that CSH cultural researchers cultivate and maintain community relationships. 

The CIA report may be completed, but CSH researchers continuously keep in touch with the 

community and interviewees throughout the year—such as checking in to say hello via email or 

by phone, volunteering with past interviewees on community service projects, and sending holiday 

cards to them and their ‘ohana (family). CSH researchers feel this is an important component to 

building relationships and being part of an ‘ohana and community.  

“I ulu no ka lālā i ke kumu—the branches grow because of the trunk,” is an ‘ōlelo no‘eau 

(#1261) shared by Mary Kawena Pukui with the simple explanation: “Without our ancestors we 

would not be here” (Pukui 1983:137). As cultural researchers, we often lose our kūpuna but we do 

not lose their wisdom and words. We routinely check obituaries and gather information from other 

community contacts if we have lost our kūpuna. CSH makes it a point to reach out to the ‘ohana 

(family) of our kūpuna who have passed on and pay our respects including sending all past 

transcriptions, interview summaries, and photos for families to have on file for genealogical and 

historical reference. All field activities are performed in a manner so as to minimize impact to the 

natural and cultural environment in the project area. Where appropriate, Hawaiian protocol may 

be used before going on to the study area and may include the ho‘okupu (offering) of pule 

(blessing), and oli. All participants on field visits are asked to respect the integrity of natural and 

cultural features of the landscape and not remove any cultural artifacts or other resources from the 

area.
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Section 3    Ka‘ao and Mo‘olelo (Legends and Stories) 

Hawaiian storytellers of old were greatly honored; they were a major source of entertainment 

and their stories contained lessons while interweaving elements of Hawaiian lifestyles, genealogy, 

history, relationships, arts, and the natural environment (Pukui and Green 1995:IX). According to 

Pukui and Green (1995), storytelling is better heard than read for much becomes lost in the transfer 

from the spoken to the written word and ka‘ao (legends) are often full of kaona or double 

meanings. 

Ka‘ao are defined by Pukui and Elbert (1986:108) as a “legend, tale […], romance, [and/or], 

fiction.” Ka‘ao may be thought of as oral literature or legends, often fictional or mythic in origin, 

and have been “consciously composed to tickle the fancy rather than to inform the mind as to 

supposed events” (Beckwith 1970:1). Conversely, Pukui and Elbert (1986:254) define mo‘olelo as 

a “story, tale, myth, history, [and/or] tradition.” The mo‘olelo are generally traditional stories about 

the gods, historic figures or stories which cover historic events and locate the events with known 

places. Mo‘olelo are often intimately connected to a tangible place or space (wahi pana). 

In differentiating ka‘ao and mo‘olelo it may be useful to think of ka‘ao as expressly delving 

into the wao akua (realm of the gods), discussing the exploits of akua (gods) in a primordial time. 

However, it is also important to note that not all ka‘ao explicitly deal with the exploits of either 

gods, goddesses, or the supernatural. Mo‘olelo on the other hand, reference a host of characters 

from ali‘i (chief) to akua; kupua (supernatural beings) to maka‘āinana (commoners); and discuss 

their varied and complex interactions within the wao kānaka (realm of man). Beckwith elaborates, 

“In reality, the distinction between kaʻao as fiction and moʻolelo as fact cannot be pressed too 

closely. It is rather in the intention than in the fact” (Beckwith 1970:1). Thus a so-called moʻolelo, 

which may be enlivened by fantastic adventures of kupua, “nevertheless corresponds with the 

Hawaiian view of the relation between nature and man” (Beckwith 1970:1). 

Both ka‘ao and mo‘olelo provide important insight into a specific geographical area, adding to 

a rich fabric of traditional knowledge. The preservation and passing on of these stories through 

oration remain a highly valued tradition. Additionally, oral traditions associated with the study 

area communicate the intrinsic value and meaning of a place, specifically its meaning to both 

kama‘āina as well as others who also value that place.  

The following section presents traditional accounts of ancient Hawaiians living in the vicinity 

of the project area. Many relate an age of mythical characters whose epic adventures inadvertently 

led to the Hawaiian race of aliʻi and makaʻāinana. The kaʻao in and around the project area shared 

below are some of the oldest Hawaiian stories that have survived; they still speak to the 

characteristics and environment of the area and its people. Personages in the legends presented 

below include locale Kaua‘i figures, animal entities, menehune (legendary race of small people), 

and Hawaiian royalty and deities. The aggregate of legends suggests that the significance of 

localities throughout the ahupua‘a of Waimea were well established in the ancient Hawaiian 

consciousness. 

3.1.1 Pele in Waimea  

Before Pele found her home in Mauna Loa volcano, she journeyed around Kaua‘i searching for 

a place to live. Pele first landed in Mānā along with her baby sister Hi‘iaka-i-ka-poli-o-Pele 
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(“Hi‘iaka carried in the bosom of Pele”). Two plants, ‘Ohai (Sesbania tomentosa) – a shrub and 

Inoa – a vine, shaded the infant Hi‘iaka upon her arrival to the shores of Mānā. Pele felt so much 

gratitude toward the plants that she offered them a favor: 

“What can I do to thank you?” Pele asked. 

“Nothing for me,” ‘Ohai said. “But you could help my friend.” 

“How?” asked Pele. 

“She has no name,” ‘Ohai said. “Can you give her one?” 

“That is all you ask?” Pele said in surprise. 

She reached to pick up Hi‘iaka from her sandy and leafy bed. Inoa cast loose her 

newly grown tendrils, which draped themselves around Hi‘iaka’s waist like a skirt 

of the finest tapa made of small rounded leaves and wide-petaled blue flowers. 

“Your name shall be Pa‘u-o-Hi‘iaka, skirt of Hi‘iaka, the beloved of Pele’s heart.” 

Thus, it was that the little vine earned a name for herself. Ever after, when ‘Ohai 

spoke to her old friend, she was always careful to call her by name, Pa‘u-o-Hi‘iaka, 

for had they not been the first to help Pele find a home in a new land? [Wichman 

2001:17] 

Pa‘u o Hi‘iaka (Jaquemontia ovalifolia) also known as “The Skirt of Hi‘iaka” is an endemic 

subspecies found throughout the Hawaiian Islands at coastal sites and is traditionally used for 

medicine and landscaping (Figure 155) (Hawaiian Native Plant Propagation Database 2001 

Jacquemontia ovalifolia).  

3.1.2 The Menehune  

Menehune, a Tahitian term meaning “commoner,” came to refer to a mythical race of small 

industrious people who were alleged to have built many of the fishponds, irrigation systems, and 

heiau on Kaua‘i (Mills 1996:63). Joestings (1984) describes the Menehune of Kaua‘i saying that:  

The number of Menehune on Kauai in ancient times was said to be enormous. A 

population of 500,600 has been mentioned, of which 160,000 were women. In 

addition, there were some 20,000 boys and girls up to the age of seventeen. They 

grew taro, bananas, yams, and ferns, and fished in the lagoons and sea to sustain 

themselves. Mythology gives several ways in which these people came to Kauai...  

Perhaps the last mention of the Menehune-and one of the most intriguing-is 

contained in an article written by John M. Lydgate. He stated that in the very early 

1800s a census was made on Kauai. In an upper section of Wainiha Valley, on the 

north coast of Kauai, sixty-five persons described their nationality as Menehune. 

[Joesting 1984:21-22]
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Figure 15. Pa‘u o Hi‘iaka (Jaquemontia ovalifolia) also known as “The Skirt of Hi‘iaka” an 

endemic subspecies found throughout the Hawaiian Islands at coastal sites and is 

traditionally used for medicine and landscaping (CSH 2018) 
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3.1.2.1 The Kīkīaola Ditch 

Hawaiian legends concerning Waimea focus on the engineering feats that made the agricultural 

abundance of the ahupua‘a possible. Especially noteworthy are the legends narrating the origins 

of the cut stone-lined ‘auwai (irrigation ditch) called Kīkīaola, popularly known as the “Menehune 

Ditch.” The ‘auwai is also labeled Pe‘ekaua‘i, meaning “hidden Kaua‘i.” Wichman (1998:9) say 

the original settlers named the farmland in this area Pe‘e Kaua‘i after the name of their ancient 

homeland. In the Māhele land records, Pe‘ekaua‘i is listed as the name of an ‘ili near the Waimea 

coast and along the west bank of the Waimea River. The Pe‘ekaua‘i ‘auwai watered the plain west 

of the Waimea river, and its most notable section transported water along the face of a cliff, some 

20 feet above the river, by means of an aqueduct constructed of intricately fitted, cut, and dressed 

stones (Bennett 1931:23, 105-107). 

Martha Beckwith (1970:329-330) associates the name Kīkīaola, meaning, “container acquired 

by ‘Ola” (Pukui et al. 1974:110), with three versions of the legend of Ola, an ali‘i of Waimea. In 

one version (Rice 1923:45), Ola wishes “to bring water to the taro patches of the Waimea flats. . . 

[and] summon[s] the Menehune people [who] each bring a stone and the watercourse (Kiki-a-Ola) 

is laid in a single night.” In the Thrum (1908:110-111) version of the tale, Kīkīaola is not the name 

of the watercourse itself: “Pi is the chief of Waimea who gets the Menehune to construct for him 

a dam across the Waimea river and a watercourse leading from it to a place above Kiki-a-ola.” 

Thrum says of the menehune, 

Their dwelling place was in the mountains, above Waimea, near, perhaps, to a place 

known as Waineki. . . The watercourse of Kikiaola, above the Waimea river, was 

built by this race of Menehunes. . . The chief that encouraged this race of 

Menehunes to the task rejoiced greatly at hearing of and seeing the completion of 

the watercourse of Kikiaola, to benefit the laboring people residing at Paliuli, and 

the water flowing down its course to enable the taro to grow thriftily for their 

sustenance. [Thrum 1923:214, 216] 

Thus, Thrum identifies the land east and adjacent to the Kīkīaola Ditch as the land (‘ili) of 

Pali‘uli, a Hawaiian word for “green cliff.” References to Pali‘uli often invoke images of an 

“earthly paradise of the gods” (Beckwith 1970:72). Pukui et al. (1974) describe “Paliuli” as a 

legendary land of plenty and joy, where chiefs were raised (Pukui et al. 1974:178). Although, 

“Paliuli” is generally believed to be in the Puna District of Hawai‘i Island, many places across the 

island chain are also called Pali‘uli. Tradition recalls “Paliuli” as a “floating island,” found either 

suspended above the clouds or resting upon the earth, “at the will of its keeper” (Beckwith 

1970:72). “Paliuli” is also identified as “the original paradise where the first two human beings 

were made and where they first dwelt” (Beckwith 1970:72). This Eden is described in chant, 

O Paliuli, hidden land of Kane, 

Land in Kalanai Hauola 

In Kahiki-ku, in Kapakapaua of Kane, 

Land with springs of water, fat and moist, 

Land greatly enjoyed by the god. [Beckwith 1970:72] 
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Both Thrum and Luomala make reference to a “beautiful floating island,” however, Luomala 

(1951:23) clarifies that this island is anchored near Kaua‘i, and is the home to both the menehune 

and the mu (legendary people of Lā‘au-haele-mai, Kaua‘i, said to be relatives of the menehune). 

Luomala’s version of the Kīkīaola story also identifies “Kiki-a-ola. . . [as] the chief of Waimea” 

who “seems to be the sacrifice to be offered” (Luomala 1951:23) at the completion of the dam and 

watercourse of Waimea by the menehune.  

The menehune overseer of the Pe‘ekaua‘i ‘auwai project was named Papa‘ena‘ena, which 

means “red, hot, lowland,” according to information on place names collected by Francis Gay 

(Gay 1873:33). In Rice’s version, Papa‘ena‘ena is the name of a stone on the Waimea shore. “At 

one time the Menehune hollowed out a huge stone, and carried it to Waimea, where the head 

Menehune fisherman used it as a house. It was called Papa‘ena‘ena, from his name. He sat in this 

house and watched his men fish” (Rice 1923:36). Wichman also states this is the stone 

Papa‘ena‘ena sat on to direct his menehune workers when they built the irrigation ditch, Kīkīaola, 

which means “container acquired by Ola” (Wichman 1998:8). 

Rice (1977:42) says that, “The Menehunes regarded a thief with great contempt, and the penalty 

for such a crime was death by being turned into stone.” He narrates the turning to stone of a 

menehune near Waimea Canyon road: 

At one time the Menehunes built two canoes of koa in the mountains near Puu-ka-

Pele. As they were dragging them down to the lowlands. . . one of the Menehunes 

broke a law and was condemned to die. He was turned into a stone which is still 

called Poha-kina-puaa and can be seen on the Waimea Canyon road, not far below 

Puu-ka-Pele. As the stone was being placed, such a shout was raised that it 

frightened the ducks on the Kawainui pond near Kailua, on Oahu. At Mahaulepu, 

on Kauai, another Menehune was turned to stone for stealing watermelons. [Rice 

1977:42] 

3.1.3 Kanaka-Nunui-Moe 

The story Kanaka-nunui-moe, or “the sleeping giant,” mentions Kōke‘e, Waimea Canyon, and 

Mānā, all locations within Waimea Ahupua‘a. A long time ago a giant named Nunui, who only 

slept once every one-hundred years, lived in the Kawaihau hills behind the town of Kapa‘a. 

One time, while Nunui was still awake, the high chief of Kawaihau wanted to build 

a large heiau to honor one of his gods. This was to be no ordinary temple. The chief 

wanted water-polished rocks for the walls and hard koa wood from Koke‘e for the 

framework of the god’s house. So, the chief told the Kawaihau people what he 

wanted them to do. They must gather rocks from the golden brown waters of the 

Koke‘e streams and cut koa trees on the edges of Waimea canyon, and gather pili 

grass that grew at Mana. “All this must be done in the turn of one moon,” he 

ordered. [Wichman 1985:14] 

The people knew the task the chief ordered was impossible to complete in one night. Noticing 

the villager’s long faces, Nunui asked the village people what was wrong, they explained the chiefs 

lofty desire. 

Nunui smiled gently. “Tend to your fields,” he said. “This work is nothing for me, 

and I’ll gladly help you. Besides, it will give me something to do.” 
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The giant went to Koke‘e and scooped up smooth, round boulders from the golden 

brown waters and brought them to Kapa‘a. “Chief,” he called to the astonished 

ruler, “show me where you wish to build this heiau.” 

The amazed chief pointed out the place set aside for the temple. Nunui placed the 

rocks to form a wall, fitting them so closely together that not even a mouse could 

squeeze between the cracks. Within a week, he had built a strong, thick, handsome 

wall around the sacred place. 

Nunui returned to the edge of Waimea canyon and cut down koa trees and trimmed 

them into the shapes he needed. He carried these back and made the framework of 

the house. He gathered pili grass from Mana and wrapped the stems into bundles, 

tied these bundles to the framework, and within half the time the chief had set, the 

heiau was finished. [Wichman 1985:15] 

3.1.4 The Rainbow Princess 

In his collection of Hawaiian legends, Willian Hyde Rice (1977) of Kaua‘i, retells the story 

“The Rainbow Princess” obtained by the Hawaiian language scholar Mr. Francis Gay. In this story, 

a family traveling to the valley of Nu‘alolo on the Nāpali coast dropped their baby girl into the 

depths of Waimea valley. At that point:  

The parents, in agony, watched their baby falling, but were overjoyed to see the 

akua of the rainbow catch her up before she struck the water and carry her on the 

rainbow over the mountains down to Waimea valley. In this valley, they placed her 

in a small cave beneath a waterfall. There she lived, watched over by the akua, who 

always sent the rainbow to care for her. There she grew, at length, into beautiful 

womanhood, and every day she sat in the sunshine on the rocks above the cave with 

a rainbow above her head. 

Then it happened that a prince from Waimea fell deeply in love with the beautiful 

Rainbow Princess, as she was called. [Rice 1977:16] 

The prince of Waimea tried to woo the Rainbow Princess but to avail. The Princess insisted 

that, “When you can call me by name, I will come to you” (Rice 1977:16). The Prince of Waimea 

set off on a journey to seek the consul of the kāhuna (priests; expert) of Maui and Hawai‘i 

regarding the girl’s name. The kāhuna offered him no help on the matter so he returned to Waimea 

calling upon his grandmother for help. “I could have told you her name,” his grandmother 

exclaimed.  

“Go to the waterfall. When the princess laughs at you, call her Ua, which means 

rain.” The prince hastened to the waterfall and when he called ‘Ua’ the beautiful 

maiden went to him. They were married and lived together many happy years. [Rice 

1977:16]  

3.1.5 The Girl and the Mo‘o 

Willian Hyde Rice (1977) retells the story “The Girl and the Mo-o” also obtained from Mr. 

Francis Gay. In this retelling a young girl living in the mountains above Makaweli caused her 

parents so many troubles that they sent her to live with a lizard or crocodile mo‘o (reptile; water 
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spirit). The mo‘o raised the young girl until one day her parents longed to recover their child. 

Trapping the girl with a net she cried-out to her parents: 

“In my youth you drove me from you. The mo-o cared for me. Now, why do you 

want me again?” 

She was like a wild animal, struggling to be free. Not daring to keep her so near the 

cave the parents moved to Waimea, where gradually they tamed the girl, until she 

grew accustomed to her old life. She had become very beautiful and later she was 

married to the prince of Waimea. [Rice 1977:91] 

A place called Wai-ka-mo‘o, translated to mean the “Water-of-the-Lizard,” is a valley -- said 

to have had pools and a small stream before the marshes of Mānā were drained -- which opens to 

a plain opposite of Mānā ridge (Handy and Handy 1972). Whether the Wai-ka-mo‘o valley is the 

location where the “Girl and the Mo‘o” takes place is unknown, it can be speculated that this well-

watered area was important to locals in the vicinity and could have been the wahi pana mentioned 

in the above mo‘olelo.  

 Wahi Pana (Storied Places) 

Wahi pana are legendary or storied places of an area. These legendary or storied places may 

include a variety of natural or human-made structures. Oftentimes dating to the pre-Contact period, 

most wahi pana are in some way connected to a particular mo‘olelo, however, a wahi pana may 

exist without a connection to any particular story. Davianna McGregor outlines the types of natural 

and human-made structures that may constitute wahi pana: 

Natural places have mana, and are sacred because of the presence of the gods, the 

akua, and the ancestral guardian spirits, the ‘aumakua. Human-made structures for 

the Hawaiian religion and family religious practices are also sacred. These 

structures and places include temples, and shrines, or heiau, for war, peace, 

agriculture, fishing, healing, and the like; pu‘uhonua, places of refuge and 

sanctuaries for healing and rebirth; agricultural sites and sites of food production 

such as the lo‘i pond fields and terraces slopes, ‘auwai irrigation ditches, and the 

fishponds; and special function sites such as trails, salt pans, holua slides, quarries, 

petroglyphs, gaming sites, and canoe landings [McGregor 1996:22].  

As McGregor makes clear, wahi pana can refer to natural geographic locations such as streams, 

peaks, rock formations, ridges, offshore islands and reefs, or they can refer to Hawaiian land 

divisions such as ahupua‘a or ‘ili, and man-made structures such as fishponds. In this way, the 

wahi pana of Waimea tangibly link the kama‘āina of Waimea to their past. It is common for places 

and landscape features to have multiple names, some of which may only be known to certain 

‘ohana or even certain individuals within an ‘ohana, and many have been lost, forgotten or kept 

secret through time. Place names also convey kaona (hidden meanings) and huna (secret) 

information that may even have political or subversive undertones. Before the introduction of 

writing to the Hawaiian Islands, cultural information was exclusively preserved and perpetuated 

orally. Hawaiians gave names to literally everything in their environment, including individual 

garden plots and ‘auwai, house sites, intangible phenomena such as meteorological and 

atmospheric effects, pōhaku (rock, stone), pūnāwai (freshwater springs), and many others. 
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According to Landgraf (1994), Hawaiian wahi pana “physically and poetically describes an area 

while revealing its historical or legendary significance” (Landgraf 1994:v). 

3.2.1 ‘Ili of Waimea  

Kekaha, Pōki‘i, Waiawa, and Mānā were ahupua‘a located in the ancient district of Kona in 

the present day Waimea District, on the southwest side of the island of Kaua‘i. All of these 

ahupua‘a are now ‘ili ‘āina of the ahupua‘a of Waimea. These ‘ili of Waimea are named and 

associated with stories that are important for understanding the character of the area. The following 

sections reveal stories and meanings associated with the ‘ili of Waimea.  

3.2.1.1 Waiawa 

Waiawa, is translated to mean “milkfish water” (Soehren 2002:184) or “Place of awa” 

(Andrews 1922:672). Waiawa is the location where the chief Kūalunuipaukūmokumoku, also 

known as Kūalu, was reunited with his long-lost son Ola. Ola, having been captured by a kahuna 

(priest) intending to sacrifice him so his identity as the son of Kūalu could never be discovered, 

was taken to Wai‘awa. After Kūalu discovered the true identity of Ola, his son, and ordered the 

building of the Hau-ola Heiau by menehune builders. The name Hau-ola means, “live offering” or 

“dew of life” and was built to commemorate Ola’s recognition as the Prince of the Royal House 

of Kaua‘i (Wichman 1998:167; Thrum 1906a).  

3.2.1.2 Kekaha 

Kekaha can be understood to mean, “land unsuited for taro growth” (Andrews 1922:650). Pukui 

et al. (1974:106) gives the literal translation of Kekaha as “the place.” However, Handy and 

Handy’s (1972:54) definition offers more insight into the place name: “Kaha was a special term 

applied to areas facing the shore but not favorable for planting.” In a lament chanted by Pele for 

her deceased husband, Lohi‘au, Kekaha is mentioned: 

Ku‘u kāne mai ka ‘ai lau ulu nui o uka ē 

Mai ka makani pā lauwili o Kekaha 

Ua ho‘okaha ‘ia e ka waiwai o ka lani 

Ua kuhi hewa ‘ia e ka po‘e kuhi hewa 

5. Auē ku‘u kāne ē 

Ku‘u kāne ho‘i 

Ku‘u kāne mai ka lau ‘awa o Hā‘ena, 

Ua hene wale ke aloha i loko o ke kanaka 

He mea mau ka makemake i ke kino. . . [Ho‘oulumāhiehie 2008:382-383] 

My dear man from where food grows 

abundant in the uplands 

From where the fickle winds of Kekaha blow 

Plundered by the gains of heaven 

Misjudged by the mistaken ones 

5. Alas my dear husband 

My dear husband, indeed 

My husband from the abundant ‘awa of Hā‘ena 

Love teases the heart 
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Physical desire is ever present. . . [Ho‘oulumāhiehie 2008b:357] 

3.2.1.3 Pōki‘i  

The meaning and stories of Pōki‘i are expanded on by Pukui et al.(1974) saying, “The old name 

was Poki‘i-kauna (chanting youngest brother or sister). Kapo, Pele’s sister, left her younger female 

relative. Moe-hauna (lie struck), here and she chanted a farewell. Lit., youngest brother or sister” 

(Pukui et al. 1974:188). Pele and her sisters left their ancestral home of Hawaiki (the Marquesan 

Islands) and journeyed to Hawai‘i. On Kaua‘i, Pele’s siblings, her sister Kapo‘ulakina‘u (Kapo), 

brother Kahuilaokalani (Kahuila), and the youngest sister, Kapokūlanimoeha‘unaiki (Moeha‘una) 

landed on the shores of Mānā, an ‘ili of the western section of Waimea. A handsome chief, 

Limaloa, greeted the travelers upon their arrival. Limaloa, was also kupua (possessing magic 

powers), and said to have been able to “make grand mirages of whole villages along the western 

coast of Kaua‘i, which would then disappear” (Ho‘oulumāhiehie 2008:70). 

Limaloa fell in love with Moeha‘una and begged her to stay with him in Mānā as the other 

siblings traveled onward east toward Waimea village. The group stopped on a ridge, missing their 

sister, and looked back toward Mānā. To commemorate the spot, Kahuila suggested they name the 

ridge Pōki‘ikauna, meaning “the yearning for the little sister.” This may be a reference to the ridge 

near the project area called Pōki‘i (Wichman 1991:32-38).  

3.2.1.4 Mānā 

Mānā is translated to mean, “a satisfied condition” (Andrews 1922:658). Andrews also 

indenfified the place name as being associated with a village in Waimea, Kaua‘i (1922:658) 

Furthermore, according to Pukui et al. (1974) Mānā is the, “Dry western end of Kaua‘i, where an 

older sister of Pele, Nā-maka-o-Kaha‘i (the eyes of Kaha‘i) introduced the kauna‘o a dodder” 

(Pukui et al. 1974:144). Mānā, according to Wichman, also holds significance as, “the long, sandy 

plain on the southwest side of Kauai that stretches between Kekaha and the start of Na-pali. In the 

old days, this was a marshy place and famous for its mirages” (Wichman 1985:167). Mānā as a 

wahi pana is clearly displayed in a story, retold by Wichman (1991), of Limaloa and Moeha‘una’s 

night together in hopes of becoming husband and wife. As Limaloa,  

prepared to stretch out on the bed, he was overpowered with a force he could never 

control. Moe-ha‘una-iki watched, first with surprise, then with fear, and finally with 

sorrow and understanding, as Limaloa’s shape blurred and wavered and rippled and 

begun to fade away. He could not reach the woman whose bed he wanted to share. 

His soul sped away to search for his great desire, the woman for whom he had born. 

No wonder all the women of Kauai rejected Limaloa and would never say why. 

Who could live with a husband who disappeared each time he came near his wife? 

Who could even explain it to anyone else?  

Then Moe-ha‘una remembered what her sister had said that night on the beach near 

Polihale. She saw a moth fluttering in the rafters of the house and recognized it as 

the living soul of Limaloa. She rose and took up a small covered gourd and caught 

the moth and caged it in the gourd, taking care not to injure it. 

She walked along the edge of the marsh until she came to Ka-una-Iewa. In the 

moonlight the mirage of Mānā shimmered. . . Moe-ha‘una turned and left Mānā 

and did not look back. . . For many centuries, when the moon shone on the nights 
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of Ku, the mirage would appear. First the houses and coconut trees sprang out of 

the ground. Then Limaloa would step out of his house, his feather cloak falling 

from his shoulders, his spear in one hand, and stride down the path of seashells to 

his wife. This was the mirage of Mānā. [Wichman 1991:39-40] 

Limaloa and Mānā are also referenced by Ho‘oulumāhiehie when imagining the beautiful 

physiques of Wahine‘ōma‘o, Papanuioleka, Hi‘iaka, and Pā‘ūopala‘ā as they swam uncovered 

across the Wailoa River (on Hawai‘i Island). Ho‘oulumāhiehie, “imagining their fine physiques 

uncovered” (2008:70) recalled the following lines, 

I wish to sip of the waters below 

Enhanced by the Ko‘apuai‘a showers 

Mānā shudders and clamors in haste 

Rushing to the sheltered strands of Nohomalu, yes, there 

There was I, where Kaunalewa sways side to side 

While Kawaili‘ulā, the land of mirages, relaxes peacefully 

Perhaps rejoicing over Limaloa 

Who crafted fantasies at Keālia, yes, there. [Ho‘oulumāhiehie 2008:70] 

3.2.2 Heiau Near and Around Waimea Town 

Kanakahelela, born during the reign of Kaumuali‘i knew the location of two heiau in and around 

Waimea town, Hikina‘akalā (meaning “rising of the sun”) and Kea‘ali‘i (meaning “the chief”) 

(Pukui et al. 1974:45, 102). He commented in 1885 saying, 

These were the large heiaus of Waimea that I have seen and have known. I saw one 

man offered as a sacrifice in the heiau of Hikina-a-kala. He was a sorcerer who was 

sacrificed with his small son. The older boy ran away and saved himself. Mamanu 

[sic] was the name of the boy but I have forgotten what the man’s name was. 

Namanu died recently. The heiau was on the seaward side close to the road near the 

spot where Isaac Kapuniai’s house stands. 

When that man was placed on the altar, it was built up high and could be plainly 

seen from the outside. I saw the man raised up and laid on it. Many of us saw this 

deed which was a customary one in our olden times. This is what I know concerning 

this heiau. I do not know what chief built the heiau nor have I heard. I guess it was 

Kaumualii who built it. 

The heiau of Keaalii is farther down, close to E.L. Kauai‘s saloon on the land now 

owned by Lovell. That is also a large heiau and was the one in which Lono (Captain 

Cook) was offered a pig when he came here to Kauai. [Hawaiian Ethnological 

Notes 1885:1:203] 

This description seems to suggest both heiau were on the west side of the river in Waimea, 

possibly close to Waimea Town, where a house site and a saloon might be found (Figure 166) and 

Figure 177). In 1873, Francis Gay published a list of place names in Kaua‘i. He listed two heiau 
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in the lower Waimea River Valley, Kahikina‘akalā (meaning “the sun rise”) on the west coast, and 

Nanaikalani (meaning “look to heaven”) on the east side. 

Kahikinaakala [The-sun-rise] A heiau, in the yard of Maluaikoo close to the fence 

of Kanaiiki at Waimea 

Nanaikalani [Look to Heaven] small heiau (unu) above Wailele, and mauka of the 

fort. [Gay 1873:1] 

Gay suggests that Nanaikalani was an unu, a term that usually describes either a fishermen’s 

shrine or an agricultural heiau dedicated to Lono. This may be the east bank heiau first seen by 

Captain Cook in 1778, or it may be a later heiau near the Russian Fort. 

In 1906, Thomas Thrum published a list of known heiau in the Hawaiian Islands. He listed 

three heiau for the area in Waimea and Makaweli near the mouth of the river. 

Mahaihai . . . Makaweli, east side of Waimea river. Destroyed. Site not identified. 

Keaalii . . . At Kealii, west side of Waimea river. Destroyed years ago and its stones 

used for fences. Fragments of foundation shows it to have been about 60 feet 

square. 

Hikinaakala . . . In Waimea village. Its foundations still to be seen, runs 272 feet 

along the road by 75 feet at east end and 81 feet at its west end. Some report it as a 

place of refuge, while others assert that the crossing of the river to Makaweli was 

the only puuhonua of this section of ancient Kauai. [Thrum 1906b:38-39] 

Pukui et al. (1974:45) identify Hikina-a-ka-lā, which literally means “rising of the sun,” as a 

pu‘uhonua heiau (place of refuge) at the mouth of the Wailua River in the moku of Puna. Flores 

(1995:IV-18) believes the structure called Hikinaakalā in Wailua was a site where ceremonies to 

greet the rising sun were conducted. It may also have been used as an astronomical observation 

and teaching site. He also notes there is a corresponding site of the same name in the ahupua‘a of 

Waimea. Several heiau in the ahupua‘a of Waimea and Wailua share the same names, probably 

due to the fact that the ali‘i nui (high chiefs) moved seasonally between these two centers of 

political power, living at Wailua in the summer months and at Waimea in the winter months 

(Salisbury 1936). It follows that these structures with shared names might have the same functions, 

therefore Thrum’s identifications of the heiau as a pu‘uhonua is possible. 

3.2.3 Polihale Heiau 

Just beyond the limits of Mānā, past Nohili point on the northwestern sea cliffs, Thrum (1906a) 

describes a large five-terraced platform heiau called Polihale, or Polihali. Polihale was the name 
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Figure 16. Sketch of a heiau on western bank of the Waimea River, probably Kea‘ali‘i Heiau 

(Webber 1781-83) 

 

Figure 17. Sketch of an unidentified heiau, possibly Kea‘ali‘i Heiau (Webber 1785)
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of the konohiki (headman) chief of Mānā who reigned in ancient times. After defeating Kū-‘īlio-

loa – the dog form of the god Kū –  with the help of Kāne and Kanaloa, Polihali built a temple to 

fulfill a promise he had made to the gods in return for their help in battle. Wichamn, in his 

retelling of the mo‘olelo Polihale, says that,  

On the slopes of the steep cliff where he [Polihale] had prayed, he built a great 

temple on five platforms, one above the other, and the houses for the gods were 

built and prayers and offerings were given at the altar. 

Hōkū-helelei named the temple Polihale, for that name means The-Center-of-the 

Body, the center of life and the first home of Kāne and Kanaloa on Kaua‘i. 

[Wichamn 1991:21] 

Kalapii, a local of Kaualewa, told Thrum of the significance of Polihale. In the 15th century, the 

war-faring Hawai’i Island chief Kalaunuiohua, after defeating kings on Maui, Molokai, and O‘ahu, 

headed to Kaua‘i to battle Kaua‘i’s King Kukona. Landing on beaches from Maha‘ulepu to Koloa, 

a battle known as the War of Ka-welewele, or Kawalewele-iwi, took place which saw King 

Kukona’s convoy defeat the Big Island warriors. According to Kalapii, in Thrum (1906a), “Twelve 

warriors from Hawaii, captured with many others in the battle, were killed in honor of the war god 

on the open platform of the Polihali heiau” (Thrum 1906a:62). 

Polihale Heiau is also chronicled by Handy and Handy (1972) who say that Polihale is located 

at one of the points in Kaua‘i where the souls of the deceased departe to pō (the realm of the gods). 

Priests at this heiau were responsible with the pronouncing of prayers that sped the departing soul’s 

departure into the setting sun and pō. Handy and Handy say of Polihale Heiau that: 

House sites on the nearby ridge in Ha‘ele‘ele Valley, ‘not far from Polihale heiau’ 

may have been the dwellings of the priests of this temple. Polihale is an appropriate 

site for a temple dedicated to the lord of the ocean. . . This was also, undoubtedly, 

a shrine to which the deep-sea fishermen of the Napali coast and Mana brought 

their offerings of fish, such as ulua, ‘ahi, aku and other denizens of the deep. 

[Handy and Handy 1972:413-414] 

3.2.4 Pu‘u-kāpele 

Pu‘u-kāpele Peak is positioned at the highest point of Waimea Canyon rim at an elevation of 

3,662 feet. The original pronunciation of Pu‘u-kāpele is translated to mean, “’distended hill’. The 

hill is so named because of its resemblance to the characteristic distended bellies of the Menehune, 

many of whom lived in this area” (Wichman 1998:13). Alternative pronunciations of the peak 

include Pu‘u-ka-Pele and Puka-Pele. Pu‘u-ka-Pele meaning, “Volcano hill” (Wichman 1998:13) 

was the name given to peak after Pele’s 14th century visit to the area. Wichman states that, “Pele 

is said to have stamped her foot on top of this hill when she leaped across the channel to O‘ahu, 

which formed the crater found at its summit. Sometimes this cone is called Puka-Pele, ‘Pele’s 

doorway’” (Wichman 1998:13). 

House sties remain today of an ancient village at Pu‘u-kāpele where koa and koai‘e [koai‘a] 

(Acacia koaia) trees were farmed to carve canoes and paddles. Canoe builders who lived in this 

village cut down kao and koai‘e tress that were hewed out in place and then hauled down to a shed 

on the beach where they were finished. It is thus no wonder that the valley that begins beside Pu‘u-

kapele was named Ka-luana-maulu, “The resting place from fatigue” (Gay 1873:27).  
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3.2.5 Ahu-loulu Heiau 

Ahu-loulu, a heiau at the foot of Pu‘u-kele crater, is translated to mean “heap of loulu palms” 

(Wichman 1998:15). The fronds loulu palms (Pritchardia species), the only palm endemic to 

Hawai‘i, were used for thatching of the seasonally erected heiau loulu. Ola, the renowned early 

chief of the Kaua‘i, is said to be the builder of the three-stepped Ahu-loulu Heiau. Wichman 

describes this heiau saying: 

There was a paved enclosure at the back where there is a large rock. The plugged-

up holes in this rock indicate it may have been used as a birthstone, a place where 

the umbilical cords of newly born children were placed for safekeeping. The loulu, 

a Pritchardia, was an endemic palm. [Wichman 1998:15] 

The loulu heiau type were generally propagated seasonally to honor the fishing gods and for 

rituals performed in the prevention of epidemics, famine, and destruction (Wichman 1998. Abbott 

1992). 

3.2.6 Caves of Waimea  

Caves, according to Malo (1951), were a “favorite way of dealing with bones of a very high 

chief. . . These were known only to the kahu, and it was an act of perfidy for him to betray the 

secret” (Malo 1951:99). Bennett (1931) describes burial caves on the western facing cliffs of the 

Waimea River. Burials depicted in these caves are believed to be of the post-contact period as the 

associated funerary objects were deemed “modern.” It is said of the burial caves that: 

Many caves show use for burial. . . there is one group of seven caves all of which 

contain bones. Two caves are at the base of the cliff and quite small. In one of those 

higher up there are 5 coffins of wood and 1 completely covered with lead. Modern 

cloth, shoes, hair, nails, a coin dated 1878, glass beads, and other such finds, mark 

these burials as recent. In the back of this cave there [p. 105] are a few canoe boards. 

In another cave there are also 5 coffins; one is hollowed out of a log. The association 

of modern materials date these burials as rather recent. In one large cave there are 

several fragments of old canoe boards and a bone or two. To the north of this cave 

is a smaller one containing many bones but no artifacts. One other cave with a small 

opening widens out and contains many bones and a canoe-shaped coffin. Most of 

the caves show evidence of being walled up with rocks and a mixture of clay and 

grass. Farther toward the sea is a large cave with the front still walled, but with 

windows and an open entrance, as though it had been used for a house site at one 

time. [Bennett 1931:104-105] 

In an 1885 series of Lahanialuna student interviews with old residents of Kaua‘i, accounts of secret 

caves in Waimea were given. The first cave described is Hakiakamahu: 

This cave was used for holding; personal property but not for the bones of chiefs. 

No chief was ever laid away in it, but tapas, clothing, and canoes were carried into 

it. 

All the property in this cave was burned up after Humehume’s battle. Nothing was 

left. These are the marks whereby it could be located: Kekupola was the place, it is 

situated in the upland on the hill of Hakiakamahu, on the edge of the precipice. It 
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is only a small promontory attached to the hill above and below it is the precipice. 

This secret cave belonged to Kaumualii and Kiilau was the man in charge of it. 

[Hawaiian Ethnological Notes 1885:205] 

Two more caves are mentioned in this account, Kalokaa-o-Keahialaka in Waimea and Kikiaola 

in Kikiaola. Both were deemed “secret caves” where guns were stored (Hawaiian Ethnological 

Notes 1885:205).  

3.2.7 Nā Ala Hele (Trails) 

Trails descending the canyons of Waimea were used by backlanders living inland. Handy and 

Handy (1972) describe three trails that connected the canyon valleys to the coast.  

Trails ascended the west walls at least three points of fairly 

easy access: one now known as the Kukui Trail just below the juncture of 

the Wai‘alae and the main stream; another nearly opposite the opening of the 

valley of the Koai‘e. A third, starting far along the Waiahulu Stream (beyond 

the junction with the Po‘omau), leads up to the forested rim region of Halemanu 

and Koke‘e. There were also lua., or steep ascents, to the eastward uplands from all 

the main stream valleys mentioned above. 

For these backlanders (kua‘aina) the trails leading from the ridge between 

Koai‘e and the Po‘omau into the forested area of Halemanu and Koke‘e 

joined to form “the way” (ke ala) along the Alaka‘i Swamp and down to the 

sea. It was their closest route into the more populous valleys and beaches of 

Wainiha and Hanalei on the north coast, or to Kalalau and the neighboring 

narrow valleys of the rugged Napali coast to the northwest. The construction 

of this difficult road, which actually crossed a portion of the swamp on a 

“corduroy” of tree-fern trunks, is also attributed to ‘Ola, the ancient mo‘i of 

the island, and bore his name, Kipapa-a-‘Ola. It was an achievement celebrated 

in chants. . . [Handy and Handy 1972:398] 

The Kipapa-a‘ola trail is said to have been developed by Ola to guide travelers safely through 

the Alaka‘i Swamp area. The portion of the trail lined with planks of hapu‘u (tree fern; Cibotium 

glaucum) is said to have been constructed my menehune and is called the Ka-lā‘au-kipapa-aOla 

(Wooden pavement of Ola) (Wichman 2003).  

 ‘Ōlelo No‘eau (Proverbs) 

Hawaiian knowledge was shared by way of oral histories. Indeed, one’s leo (voice) is oftentimes 

presented as ho‘okupu (“tribute,” a gift given to convey appreciation, to strengthen bonds); the 

high valuation of the spoken word underscores the importance of the oral tradition (in this case, 

Hawaiian sayings or expressions), and its ability to impart traditional Hawaiian “aesthetic, historic, 

and educational values” (Pukui 1983:vii). Thus, in many ways these expressions may be 

understood as inspiring growth within the reader or between speaker and listener: 

They reveal with each new reading ever deeper layers of meaning, giving 

understanding not only of Hawai‘i and its people but of all humanity. Since the 

sayings carry the immediacy of the spoken word, considered to be the highest form 
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of cultural expression in old Hawai‘i, they bring us closer to the everyday thoughts 

and lives of the Hawaiians who created them. Taken together, the sayings offer a  

basis for an understanding of the essence and origins of traditional Hawaiian values. 

The sayings may be categorized, in Western terms, as proverbs, aphorisms, didactic 

adages, jokes, riddles, epithets, lines from chants, etc., and they present a variety of 

literary techniques such as metaphor, analogy, allegory, personification, irony, pun, 

and repetition. It is worth noting, however, that the sayings were spoken, and that 

their meanings and purposes should not be assessed by the Western concepts of 

literary types and techniques. [Pukui 1983:vii] 

Simply, ‘ōlelo no‘eau may be understood as proverbs. The Webster dictionary notes it as “a 

phrase which is often repeated; especially, a sentence which briefly and forcibly expresses some 

practical truth, or the result of experience and observation.” It is a pithy or short form of folk 

wisdom. Pukui equates proverbs as a treasury of Hawaiian expressions (Pukui 1995: xii). 

Oftentimes within these Hawaiian expressions or proverbs are references to places. This section 

draws from the collection of author and historian Mary Kawena Pukui and her knowledge of 

Hawaiian proverbs describing ‘āina (land), chiefs, plants, and places.  

The following proverbs concerning the Waimea Ahupua‘a come from Mary Kawena Pukui’s 

‘Ōlelo No‘eau (Pukui 1983). 

3.3.1 ‘Ōlelo No‘eau #1662 

Ka wai ‘ula ‘iliahi of Waimea  

The red sandalwood water of Waimea.  

This expression is sometimes used in old chants of Waimea, Kaua‘i. After a storm 

Waimea Stream is said to run red. Where it meets Makaweli Stream to form 

Waimea River, the water is sometimes red on one side and clear on the other. The 

red side is called wai‘ula‘iliahi. [Pukui 1983:179] 

3.3.2 ‘Ōlelo No‘eau #686 

He keiki kālai hoe na ka uka o Pu‘ukapele.  

A paddle-making youth of Pu‘ukapele.  

A complimentary expression. He who lives in the uplands, where good trees grow, 

can make good paddles. Pu‘ukapele is a place above Waimea Canyon on Kaua‘i. 

[Pukui 1983:76] 

3.3.3 ‘Ōlelo No‘eau #2920 

Wawā ka menehune i Pu‘ukapele ma Kaua‘i, puoho ka manu o ka loko o Kawainui  

ma O‘ahu. 

The shouts of the menehune on Pu'ukapele on Kaua‘i startled the birds of Kawainui 

Pond on O‘ahu. 

The menehune were once so numerous on Kaua‘i that their shouting could be  heard 

on O‘ahu. Said of too much boisterous talking. [Pukui 1983:320] 
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3.3.4  ‘Ōlelo No‘eau #1104 

Ho‘onohonoho i Waineki kauhale o Limaloa. 

Set in order at Waineki are the houses of Limaloa. 

Limaloa, the god of mirages, made houses appear and disappear on the plains of 

Mana. This saying applies to the development of ideas, the setting of plans, or the 

arranging of things in order. [Pukui 1983:118] 

3.3.5 ‘Ōlelo No‘eau #1339 

Ka i‘a ho‘pā ‘ili kanaka o Waimea. 

The fish of Waimea that touch the skins of people.  

When it was the season for hinana, the spawn of ‘o‘opu, at Waimea, Kaua‘i, they 

were so numerous that one couldn’t go into the water without rubbing against them. 

[Pukui 1983:146] 

3.3.6 ‘Ōlelo No‘eau #1775 

Ke one kapu o Kahamalu‘ihi. 

The sacred sand of Kahamalu‘ihi. 

A city of refuge for those of Waimea, Mana, and the Kona side of Kaua‘i. [Pukui 

1983:190] 

3.3.7 ‘Ōlelo No‘eau #2910 

Waikāhi o Mānā. 

The single water of Mānā. 

When schools of ‘ōpelu and kawakawa appeared at Mana, Kaua‘i, news soon 

reached other places like Makaweli, Waimea, Kekaha, and Poki'i. The uplanders 

hurried to the canoe landing at Keanapuka with loads of poi and other upland 

products to exchange for fish. After the trading was finished, the fishermen placed 

their unmixed poi in a large container and poured in enough water to mix a whole 

batch at once. It didn’t matter if the mass was somewhat lumpy, for the delicious 

taste of fresh fish and the hunger of the men made the poi vanish. This single 

pouring of water for the mixing of poi led to the expression, “Waikāhi o Mana.” 

[Pukui 1983:318-319] 

 Oli (Chants) 

Oli, according to Mary Kawena Pukui (Pukui 1995:xvi–xvii) are often grouped according to 

content. Chants often were imbued with mana (spiritual power); such mana was made manifest 

through the use of themes and kaona (hidden meanings). According to Pukui, chants for the gods 

(prayers) came first, and chants for the ali‘i, “the descendants of the gods,” came second in 

significance. Chants “concerning the activities of the earth peopled by common humans,” were 

last in this hierarchy (Pukui 1995:xvi–xvii). Emerson conversely states: 
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In its most familiar form the Hawaiians–many of whom [were lyrical masters]–

used the oli not only for the songful expression of joy and affection, but as the 

vehicle of humorous or sarcastic narrative in the entertainment of their comrades. 

The dividing line, then, between the oli and those other weightier forms of the mele, 

the inoa, the kanikau (threnody), the pule, and that unnamed variety of mele in 

which the poet dealt with historic or mythologic subjects, is to be found almost 

wholly in the mood of the singer. [Emerson 1965:254]  

While oli may vary thematically, subject to the perspective of the ho‘opa‘a (chanter), it was 

undoubtedly a valued art form used to preserve oral histories, genealogies, and traditions, to recall 

special places and events, and to offer prayers to akua (gods) and ‘aumākua (family gods) alike. 

Perhaps most importantly, as Alameida (1993:26) writes, “chants . . . created a mystic beauty . . . 

confirming the special feeling for the environment among Hawaiians: their one hānau (birthplace), 

their kula iwi (land of their ancestors).” 

3.4.1 Ho‘ao (Marriage) oli 

In an oli that would be chanted during a woman’s pregnancy, in hopes of producing desired 

qualities for the offspring, Kekaha of Waimea Ahupua‘a is mentioned (Gutmanis 1983). Today, 

this oli may be used as a marriage prayer according to Gutmanis (1983). 

. . . Me he alii, alii, la no ka hele i Kekaha, 

Ka hookiekie i ka li‘u-la,  

Ka hele i ke alia-lia la, alia! 

Alia-lia la‘a-laau Kekaha. 

Ke kaha o Kaia-ihi, Wai-o-lono. 

. . . It vaunts like a king at Kekaha, 

Flaunting itself in the sun’s heat, 

And lifts itself up in mirage, 

Ghost-forms of woods and trees in Kekaha  

Sweeping o‘er waste Kala-ihi, Water-of-Lono; [Gutmanis 1983:46] 

3.4.2 Pele and Oli of Waimea 

Many oli that mention places of Waimea are related to Pele, her family, friends, and her 

journeys. Places within Waimea are mentioned in an oli transcribed in the “The Epic Tale of 

Hi‘iakaikapoliopele” (Ho‘oulumāhiehie 2008). Several place names, generally names of ‘ili within 

the ahupua‘a of Waimea, are found in a chant by the volcano goddess Pele, as she called out the 

names of the winds of the island of Kaua‘i. 

A pā a noua ka makani o Kaua‘i . . . The winds of Kaua‘i blow, urged on . . . 

He Lamalamapū‘ilikai ko Pōki‘‘i Pōki‘i has a Lamalamapū‘ilikai wind 

Aloha wale o‘u pōki‘i  Beloved indeed are my pōki‘i, my younger 

siblings  

He Mau‘umae ko ‘Āina‘ike  ‘Āina‘ike has a Mau‘umae wind 

A ‘ike mai nō ‘oe ia‘u, e ke aloha As you ‘ike, see and know me, my love 

Mai ho‘ohewahewa mai ‘oe  Be not mistaken 
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He Holonaku ko Kapā‘eli  Kapā‘eli has a Holonaku wind 

He Moeāhua ko Kekaha  Kekaha has a Moeāhua wind 

He Moehau ko Pu‘upu‘upa‘akai Pu‘upu‘upa‘akai has a Moehau wind 

He Ulumano ko Pāwahe  Pāwehe has an Ulumano wind 

He Lapawai ko Pā‘ena‘ena  Pā‘ena‘ena has a Lapawai wind 

He Ho‘okomowaipao ko Waimea Waimea has a Ho‘okomowaipao wind 

He Kiuwai‘ula ko Kīkīaola  Kīkīaola has a Kiuwai‘ula wind 

[Ho‘oulumāhiehie 2008a:16; 2008b:15-16] 

When Pele’s beloved sister, Hi‘iaka, and her companions were sailing in a canoe past the shore 

of Waimea, she called the following chant: 

‘O a‘u mau wai aloha ‘elua lā My two beloved waters 

‘O ka wai ‘ula lā a me ka wai kea Water running red and water running white 

Ke wilia maila e ka makani  Swirled together by the wind 

‘O a‘u mau makani aloha i ka pali  My beloved winds on the cliffs of 

o Kīkīaola    Kīkīaola 

‘O Kaho‘okomowaipao me   The Kaho‘okomowaipao and the  

Kiuwai‘ula     Kiuwai‘ula 

E keuhu nei i ke one kahakai lā Stirring up the sand there at the shore 

Aloha wale Papa‘ena‘ena lā  Beloved indeed in Papa‘ena‘ena 

I ka mālie a‘e ho‘i ē.   There beyond, in the calm. 

[Ho‘oulumāhiehie 2008a:252, 2008b:236] 

While in Hā‘ena, Kaua‘i, Pele was intent on winning over Lohi‘au as her lover and bringing 

him back to Hale-ma‘uma‘u with her. In this moment Pele offered the following chant to Lohi‘au 

which mentions the Alaka‘i swamp of Waimea:  

Hanalei is beaten down by the heavy rains 

Falling from the clouds over Alaka‘i swamp. 

The rain reaches Manu‘a-kepa 

Where the traveler falls on slippery moss. 

Where is one to lead the newcomer safely? 

I search for one to give me life 

To bring life to me here! [Wichman 2001:79]  

 Mele (Song) 

There exist several mele that concern or mention Waimea. These particular mele may also be 

classified as mele wahi pana (songs for legendary or historic places). Mele wahi pana such as those 

presented here may or may not be accompanied by hula (dance) or hula wahi pana (dance for 

legendary or historic places). As the Hula Preservation Society notes, 
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Hula Wahi Pana comprise a large class of dances that honor places of such 

emotional, spiritual, historical, or cultural significance that chants were composed 

for them. Only the composers of the chants could know the deepest meanings, as 

they would be reflections of their feelings and experiences . . . Since the subjects 

of Wahi Pana compositions are extremely varied, their implementation through 

hula are as well. Coupled with the differences from one hula style and tradition to 

the next, Hula Wahi Pana can be exceptionally diverse. They can be done sitting 

or standing, with limited body movement or wide free movement; with or without 

the use of implements or instruments; with the dancers themselves chanting and/or 

playing an implement or being accompanied by the ho‘opa‘a [drummer and hula 

chanter (memorizer)]. Beyond the particular hula tradition, what ultimately 

determines the manner in which a Hula Wahi Pana is performed are the specific 

place involved, why it is significant, the story being shared about it, and its 

importance in the composer’s view. [Hula Preservation Society 2014] 

3.5.1 Kaua‘i Mele 

This mele from Kaua‘i highlights the complexities of local color and topography with mention 

of the Waimea area.  

Pale I      Canto I 

Auhea wale oe, e ka Makani Inu-wai? Whence art thou, thirsty wind, 

Pa kolonahe i ka ili-kai,   That gently kissest the sea, 

Hoohui me ka Naulu,    Then, wed to the ocean breeze, 

Na ulu hau i ka hapapa.   Playest fan with the bread-fruit tree? 

Anō au ike i ke ko Hala-li‘i,   Here sprawl Hala-ili’s canes, 

I keia wa nana ia Lehua.   There stands bird-haunted Lehua. 

Pale II      Canto II 

Aia i Waimea ku‘u haku-lei;   My wreath-maker dwells at Waimea. 

Hui pu me ka wai ula ili-ahi,   Partnered is she to the swirling river; 

Mohala ka pua i ke one o Pawehe;  They plant with flowers the sandy lea, 

Ka lawe a ke Koolau While the bearded surf tossed by the 

breeze, 

Noho pu me ka ua punonohu ula i ka nahele,  Vaunts on the hills as the sun-bow, 

Ike i ka wai kea o Makaweli; Looks on the crystal stream 

Makaweli, 

Ua noho pu i ka nahele And in the wildwood makes her 

abode. 

Me ka lei hinahina o Maka-li‘i.  With Hinahina of silvern wreaths. 

Liilii ka uka o Koae‘a;   Koae‘a’s a speck to the eye, 

Nana i ka ua lani-pili,    Under the low-hanging rain-cloud, 

Ka o-ō, manu le‘a o ka nahele.  Woodland home of the plaintive o-ō. 

I Pa-ie-ie au, noho pu me ke anu.  From frost-bitten Pa-ie-ie 

E ha‘i a‘e oe I ka puana:   I bid you, guess me the fable: 

Ke kahuna kalai-hoe o Puu-ka-Pele.  Paddle-maker of Pele’s mount. 

[Emerson 1965:110-111] 
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The author mentions the Naulu sea-breee of Waimea; Lehua — a bird-island visible from 

Waimea; Puu-ka-Pele — a volcanic hill near Waimea; and the wreath-maker — haku-lei, who 

dwells at Waimea, which is thought to be ocean-vapor (Emerson 1965).   

3.5.2 Kōke‘e 

Written for the forests above Waimea, Kōke‘e, composed by Dennis Kamakahi in 1983, 

describes the beauty and landscape of the Kōke‘e mountains of Waimea. 

‘Upu a‘e, he mana‘o   Thoughts well up in me 

I ka wēkiu o Kōke‘e   Of the highlands of Kōke‘e 

I ka nani, o ka ‘āina   Of the beauty of the land 

O ka noe pō‘ai‘ai   And the swirling mists 

~hui     chorus: 

‘O Kalalau he ‘āina la‘a  Kalalau, a sacred land 

I ka ua li‘ili‘i    In the fine, passing rains 

‘O Waimea ku‘u lei aloha  Waimea is my lei of love 

Never more to say goodbye  Never more to say goodbye 

E ho‘i mai ana i ka hikina  Returning to the east 

I ka lā welawela   In the sun, clear and hot 

I ke kai hāwanawana   To the whispering seas 

I Po‘ipū ma Kōloa   At Po‘ipū and Kōloa 

Mele au no ka beauty   I sing of the beauty 

I ka uka ‘iu‘iu    In the far highlands 

I Kōke‘e ua ‘ike au   At Kōke‘e I have seen 

I ka noe pō‘ai‘ai   The mists that swirl about [Wilcox 2003:130] 

3.5.3 Maika‘i Kaua‘i 

Composed by Herny Waiua, the choir director of Lihu‘e Hawaiian Congregational Church, this 

mele is said to be based on a chant composed for Kaumuali‘i, the Kaua‘i chief. 

Maika‘i nō Kaua‘i   Fine indeed is Kaua‘i 

Hemolele i ka mālie   So perfect in the calrn 

Kuahiwi Wai‘ale‘ale   Beautiful mountain, Wai‘ale‘ale 

Lei ana i ka mokihana   Wears the mokihana lei 

Hanohano wale ‘o Hanalei  So glorious is Hanalei 

I ka ua nui hō‘eha ‘ili   With pounding rain that stings the skin 

I ka wai o ‘u‘inakolo   And the rustling water 

I ka poli o Nāmolokama  In the heart of Nāmolokama 

Ua nani wale ‘o Līhu‘e  So very beautiful is Līhu‘e 

I ka ua pa‘u pili hale   In the drenching rain that clings to the house 

I ka wai hu‘ihu‘i anu   With the cold refreshing waters 

Kahi wai a‘o Kēmamo  From the springs of Kēmamo 

Kaulana wale ‘o Waimea  So renowned is Waimea 

I ke one kani o Nohili   With the roaring sands of Nohili 
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I ka wai ‘ula ‘iliahi   Amidst the red tinged waters 

A he wai na ka malihini  Water that visitors enjoy 

Maika‘i wale nō Kaua‘i  So very fine is Kaua‘i 

Hemolele wale i ka mālie  So perfect in the calm 

Kuahiwi nani Wai‘ale‘ale  Beautiful mountain, Wai‘ale‘ale 

Lei ana i ka mokihana   Wears the mokihana lei [Wilcox 2003:160] 

3.5.4 Hele On To Kaua‘i 

This mele by Israel Kamakawiwo‘ole, reliseaed in 1995, represents a more contemporary ode 

to Kaua‘i and the canyons of Waimea — which have long captivated the attention of visitors and 

residents alike. 

There’s a place I recall 

Not too big, in fact its kinda small 

The people there know they got it all  

The simple life for me 

Hele on to Kauai 

Hanalei by the bay 

Wailua river valley is where I used to play 

The canyons of Waimea standing all aglow 

The magic of the garden isle is calling me back home 

When I was young, not too smart 

I left my home, looking for a brand new start 

To find a place that’s better still 

now I know, I know I never will [Huapala 2018 Hele on to Kaua‘i] 
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Section 4    Traditional and Historical Accounts of Waimea  

 Pre-Contact to Early Historic Period 

The large size of Waimea Ahupua‘a is admittedly unusual as single ahupua‘a do not typically 

occupy such a large percentage of the land area of a major Hawaiian island. It could be argued that 

the comparatively low agricultural productivity of the Mānā plain, due to the scarcity of water, is 

the basis for its inclusion in Waimea. However, the same cannot be said for the well-watered 

valleys of Nu‘alolo and Miloli‘i, both of which could easily support typical and self-contained 

valley settlements of perhaps small but stable populations.  

One could also speculate that Waimea, being one of the two areas of the island that traditionally 

served as the domain of the high chiefs (the other being Wailua), commanded the resources of the 

large upland region of Kōke‘e and Alaka‘i, among them the large koa (Acacia koa) trees out of 

which the hulls of canoes were hewn, and forest birds that supplied the feathers for cloaks, capes, 

and other items associated with the ali‘i (chiefly class). It is quite possible that at one time, Waimea 

was divided into several smaller ahupua‘a, perhaps before the Māhele, or even in pre-Contact 

times. 

Waimea is thought to have first been settled by voyagers from Tahiti, led by Kūalu-nui-kini-

akua. The first settlers of Waimea utilized a native tree they name waimea (also known as māmaki. 

Waimea pipturus or Pipturus albidus) to make kapa (cloth) until the wauke (mulberry; 

Broussonetia papyrigera) trees they had brought with them were mature enough to be used 

(Wichman 2003).  The tapa made from the waimea or māmaki tree was not as soft as that made 

from wauke and was thus only utilized for tapa production when wauke was unavailable. The fruit 

of the māmaki tree was also used by early Hawaiians as a laxative while the leaves, today as well 

as in past, are used to brew a tea that is drank to reduce blood pressure and high cholesterol 

(Hawaiian Electric Company and Partners 2002)  

The Pi‘i-ali‘i (Colocasia esculenta) variety of taro was brought to Kaua‘i by its name sake Pi‘i-

ali‘i, Ku‘alu-nui-kini-akua’s kalaimoku (chief counselor), was used as an offering to the gods and 

kept for use only by ali‘i. Pi‘i-ali‘i makes a red colored poi that is held in high regard for its flavor 

and quality. This variety of taro is one of the oldest taro varieties grown in the Hawaiian Islands 

and is still grown in Kaua‘i today (Wichman 2003; Whitney et al. 1939).  

Under the leadership of Ola, Kūalu-nui-kini-akua’s grandson, the island was further explored 

and many of Kaua‘i’s current place names were established.  

Waimea, Kaua‘i was also a site of great significance for po‘e kuhikuhi pu‘uone (site experts) 

and po‘e kilo hoku holo moana (navigators) of the Pre-Contact time. Po‘e kilo hoku (astronomers) 

of O‘ahu and Kaua‘i, “who were very skilled in discerning the ways of the sun, the moon, and the 

starts, as well as knowing the configuration of the earth (papa hulihonua)” (Kamakau 1976:14), 

gathered in Waimea, Kaua‘i to make their observations.  

In Fredrick B. Wichman’s work in Nā Pua Ali‘i o Kaua‘i (Ruling Chiefs of Kaua‘i) (2003) a 

rich description is given of the Waimea area in Pre-Contact times. Wichman describes the land 

ashore of the Waimea river upon the arrival of voyager Ku‘alu-nui-kiniakua saying: 
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There was abundant water from the swift rivers and streams that flowed within a 

protected canyon complex. The climate was warm and dry, useful for people who 

wore clothes of beaten bark. The area was cooled by Wai-paoa (“Scooped Water”), 

a daytime breeze from the sea, and Wai-pa‘u (“Water Drenched”) from the 

mountains at night. There was good soil within the canyon valleys behind the cliff 

that blocked easy access into the interior. . . Taro could easily be grown in fields 

that took water from the river upstream, fed by ditches to each connected lo‘i (taro 

patch) before returning the water to the river. Sweet potatoes and yams grew well… 

[Wichman 2003:5-6] 

Speaking more broadly of the early people of Kaua‘i, Wichman (2003) describes unique 

cultural developments on the island saying: 

From the beginning the Kaua‘i people developed unique tools never seen on other 

islands. These included pohaku ku‘i poi (ring and stirrup pounders), double-

grooved stone club heads, and a broad anvil for beating kapa. They learned how to 

weave intricately designed mats of makaloa (sedge) so soft it could be used for 

clothing. They discovered a method for decorating their ipu (bottle gourds), which 

they used as containers for food and water. They strung the tiny seashells found on 

the beaches into necklaces. Brightly feathered birds abounded from seashore to 

mountaintop, and their feathers were collected and woven into wreaths, capes, and 

helmets. Throughout their entire history, the people of Kaua‘i created things of 

beauty from even the most ordinary objects. [Wichman 2003:6-7]  

4.1.1 Captain Cook in Waimea 

By the time the British vessels Discovery and Resolution, under the command of Captain James 

Cook, anchored at Waimea Bay on 20 January 1778, the ahupua‘a of Waimea had long been a 

focus of settlement, agriculture, and ali‘i (chiefly) residence on Kaua‘i. The well-watered valley 

and delta of the Waimea River were ingeniously developed and engineered for wetland agriculture, 

and represent the epitome of the typical Hawaiian and Kaua‘i-type valley settlement (Handy and 

Handy 1972:393-397). Cook, anchored off Waimea, observed the following: 

The road, or anchoring place, which we occupied, is on the south-west side of the 

island, about six miles from the west end, before a village which has the name of 

Wymoa [Waimea]. As far as we sounded, we found the bank has a fine grey sand 

at the bottom, and is free from rocks; except a little to the eastward of the village, 

where there spits out a shoal, on which are some rocks and breakers; but they are 

not far from the shore. [Cook 1821:206] 

According to Hawaiian tradition, Cook’s landing site was seaward of the native village on a 

beach of fine black sand called Luhi or Keoneluhi (Joerger and Streck 1979:8). Luhi means 

“tedious or tired,” as in the saying, Ho‘i i ke one o Luhi (“Go back to Tired Beach”). This saying 

refers to one returning to an unpleasant task (Pukui et al. 1974:135). Aletha Kaohi, quoting her 

father William Kapahukaniolono Goodwin of Waimea, relates that the beach was named this 

because warriors used the area for training, running on the sand to strengthen their legs, which 

made them very tired and weary (Joerger and Streck 1979:8). Kaohi reported the ancient landing 

site of Waimea was midway between the river mouth and the pier; this may also have been the 

landing area for Cook’s men.  
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The first contact began badly. A small landing party was sent in a small boat to reconnoiter the 

anchorage. As it landed, it was surrounded by about 100 Hawaiians; some jumped in the boat and 

one man grabbed a boat hook. Cook’s Third Lieutenant John Williamson hit the man with a rifle 

butt, and when the man tried to hit him, Williamson shot and killed the man. 

Cook’s observations during an excursion on shore in 1778 reveal the profusion of population, 

agriculture, and cultural/religious expression that had evolved at Waimea by the latter eighteenth 

century: 

Our road . . . lay through the plantations. The greatest part of the ground was quite 

flat, with ditches full of water intersecting different parts, and roads that seemed 

artificially raised to some height. The interspaces were, in general, planted with 

taro, which grows here with great strength, as the fields are sunk below the common 

level, so as to contain the water necessary to nourish the roots. This water probably 

comes from the same source, which supplies the large pool from which we filled 

our casks. On the drier spaces were several spots where the cloth-mulberry was 

planted in regular rows; also growing vigorously, and kept very clean. The cocoa-

trees were not in so thriving a state, and were all low; but the plantain-trees made a 

better appearance, though they were not large. In general the trees round this 

village, and which were seen at many of those which we passed before we anchored 

are the cordia sebestina [kou; Cordia subcordata]; but of a more diminutive size 

than the product of the southern isles. The greatest part of the village stands near 

the beach, and consists of above sixty houses there; but, perhaps, about forty more 

stand scattered about, farther up the country, toward the burying-place [heiau]. . . .  

I found a great crowd assembled at the beach, and a brisk trade for pigs, fowls, and 

roots going on there, with the greatest good order, though I did not observe any 

particular person who took the lead amongst the rest of his countrymen. [Cook 

1821:189] 

The expedition’s artist, John Webber, made a sketch of the village (Figure 18) which shows the 

villagers rolling barrels of water filled at the Waimea River for the ships.  

Possibly the first descriptions by westerners of a surfboard, used as a paddleboard in this case, 

were made either off the Waimea shore of Kaua‘i or off the island of Ni‘ihau. Charles Clerke, an 

officer sailing with Captain Cook in 1778, reported seeing: 

. . . a thin piece of Board about 2 feet broad & 6 or 8 long, exactly in the Shape of 

one of our bone paper cutters; upon this they get astride with their legs, then laying 

their breast along upon it, they paddle with their Hands and steer with their feet, 

and gain such Way thro’ the Water that they would fairly go round the best going 

Boats we had in the two Ships, in spight [sic] of every Exertion of the Crew, in the 

space of a very few minutes. [Beaglehole 1974:675] 

William Ellis, the surgeon’s mate of the expedition, also saw surfboards, this time definitely at 

Waimea, Kaua‘i. He described these as “very light flat pieces of boards, which we called 
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Figure 18. Sketch of Waimea Village by John Webber (1778), An Inland View in Atooi
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sharkboards, from the similitude the anterior part bore to the head of that fish” (Ellis 1783:179). 

Following Cook’s visit, other foreign explorers and traders made Waimea a port of call during the 

remainder of the eighteenth century. 

 Early Historic Period  

4.2.1 Observations of Early Explorers and Visitors  

4.2.1.1 Late 1700s to Mid-1800s 

In 1786 and 1787, two fur-trading ships, the King George and the Queen Charlotte, visited 

Waimea for revictualing and refurbishing. The ships were under the command of Captains 

Nathaniel Portlock and George Dixon. William Broughton, who served under Dixon, described 

Waimea in February 1787: 

There are a number of houses scattered here and there all the way from this village 

to the beach; and as we walked leisurely along, the inhabitants were continually 

pressing us to stop a while, and repose ourselves under the trees, which generally 

grow about their habitations. . . . 

The valley all the way we walked along to the beach, is entirely planted with taro; 

and these plantations are laid out with a great deal of judgment. 

The ground is very low, and taro grounds are entirely covered with water, and 

surrounded with trenches, so that they can either be drained, or fresh watered, from 

the river at pleasure. They are laid out in a variety of forms, according to the fancy 

of the different owners, whose various shares are marked with the most scrupulous 

exactness: these are intersected at convenient distances by raised foot-paths, about 

two feet wide. I should observe that these plantations range entirely along the river-

side, and the houses I have been speaking of are situated to the westward of the 

extreme path. The trees, which are pretty numerous about the houses, are generally 

the cloth mulberry. [Dixon 1789:130–131] 

In March 1792, Captain George Vancouver walked through the same area, but traveled deep 

enough into the valley to give the first western account of the Menehune Ditch. Vancouver writes 

the following: 

I proceeded along the river-side, and found the low country which stretches from 

the foot of the mountains toward the sea, occupied principally with the taro plant, 

cultivated much in the same manner as at Woahoo; interspersed with a few sugar 

canes of luxuriant growth, and some sweet potatoes. The latter are planted on dry 

ground, the former on the borders and partitions of the taro ground, which here, as 

well as at Woahoo, would be infinitely more commodious were they a little broader, 

being at present scarcely of sufficient width to walk upon. This inconvenience may 

possibly arise from the principle of economy, and the scarcity of naturally good 

land. The sides of the hills extending from these plantations to the commencement 

of the forest, a space comprehending at least one half of the island, appeared to 

produce nothing but a coarse spiry grass from an argillaceous soil, which had the 

appearance of having undergone the action of fire. . . . Most of the cultivated lands 

being considerably above the level of the river, made it very difficult to account for 
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their being so uniformly well watered. As we proceeded, our attention was arrested 

by an object that greatly excited our admiration, and at once put an end to all 

conjecture on the means to which natives resorted for the watering of their 

plantations. A lofty perpendicular cliff now presented itself, which, by rising 

immediately from the river, would have effectually stopped our further progress in 

to the country, had it not been for an exceedingly well constructed wall of stones 

and clay about twenty-four feet high, raised from the bottom by the side of the cliff, 

which not only served as a pass into the country, but also as an aqueduct, to convey 

water brought thither by great labour from a considerable distance; the place where 

the river descends from the mountains affording the planters an abundant stream, 

for the purpose to which it is so advantageously applied. This wall, which did no 

less credit to the mind of the projector than to the skill of the builder, terminated 

the extent of our walk; from which we returned through the plantations, whose 

highly improved state impressed us with a very favorable opinion of the industry 

and ingenuity of the inhabitants. [Vancouver 1798:170-171] 

Archibald Menzies, a surgeon and naturalist aboard the Discovery, accompanied Vancouver on 

the inland expedition and left his own account. Menzies writes the following: 

We landed on a sandy beach near the mouth of the river where we were received 

by the natives with great order and regularity . . . 

I walked with Captain Vancouver into the plantation and passed over a place where 

a number of houses had recently burnt down. This I knew to be formerly the site of 

Ka‘eo’s residence, for whom these houses had been particularly tabooed, and as, 

according to the custom of the country, no one could inhabit them after him, it is 

probable that they were thus destroyed when he departed on his present warlike 

expedition. 

Through this plantation, which is tolerably level, the village of Waimea is 

irregularly scattered over the bottom of a valley facing the bay by a fine sandy 

beach, where it is about half a mile wide and gets gradually narrower as it recedes 

back from the shore. It is sheltered on both sides by steep, rocky banks, in the 

caverns of which the natives in many places form habitations. The river which here 

glides on so smoothly as to form a pleasing sheet of water, takes the direction of 

the eastern side of the valley for nearly two miles back, where it divides into two 

branches which fall from the mountains by separate valleys formed by steep, rocky 

precipices that give them a wild and romantic appearance. [Menzies 1920:27-28] 

Ka‘eo, whose residence Menzies mentions, was the king of Kaua‘i. Since the high chiefs of the 

island made their principal residences in Wailua on east Kaua‘i, it is noteworthy that Ka‘eo had a 

residence at Waimea on the east side of the river, perhaps an indication of the area’s prestige and 

importance at the end of the eighteenth century. Menzies (1920) reported that several hundred 

orange plants were brought by Vancouver’s ships to be distributed among the Hawaiian Islands. 

Apparently, some of these plants never left Waimea and during following decades oranges would 

be among the goods traded to whaling ships stopping there. 
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4.2.1.2 1800s to mid-1800s  

In 1786, Captain Nathaniel Portlock, after exploring the southwest shore of Kaua‘i, was “well 

assured that Atoui [Kaua‘i] afforded no place for the ships to ride in equal to Wymoa [Waimea] 

Bay” (Portlock 1968:173). By the early nineteenth century, Waimea’s repute as a safe anchorage 

would draw increasing numbers of vessels, ensuring its growth as a trading post and drawing the 

island’s ali‘i (chiefly class) to Waimea Ahupua‘a to participate in the commerce there. The 

historical record of the ahupua‘a in the first decades of the nineteenth century would be shaped by 

the exploits of the ali‘i, foreign adventurers, entrepreneurs, and missionaries. 

In the early morning hours of 31 January 1815, the Behring—a 210-ton three-masted ship 

owned by the Russian-American Company—was beached at Waimea Bay on the south coast of 

Kaua‘i (Corney 1896). The Behring was loaded with seal skins destined for the company’s 

headquarters at Sitka, the capital of Russian America. Kaumuali‘i, the king of Kaua‘i, took 

possession of the vessel and its cargo, maintaining that anything brought to land upon Kaua‘i 

became the king’s property. 

Alexander Andreievich Baranov, the Russian-American Company’s manager at Sitka, chose 

Georg Anton Schäffer, a German adventurer, to lead a mission to recover the cargo. Schäffer 

arrived on the island of Hawai‘i in November 1815, but it was not until May 1816 that he sailed 

for Kaua‘i aboard the company’s 300-ton vessel, the Otkrytie, supported by an armed crew. Arms, 

however, were not needed; Schäffer found Kaumuali‘i willing to return the Behring’s cargo and 

eager for an alliance with the Russian Empire. 

Over the next months, a busy Schäffer established the Russian presence on Kaua‘i, intending 

to make the island a launching point for control of the entire Hawaiian chain. In September 1816, 

Schäffer began construction of a lava-rock walled fort at Waimea Bay to be named after the 

Empress Elizabeth. He then gave orders for the creation of two earthen work forts at Hanalei, one 

named after General Barclay de Tolly, the other—placed on this plateau—after Emperor 

Alexander. At the same time, Kaumuali‘i deeded Hanalei province to Schäffer, who renamed it 

Schäfferthal. But Schäffer’s schemes soon unraveled, and within a few months he was forced off 

Kaua‘i, from the very province to which he had given his name. 

By the spring of 1817, Kaumuali‘i had lost confidence in Schäffer. Hearing a false report that 

Russia and the United States were at war, Kaumuali‘i became anxious that he had allied himself 

with the weaker of the two powers in the Pacific. On the morning of 8 May 1817, Kaumuali‘i, 

accompanied by “a thousand men” (according to Schäffer) at Waimea, ordered Schäffer and his 

compatriots off the island immediately. They fled to Hanalei aboard two company ships. Here 

Schäffer, proclaiming himself chief of the valley, intended to make a stand at Fort Alexander. But 

Schäffer and the others soon realized their predicament was hopeless. On 6 June 1817 they sailed 

away from Hanalei Bay. Schäffer never returned. 

By the following year, 1818, the fort had become the residence of Kaumuali‘i. Peter Corney, 

the chief officer on Kamehameha’s schooner, Columbia, reported a voyage to Waimea in March 

1818, where he observed the “king [Kaumuali‘i], chiefs, and about 150 warriors live within [the 

fort], and keep a regular guard; they have a number of white men for the purpose of working the 

guns” (Corney 1896:89). Corney also described the extent of the sandalwood operations at 

Waimea, controlled by Kamehameha. On 17 March 1818, the Columbia, then anchored at 

Honolulu, was ordered to Waimea by Kamehameha to collect a cargo of the wood: 
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Teymotoo [Ke‘eaumoku], or Cox, with several other chiefs, came on board. We 

made sail, and on the following day came too in Whymea Roads . . . 

Our chiefs landed, and were well received by Tamoree [Kaumuali‘i]; and the next 

morning they commenced sending wood on board. About 500 canoes were 

employed in bringing it off, and by the 25th of March we had the ship quite full. 

[Corney 1896:88-89] 

4.2.2 Missionary Accounts  

The American Board of Commissioners for Foreign Missions, headquartered in Boston, sent its 

first company of missionaries to the Hawaiian Islands in 1819, leaving Boston on 23 October 

aboard the brig Thaddeus. The vessel came in sight of Mauna Kea on 30 March 1820 and anchored 

at Kawaihae Bay a couple of days later. There they learned of Kamehameha’s death in May 1819 

and of the recent overturning of the kapu (taboo) system. In May 1820, two American Protestant 

missionary couples landed at Waimea with the intention of establishing a station there. Their party 

consisted of Samuel and Mercy Whitney and Samuel and Nancy Ruggles (Damon 1931:284). 

Kaumuali‘i’s son, Prince George, who had been sent away to school in New England, 

accompanied the missionaries. Kaumuali‘i granted Waimea Ahupua‘a to George, along with the 

fort and houses. In July 1820, the two missionary couples were established in a house makai 

(seaward) of the fort. The house’s lanai served as the schoolroom and meetinghouse. 

By the mid-1820s, the Ruggles had left Kaua‘i and the Whitneys had moved to a new house at 

Māha‘iha‘i on the east side of the Waimea River. The Whitneys were visited in 1824 by another 

missionary, Hiram Bingham, who described the idyllic Waimea landscape he encountered: 

The valley contains about four hundred habitations, including those on the sea-

shore. The numerous patches of the nutritious arum, and the huts or cottages of the 

people, were beautifully interspersed with the bread-fruit, the cocoanut, and the 

furniture kou, the medicinal Palma Christi, and oleaginous candlenut, the luscious 

banana, and sugar-cane . . .  

To a spectator from the missionary’s door, or from the fort, or either precipice, is 

presented a good specimen of Sandwich Islands scenery. On a calm and bright 

summer’s day, the wide ocean and foaming surf, the peaceful river, with verdant 

banks, the bold cliff, and forest covered mountains, the level and fertile vale, the 

pleasant shade-trees, the green tufts of elegant fronds on the tall cocoanut trunks, 

nodding and waving, like graceful plumes, in the refreshing breeze; birds flitting, 

chirping, and singing among them, goats grazing and bleating, and their kids 

frisking on the rocky cliff, the natives at their work, carrying burdens, or sailing up 

and down the river, or along the sea-shore, in their canoes, propelled by their 

polished paddles that glitter in the sun-beam, or by a small sail well trimmed, or 

riding more rapidly and proudly on their surf-boards, on the front of foaming 

surges, as they hasten to the sandy shore, all give life and interest to the scenery. 

[Bingham 1847:217-218] 

Bingham’s account suggests life in Waimea retained much of its pre-Contact character well 

into the nineteenth century. However, in August 1824 peace in Waimea was shattered during a 

rebellion of Kaua‘i chiefs led by Prince George. Kaumuali‘i, George’s father and the last king of 



Cultural Surveys Hawai‘i Job Code: WAIMEA 22  Traditional and Historic Accounts 

CIA for KIUC’s Pu‘u Ōpae/West Kauai Energy Project, Waimea, Kaua‘i  

TMKs: various  

61 

 

Kaua‘i, had died in Honolulu on 26 May 1824. On 8 August, George and a band of rebellious 

Kaua‘i chiefs and their followers attacked the garrison at the Waimea fort, outpost of the Hawaiian 

Kingdom ruled by Liholiho. Ten rebels and six defenders were killed. The attack failed and George 

and his men retreated southeast to Hanapēpē Valley (Joesting 1984:106). The rebellion was 

crushed, George was taken captive and sent to Honolulu, and, according to the pioneering 

nineteenth century historian Samuel Kamakau,  

Ka-lani-moku [prime minister of the Hawaiian kingdom] redistributed the lands of 

Kauai . . . The last will of Ka-umu-ali‘i, who had the real title to the lands, was not 

respected . . . The lands were again divided. Soldiers who had been given lands but 

had returned to Oahu had their lands taken away, chiefs who had large lands were 

deprived of them, and the loafers and hangers-on (palaualelo) of Oahu and Maui 

obtained the rich lands of Kauai. [Kamakau 1992:268-269] 

Missionary journals and documents recount the events shaping Waimea from the 1820s 

onwards. The people of the ahupua‘a were struck in May 1826 by an influenza epidemic and a 

great flood that wreaked havoc upon taro lo‘i (irrigated fields) and damaged structures built by the 

missionaries. In 1828, a new stone house for the Whitney family was built on the western side of 

the river, and in 1848, the new missionary George Rowell built his own house. The original 

mission church was built west of the project area in 1834 of stones and mud. Rowell began 

construction of a new church on the same site built of sandstone blocks taken from a quarry in 

Waimea. Construction of the exterior was completed by 1854. This church was called the Waimea 

Foreign Church; in 1996, the church was renamed the Waimea United Church of Christ. The 

church has an associated cemetery. In 1874, Rowell left the Hawaii Board of Missions and started 

an independent church called the Waimea Hawaiian Church. This structure was located makai of 

Kaumuali‘i Highway near the makai end of Menehune Road. 

At the end of Ola Road, the Hawaiian governor of Kaua‘i, Kaikioewa, built a house in 1926 on 

the bluff overlooking Waimea. The cellar was used for the burial of several high ali‘i. Aubrey 

Robinson purchased the lot in 1935 and constructed a large house. The lot was later bequeathed to 

the Waimea Foreign Church, who used the buildings for their parsonage. 

Beginning in 1831, censuses taken by Protestant missionaries throughout the Hawaiian Islands 

provide the earliest documentation of the size of the native population after the first decades of 

Western Contact. In 1833, Rev. Samuel Whitney estimated a population of 3,883 persons within 

6 miles of the Waimea station. More ominously, he also estimated ten deaths were occurring for 

every birth (Kauai Bicentennial Committee 1977:n.p). Subsequent missionary station reports from 

Waimea recorded the continuing diminishment of the district’s population. In 1838 the total 

population was 3,272; in 1840 it was 2,819; and, in 1841 it was 2,779 (Schmitt 1973:14). Whitney 

himself died in 1845 and was replaced by Rev. George Rowell who moved to Waimea from 

Wai‘oli with his family in 1846. 

 The Māhele and the Kuleana Act 

The Organic Acts of 1845 and 1846 initiated the process of the Māhele—the division of 

Hawaiian lands—that introduced private property into Hawaiian society. On 27 January 1848, the 

Crown and the ali‘i began to receive their land titles as Konohiki (land manager) awards. The 

ahupua‘a of Waimea was retained by the monarch, Kamehameha III, as crown land. 
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For konohiki lands, a claim first had to be approved by the Land Commissioners. Upon 

confirmation of the claim, a certificate was awarded to the claimant. This certificate was called a 

Land Commission Award (LCA), which confirmed the claim of an individual for a parcel. The 

awardee could then obtain from the Minister of the Interior a Royal Patent (RP), which indicated 

the government’s interest in the land had been settled by the payment of a commutation fee. 

Commutation means “an exchange, or replacement.” The commutation fee was usually set at a 

maximum of one-third of the value of the unimproved land. The fee could be settled by the 

exchange of cash but was usually settled by the return of one-third of the lands (or cumulative 

value of the lands) originally awarded to the claimant (Chinen 1958:13). 

On 19 October 1849, the Hawaiian Privy Council adopted resolutions to protect the rights of 

native tenants, the maka‘āinana, or the “common” people. The Kuleana Act of 1850 confirmed 

these rights. Under this act, the claimant was required to produce two witnesses who knew the 

claimant and the boundaries of the land, knew that the claimant had lived on the land for a 

minimum of two years, and knew that no one had challenged the claim. The land also had to be 

surveyed. Native tenants or naturalized foreigners who could prove occupancy on the parcels 

before 1845 could be awarded lands they occupied or that they cultivated as kuleana or hoa‘āina 

(tenants residing in the ahupua‘a) awards. No commutation fee was necessary to apply for a Royal 

Patent for a kuleana award, as the commutation fee had presumably already been paid by the ali‘i  

konohiki who had been awarded the entire ahupua‘a, or ‘ili in which the native tenant claimed his 

own small parcels (Chinen 1958:29–30). 

Over 150 kuleana awards were granted in Waimea. It is through records for Land Commission 

Awards generated during the Māhele that the first specific documentation of life in Hawai‘i as it 

had evolved up to the mid-nineteenth century comes to light. Although many Hawaiians did not 

submit or follow through on claims, or simply were not granted the claims for their lands, the 

distribution of LCAs can provide insight into patterns of residence and agriculture; many of these 

patterns probably had existed for centuries past. The kuleana awardees in the ahupua‘a do not 

reflect the total population of Waimea. As Russell Apple notes: 

They probably represent the local elite, those would could afford the survey and 

commutation [that were part of the award procedure], had proper authority for 

permanent occupancy, had reputable witnesses to sustain both the authority [to 

occupy] and continuous use [of the parcel], and who chose to apply. [Apple 

1978:62] 

However, the records associated with these awards illuminate the character of the Hawaiian 

settlement and livelihood within Waimea by 1850. The upper and lower valley were extensively 

cultivated. The Pe‘ekaua‘i Ditch, along with a system of lateral ‘auwai, watered lo‘i kalo on the 

western flats of the river all the way to the shore. Interspersed among the lo‘i were house sites, 

small plots of kula on which were cultivated traditional native dry land crops as well as introduced 

ones, and also pasture land. In the upper canyon past the Makaweli fork, the degree of settlement 

thinned out greatly with lo‘i and house sites dispersed along the banks of the Waimea River. The 

furthest mauka extent of settlement was Kalakahi’s LCA 11286 which was approximately 2,000 

feet into Koai‘e Valley.  
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 Mid- to Late 1800s 

In 1850, Waimea was designated a government port, opening it to foreign commerce. At the 

time, Waimea was exporting a respectable variety of agricultural goods and livestock. A report of 

the Royal Hawaiian Agricultural Society noted the listed exports from the port of Waimea between 

1 July 1850 and 30 June 1851 (Damon 1931:291). Most of these goods were brought to the port 

of Waimea for shipment off the island; they were not necessarily products of the ahupua‘a itself. 

Within a few years, the government port facility was moved to Kōloa, and Waimea declined in 

importance as a shipping destination. 

In the 1850s there were “still only three foreign style houses in Waimea: Kaikio‘ewa’s, which 

now belonged to King Kamehameha, and the two missionary houses” (Kauai Bicentennial 

Committee 1977:n.p) (Figure 199). William E. Rowell, the son of Rev. George Rowell, who was 

born in 1845, recalled the Waimea of his childhood: 

It was all Kula, open country, from our house down to the sea, with no cultivation 

and no trees, but with an adobe wall fencing in a mission tract. Just west a little way 

there was a neke [neki; bulrush] pond, where there were ducks. . . . No, there was 

no irrigation, and we had to depend on the river for our drinking water . . . For all 

other purposes we used well-water. 

My Father had a garden up the valley, where he worked a great deal himself; he 

was a good gardener. He raised the first mango tree in Waimea. We had loquats, 

oranges, bananas, vis and peaches from this garden, the latter by the bucket. The 

name of the garden was Kakalae. 

We lived mostly on taro and sweet-potatoes, which we got largely from the natives 

by way of payment for their book. No, we didn’t have rice much, only as a luxury, 

from abroad. [Kauai Bicentennial Committee 1977:n.p.] 

Rowell also recalled that at least one Hawaiian craft continued to prosper in Waimea: “[T]apa 

making was still a thriving industry in my boyhood days. I can remember hearing six tapa-beaters 

going at once in the valley, they got the wauke up in the mountains. Perhaps they raised it Makai” 

(Lydgate 1991:92-93). 

Rowell mentions the planting of sugar cane, which was the major agricultural development 

within the area during the latter 1800s. The Reciprocity Treaty of 1876 between the United States 

and Hawai‘i gave impetus for the expansion of the sugar industry throughout the Islands. Valdemar 

Knudsen and a partner, Christian L’Orange, planted the first commercial sugar cane in this portion 

of Kaua‘i in 1878 at Kekaha near Pōki‘i. Knudsen had come to Hawai‘i from Norway and settled 

at Wai‘awa in 1854 where he worked as a rancher, agriculturalist, and finally a sugar planter. 

Eventually Knudsen would control the entire district, excluding kuleana lands, from Nu‘alolo to  
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Figure 19. 1869 photo by Joseph King showing houses and the coastal flats of Waimea Village 
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Waimea, including all the mauka area (Knudsen and Noble 1945:35). Valdemar’s son Eric, who 

was born at Wai‘awa in 1872, described Kekaha and its environs (including Kīkīaola) as he knew 

them in the second half of the nineteenth century: 

A row of grass houses extended all the way along the foothills from Waimea to 

Mana. Every house site had a name. To find a man you had to find his house name. 

The natives seemed to know every name and would keep sending you along until 

you finally came to the spot you were looking for. 

At certain hours all the women sat in their houses and beat tapa cloth and as they 

beat, they talked to one another in a tapa beater’s code. They could send a message 

with great speed from Waimea to Mana… 

Food was plentiful, cattle roamed all over the land... Taro and sweet potatoes, rice 

and milk, yams and watermelons were plentiful. The Mana natives raised wonderful 

melons and they didn’t charge you 9 cents a pound either. Every now and then 

Mana fisherman would come past with huge packs of dried squid and give some to 

father. Somehow, we children never took to them. Eggs and chickens were 

plentiful. Turkey wandered about in large flocks and when you wanted one all you 

had to do was to go out and shoot one. For fruit we had figs, papaias, mangoes and 

fresh hau hau cocoanuts. There was no market for beef cattle, they were killed and 

boiled down for tallow and the hides dried. A steer that would be worth a hundred 

dollars today sold for six or eight dollars. When we wanted mutton, we had to kill 

a sheep and eat as much as we could and give the rest away…  

The grass houses were all built in one general design—one big living room and two 

doors—one on each side and opposite to one another. One day my father noticed 

that all were built with their gable-ends east and west and the doors facing the ocean 

and the hills. He asked one of the men why that was so and he replied, ‘Why, you 

know that Po, the abode of the dead, lies under the ocean just outside Polihale, 

where the cliffs and the ocean meet, and the spirits of the dead must go there. As 

the spirits wander along their way to Po, they will go around the gable-end of a 

house but if the house stood facing the other way, the spirits would walk straight 

through and it would be very disagreeable to have a spirit walk past you as you 

were eating your meal. ‘In fact,’ he continued, ‘we can always tell when a battle 

has been fought by the number of spirits passing at the same time.’ [Knudsen 

1991:100-102] 

Many traditional Hawaiian endeavors were not so fortunate, as evidenced by the loss of taro 

lo‘i and their conversion to rice fields and sugar cane in the second half of the nineteenth century. 

Rice cultivation by Chinese farmers began in Waimea Valley in the 1860s. The Chinese had come 

to the Islands to work on the sugar plantations. As the commercial sugar industry expanded 

throughout the Hawaiian Kingdom, the need for increased numbers of field laborers prompted 

passage of contract labor laws. In 1852 the first Chinese contract laborers arrived in the Islands. 

Upon completion of their contracts, a number of the immigrants remained in the Hawaiian 

kingdom, many becoming merchants or rice farmers. 
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The Hawaiian Islands were well positioned for rice cultivation. A market for rice in California 

had developed as increasing numbers of Chinese laborers immigrated there since the mid-

nineteenth century. Similarly, as Chinese immigration to the Islands also accelerated, a domestic 

market opened. 

At Waimea, as in other locales, groups of Chinese began leasing former taro lands for 

conversion to rice farming. Sadly, the taro lands’ availability throughout the Islands in the later 

1800s reflected the declining demand for taro, as the Native Hawaiian population diminished. 

Censuses taken during the second half of the nineteenth century record the dwindling population 

of the Waimea District. While, as noted above, in 1838 there were 3,272 persons living in the 

district, by 1853 a total of 2,872 persons were recorded in Waimea. Twenty-five years later, in 

1878, the total population had diminished further to 1,374 persons (Schmitt 1977:12-13). 

Rice farming declined sharply throughout the Hawaiian Islands after the first decade of the 

twentieth century. Total acreage dropped from a high of 9,425 acres in 1909 to 1,130 acres in 1935. 

By the 1930s the rice industry had ceased entirely on the islands of Hawai‘i, Maui, and Moloka‘i 

(Coulter and Chun 1937:62). Though rice continued to be grown at Waimea into the 1930s, many 

of the rice fields were being reclaimed for sugar planting. 

Archibald Archer, an engineer of Scotch-Norwegian ancestry, settled in West Kaua‘i, to 

establish a tobacco plantation at Mana. According to Ethel Damon, Archer “built a small house...at 

Halemanu [in the present Kōke‘e State Park], which was known as Little Norway and is said to 

have been the first foreign house in the beautiful Kokee region of the Waime mountains” (Damon 

1931: 292). Damon also notes Hawaiian traditions associated with Halemanu: 

In this lovely valley of hale-manu, Place-of-Birds, the Hawaiian bird-catchers had 

formerly lived to collect the little red or yellow feathers for royal cloaks at the 

proper seasons. And above on the ridge at Kaana was the region where departed 

spirits assembled to wait before springing off into the nether world, Po, near the 

cliffs of Polihale on the extreme west coast of the island. [Ibid.] 

Like Archer, Valdemar Knudsen was an engineer of Norwegian ancestry, who settled in West 

Kaua‘i in the 1850s. In 1856, Knudsen bought out Archer’s leases of Crown lands (the tobacco 

plantation had failed) and began developing a cattle business and orchard. The leased land included 

much of the present Kōke‘e State Park. Knudsen built a mountain cabin at Halemanu at the site of 

an old bird catcher’s house 

In the early 1870s, Kaua‘i was the residence, over a four month period, of the Dowager Queen 

Emma. In 1870, following the death of Alexander Liholiho, Kamehameha IV, in 1863, the Queen 

Emma had a residence built for herself in Lāwa‘i ahupua‘a, on a bluff east of Lāwa‘i- Kai. The 

queen and her party arrived at Kōloa landing on December 21, 1870, intending to reside at her 

Lāwa‘i house until the spring of 1871. The reigning monarch, Kamehameha V, may have 

“suggested to Queen Emma that if possible, she should visit the Waimea Canyon area, and perhaps 

even take a trip to the Alaka‘i swamp, for he had been on a pig hunting expedition there in 1851” 

(Forbes 1970: 5). Early in 1871, led by a guide recommended by Valdemar Knudsen, Queen Emma 

and her party went up the trail from Waimea, “spending the night in the forest of ‘Aipo-nui, at a 

place called Waineki, and the next day went to the end of the trail, to the Kilohana, or lookout, of 

Hanalei” (Ibid.:6). The queen herself described the journey in letter a letter to Kamehameha V: 
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Oh the scenery, mosses, Lehua, ferns, wild flowers &c are perfectly beautiful. 

Kahaaanamahuna, Puu kapele, Waineki, & waikoi were pointed out as your various 

camping grounds on a boar hunt in ’51. The large stone with Mr. Brenchly & Mr. 

Remy’s names & others makred on it has rolled off from the top a little way with 

its face down so I did not see the names, but our guide told us thence. The walking 

was rather fatiguing & almost took my breath away. It must not be ascended in the 

wet months, for then the Lehua is not in its perfection. [Forbes 1970:7] 

Upon the queen’s return to Waimea, a grand feast was organized in her honor on January 29, 

1871. Meles and chants celebrating her journey to Kōke‘e and Alaka‘i. Queen Emma returned to 

Honolulu on April 25, 1871. Her Kōke‘e journey continues to be remembered in the chants that 

have survived and in the annual Eo E Emalani I Alaka‘i Festival at Kōke‘e State Park. 

During the last decade of the nineteenth century, the population of Waimea would rebound, 

growing from a total of 2,739 persons in 1890 to 4,595 in 1896, and 5,886 in 1900 (Schmitt 

1977:13). That growth was spurred by the establishment of commercial sugar cane planting at 

Waimea. Population figures up to World War II reflect the continued growth of the Waimea 

District as the sugar industry prospered; in 1910 the population total was 8,195 persons and by 

1940 it had grown to 10,852 (Schmitt 1977:13-14). 

A 1874 map by Gay (Figure 2020) and a 1891 map by Imlay of Gay and Robinson lands (Figure 

21) show the character of the Waimea Ahupua‘a surrounding the project area at the end of the 

nineteenth century. 

 1900s 

In 1898 the formation of the Kekaha Sugar Company was established by the consolidation of 

three Kaua‘i sugar interests. The fate of plantation agriculture in the arid zones of Waimea 

Ahupua‘a hinged on water supply development in the twentieth century. Following a series of 

droughts and water overuse in the late nineteenth century groundwater was increasing in salt 

content and well water levels decreased. Valdemar Knudsen, founder of Kekaha Sugar Company, 

looked to the Waimea River as a source of sugar cane irrigation — pushing forward the Kekaha 

Ditch project. Construction of the Kekaha Ditch started in May 1906 and was completed in 

September 1907 (Wilcox 1996:93) (Figure 22 through 23). The Kekaha Ditch has also been known 

as the Waimea Ditch and as the Waimea-Kekaha Ditch. The ditch conveys water diverted from 

the Waiahulu stream, Koaia stream, and Waimea River and originally extended through 16 miles 

of mauka lands and 4 miles through the lowlands (Wilcox 1996:93). This water was used to irrigate 

plantation lands of the Kekaha-Mānā Plain. 

Hans Peter Fayé came to Kaua‘i from Norway in 1880 at the age of 21. Four years later, with a 

loan from Isenberg and a lease from his uncle, sugar pioneer Valdemar Knudsen, Fayé founded 

H.P. Fayé & Company, a sugar plantation in Mānā, the westernmost town in Kaua‘i. In 1906 Fayé 

acquired the Waimea Sugar Mill, which had been founded in 1884. In 1910 the Waimea Sugar 

Mill Company was bought by Hans Peter Fayé, Ltd., operator of the neighboring Kekaha Sugar 

Company. From 1923 to 1926 the construction of the Koke‘e Ditch was undertaken by the Kekaha 

Sugar Company to further irrigate planation lands. This system is comprised of 21 miles of 

channels, which conveys water diverted from the Kauaikinana, Kawaikoi, Waiakoali, and Kōke‘e  
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Figure 20. 1874 Gay map of the western coast of Kaua‘i showing the project area
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Figure 21. 1891 Imlay map of Gay and Robinson lands of Waimea showing the project area 
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Figure 22. Historic photo of the upper reaches of the Kekaha Ditch showing the general nature of 

the ditch (Wilcox 1996:94) 
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Figure 23. Kekaha irrigation ditch photo, n.d. (University of Chicago) 
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streams. The ditch system takes water from the very wet areas to the arid areas where natural water 

resources are not available.  

At the time of statehood in 1959, H.P. Fayé & Company was incorporated as Kikiaola Land 

Company, and it is still owned by about 100 of the founder’s descendants. Linda Collins, a 

granddaughter of H.P. Fayé is now the president of Kikiaola Land Company. A 1910 newspaper 

article in the San Francisco Chronicle describes the sugar lands and the railroad line built to haul 

the cane to the mill: 

Waimea has a bit of flat land hemmed in by two neighbors, Kekaha and Hawaiian 

Sugar Company, just over a half mile long and a little wider. It lies only a few feet 

above sea level. Cane is transported from the fields over a railway system which 

consists of two miles of permanent track and one mile of portable track, thirty eight 

cars and a locomotive. [Condé and Best 1973:203] 

The railroad line described above was built by the Kekaha Sugar Company in about 1884, which 

used it to transport sugar from its own mill to the pier at Waimea Landing. Initially the train 

stopped at the Waimea Sugar Mill Co. to also transport their sugar to the landing. By the early 

1930s, about 670 acres of land was cultivated by the Waimea Sugar Mill Company. Most 

ofWaimea Town’s commercial buildings were constructed during this period of the sugar 

industry’s growth. 

During World War II the U.S. Army Corps of Engineers used the plantation shop yard as their 

headquarters; the sugar cane from the fields was taken to Kekaha Sugar Mill to be processed 

(Figure 244). Following World War II, the fortunes of the Waimea Sugar Mill Company changed. 

The Waimea mill stopped operating in 1945, though the Waimea Sugar Company continued to 

cultivate cane on its lands until 1969. The milling equipment was sold, and the mill building was 

used for grain storage (Fayé 1997:26). After the company closed, its fields were leased to the 

Kekaha Sugar Company. Kekaha Sugar Company was the first in the Territory to switch to diesel 

power. In June 1928, the first diesel locomotive in the Islands was placed in service at Kekaha 

(Condé and Best 1973:145). Diesel was found to be more cost effective than steam and persisted 

as the primary means of transporting sugar cane until the 1940s when transportation by truck 

proved more efficient. In 1947, the railroad system was eliminated, completing the full conversion 

to truck transport (Condé and Best 1973:146). 

In 1950, the Waimea Sugar Mill Co. was reorganized into the Waimea Sugar Mill Inc., which 

continued to process cane, and the Kikiaola Land Company, which was created to manage the 

property. In 1982, one of the former plantation cottages opened as a vacation rental and was so 

successful that the Fayés decided to construct a plantation-type resort. The renovated plantation 

houses, built between 1900 and 1920, became part of the Waimea Plantation Cottages (Chang 

1988:49-52), with 48 rental units and a conference center. 

In the mauka portion of Waimea Ahupua‘a land was divided and preserved by the creation of 

state parks such as Kōke‘e State Park and Waimea Canyon State Park. The 20th century history of 

Kōke‘e State Park and Waimea Canyon State Park include  the following chronology of activities: 

the presence of cattle during the first decades of the century, the opening of leased cabin sites at 

Kōke‘e beginning in 1919, the planting of tree stands and construction of new trails by the Civilian 

Conservation Corps during the 1930s and ‘40s, the construction of military and communications 
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Figure 24. Kekaha Sugar Mill (CSH 2010) 
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facilities beginning in the 1960s, and the development of the parks themselves, beginning in the 

late 1940s at the instigation of Joseph M. Souza, Jr. 

A 1910 USGS map (Figure 255) of Kaua‘i shows no urban development within and around the 

project area in the early twentieth century. In a mid-1960s USGS map (Figure 266) and a 1977 

aerial photograph (Figure 277) shows the continued lack of urban development within and around 

the current project area. 

 Contemporary Land Use 

Kekaha Sugar Company continued to produce sugar until November 17, 2000 when the parent 

company, AmFac, closed the factory down due to financial hardship (Kojima 2000). During recent 

decades, growth in Waimea has focused on development of the former sugar plantation lands and 

structures into tourist-oriented facilities and diverse agricultural development. After sugar 

operations ceased, lands previously under contract to Kekaha Sugar Company reverted back to the 

State of Hawai‘i. These lands were subsequently divided among multiple state agencies based on 

use and management strategies. 

As notes above, during the second half of the 19th century, two newly-arrived settlers on Kaua‘i 

– Archibald Archer and Valdemar Knudsen – built cabins in upland Waimea, in what would 

become the Kōke‘e State Park. These early initatives set the stage for developments throughout 

the 20th century focused on creation of the present state parks. Kōke‘e State Park and Waimea 

Canyon State Park draw many visitors and local residents to Waimea Ahupua‘a today. Additional 

cabins have been added in Kōke‘e State Park and many local families use the cabins for vacation 

get-aways. Campgrounds are also located in the park near the Waiakoali, Kawaikōī and 

Kauaikinanā Stream diversions. 

Hunting and fishing are both popular activities in Kōke‘e and Waimea Canyon State Parks. 

Pu‘u Lua Reservior trout fishing is a well known and very popular activity among Kaua‘i residents, 

and many people frequent the Pu‘u Lua and Kōke‘e areas for during season to collect plums. 

Extensive irrigation systems including the Kekaha Ditch Irrigation System and the Kōke‘e 

Ditch Irrigation System, for water delivery and storage, as well as hydroelectric infrastructure 

occupy areas within and near the project area. Contemporary land use patterns makai of the project 

area, such as agriculture and homestading rely upon a supply of diverted water for daily activities. 

The lands transferred to DHHL have remained largely undeveloped other than five pastoral 

lots, where Mr. Eben Manini currently resides (see Section 6.4). Recently DHHL issued a license 

to a west side beneficiary organization for implemtnation of a Farm Plan in the area around the 

Pu‘u ‘Ōpae Reservoir ( DHHL 2017: Liscence No. 816). 

 Approximately thousands of acres of land on the Mānā Plains were transferred to ADC, a 

portion of which has been under active agricultural use for the last several years under the 

management of the Kekaha Agriculture Association ( Aiona 2003: Executive Order No. 4007).  

Pacific Missile Range is alos located on the Mānā Plains on the shoreline in between Kekaha 

and Polihale with additional facilities just north of the Mānā Reservoir.  
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Figure 25. 1910 Hanalei, Hanapepe, Mana, and Na Pali USGS topographic quadrangles 

(portion), showing the project location
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Figure 26. Haena (1965), Kekaha (1963), Makaha Point (1965), and Waimea Canyon (1965) 

USGS topographic quadrangles (portion), showing project location 
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Figure 27. 1977 USGS Orthophotoquad aerial photograph of Haena, Kekaha, Makaha Point, and 

Waimea Canyon quadrangles, showing project location 
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Section 5    Previous Archaeological Research 

Archaeological studies in the vicinity of the project area are listed in Table 1 and shown in 

Figure 288. Multiple archaeological monitoring programs, investigations, data recovery, or 

inventory surveys have previously bee conducted along a broad scope of the project area. 

Archaeological finds documented during these studies include human burials, house sites, heiau, 

pre- and post- Contact cultural layers, buried taro lo‘i , ‘auwai, and other remains of extensive 

wetland agriculture, trash pits, and construction debris. The historic properties identified in the 

vicinity of the project area are listed in Table 2 and illustrated in Figure 29.  

Wendell Bennett, in his 1931 Survey of Kaua‘i, recorded numerous sites in which 13 are in the 

general vicinity of the project area. Bennett provides greater detail on these sites in his text, but 

the important point is that his descriptions show habitation evidence in small valleys dissecting 

Niu Ridge, as well as on the ridge itself. Waiawa Valley contains “many” house sites and 

associated taro lo‘i, and heiau (temples) appear both in valleys and on ridges Bennett’s survey 

apparently predated at least some of the land impact associated with sugar growing and was early 

enough to record sites at the base of the Waimea slope, allowing us to take note of the former 

importance of this area during pre-Contact times (Bennett 1931:102-103). 

Table 1. Previous Archaeological Studies in the Vicinity of the Project Area 

Reference Type of Study Location Results 

Ching 1978 Archaeological 

reconnaissance 

Kukui Trail, 

Waimea Canyon 

State Park 

Relocated previously identified 

irrigated taro lo‘i fields, SIHP # 50-

30-06-3012 

Sinoto 1978 Archaeological 

reconnaissance 

TMK: 1-2-02 Identified 5 sites: SIHP # 50-30-05-

800, a rectangular basalt cairn; #     

-801, a series of small overhang 

shelters; # -802, several terraces, 

walls, and ‘auwai likely remnants 

of a small agricultural complex; #    

-803, terracing, stone piles, and a 

cattle wall; # -804, numerous small 

terraces, enclosures, wall segments, 

and stone piles; and # -805, 

numerous small sites and a cattle 

fence 

Tomonari-Tuggle 

1979 

Archaeological 

reconnaissance  

Na Pali Coast State 

Park 

A total of 106 newly identified sites 

and 24 previously identified sites 

observed 

Kikuchi 1982 Field inspection Makaha Ridge No historic properties observed 

Walker & 

Rosendahl 1990 

Archaeological 

inventory survey 

USN Radio 

Telescope Area, 

Waimea.  

A low retaining wall was noted, but 

designated as an archaeological 

site; no other surface cultural 

remains were identified  
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Reference Type of Study Location Results 

Yent 1991 Archaeological 

inventory survey 

Polihale State Park, 

TMK: 1-2-02:24 

Located previously identified sites 

including SIHP # 50-30-01-0001 

through 0004 (Bennett 1931), -1816 

burial and -1817 lithic scatter 

(Smith 1990); and newly identified 

# -1818 cultural deposit, # -1819 

and -1820 cultural scatters, and #     

-1821 basalt scatter 

Yent 1992 Subsurface testing Polihale State Park Cultural deposits associated with 

SIHP # 50-30-05-1818 

Dowden & 

Rosendahl 1993 

Archaeological 

inventory survey 

TMK: 4-1-01:6; 4-

1-4-01:13; 4-5-9-

01:16 

No significant finds 

McMahon 1993 Burial report TMK: 1-5-01 Inadvertent burial find, SIHP #       

-498 consisting of 5 human burials 

McEldowney 

1993 

Archaeological 

survey 

Mānā Quarry Partial recording of heiau on the 

mauka bank of Kekaha Ditch near 

Mānā Quarry 

McGerty & 

Spear 1997 

Inventory Survey Mānā Plain No historic properties observed 

Yent 1997 Reconnaissance 

Survey 

Kekaha Game 

Management Area; 

TMK 1-2-02 

No historic properties observed 

Chiogioji et al. 

2004 

Archaeological 

field inspection 

Kōke‘e and 

Waimea Canyon 

State Parks 

Three historic properties identified 

with no designated site numbers 

including a flume segment, a water 

tank foundation, and mortared-

stone walls 

Monahan & 

Powell 2005 

Archaeological 

inventory survey 

Kōke‘e State Park, 

TMK: 1-4-01:13 

por. 

No significant finds 

Carney & 

Hammatt 2007 

Archaeological 

monitoring 

Waimea Canyon 

Lookout, TMK: [4] 

1-2-001:004 por. 

No significant finds 
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Reference Type of Study Location Results 

Altizer & 

Hammatt 2010 

Archaeological 

inventory survey 

TMK: [4] 1-2-

002:001 

A total of eight historic properties 

were identified including SIHP # 

50-30-05-2107, portions of New 

and Old Government Road and 

associated structural remnants; 

SIHP # -2108, a pre-Contact 

habitation terrace; SHIP # -2109, a 

plantation-era stacked wall; SIHP # 

-2110, a mound of unknown 

function; SIPH # -2111, a series of 

agricultural or clearing mounds; 

SIHP # -2112, a terrace; SIHP #      

-1113, a historic house site; and 

SIHP # -2114, a heiau. 

Lyman & Dega 

2015 

Archaeological 

inventory survey 

A 17-acre (6.8 ha) 

parcel located in 

TMK: (4) 

1-5-001:001 por. 

and 002 por.] 

Three historic properties were 

identified including SIHP # 50-30-

05-2287, a modified outcrop 

utilized for temporary habitation; 

SIHP # 50-30-05-2288, an 

agricultural alignment; and SIHP # 

50-30-05-2289, a historic-era trail.  
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Figure 28. Previous archaeological studies in the vicinity of the current project area (USGS 

Topographic map 1991)  
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Figure 29. Previously designated archaeological sites in the vicinity of the project area (USGS 

Topographic map 1991
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Table 2. Historic Properties Identified within the Current Project Area 

SIHP # 50-30- Description Author 

Site 1 Polihale Heiau Bennett 1931 

Site 2 House sites Bennett 1931 

Site 3 House site/rockshelter Bennett 1931 

Site 4 Kapaula Heiau Bennett 1931 

Site 10 Kahelu Heiau Bennett 1931 

Site 11 Makahoe Heiau and village site Bennett 1931 

Site 12 Hooneenuu Heiau Bennett 1931 

Site 13 Kaunalewa Ridge burial caves Bennett 1931 

Site 19 Ahuloulu Heiau Bennett 1931 

Site 20 House sites Bennett 1931 

Site 21 House sites Bennett 1931 

Site 35 Heiau or house site Bennett 1931 

Site 36 Stone cist burials Bennett 1931 

Site 37 Ulumaika court Bennett 1931 

Site 202 House sites Bennett 1931 

50-30-06-00498 Post-Contact burial cave McMahon 1993 

50-30-05-00805 Agricultural complex Sinoto 1978 

50-30-01-01816 Burial Yent 1991 

50-30-01-01817 Pre-Contact lithic scatter Yent 1991 

50-30-01-01818 Cultural deposit Yent 1991 

50-30-01-01819 Cultural deposit Yent 1991 

50-30-01-01820 Cultural deposit Yent 1991 

50-30-05-02107 Portions of the New and Old 

Government Road and associated 

structural remnants 

Altizer & Hammatt 2010 

50-30-05-02108 Habitation terrace Altizer & Hammatt 2010 

50-30-05-02109 Basalt stacked wall remnants Altizer & Hammatt 2010 

50-30-05-02110 Basalt small, low mound Altizer & Hammatt 2010 

50-30-05-02111 A series of basalt agricultural or 

clearing mounds 

Altizer & Hammatt 2010 

50-30-05-02112 Basalt terrace Altizer & Hammatt 2010 

50-30-05-02113 Historic house site  Altizer & Hammatt 2010 

50-30-05-02114 Heiau Altizer & Hammatt 2010 

50-30-06-03012 Pre-Contact agricultural complex Ching 1978 
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SIHP # 50-30- Description Author 

50-30-02-09392 Kokee CCC Camp Monahan and Powell 2005 

 

5.1.1 Ching 1978 

In 1978 Archaeological Research Center Hawai‘i Inc. conducted an archeological 

reconnaissance of the Kukui Trail of Waimea Canyon State Park, in Waimea District, Kaua‘i 

Island. Archaeological Research Center Hawai‘i Inc., examined the Kukui Trail from its origin at 

Kōke‘e Road to its base in Waimea Canyon. This study relocated previously identified irrigated 

taro lo‘i fields (SIHP # 50-30-06-3012). The study states that, “No archaeological features were 

relocated along the descending trail. However, on sloping terrain at the base of the canyon, a 

number of well-preserved former irrigated taro fields (lo‘i) were identified” (Ching 1978). 

5.1.2 Sinoto 1978 

In 1978 Bishop Museum conducted an archaeological reconnaissance survey in eight valleys 

located in the Kekaha area of Waimea District, Kaua‘i Island. The eight adjoining valleys studied 

are located 0.5 and 1 mile north of Kekaha town and the Kekaha Sugar Company. This study 

identified five sites: SIHP # 50-30-05-800, a rectangular basalt cairn; # -801, a series of small 

overhang shelters; # -802, several terraces, walls, and ‘auwai likely remnants of a small 

agricultural complex; # -803, terracing, stone piles, and a cattle wall; # -804, numerous small 

terraces, enclosures, wall segments, and stone piles; and # -805, numerous small sites and a cattle 

fence. 

5.1.3 Tomonari-Tuggle 1979 

M.J. Tomonari-Tuggle (1979) carried out an archaeological reconnaissance survey in the Na 

Pali Coast State Park. This survey identified 106 sites, 24 of which were described in previous 

studies. The three objectives of this study are presented saying: l) it presents an inventory of 

cultural resources for portions of the Na Pali Coast State Park; 2) it assesses the impact of visitor 

use and feral animal populations on those cultural resources; and 3) it proposes recommendations 

for the management of those resources. [Tomonari-Tuggle 1979:103] 

5.1.4 Kikuchi 1982 

In 1982 Kikuchi conducted a field inspection directed at the investigation of a rock formation 

at Makaha Ridge at the request of Pacific Division Naval Facilities Engineering Command, the 

Public Works Department Pacific Missile Range Facility. Kikuchi concluded that the rock 

formation on Makaha Ridge was naturally occurring with no prehistoric or historic significance.  

5.1.5 Walker & Rosendahl 1990 

Walker and Rosendahl (1990) executed an archeological inventory survey on three one-acre 

parcels at Pacific Missile Range Facility- Barking Sands and on four parcels with Kokee Park 

Geophysical Observatory. A subsurface inventory survey was recommended for the three parcels 

at the Pacific Missile Range Facility—Barking Sands facility because of known human burial 

remains in the area. No further archeological work was recommended for the four sites within 

Kokee Park Geophysical Observatory. 
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5.1.6 Yent 1991 

Yent (1991) carried out a preliminary archaeological inventory survey of Polihale State Park 

within an area extending from the coastal dunes of Polihale Ridge to the northern boundary with 

Barking Sands. Six previously identified sites were observed including SIHP # 50-30-01-0001 

through 0004 (Bennett 1931), SIHP # -1816, burial and SIHP # -1817, lithic scatter (Smith 1990); 

and four newly identified sites including SIHP # -1818, cultural deposit, SIHP # -1819 and -1820 

cultural scatters, and SIHP # -1821, basalt scatter.  

5.1.7 Yent 1992 

Yent (1992) conducted subsurface testing in support of a proposed road swale at Polihale State 

Park. The purpose of testing was to further define the extent of SIHP # 50-30-05-1818, a cultural 

deposit containing charcoal, basalt flakes, and shell midden, located in the sand dunes. Other goals 

included determining impacts to the site as a result of the project and recommending treatment 

during construction. Additional remnants of the deposit were observed and documented. 

5.1.8 Dowden & Rosendahl 1993 

Dowden and Rosendahl (1993) carried out an archaeological inventory survey on four 

alternative sties for Mountaintop Sensor Integration and Test Program project (TMK:4-1-2-01:6; 

4-1-4-01:13; 4-5-9-01:16). Two of the sites were located in the Pacific Missile Range - Makaha 

Ridge Facility, one site was located in the Kokee Air Force Station and the fourth site in the Pacific 

Missile Range-Kokee Station. Field work produced no identified archaeological sites. No further 

archeological work was recommended for the project area. 

5.1.9 McMahon 1993 

Five human burials were identified at a cave site, SIHP # 50-30-06-498, made of pili grass and 

mud in Paiwa, Waimea District. The Kauai Police Office removed the remains and determined 

that the individuals were not homicide victims. The individuals were then reinterred.  

5.1.10 McEldowney 1993 

McEldowney (1993) conducted a field inspection in support of the proposed expansion of Mānā 

Quarry. Remnants of a heiau were partially documented near the southwestern extent of the quarry. 

These remnants were conclusively identified as a previously undocumented heiau and not 

Bennett’s Site 12; however, the site was mislabeled during subsequent administrative tasks. 

5.1.11 McGerty & Spear 1997 

In 1997, Scientific Consultant Services (SCS) (McGerty and Spear 1997) conducted field 

reconnaissance and interviews with local residents in support of a proposed change of land use for 

a parcel on Mānā Plain adjacent to the north side of Barking Sands military installation. 

Reconnaissance confirmed the parcel was previously under sugar cane cultivation. Historical 

background research indicated the area was a wetland marsh until it was filled for use by the sugar 

plantation. SCS concluded that the nearby sand dunes were likely used as fill material and any 

cultural material present in the parcel would likely be in secondary deposition (McGerty and Spear 

1997: 20). 
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5.1.12 Yent 1997 

Yent (1997) conducted of a reconnaissance survey of Kekaha Game Management Area in 

advance of limited vegetation clearing. This survey was conducted through observation from a 

vehicle and bipedally upon selected ridgetops No historic properties or cultural deposits were 

observed.  

5.1.13 Chiogioji et al. 2004 

In 2004 CSH conducted an archaeological field inspection within Kōke‘e and Waimea Canyon 

State Parks in the ahupua‘a of Waimea on the island of Kaua‘i. The focus of the inspection was 

ten discrete localities within the state parks that were proposed for future improvement projects. 

Pedestrian inspection of the project localities was accomplished through systematic sweeps. No 

historic properties related to traditional Hawaiian culture were noted within the ten localities in 

undeveloped areas adjacent to the existing infrastructure. Three properties related to twentieth 

century activities within the parks area were observed: a flume segment, a water tank foundation, 

and a pair of mortared-stone walls. 

5.1.14 Monahan & Powell 2005 

In 2005 SCS prepared an archaeological monitoring plan for the infrastructure improvements 

at the Civilian Conservation Corps Camp, SIHP # 50-30-06-9392, in Kōke‘e State Park. The 

archaeological monitoring plan included, “excavation for a new absorption bed and aerobic 

wastewater treatment system, and for subsurface hookups and linkages between the various 

components of this system (Monahan & Powell 2005:1)”. Monahan and Powell (2005) 

recommended that no further work or documentation be required for the project.  

5.1.15 Carney & Hammatt 2007 

In 2007 CSH prepared a monitoring report to document any historic properties encountered 

during the excavations associated with the upgrading of the existing wastewater and sewer systems 

at Waimea Canyon State Park, Waimea Ahupua‘a, Waimea District, Kaua‘i Island [TMK (4) 1-2-

001:004 por.]. No historic properties have been identified in the project area but a documented 

traditional temporary habitation site (State Site 50-30-06-707) located 80 meters southwest of the 

lookout bathhouse facilities raised the possibility of subsurface cultural deposits.  

5.1.16 Altizer & Hammatt 2010 

In 2010 CSH conducted an archaeological inventory survey for a proposed rock crushing 

project along access roads from Mānā Road northeast through agricultural fields and portions of 

the New and Old Government Roads. The project involved the collection and removal of 

previously displaced rocks, boulders, dirt, and debris from former agricultural fields, and adjacent 

areas, of Kekaha Sugar Plantation lands. A total of eight historic properties were identified 

including SIHP # 50-30-05-2107, portions of New and Old Government Road and associated 

structural remnants; SIHP # -2108, a pre-Contact habitation terrace; SHIP # -2109, a plantation-

era stacked wall; SIHP # -2110, a mound of unknown function; SIHP # -2111, a series of 

agricultural or clearing mounds; SIHP # -2112, a terrace; SIHP # -1113, a historic house site; and 

SIHP # -2114, a heiau. CSH recommended mitigation measures to reduce the project’s potentially 

adverse effect on significant historic properties. 
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5.1.17 Lyman & Dega 2015 

Lyman and Dega (2015) conducted an archaeological inventory survey on a 17-acre parcel at 

the Kekaha Ditch Siphon Headwall in Waimea Ahupua‘a. Three archeological sites were identified 

including a modified outcrop utilized for temporary habitation (SIHP # 50-30-05-2287), an 

agricultural alignment (SIHP# -2288), and a Historic-era trail (SIHP# -2289). Preservation was 

recommended for the documented sites but the proposed project was foreseen not impact the sites 

integrity.  
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Section 6    Community Consultation & Traditional Cultural 

Practices 

 Introduction 

Throughout the course of this assessment, an effort was made to contact and consult with 

kama‘āina, community members, NHOs, and agencies in order to identify individuals with cultural 

expertise/and or knowledge of the project areas. CHS initiated its outreach effort through letters, 

email, telephone calls, and in-person contact. CSH’s community consultation is presented in 

Section 6.3 below.  

 Community Contact Letter  

Letters (Figure 3030, Figure 311, Figure 322, Figure 333 ) along with a map and an aerial 

photograph of the project were mailed with the following text: 

At the request of Joule Group, on behalf of the Kaua‘i Island Utility Cooperative 

(KIUC), Cultural Surveys Hawai‘i, Inc. (CSH) is conducting a cultural impact 

assessment (CIA) for the proposed KIUC Pu‘u ‘Ōpae Energy Project (the 

“Project”), Waimea Ahupua‘a, Waimea District, Kaua‘i, TMKs: multiple. The 

project area spans lands owned and managed by the Department of Land and 

Natural Resources (DLNR), the Department of Hawaiian Homelands, and the 

Agribusiness Development Corporation (ADC). The project area quadrangle is 

depicted on a portion of the U.S. Geological Survey (USGS) 7.5-minute 

topographic quadrangle and in a series of aerial photographs. The project area 

comprises approximately 1,015 acres (411 hectares). Although the CIA evaluates 

potential impacts to cultural beliefs, practices, and resources throughout the 

ahupua‘a (land division usually extending from the uplands to the sea), for this 

assessment, the study area and the project area are understood to be the same. 

The proposed KIUC Pu‘u ‘Ōpae Energy Project is an energy and irrigation project 

designed to serve three primary functions: provide pumped storage and load 

shifting capability, store and release hydro energy generation, and provide 

irrigation delivery to lands adjacent to the project. The project will utilize the 

existing Kōke‘e Ditch Irrigation System and the Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā 

Reservoirs, and will include both rehabilitation of existing state infrastructure and 

new construction.  

Repairs and rehabilitation work to existing infrastructure is described below: 

• The four primary Kōke‘e Ditch Diversions are located on Waiakoali, Kawaikōī, 

Kauaikinanā, and Kōke‘e streams. Modifications will be made to each diversion 

structure to provide for instream flow allowances to be released into the natural 

stream channels. In April 2018, the Commission on Water Resource 

Management set the instream flow allowances for the four streams diverted into 

the Kōke‘e Ditch system. Flow measurement points and recording devices will 

be added to the diverted streams above each intake and at key points along the 
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ditch to increase the hydrology data of the watershed and ditch system. The 

entire length of the existing Kōke‘e ditch and tunnel system between the 

diversions and the Pu‘u Moe Divide will be operated and maintained by KIUC 

through the life of the Project. The proposed Pu‘u ‘Ōpae Project would involve 

diverting a variable flow equivalent to a rolling average of 11 million gallons 

per day (MGD) into Pu‘u Lua Reservoir for the energy project and for DHHL 

and ADC irrigation. 

• The existing gate structure at Pu‘u Moe Divide will be replaced with a new gate 

structure that will provide irrigation water to ADC mauka (toward the 

mountain) lands and will include a new intake for the project. The new structure 

will measure approximately 30 feet (ft) long, 20 ft wide and 10 ft high. The new 

structure will include an intake with a fine mesh screen, a settling tank, an intake 

slide gate, and a ditch regulating gate and weir.  

• Three state-owned reservoirs, Pu‘u Lua, Pu‘u ‘Ōpae and Mānā reservoirs, will 

be rehabilitated in accordance with current dam safety regulatory standards. 

This work will include any repairs and upgrades necessary for safe storage and 

operations of the reservoirs. Modifications to the outlet works will also ensure 

reliable irrigation supply. Pu‘u Lua and Pu‘u ‘Ōpae reservoirs will likely be 

rehabilitated to operate within their historic capacity levels. The rehabilitated 

Mānā reservoir will be expanded from the historic capacity of 44 million to 80 

million gallons. KIUC will perform ongoing operation, maintenance, and 

repairs as needed on these structures through the life of the Project. 

• No new roads will be built for the Project. Access to the Pu‘u Moe Divide, the 

Pu‘u Lua Reservoir, and the Kōke‘e Ditch diversions will be through existing 

roads. The Pu‘u ‘Ōpae Reservoir and Powerhouse will be accessed by an 

existing road approximately 2.8 miles in length and entered from the Mānā 

Plain. Access to the new Mānā Powerhouse will be via existing gravel access 

roads on ADC land. Minor upgrades and repairs will be made to these existing 

roads as necessary to safely support construction traffic. 

New construction will include the following: 

• A new intake structure at Pu‘u Moe Divide will be constructed at an elevation 

of 3,000 ft above sea level (msl) as part of the existing gate structure 

replacement. The new intake will include an automatically operated intake gate 

and a fine mesh steel trash rack that will prevent debris from entering the Upper 

Penstock. 

• Installation of a new steel pressurized pipe, approximately 23,400 ft in length, 

between Pu‘u Moe Divide and the Pu‘u ‘Ōpae Reservoir. The new pipe will be 

buried, will vary in diameter from 32 to 36 inches, and will generally follow the 

alignment of the existing open ditch and road alignment. 

• Installation of a new steel pressurized pipeline, approximately 11,800 ft in 

length, between Pu‘u ‘Ōpae Reservoir and Mānā Reservoir. The new pipe will 

be buried, will vary in diameter from 36 to 54 inches, and will follow a 
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relatively direct path from Pu‘u ‘Ōpae to Mānā primarily across agricultural 

fields. 

• New construction of two hydroelectric facilities with a combined capacity of 

25 megawatts (MW) of generation and 27,000 fluid horsepower of pumping 

capacity. The powerhouses will have reinforced concrete substructures and 

contain new generating and pumping equipment, switchgear, and ancillary 

systems. 

o Pu‘u ‘Ōpae Powerhouse: The Upper Penstock will deliver flows to the Pu‘u 

‘Ōpae Powerhouse, which will be located on the east side of the Pu‘u ‘Ōpae 

Reservoir and measure approximately 40 ft by 40 ft in plan. A new concrete 

tailrace measuring approximately 25 ft long and 5 ft wide will convey flow 

from the powerhouse to the reservoir.  

o Mānā Powerhouse: The Lower Penstock will deliver flows to the Mānā 

Powerhouse, which will be located on the east side of the Mānā Reservoir 

and measure 100 ft by 60 ft in plan. 

• A new, bidirectional gated intake structure will be constructed on the west side 

of the Pu‘u ‘Ōpae Reservoir with an invert elevation of 1,484 ft msl. The intake 

gate will operate automatically and a fine mesh steel trash rack will prevent 

debris from entering the Lower Penstock.  

• The project will discharge all water used for generation into the Mānā Reservoir 

at approximately 50 ft msl and supply irrigation for farmers on the Mānā plains 

via a new pump station supplying water directly to ADC’s planned filtration 

and pressurized irrigation systems. The project will discharge from Mānā 

Reservoir into an existing storm drain ditch located approximately 600 ft south 

of the reservoir via a new buried culvert.  

• The project will include new construction of a solar photovoltaic (PV) array 

rated at approximately 25 MWac (35 MWdc). The PV portion of the project 

will be located in the immediate vicinity of the Mānā reservoir and Mānā 

Powerhouse. The estimated area required is approximately 250 acres. The PV 

project output will interconnect at the Mānā Powerhouse substation and the 

energy will be used primarily for powering the project pumps. 

• The proposed location for the solar field installation is on land owned by ADC 

and designated for agricultural use by Kaua‘i County and the Hawai‘i State 

Land Bureau. However, these areas are not identified as prime “A” agriculture 

lands and are within fields less desirable for farming due to flooding issues, 

high water retention resulting from low elevation, and a higher percentage of 

clay in the soil. 

• New construction of two substations and interconnection to KIUC’s 

transmission grid is part of the project. The Pu‘u ‘Ōpae Powerhouse will 

connect to the Mānā Powerhouse substation via a new substation and buried 

feeder line. The PV array will connect to the Mānā Powerhouse substation via 
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new feeder lines buried along existing farm roads on Mānā plain. The project 

will connect to KIUC’s existing 57.1 kV transmission line via a new 10,000-ft 

line. There will be no overhead lines mauka of the Mānā Reservoir. 

The purpose of the CIA is to gather information about the project area and its 

surroundings through research and interviews with individuals knowledgeable 

about this area. The research and interviews assist us when assessing potential 

impacts to the cultural resources, cultural practices, and beliefs identified as a result 

of the planned project. We are seeking your kōkua (assistance) and guidance 

regarding the following aspects of our study: 

• General history and present and past land use of the project area. 

• Knowledge of cultural sites—for example, historic sites, archaeological sites, and 

burials. 

• Knowledge of traditional gathering practices in the project area, both past and 

ongoing. 

• Cultural associations of the project area, such as legends and traditional uses. 

• Referrals of kūpuna or elders and kama‘āina who might be willing to share their 

cultural knowledge of the project area and the surrounding ahupua‘a lands. 

• Any other cultural concerns the community might have related to Hawaiian cultural 

practices within or in the vicinity of the project area. 
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Figure 30. Community Outreach Letter
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Figure 31. Community Outreach Letter
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Figure 32. Community Outreach Letter
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Figure 33. Community Outreach Letter
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 Community Contacts 

The following kama‘āina, community members, NHOs, and agencies in order to identify 

individuals with cultural expertise/and or knowledge of this project area were contacted for the 

community consultation process of this CIA report. Below in alphabetical order are the names and 

affiliations of these kama‘āina, individuals, community members, NHOs, and agencies. 

 

Table 3. Community Contact Table 

Names Affiliations 

Dan Ahuna OHA Representative, Kauaʻi Island 

Clisson Kunane Aipolani Cultural and Historic Sites, former KNIBC 

Chair 

William J. Aila Deputy Director, Department of Hawaiian 

Home Lands 

 

Danita Aiu East Kauaʻi Community Development Plan 

Citizen Advisory Committee 

Liberta Albao Pelekikena (President), Queen Deborah 

Kapule Hawaiian Civic Club, NHO 

Alu Like 

 

Kauaʻi Island NHO 

Roselle Baily Kumu Hula; Emeritus Kōke‘e Natural 

History Museum 

Jimmy Ballantine Owner, Kōkeʻe Lodge 

Ted K. Blake Vice Chair, Public Access, Open Space & 

Natural Resources Preservation Fund 

Commission; KNIBC member 

Ruth Cassel Resident, Waimea Valley 

Gweneth Cardejon Kupuna, traditional cultural practitioner of 

lomilomi (massage) and lā‘au lapa‘au 

Tano Casteneda President of the West Kauai Hawaiian 

Homestead Association 

Phyllis Coochie Cayan Intake Specialist SHPD 

 

Kamanaʻopono Crabbe OHA Ka Pouhana, C.E.O., NHO 

 

Frank Cummings Kamaʻāina to the lands of Puʻu ‘Ōpae 

Robin Danner Familiar with the lands of Pu‘u ‘Ōpae 

 

Carl Dusenberry Familiar with the lands of Pu‘u ‘Ōpae 

 

Marsha Erickson Executive Director, Kōkeʻe Natural History 

Museum 
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Names Affiliations 

Katie Ersbak Planner, Watershed Partnerships Program, 

DLNR 

 

Chris Faye Kauai Museum, Curator, Kama‘āina to 

Waimea 

 

Mike Faye Kama‘āina to Waimea, Kekaha Sugar 

Employee at Pu‘u ‘Ōpae 

 

Frank Hay Cabin Owner in Kōke‘e 

 

Don Heacock DLNR, Division of Aquatic Resources 

Glen Higashi DLNR, Division of Aquatic Resources 

John Holt Kama‘āina 

Kauanoe Hoomanawanui Burial Sites Specialist, Kauaʻi and Niʻihau 

Wayne Jacintho Hunter, Craftsman, West Kauaʻi 

 

Leinā‘ala Jardin Kumu Hula, Hālau Ka Lei Mokihana o 

Leinā‘ala 

Janet Kahalekomo Educator, ‘Ele‘ele School, Retired 

Thomas Kaiakapu Division of  Foresty & Wildlife, DLNR 

Anthony Kauahi Kupuna 

Kauai Island Hawaiian Civic Club Association of Hawaiian Civic Clubs 

Erna Kamibayashi Supervisor, Homestead Service Division, 

Manini ‘Ohana, kama‘āina, DHHL Kauaʻi 

Island Representative 

 

Aletha Kaohi Historian. West Kauaʻi Visitor Center, 

Former Director 

 

Sabra Kauka Traditional Cultural Practitoner, kapa and 

kumu hula 

 

Glen Kawakami Former Forester, Forestry & Wildlife Kaua‘i 

Branch Manager, DLNR 

 

Kapu Alquiza Kumu Hula  

Alvin Kyono Forestry Consultant, Kama‘āīna to Waimea 

Nancy McMahon Park Planner, Kaua‘i Department of Parks & 

Recreation 

 

Eben Manini Kama‘āina, Resident of Pu‘u ‘Ōpae 
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Names Affiliations 

Kaleo M. Manuel DHHL Acting Program Manager 

Kai Markell OHA Compliance Enforcement 

Owen Moe Kama‘āina of Kekaha, Former Kekaha Sugar 

Employee at Pu‘u ‘Ōpae 

 

Dee Morikawa District 16 Representative 

Howard “Butch” Naleimaile Kama‘āina of Waimea 

 

Leah & Patrick Ho‘okano Pereira Queen Deborah Kapule Hawaiian Civic Club, 

Kama‘āina to the lands of Waimea 

Warren Perry Royal Order of Kamehameha, Kaumualiʻi 

Chapter 3, Attorney 

 

Patrick Porter Forestry Management, Kauaʻi Branch 

Supervisor, DLNR 

Robin Robinson Ditch Historian 

 

Teri Sakai Homesteader, Waimea 

Kaliko Santos OHA, Community Outreach Coordinator, 

Kauaʻi. Aha Moku Advisory Council 

Representative 

Barbara Say Kama‘āina to Waimea 

 

David Smith DLNR – DOFAW Administrator 

Kaʻahiki Solis SHPD Cultural Historian (Oʻahu, Kauaʻi, and 

Niʻihau) 

Molly Summers Educator, Kauaʻi Community College 

Eddie Taniguchi Kama‘āina to Waimea, Paniolo, Hawaiʻi 

Paniolo Hall of Famer 

Steve Thompson Kauaʻi Parks Section District Superintendent 

David Tsuchiya State Parks Division, DLNR, Parks 

Technician 

Harold Vidinha Kekaha Hawaiian Homestead Association, 

President and Kama‘āina to Waimea 

Kawai Warren Kekaha Hawaiian Homestead Association, 

Hōkūleʻa Crew Member 

Randy Wichman Historian 

 

 

 Kama‘āina Interviews 

The authors and researchers of this report extend our deep appreciation to everyone who took 

time to speak and share their mana‘o (thoughts) and ‘ike (knowledge) with CSH whether in 
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interviews or brief consultations. We request that if these interviews are used in future documents, 

the words of contributors are reproduced accurately and in no way altered, and that if large excerpts 

from interviews are used, report preparers obtain the express written consent of the interviewee/s. 

6.4.1 Summary of Eben Manini Interview 

Cultural Surveys Hawai‘i met with Mr. Eben Kawaikea Manini in the uplands of Kōke‘e, 

Waimea. The day was bright and windy as CSH conducted an interview with Mr. Manini. This 

recorded interview was conducted for the consultation component of a Cultural Impact Assessment 

(CIA) for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kauai Energy Project, Waimea 

Ahupua‘a, Waimea District, Kaua‘i Island. Mr. Eben Kawaikea Manini is the son of Joseph Punilei 

Manini Sr. and Mrs. Beverly Ann Curtis Manini. He was born in Waimea, Kaua‘i on March 3, 

1964. Today Mr. Manini resides with his family on Hawaiian Homelands in Waimea and now 

works in the visitor industry as a tour driver and a tour guide. Prior to the last few years in the 

visitor industry, Mr. Manini worked for 25-years in the automotive industry and twelve years in 

conservation.  

Mr. Manini shared the following information about his family and where he was raised. He also 

spoke on his memories of past land use within the project area. 

Dad was from here (Waimea) from many generations, he claimed to have his 

genealogy go back near the tenth century here on Kaua‘i. Mom was from O‘ahu 

originally. Her mom was from Maui and her dad was from Tennessee. He came 

over with the Navy in the 1920s. 

Growing up as a child until this day, I was always here in the Pu‘u ‘Ōpae area. Our 

family was awarded a general lease and then an award. I believe it was in 1968. So, 

I was about four years old when we acquired the property and I[‘ve] been there 

since. When I was growing up my dad would come up to check the animals. We 

have about 289 acres of property that we have been awarded [a] 99-year lease from 

the 1970s. So, I grew up on the land most of my life. I been there for permanent 

almost 20-years now I’ve been living on the property. We have a ranch there with 

an old cabin that’s been there pre-Statehood and that’s where I reside with our cattle 

and ranching.  

As far as the general knowledge I grew up hunting as a young man. Both in the 

Kōke‘e area, the Waimea Canyon area, [and] up into the forest near Waialae. 

Basically, all west side I’ve either seen it by foot or in more modern times when I 

was in conservation, we do heli-ups (helicopter flights). So, I’d been flying over 

the cliff areas where it’s not accessible by foot, but I understand the ‘āina a lot. I’m 

not going to pretend I know everything, but I know a lot of history that also leads 

back to even ancient times where the villages were and how the people lived in 

different locations. 

The lands in the entire site that I am looking at [on] the map which is from 

Waiakoali all the way to the Mānā Reservoir. It’s a long stretch of area. The forest 

area down to Pu‘u ‘Ōpae Reservoir would have been a wildlife preserve. The ditch 

system that diverted the water from the interior streams for irrigation systems 

traveling through Kōke‘e State Park (Pu‘ukapele) Forest Reserve, and into 
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Hawaiian Homes, from Pu‘u Moi division. This is where the main diversion is to 

take place for this project from that area down [pointing to map; Figure 344] the 

top section was mostly forest reserve, Pukapele (Pu‘ukapele) Forest Reserve, then 

it transfers over to DHHL, Department of Hawaiian Homelands, from the section 

down they had cattle. The cattle in my understanding was in the forest reserve in 

the 1920s with Knudsen, that’s his last name. He was the person with the lease 

including Hawaiian Homes and the forest reserve over time. I don’t exactly know 

what date. They only raised cattle in the DHHL area then Kekaha Plantation raised 

the cattle till 1999.  

My understanding was sugar cane grows best from 1,500 feet and lower elevation. 

So, sugar cane grew in that whole area down to the last drop off where it is all cliffs 

and pali. So, it’s not tillable and that’s the reason they weren’t planting in some of 

the areas. So, some [of] the untillable areas were cattle ranching and for public 

hunting of pigs, goats [and] deer. 

Where the waterline is going to take place there was a village that was there [when] 

I grew up and I remember the plantation had a section of area they wouldn’t plant 

sugar cane in that area. I used to ride my bicycle from our cabin down there to this 

mango tree that’s near the reservoir to pick mangos. Throughout my life, from age 

eight or nine years old I’d go there, and I remember this one section if you go into 

the haole koa, or ekoa plants that were growing there, that’s the introduced koa, the 

modern ones for the record. There would be this rock wall and the rocks were really 

large. I was asked by a group of people that came in to do research on this property 

a few months back. When we went there a lot of it was moved around and there 

were signs of bulldoze marks. The tracks that the bulldozer, the caterpillar would 

leave slipper tracks on it. The grooves of it and a lot of the section I noticed had 

slipper marks on the rocks that were there. I don’t know if it was done intentionally 

or accidentally a lot of the remaining walls that I saw growing up the 70s wasn’t 

there anymore. That’s one of the villages. This would have been pre-western 

arrival. 

This area here in the valleys [pointing to the map; see Figure 34] we had water 

running. In the 1960s almost, every valley had water running in it. In the ‘70s we 

had big droughts that dried up a lot of our forest. In 1982, that’s the first hurricane 

I lived through, we had hurricane Dot. I believe [it] was in the ‘50s, but a lot of the 

large canopy trees got destroyed in 1982. I think that had to do with capturing water 

and moisture for our rain forest drop water line. Then in ‘92 Iniki was a devastating 

hurricane that knocked out almost every major large native tree that we had in that 

whole area. So, I think the changing of our forest affects the amount of water we 

had. Definitely Native Hawaiians had water to live there or they wouldn’t survive. 

There’s another village above this system near Waimea Canyon there was also a 

large village there. If you were to go there today there is no visible running water, 

but I myself in my lifetime have witnessed the alaka‘i swamp particularly the 

Makanoe Bog, where Queen Emma journeyed into the forest with all of her ‘ōlelo  

and oli that they have with their journey to Kaua‘i. I myself have seen it dried up 

from a swamp being approximately 36-inches deep of muck and mud up until now 



Cultural Surveys Hawai‘i Job Code: WAIMEA 22  Community Consultation & Traditional Cultural Practices 

CIA for KIUC’s Pu‘u Ōpae/West Kauai Energy Project, Waimea, Kaua‘i  

TMKs: various  

101  

 

where it is like a park or a garden where there is just grass growing there and very 

little if any pots holes of mud or water in it. So, our mountain has definitely dried 

up a lot. It could be through global warming. It could be through the different plants 

that are growing there as well. So, we have gone through a lot of changes in my 

short lifetime I have witnessed.  

Here Mr. Manini talks about the tributaries that feed the ditch systems within the project area. 

His father also worked very hard for the State of Hawai‘i doing sewer pumping where once existed 

a second village. 

Kōke‘e Stream would be tributaries of the ditch. Waiakoali is the other stream that 

would be tributaries to this ditch system as well as the Waimea River. The second 

village would be by the Waimea Canyon lookout. It’s about the ten-and-a-half-mile 

marker. That was a village there as well. My dad had a part time business that he 

used to do sewer pumping for the state. So, he would be at the original restroom 

area and he said had a lot of terracing walls that were there from the homes and 

houses that used to be there. I witnessed the walls my dad spoke about in the late 

‘70s. 

Over time they installed a leach field and some of the walls in our family’s opinion 

were altered or removed to install their leach field lines and then some of the new 

facilities was built there. I’m not saying it’s right or wrong. I know there are laws 

protecting certain things. We always got to respect what is there because once you 

remove it, [it] is gone forever or at least if it’s documented we can share it with 

future generations because its ‘ōlelo that can be passed in your lineage. 

We [his family] would be above Pu‘ōpae (Pu‘u ‘Ōpae) so, we’d be right around in 

that zone there [pointing to the map]. Right above the actual pu‘u, which is the 

mountain the ‘Ōpae hill. Our property would be just mauka of the pu‘u.  

As the interview continued, Mr. Manini began to speak about the soil and how it is of red dirt, 

thus the importance of compost to bring back nutrients to the soil. Mr. Manini also noted the many 

native plants that might have been planted in the project area during pre-western Contact times. 

So, we grew up primarily ranching with cattle, we would garden. We planted 

vegetables. We would grow beans, watermelons, cabbage, used to be huge the 

cabbages they’d really be big! Lettuce, onions were always amazing the elevation, 

2000 feet the climate is similar to Maui. 



Cultural Surveys Hawai‘i Job Code: WAIMEA 22  Community Consultation & Traditional Cultural Practices 

CIA for KIUC’s Pu‘u Ōpae/West Kauai Energy Project, Waimea, Kaua‘i  

TMKs: various  

102  

 

 

Figure 34. USGS Topographic Map showing the location of wahi pana and cultural resources as 

identified by Mr. Eben Manini
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The soil, the health of the soil is pretty good it is weathered basalt broken down, so, 

it is red dirt. Some areas are a little bit browner and littler richer in nutrients. 

Compost is always important. A lot of soil here is clay soil so, it can pack tight. So, 

you definitely need to till it. My sweetheart and myself even though they say it 

can’t, cannot be done, we tried planting coconut trees at 2,000 feet. We tried to 

plant Samoan coconut tree, and ulu so far it is growing. It’s not super happy, but 

we had to try just to see if it can survive, that’s part our experimenting. We also 

grew dry land kalo up in the area. It did very well windy month of the year it 

wouldn’t be happy because the leaves would be torn up.  

I believe they probably had sweet potatoes for sure, they had mai‘a. We have mai‘a 

growing there for years, another thing too is that when my dad planted mai‘a years 

ago, some of them died because of the drought. Some of them died because the 

cattle would break it, but if we would protect it, it did really well. We’d grow a 

different variety because of the high winds where our home is. We had to grow the 

dwarf style mai‘a so, it’s less susceptible to the high winds. Now, in the valley it 

would have done good. I’ve tried recently I think in the last five years, the ‘ele‘ele 

type it does okay, but it’s not really happy too, again elevation has a lot to do with 

the plant thriving or stressing, but it’s surviving but it’s not doing well. 

The Manini Family live on Hawaiian Home Lands and water sources are an important part of 

survival for the family, land, and cattle. Mr. Manini shares his knowledge of where those water 

sources are located to not only his family but all others that share Hawaiian Home Lands in 

Waimea. 

Our water source we have one valley we actually have a natural artesian well spring 

that feeds. It’s not as plentiful as it used to be for the actual flow. I cannot give you 

a name [off] the top of my head right now, but there [is a] spring there and there’s 

about four more other natural springs in this whole area of DHHL that still runs to 

this day. It doesn’t produce a lot of water flow again we have a lot of Eucalyptus 

trees now growing in the area. Besides that, we would primarily get most of our 

water through this irrigation ditch system where the proposed pipeline is to be set 

up. 

The original ditch might be the maroon color [pointing on the map; see Figure 34]. 

And then the orange is their proposed pipeline from the ‘70s primarily we had a 

two-inch steel galvanized pipe installed in the 1950s before DHHL awarded the 

first five lots to the first five families. Our family was not one of the first five 

families that got awarded property there, 500 acres had two inches of water to share 

amongst themselves mostly for cattle consumption or if they had a garden or 

irrigation. 

It was tricky with that one [be]cause my dad went through a lot of law suits and 

cases. He needed water and they were not giving him water, so he fought for his 

water rights from the early 1970s all the way until his death. Now, he was awarded 

water a six-inch waterline that would divide into two four-inch pipes that would 

supply five lots that was acquired by two families, so, our ‘ohana had three of the 

five lots and another family, Naumu Family had two of the five lots. They had Lot 
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4 and Lot 3. Now prior to Nauumu was Akita. Akita first, then Alice Akita-Zanger. 

Alice Akita was one of the people I was hoping would speak with you. Alice’s 

maiden name was Akita, she married Ted Zanger. He was my teacher growing up 

in the ‘70s. They had two of the five lots. We had three of the five lots. Both fought 

for water for over fifteen to eighteen years before they finally granted them water 

and it was specified a certain amount. On paper a lot of people thought or even 

think till this day that we got the water, but we don’t. We still have only a small 

amount of water. I say a small amount, there’s a two-inch pipe that is partially 

smashed and we are probably getting about an inch and a half [of] water flowing 

through the pipe till this day.  

It is at this time Mr. Eben Manini speaks on how he approached DHHL years ago to help the 

water situation and the need to fix the piping, so water can properly flow to the lots of Hawaiian 

Home Lands. 

DHHL I spoke with them, I want to say years ago, two to three years ago about the 

pipe. Still waiting. There was a situation that because of the eucalyptus and the 

drought we had that summer there was no water in the ditch. It came down to a 

certain point and it disappeared in Mother Earth. The ground started to crack. The 

water all disappeared. I went out with small pvc pipes just trying to get water into 

our intake, so we can get water to our animals. All of the wild animals below me 

wild cattle, wild goats, pigs, deer, that are in the area. They were all going without 

water as well, so I called DHHL, talked to Kaipo Duncan. He asked me to call 

Landis Ignatio who was part of the water system that was up here. He used to work 

for the plantation before they closed down. He still managed it at that time. He has 

recently passed away. He allowed me to go down to the old sugar mill and get some 

old used pipes to install, so, my son Joshua and myself and my nephew, Lo‘ea 

Kamibayashi the three of us went out and started laying out the pipes to try to get 

water, a greater amount of water to our water intake which is about a mile away 

from our pasture where we need to give the animals the water. 

It’s personal, Dawn (Dawn Huff, KIUC) and her husband approached me years ago. 

I want to say about two years ago and when they came out to talk to me, they were 

very nice people. Wonderful energy, a lot of aloha, I’ll say that in their heart, they 

came out and they let me know what was going to happen. I kind of had an idea 

because in the ‘70s the plantation wanted to do this project and it never really fell 

through. My dad was always against it because the plantation wouldn’t share water 

with us because the primary reason was, run a turban with a hydro and then irrigate 

the sugar cane. In this day and age, it’s a little different. The first thing I asked 

Dawn and her husband Jason, and kala mai but I forgot his name, but I spoke to 

both of them personally. I said, “If they would run it, would we still get the water 

we need to our property?” And they said, “Yes.” They made it clear yes, now, this 

is why I explained here this day is that I have more faith in this project then I do 

with DHHL and sad to say because DHHL to this day has not helped me with my 

temporary water fix and it’s been over two years. Dawn and her husband are saying 

that they will have pipe water coming down. There will be a spicket that comes out 

to feed our needs, and even a that sense we will have more water getting to us than 
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relying on DHHL. The two in half miles of ditch line, approximately from Pu‘u 

Moe, that comes down to our intake, it’s a system that is in failure and will fail 

eventually. No one really maintains it.  

Technically, we should be doing it ourselves. My son and I go out at least once a 

month to fix the ditch to get water at least to our intake that’s 2.5 miles of a run 

before it gets to our intake before it goes into our pipe. Also, Kawai Van Warren 

he also comes up, occasionally. He used to do it before but not as much now and 

he would have helpers, but he hasn’t come as much as he used too. He also had lo‘i 

below us at the reservoir but now they don’t have it [be]cause when I went down 

to do the survey with the people from Group 70, they were asking me about his lo‘i  

and I said, “It wasn’t growing there or a while, he stopped and I’m not sure why.” 

Water again, is a big thing. There is so much eucalyptus trees again, it pulls all the 

water running down the ditch. It breaks the bank. There is a lot of seepage and 

leakage and it’s an endless fight. So, piping it would be good being realistic 

Hawaiian Homes isn’t going to do it, that’s my opinion. It’s sad. I want to be 

optimistic but being realistic I don’t think they can do it. If they can’t help me with 

100 feet of pipe how can they do two miles of pipe, again, being realistic!  

“No water no life!” A reality according to Mr. Manini needed for anything to grow in such an 

environment. Here Mr. Manini speaks of the many natural resources that would have existed 

within the proposed project area.  

No water no life! You can get the land and hope for rain, but realistically on the 

driest slope the leeward side of the island, averaging anywhere from twenty-inches 

of rain to zero-inches. We’re not Mount Wai‘ale‘ale or the beautiful east side where 

they have trade winds and rain daily. 

The natural resources in this area right now would be primarily used by the State. 

They use it for hunting. Most of the native forest has been depleted due to the 

hurricanes and the invasive plants that have taken over. The native forest would 

have been koa [Acacia koa], koai‘e [Acacia koaia], acacia koa. The lower area has 

some different variety the koai‘e koa, the ‘ōhi‘a lehua [Metrosideros] trees, our 

family would just call it ‘lehua,’ but you know in general for everyone is ‘ōhi‘a 

lehua. There is some lama [ebony; Diospyros] that grows in the area. There used 

to be olopua [Nestegis sandwicensis] and kauila [Alphitonia ponderosa].  

Strawberry guava has choked a lot out. A‘ali‘i [Dodonaea viscosa] is dwarfed that’s 

in that area. It would be 10 feet or less, drier conditions, that's native. We have in 

one valley, it’s not in our property, but it's in DHHL, we have the white hibiscus, 

Hibiscus Waimea, the koki‘o ke‘oke‘o [Hibiscus arnottianus]. That is the site of 

most of the koki‘o that is growing; also, [there are] Hawaiian oranges. 

We planted ‘ula‘ula on our own. Nothing in the wild that we found the ‘ula‘ula in 

my life time, but the Hibiscus Waimea that you see in Kōke‘e at the museum came 

from this area. John H.R. Plews, he passed away. He was an attorney by profession 

they have a home in Kōke‘e from the plantation managers era and he told me 

specifically the tree that they had growing in their property came from one of the 
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valleys in our area, and I also have a cut slip from the seed bank and I have it 

growing in our yard too, so beautiful. 

Pūkiawe [Leptecophylla tameiameiae], yes. We have small little micro climate 

areas that have maile [Alyxia stellate], maile lau li‘i in that zone there. There used 

to be a little bit larger leaf maile before but it’s kind of died out because of the 

invasive weeds. They have to be kept in semi shade and moist ground. A lot of the 

areas down there is pretty dry, but if you go now some areas would be shady from 

the Eucalyptus but the maile wouldn’t grow in that specific area. 

My understanding there is at least one kumu [teacher], I just know his name is Dana 

Olores, he’s distant family to us as well. He goes out and gathers in Kōke‘e and I 

think he may come down there because  you can make lei with a‘ali‘i beautiful 

colors you got the reds and salmons down there so, for gathering that is good. As 

for me, I will gather from the property too if I make lei and I give for special reasons 

yea, I will make as well. There’s palapalai [lace fern; Microlepia strigose] in some 

areas, pala‘ā [lace fern; Sphenomeris chinensis]. A lot of pala‘ā and palapalai too 

grows on the existing ditch bank right now. 

It can be affected. And there’s an area adjacent to the road going down. This area 

is basically four wheel drive, access to be safer so you don’t get stuck, yea, where 

the ditch runs there’s a lot of beautiful healthy ‘ōhi‘a lehua growing in the ditch 

system drawing water from it. This gentleman that came down there once to check 

on some plants we have growing in the area, his name is Mike Domata. He’s well 

known. He works for National Tropical Botanical Gardens. I know him personally 

from my previous job working in the forest with rare and endangered plants. So, he 

actually stopped one day and said, "Brahh this is so beautiful!" And I said, “The 

ditch is keeping it healthy.” And that’s the reason and he was even shocked on how 

flourished it was. It was just really, really nice. We know we have the ‘ōhi‘a, the 

ROD or rapid ‘ōhi‘a death happening throughout the state. I heard Kīlauea on this 

island has it as well. The class that I went to earlier in the year, with the Master 

Gardeners. I am a member of the Kaua‘i Master Gardeners. I went to their session 

of collecting seed. They trying to get different varieties of ‘ōhi‘a lehua that could 

be disease resistant. They were hoping to find different varieties and that’s the 

reason why even though in a scientific world it is called ‘ōhi‘a lehua, my dad would 

have specific names. Kaua‘i we have our own dialect of the kinds of lehua. 

CSH inquired into how the ditch systems get filled with water. Mr. Manini shared his 

knowledge on the origin of waters within the proposed project area and how that has had an impact 

on ranching as well as the homestead in Waimea. 

In this area, again, it was mostly controlled with natural artesian well springs 

(pointing to map; see Figure 344], this upper ditch system that runs here and 

continues, a lot of the water that would start where we are sitting here (at the first 

hunter’s cabin). That continues in a lot of it will catch this running water from every 

valley to add more water to this system that’s just how its built and it starts from 

Waiakoali all the way through wherever there’s an area where they can capture 

water. 
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A lot of cowboys that would be working with Knudsen, that was family with us 

too, like Blackstead Family on their Hawaiian side would have been one of his 

right-hand cowboys. So, they would be teaching them, I want to say Westerners, 

how to work the land how to find things, animals that are lost in the forest. My dad 

retired from Gay & Robinson. Now it’s known as Robinson Partners. Yes, and they 

would have cattle that would go near the summit, through their direction across 

Waimea Valley, they would be on the Makaweli side. They would actually go deep 

in the forest and my dad was working with them and they would get to a section 

where if the animals would go deep into the forest into the upper bogs. One can 

easily get lost even this day because if you walk 20 feet in a direction and you turn 

around the water will cover up your footprints. Or the plants spring back and you 

don’t even know what direction you came from, so, one can easily be lost or 

disoriented. They would follow, looking for animals, they track the animals using 

valleys or streams to reference how to come out, thus making ditch systems would 

be naturally understood because this is how you would navigate through drainages 

or ridge lines especially when it fogs you can’t even see 10 feet in front of you. 

According to Mr. Manini there are areas that are considered caves and trails. Pointing to the 

map provided by CSH, he and his son came upon in the past. Mr. Manini also shared his knowledge 

of what artifacts his family has come across in the past that reflects the sensitivity of the region. 

There are some areas that have caves. I remember down here [pointing to map and 

marked; see Figure 344] had some caves and I asked them are they going to do any 

digging down here [map] and they said no it’s going to be piped on the surface. My 

son and I went down there, because I remember seeing iwi [ancestral remains] years 

back. When I went back sad to say the goats are all in the caves where I thought 

was the iwi area. I couldn’t find it. It was all pilau [to stink] with poop from the 

goats and they are living in the cave now. 

Down in that section there [pointing to map; see Figure 344], the pu‘u itself, the 

waterline is not going to go by the pu‘u. In my heart, in my mind, and in our ‘ōlelo 

it is a sacred area and I asked them not to build anything on that hill.  That was an 

area of our family, that’s a meeting area so, people from shore all on Mānā plains 

according to my dad it was all fishponds from Waimea almost down to Polihale 

[see Figure 344] all the interior sections of the sugar cane field or corn fields you 

see now was all underwater and its was filled with brackish water in it ‘ōpae 

throughout that whole area. My grandpa used to catch ‘ōpae in there and, in modern 

times, this was…I don’t remember if it was in the early 1900s, they would go with 

a flat bottom boat from where Waimea Canyon School Park is, and they’d paddle 

down in some areas and catching ‘ōpae all in that zones there. Now, the people 

from that low land area which had villages down below or at least homes in this all 

bottom section through out here (referring to the map), they would catch the shrimp 

and come mauka to the pu‘u. They would come up to the pu‘u and exchange food 

with the people who would live in the mountain which probably they had sweet 

potato, maybe had varieties of kalo that would grow in higher elevation in the 

dryland style.  
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Also, a mile up from our location here is Kukui Trail. Kukui Trail is an ancient trail 

that people from Waimea Valley would hike up and over. They would stay at Pu‘u 

Mō‘ī in that zone where this piping system is going to start. This area was known 

as either for a high-ranking person for [their] rest spot. That section [pointing to 

map; see Figure 344] there used to have a corral, from the 1920s they used to keep 

the cattle there all penned up [be]cause cattle would run all through the forest. Pu‘u 

Moe is the diversion.  

The Kukui Trail would be probably right around here (pointing to the map) then 

goes into the valley. It’s only about a mile, you see the high peak out here, it’s a 

little bit around the corner, you’ll see all the tourist parked there. That’s an ancient 

trial that went all the way into the valley. That trail (Kukui) came up the canyon 

and back to the Pu‘u Moe. They (ancient chiefs) would come all the way makai to 

the pu‘u and then from the pu‘u they go back makai there are some trails that come 

down where Pōhaku Manu is, they would cut to the right ad go down in the valley 

and they would go straight to the pu‘u. You know how they follow the ridge lines 

and then they go in the valleys. They need the water. What’s neat is that there are 

some areas that are well known roads where maybe they were pulling canoe out. 

That’s where you would find artifacts on certain ridgelines that would be left 

behind. 

Adze, I never did find poi pounder. In the valley my dad found a stirrup poi pounder 

in the valley. Then up here (pointing to the map) we found, e kala mai [forgive me], 

I forgot the name of the poi pounding board [CSH answers, “papa ku‘i ‘ai”]. Yes, 

so the stone board we have one on our property. The plantation dug a ditch I found 

half of it. I could not find the other half. So, when my brother came back from 

Vietnam my dad told him go look because your braddah’s had [found] half and they 

don’t know where the other half [is]. I was young [at] that time. Seven years old, 

maybe eight years old? Then he went pule [pray] and he went up there within five 

minutes he found [the other half]. It was on the opposite side buried in dirt and he 

found it because the energy told him where to go. So, even thought it was two pieces 

my dad glued it back together to make it whole. He has the poi pounding board. 

That area [Lot 2; Manini Lot] was known as the quarry for the adze because near 

the stones used to have the chippings and I found half made adze; it’s not complete 

and we found three and my dad has that too where he used to live, my brother lives 

there now. So, we have certain artifacts that we found on our property from back in 

the day and had fire pits and then later get landslides and wash and then it’s gone, 

but again the story is still there, we know the area the layout. 

Here, we spend a moment on the place name of Pu‘u Moe as it is written on the USGS map.  

M, O, I, Pu‘u Moi. Fish or it could be higher ranking. [It] cold be mō‘ī, my dad 

would say that was an area where they would rest. Some people don’t believe there 

are some areas up there that the energy is very powerful. If one is aware of it. For 

me I can smell, I can feel, I can feel like electricity energy very strong and powerful 

at times. That particular area along with three other areas on this line, occasionally 

there’s times where I’ll either smell someone with me and it’s not my odor and no 
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ones with me or you can feel this electricity where you can feel energy. If I’m with 

my horse, my horses’ ears will start twitching and if I’m with my dogs sometimes 

the growl, their hair will stand up sometimes it doesn’t even bother them. If they 

smell what I’m smelling. So, again it’s the energy that could be positive or negative.  

Our conversation now leads to the energies of the wahi pana or storied places within the 

proposed project area. These stories relate to the famed menehune of Kaua‘i and how the early 

work of the menehune were later taken away by the sugar plantation. Mr. Manini continues to 

speak on the artifacts found there in his life time.  

This place too on the pu‘u it was said where the menehune would exchange food 

for, again referring back to Pu‘u ‘Ōpae it was said in our ‘ōlelo how the people 

from below would bring ‘ōpae up food to exchange for menehune to do work for 

their walls. They were wall builders. Our understanding they lived in some of these 

valleys and some of these areas where we are. If you go to the Kaua‘i Museum, just 

at the edge of our property there's a weather station, it shows in that museum that 

there were homes all through there. You know how they illustrate sections of where 

there were actually structures. The plantation bulldozed there in the ‘40s for our 

victory gardens yea, so, the victory gardens a lot of the property where our pastures 

are and outside of it as well was all replanted with grass after the war.  

Now, my dad was born in 1932 and when he was about 12 years or so, during the 

war, they were actually pulled from school to come up to harvest all of the 

vegetables that growing on this property. Now, all of the water that would be 

coming down this ditch system was used sharing for the garden and also for the 

sugar and that’s why my dad started fighting for water because if they had water to 

water the garden and the sugar, why can’t  you share four-inches or six-inches with 

us, but again it is not about being negative, it’s about sharing, you know that if you 

only have so much inches it should still be divided and not one sided, so, that’s 

what I’m hoping for our future that we still learn to respect each other and who’s 

there working the land. They said, that the villages were there on the right side there 

is still some fire pits at the bottom where they would actually have some chips of 

rocks and they would make adze. There is also another ridge line when they made 

the government fence separating Pukapele [Pu‘ukapele] with DHHL. There was a 

huge quarry there where they would make adze.  

Occasionally [in] our time and then my brother[‘s] we would find adze just left out 

in the wild and we’d bring it home so a lot of the artifacts we gave to our dad and 

he put them away. I shared two places that had fire pits [pointing to the map; see 

Figure 34]. I did show it to Group 70 members somewhere over here. It’s along the 

ditch system.  

The actual [Kowali] plant grows in the valley [Kowali]. Kauikinanā is a drain that 

where they capture the water coming out of part of the swamp and then they divert 

it into a tunnel. In my opinion when Queen Emma came, they have pōhaku hula 

which is specific to an area, even though they say it is not anymore, they can’t find 

it, but that ridge that comes down crosses right where this the tunnel is to divert the 

water. If you go mauka or makai it’s all pali so horse cannot cross, and she (Queen 
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Emma) went specifically with animal that was her journey location, but they also 

take water from there and it goes into the tunnels. 

Pu‘u Lua would be where the pit is of actual reservoir now. If you would take away 

the reservoir you would have at least three mountain peaks right there, so Pu‘u Lua 

would be within the circle of the pu‘u.  

They say Pukapele [Pu‘ukapele] which is near, mauka of Pu‘u Moi there’s rock 

formations on the top. They put a radio tower there probably in the 60s or so, but 

there’s still rock formation and what is neat a about that is that there almost like 

melted olivine out of the rock, so, amazing temperature to melt it. They say its glass, 

but what I see that looks like olivine. Then below get couple of walls you can see 

little bit, must have been terraced. They say that is where Pele dug. If you go 

through stories written, by Westerners or whoever was here. My dad had a different 

of Pukapele [Pu‘ukapele], he would say that when she came to Kaua‘i she dug down 

till she hit water. Now, my dad will tell me all my life, “Do you see water on that 

hill?” And I would say, “No, it’s all dry all around there.” He said, “That’s right 

cause she dug in Alaka‘i Swamp and that’s where she hit the water and it came up 

and it filled her pit. Again, everyone’s theory might be different. It’s a special site 

right here at Pukapele [Pu‘ukapele] because there are walls it could be a heiau. It 

could be something different then what I know. But again, what literature says and 

what we try to research it can change, and that was my dad’s old theory and it made 

sense too because she didn’t hit water there. And that’s the rim of the canyon, but 

again I still know had native people there too. I think, it’s either Kana. . . there’s 

another peak going over to the thirteen-mile marker. That whole zone from 

Pukapele [Pu‘ukapele] to the peak Kaana. That whole area was all a canoe quarry 

had a lot of large koa all through there.   

The villages would be specifically to harvest large koa for canoe making. And then 

my dad would also say just before Pu‘u Moi there’s a flat and then it climbs up. He 

said they would also harvest koa there too for canoe making. He told me this story 

as a young boy and as I grew up over time I would find the adz pit makai of this 

site [pointing to map; see Figure 344] and it’s a ridge, so it kind of makes sense that 

they would drag the whole log out towards the ocean down this same ridge line, so, 

again his ‘ōlelo might have been through our families brought down. I never really 

asked him and that’s what I would advise people to do now days. If you have 

kupuna be specific in all the stories because now when you try to put the puzzle 

together there’s missing pieces, so you have to try to juggle and figure it out.  

During WWII once occupied the Wamiea region, thus in Mr. Manini’s lifetime he has witnessed 

the finding of evidence left behind by the military. Mr. Manini elaborates on other cultural sites 

and his concerns within the area.  

And then the pu‘u (Pu‘u ‘Ōpae) itself, in the ‘70s they went up there and they 

bulldozed a section where had a wall because I used to go out and find bullets. The 

military was in this area. I believe in WWII, they were there in Korean War, they 

were training in Korean War, WWII I guess they had set up guns, two anti-aircraft 

guns or even anti-ship guns that were set up there. There’s fallout shelters that are 
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there, that were built in also, that might have been through civil defense, or military, 

I’m not sure, I wasn’t, (giggle), of course I wasn’t born, but , there was remnants 

were the guns were on our property and my dad would say that the guns were 

stationed there and then there’s some areas on the pu‘u there’s all shrapnel on the 

pu‘u because they were  target shooting. I also found a larger bomb once when I 

was a young boy, I got good lickings, yea, I didn’t know it was a dangerous item I 

brought home I got a size fourteen boot up my butt, yea, got to my brain real quick, 

so not to touch it next time, yep... I actually found one and over time there’s at least 

two more that was found in the area, so, keep in mind that there could be 

unexploded ordinances. I am not aware of any on the upper side, down in Waiawa 

I think there is some. 

I am not aware of any (sites) on the upper side, down in Waiawa I think there is 

some. There is some formation of rocks in the valley [pointing on map; see Figure 

34] this side and also out here, it’s not where the pipes are. Potential sites, where 

there’s larger rock walls, not beautiful walls like in Kalalau, but it’s like more 

bigger rocks, boulders that were stacked in and then back filled from dirt from 

erosion. My concerns that I shared with Dawn (Huff KIUC), again I never met 

anyone else besides them for the project, you know, really directly impacting the 

project. I know they have a section of pipeline they want to run specifically in that 

zone there [pointing on map; see Figure 34] right there, so, my son and I walked 

the area out and there’s a hill, a pu‘u right in that zone, that is pretty native, native 

forest, it has nothing to do with DHHL, it’s in Pukapele (Pu‘ukapele) Forest. Pu‘u 

Moi is right here[pointing on map; see Figure 34]   and Pu‘ulua is up here, but there 

is a pu‘u, a mound like a little mountain here.  

They are trying to make a pipeline thought that native section. I asked her (Dawn 

Huff) a couple of weeks ago, if they would consider re-routing it to an area where 

there are more eucalyptus trees instead, because if you’re going to make something, 

I want to try to preserve what is still native since the invasive are growing 

everywhere, no sense take out the remaining native forest even if it has nothing to 

do with DHHL. That’s what I was working for over 10 years is trying to conserve 

our native forest and water shed. So, we walked it out, so, if I speak to her (Dawn 

Huff), if they could reroute another part. Preserve native plants. 

Then my concern will also be how wide of a swath they need to install their pipe. I 

mean, it’s a large pipe. Do you need a 20-foot swath? You need an 80-foot swath 

and my idea is that if you could keep it near the road it could be a natural fire break 

being that you’re opening it. They are going to make it here, but again nothing is in 

concreate what she told me. I also said when they make another straight away in 

another section it’s a big valley. They may want to cut it a different way and then 

go down. I’m being realistic, if they bring water then there is a good chance that 

native people get awards here. If there’s no water, then what will future Hawaiians 

get? If they are even going to consider anything. And then part of their proposal is 

there’re going to bury the pipe so at least it won’t be an eye sore, and that’s a good 

thing. Supposed to be underground that’s my understanding. Originally, they talked 

about putting it in the original ditch, then later they said they are going to bury it. 
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They won’t dig down here, but all the rest it’s supposed to be underground and then 

what I was waiting for they had a surveyor come up and they were surveying so I 

was hoping they run the whole survey, then I would physically walk where they 

laid out and just look if there are any historical sites of concerns. I mean I’m nobody 

but at the same time I am concerned [be]cause that’s my home. That’s why I want 

to walk this side. But again, I’m just random walking, you know and my son’s 

looking and I’m looking at what plants are there. We [are] trying to think where the 

line would be. 

One of our lots, there’s five lots, Lot 5 very sensitive lot there. You cannot do any 

kind of work any old time there, it’s real sensitive, they’ll (the ancestors) talk to 

you. They’ll communicate with you in your mind, they are there, they are present. 

That area on the map (pointing to the map) shows Pōhaku Manu, now the actual 

stone they say is in the valley over, but that section there has old fire pits. Maybe 

over there someplace (pointing to the map), but there’s this old small little rock 

formation. I can go show you that’s on our property. We no touch nothing! When 

my dad used to clean in there he would clean in the ‘70s with a dozer. He would 

put handkerchiefs near the trees where he doesn’t want to touch at all, [be]cause 

he’ll always walk the area before he cleans, but now eucalyptus took over the whole 

area. The rocks are still there and the fire pit I showed the other two gentlemen that 

came down to look at rocks. He was thinking [it] probably more modern maybe 

military, but they said if they do ash sediment test to identify the contents. So, I 

said, “If they could avoid that area would be great.”  

So, I think if they install the waterline to the west side of the ditch an old fence line 

that Knudsen cowboys set up in the 1920s. That was a firt road there, but we don’t 

know about iwi underground. Work cautiously move slowly and be efficient, 

mahalo. 

6.4.2 Summary of Pereira Family Interview 

On December 13, 2018, CSH was graciously hosted by Mr. Patrick Pereira and his wife Mrs. 

Leah Kanoelani Ho‘okano-Pereira at their home in Waimea on the island of Kaua‘i for a “Talk-

Story” session. This recorded interview was conducted for the consultation component of a 

Cultural Impact Assessment (CIA) for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West 

Kauai Energy Project, Waimea Ahupua‘a, Waimea District, Kaua‘i Island. Present along with 

the Pereira Family was Ms. Dawn Huff of Joule Group, LLC. 

After a gracious and delicious lunch provided by the Pereira Family we retired to the living 

room to sit and begin our talk story. CSH began by providing the family a background of the 

project and the focus being on potential impacts to any on-going traditional cultural practices 

within the project area, in this case the proposed Pu‘u ‘Ōpae Project being an energy and 

irrigation project designed with the intent of serving three primary functions; pumped storage 

and load shifting capability, store and release hydro energy generation, and irrigation delivery to 

lands adjacent to this project. The Pereria Family were very familiar with the proposed project, 

but more so understanding the need to deliver water to lands, such as Hawaiian Home Lands in 

Waimea. 
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Mrs. Leah Kanoelani Ho‘okano-Pereira was born to Mr. Issac Keleialoha Likomokihana 

Kaho‘okanouahinui and Mrs. Mitsuko Ho‘okano in Waimea, Kaua‘i on September 18, 1949. Mr. 

Patrick Pereira was born to Mr. Charles Pereira Sr., and his mother Mrs. Adeline De Costa 

Pereira in Waimea, Kaua‘i on January 5, 1949. Mr. and Mrs. Pereira met at Waimea High 

School, he a football star and she being the home coming queen. Mrs. Pereira’s favorite flowers 

are pakalana, pink carnation and maile, thus the couple were blessed with two boys and one girl. 

He [Mr. Pereira] was our class president for four years at Waimea School. He was 

also the football star and I was home coming queen. He fell in love with my horse 

and then me. In the old days I used to ride horse up and down the valley. We were 

married 50 years ago, on June 27, 1968.  

A USGS map was provided for this interview by CSH to help orient all who participated. The 

Pereira’s began by sharing their knowledge of what the proposed project area was like in their time 

and the many changes they have witnessed. Mrs. Pereira’s uncle, James Ho‘okano was one of the 

first awardees to Hawaiian Homelands in Waimea. Here Mrs. Pereira also ties in the elements of 

fire and water in her family genealogy. 

My uncle James Ho‘okano was one of the first that was awarded. There were three 

of them, Alice Akita, Jack Akuna and James Ho‘okano. He planted watermelons. 

Akuna planted several things and Aunty Alice, which my dad’s cousin, she had 

cattle. [The area is] where Eben Manini [is], up in Pu‘u Pae (Pu‘u ‘Ōpae). The 

original house was…my uncle built the one that Eben is staying in now and then, 

Alice Akita’s house was right over the fence. The Akita Family still lives in 

Kekaha. 

Uncle James Ho‘okano, the original awardee (Talking about Department of 

Hawaiian Homelands (DHHL) 1920s). Yes, [that’s what the lands were used for up 

there] because they didn’t have enough water. We come from a paniolo Family, 

James Ho‘okano’s. We have five generations of paniolo and so he wanted to run 

cattle, because he was a cowboy. They didn’t have enough water. During the 

summer they would die (cattle). So, he tried using, planting things that you know, 

he could feed the family. Watermelon did really well up there. Yes, it is hilly, clay, 

the soil wasn’t really that good! 

My grandfather was born on Ni‘ihau and then his family on his wife’s side they, 

my great-grandfather, William came from Moloka‘i, he was Robinson foreman on 

Ni‘ihau, they married into the Kawaiola Family. So, we get water and fire in our 

family, Moses’s mother, Kapekukui (fire). I mean if you look at it that way. Moses 

married water, Helen Kawaiolokele (The water of Olokele) was his wife, that’s 

water. He’s fire, he comes from Kapaekukui and his dad was William Uahi Nui 

Kaho‘okano, big smoke after the battle, yes, and then we come from the 

Keawepoepoe line cause Keawepoepoe’s son was Kaiana Kila. I have a Kila that 

owns this house (her son).  

At this moment in the interview, CSH asks Mr. Pereira to share his knowledge of the proposed 

area. Mr. Pereira shared his childhood memories of the need for cattle to have water in Waimea. 
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Back when I was a kid, we played combat rawhide or whatever. We used to go 

hiking and we hiked all through along down there (project area). That’s about all I 

can remember when I was one kid because I never had no parent or relatives that 

had any land holding up there, but I know the place was dry every day and I know 

that they never get enough water for the cattle. Because we used to see them (cattle) 

dead all over the pasture. Anyone raising cattle fifteen hundred gallons of water a 

day or one pipe, galvanized pipe, galvanized pipe now, two, two and a half inches 

in diameter because if they could try and raise cattle unless they only raise two or 

three which is not sustainable you know for them. You know (laughs), it’s not going 

to be enough water for the cattle to survive.  

You go up there…there is a ditch. The ditch is about eighteen inches wide and 

maybe about two to three feet in depth and all the water that came down that ditch 

went straight to the plantation to water their sugar. When the people up there ask 

for more water for their property, Hawaiian Homes never did anything! I guess in 

the old times as I can remember plantation was the government. Plantation ruled, 

yes…Joe Manini pulled out. He tries, he dam[med] the ditch and he try to make his 

own water line, so get least water little bit property for the cattle. 

They, the Plantation come up there they bust his thing out and they even threaten 

to take him to court and all kind stuff, but I thought that was really…who owns the 

water? You go the state constitution nobody owns the water. The water is for 

everybody! You know, but, the guys they push on the side. The Hawaiian, the very 

people that were born and raised here and should have inherited the island, get no 

say! Today, it is only a trickle down that ditch and for what I understand (kupuna 

clears his throat), I could be wrong now, but from what I understand they got word 

from Hawaiian Homes that…what is the company now? KIUC does not have to 

provide a benefit package for the Hawaiians. You know they going to make all this 

power and all this stuff they don’t have to do a benefit package for Hawaiians, that 

is what I understand. The second in command told them that. 

Here, Mrs. Pereira asks Mr. Pereira to speak about the exchange of water with Hawaiian Home 

lands and the need to have equal share with the residents on Hawaiian Home lands. 

They gage, they gage how much water going to the Hawaiian rights? And then 

whatever is [over] that they give them to the next person that need the water, but…if 

it’s astronomical there’s no, the second guy going get all that? You know what I 

mean, I don’t think that’s fair. I think should be after a certain point it should be 

evenly distributed. If I’m getting 30,000 extra gallons a day above and beyond I’m 

supposed to get and then I think we ought to split that 20,000 into 50 & 50. 

Hawaiian can get more, and the other guys can get more too. That is what she’s 

(Mrs. Pereira) talking about. 

Mr. Pereira continues to speak about his childhood memories including the different plantation 

camps in Waimea and the different water reservoirs within the project area. 

Plantations did all the work they brought the water from inside…Camp 10, Camp 

8, Camp 9 Pu‘uloa to Pu‘u Pae [Pu‘u ‘Ōpae] Reservoir and to Kitano  Reservoir 

and all the water for the sugar. They brought the water all the way outside to feed 



Cultural Surveys Hawai‘i Job Code: WAIMEA 22  Community Consultation & Traditional Cultural Practices 

CIA for KIUC’s Pu‘u Ōpae/West Kauai Energy Project, Waimea, Kaua‘i  

TMKs: various  

115  

 

Pu‘u Lua Reservoir and then from the ditch the water got sectioned down and it 

went to ‘Ōpae Reservoir. All that reservoirs were feeding the sugar cane. Sugar is 

a thirsty crop, okay, now whatever extra water get, that down below and by another 

ditch. When you go Kōke‘e you gong see one ditch running down, especially after 

you pass Kukui Trail on the left hand side as you go up, you going see one ditch 

over there and that used to feed the reservoir, they shut it down now [ Kitano]. 

Inside Waimea Valley too that had plantation powerplant right? All the water that 

went through that powerplant did not go back into the river. It went through a ditch 

right up there, we used to call that ditch. That is just one Joe Brooks [Kekaha Ditch]. 

Mānā Reservoir is below Pu‘u Lua Reservoir is where they want to make the 

pipeline come down. The ditch [Kekeha] flows all the way to Waiawa. It goes down 

Waiawa Valley and it turns a vintage hydro, I think was built in 1908. The hydro 

and when things or parts got broken in the hydro well the plantation was right there, 

she had a one machine shop, she machined all the part that they needed so, that 

hydro is still running until today. When the water pass through there the water goes 

down to Mānā, but that water fills up a number of reservoirs along the way which 

feeds the cane, waters the cane. Any extra water you get it goes out through I think 

of one of the ditches that pass through the Navy Base, Nohili, is one of the two 

ditches where the water is dumped in the ocean. That thing is a waist. Now days 

they plant corn. Corn is a thirsty crop! 

Mrs. Pereira has been attending DHHL meetings for many years so that they understand the 

need for water to its residence’s farms. She shares her experience from those many years of 

attendance. 

I was going to the Hawaiian Homes meetings for over twenty years and I kept 

telling them, “The plantation gave up the hydro and yet you made these private 

group of men take over the hydro that get nothing to do with Hawaiian Homes”. 

The hydro was supposed to go back to Hawaiian Homes after the plantation had 

de-funk. Now Hawaiian Homes should have used that as their hydro and then this 

other guy they sale the power to KIUC they have no right to do that! And it’s on 

Hawaiian Home lands so, I kept telling Hawaiian Homes, “You are missing out on 

an opportunity, to me, it’s going backwards. Here you have monies that you can 

get to open infrastructure of new lands and we have 15,000 acres right above here, 

but no, you have these private guys get together and sale the power to KIUC and 

the corn farmers when they don’t even own it”. The hydro in Waiawa Valley at 

Mānā, because it sits on Hawaiian Home lands.  

Here the Pereira Family talks about past and present traditional cultural practices taking place 

within the project area. Mr. & Mrs. Pereira shares her knowledge of natural resources, heiau, night 

hunting and spiritual practices in their time. 

There’s two heiau that my uncle told me about. There is one at the bottom and one 

on the top. I think the top ones by the ridge is where the wind blows, just a weird 

thing. I went there. There is no structure there. We really didn’t look around because 

you know when you’re young you afraid of everything! Ho! There’s boogie man’s 

here, let’s get out of here!  
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What I understand this heiau, never had that kind of sacrificial, from what I 

understand had seven of these heiau going up to Kōke‘e. Before Hawaiians cut big 

logs, for their canoes and the heiau were their resting place, bringing the logs home 

down here, so they can work ‘em and make the canoe.  

Maile doesn’t grow there only when rainy year, but in the Trail #2 in Pu‘u Pae [Pu‘u 

‘Ōpae] and laua‘e fern. Maile used to grow. I know somebody who used to pick 

maile deep down in the valley. He is married to the Munechika girl. He used to 

gather in there when it was available. He walks in and out of that valley he used to 

go hunting, Pu‘u Pae [Pu‘u ‘Ōpae], Trail #2, plenty trails. If had Hawaiian ancient 

trails they must be ran over by now by the cattle. You know because Kekaha sugar, 

when they closed left the cattle running ransack over everything. Now, if you want 

to get to a heiau was going to be hard, but the easiest way for you to get to the heiau 

and not miss it is you take the old stony road over there in Mānā. 

You go where that road is right between the ridge, so far, you make one left hand 

turn, but when you make one left hand turn you going notice that there are the 

remnants of a road there to the right. You climb that road if you can get through all 

the thickness and the brush, you climb that road, soon as you reach the top you walk 

a little way, Bingo! You are going hit stone walls and whatever. The Makahoa 

Ridge the jumping off at pō. You know the thing that sticks out, Makahoa and then 

they get hukipō [to pull back] and here is hukipō between Waimea and Kekaha (as 

Mrs. Pereira points to the map). It’s right on top of the hill. You know the souls 

when you die the soul go west too and then there is a place where they pass and 

there they try to pull you back and then you go all the way to the pō. I think every 

island has a jumping off point. 

My friend, he died already, Tony Wong, and I used to hung night time because we 

legal yes, so, we go night time. I go riding with him and all of a sudden, he stop his 

horse. He tells, “Wait, wait here.” I thought, “What we are waiting here for, the 

dogs are gone?” He tells, “Yes, I like see the dogs come back and how they going 

to react in that valley.” So, I look at him, “What you are talking about?” He tells 

me, get spirits. I tell, “What!” So, the dogs come back. They come right through 

the valley come back to us, he tells, “All clear now.” Even if get spirits you are 

going feel ‘em. You go in the valley, ice cold the valley. Just like you stay in one 

freezer. You climb out pau. He tells me that spirits were good spirits. If it was junk 

spirits we cannot pass so, I don’t know. Me I was all confused already.  

There is a heiau near Waimea Town. It was by the dispensary, you know where the 

community hall is, right there. They put one Dr.’s Cottage on there. One day, I was 

in my office. I spent a lot of years down here [as] vice principal in the high school 

and here comes the security…yelling at me, “You got to come Mr. Pereira!” I tell, 

“Why?” He tells, “The coral road get fourteen Hawaiians sitting in the road! With 

only malo sitting in the circle talking!” Me I go there I see nothing. The library, our 

school library, one of the securities, Aunty Ulu, she died already. Wilma Holi was 

there.  
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The library, you see we before we used to teach about the bones in biology, but the 

bones were not plastic, the bones were from India. These Indians, they were so poor 

they sold themselves to modern science, so their family can get money. That’s how 

we got the bones and do all kind with them up there! So now, Ulu Edwards come 

see me, he tells me, “You know get some unrest souls over there.” She told me, 

“She’s in the library.” She looks up, she sees one lady walking coming in the front 

door. Hawaiian lady now, but she cannot see the feet on the floor! So, she smoothly 

glide pass her by and by she looks behind her, get one man! One-man double-

breasted buttons like that eye glasses following the lady, you know and then others 

they tell me, “I think I now see that. I cannot substantiate your story cause I no see 

‘em!” So, Wilma the librarian tells, “Well, you better listen!” She tells me, 

“Because that bones has been in this library about twenty years and we used to see 

all kind sightings over here.” We better bury those bones. That is why I went ask 

permission from the Foreign Church to bury the bones so my son Liko and I dug 

the grave. To bury the bones, we also had the help of Dr. Paul Arrington, my son 

Liko and I dug and lined the grave with ti-leaves and flowers. Then after we buried 

the bones, they [Librarian] and Aunty Ulu told me, “No more trouble.”  

At this moment Ms. Dawn Huff explains the area of the heiau in which Mrs. Pereira is talking 

about, then Mr. Pereira confirms its location and how he used to go there. 

The heiau that they are talking about that is off the stone road at the red gate, that’s 

south of the project area. It’s in the boundary of the project area. If you find that 

road, you gaining ground going towards the property. The stone road, but you no 

turn off the stone road, you go right up on the stone road and you reach right there 

where Pu‘u Pae reservoir is. 

Here the Pereira’s talk about storied places that they grew up learning about in the valley of 

Waimea. 

I heard of that [Pele] at Waiulu. Waiulu, one day my friends and I went to hunt 

goats. Goat season so, we hiked all the way up their like idiots and then in Waiulu 

there’s a ditch man’s house so, we all going sleep there and take off in the morning 

to the goats. So, me I sleep, quick I sleep I fall asleep, by and by and hear all kind 

yelling. I hear yelling outside. I hear guys tell, “Hurry up she is coming!” So, they 

all coming out, they trembling they scared. I say, “What you guys talking?” We go 

out there one lady by the cave get one…but get one water tunnel, and they tell me 

get one lady with long white hair sitting over there by the tunnel. I tell, “You guys 

stay nuts!”. Never did show themselves too me. Never did. Maybe because I believe 

in that kind stuff, I don’t know. But we have a lot of stories. You know about the 

red man? With the red stuff? You ever hear of that? You never heard about on 

Hawaiian man with red? He was red covered with red clay or something. He was 

from Waimea Valley. 

Waimea Valley has seven I heiau. One heiau after another going all the way up 

Kukui Trail. Right below that there’s a waterfall and then the lady from the 

waterfall is the mo‘o. Mo‘o, lizard. Yes, lizard. So, during the summers, cowboys, 

we all have horses. We spend the summer way in Waimea Valley. So, all the kids 
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got horses for go up there and camp. We catch ‘o‘opu. We take things from the 

forest, so, the ‘o‘opu, shoot a goat or something and they were big! You know funny 

thing is when my cousins went to pick mokihana and maile from Mokihana and its 

Makaweli side. They all went on these four wheelers and one of the pictures that 

was taken there was somebody riding with my cousin Kauhi. Was that strange! 

Menehune, I know when had Iniki there was this huluhulu man. And he was on top 

of the heights get one ledge. He was up there. After the Iniki had past we were up 

there because I was trying to get my horse out from the trees and boulders and he 

was standing there looking at us. I wondered if he comes to the spring by our house 

to get water? [The name of the spring is] Keahiaailaka and the one by daddy’s, we 

have a spring right by our house. So, they go name ‘em one wrong name. See, 

Hawaiians has already given one name that was Keahiailaka. They go name 

‘em…Hau‘oli? Hau‘oli Hale or Hale Hau‘oli or something like that, but was wrong. 

So, every time that sign, they get on the stone wall it falls down.  

Up there yes [Menehune]. I saw another one too you know. When my dad, Liko 

Ho‘okano was put out to sea. I was riding my boat to a Harbor and my cousin saw 

him too but he’s from [the] mainland. When he past there and Uncle Maha saw him 

too, had on black one. And then my dad’s ashes and I was at the edge of the boat, 

you know brother had this boat ye, so, I thought was shark in a circle but was 

dolphins and then when we put his ashes in, you put the ashes in the sea it was like 

a funnel with a bright light from the sky and bottom of the ocean. There was a light 

and my cousin couldn’t come near our boat they were all out around us Aunty Anna 

said had wind, but they couldn’t come in, but they saw the light in the ocean. And 

then when they put the ashes in…was just like this (making a swirling motion with 

hands). I know they had one (large man that sleeps) at Hale Nani. There was one 

[mo‘o] in our family. On the Kua side, but she had one little (motioning a tail). 

6.4.3 Kumu Hula; Emeritus Kōke‘e Natural History Museum Telephone Interview 

Mrs. Roselle Bailey reached out to CSH via telephone on 24 October 2018. She identified wahi 

pana, including that Kaunalewa Ridge, Kaunalewa Heiau (once marked by several coconut trees, 

but removed during the plantation era), and the islands of Ni‘ihau, Lehua, and Nihoa. She 

commented on the significance of the solstice and the marking of the changing seasons by way of 

the movement of the sun. She shared a line from the mele Ho‘i Ke Aloha I Ni‘ihau: 

“Ka lā welawela I ke kula/ Huli aku ke alo i Kaua‘i.” Translation: The sun beats 

down on the plains/ Where it turns to face Kaua‘i.  

Mrs. Bailey also discussed the chant He Moku Ka‘ula. The chant text in Hawaiian is as follows: 

He moku Ka‘ula Nihoa me Ni‘ihau/ I ka ulu la‘i a Kawaihoa a Kāne/ ‘O kaulana-

a-ka-lā i Halāli‘i/ Hala ka lā kau ma ke kua o Lehua/ Kau ka mōlehulehu o ke 

ahiahi/Moe e nō Kaua‘i i luna ka lā/ E ō ana nō ‘o Lehua i ke kai. 

The chant in English is as follows: 

The islands Ka‘ula, Nihoa and Ni‘ihau (are companions)/ In the peaceful grove of 

Kawaihoa of Kāne/ The sun shines over Halāli‘i/ 
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The sun passes and rests on the back of Lehua/ 

The twilight of evening descends/ Asleep is Kaua‘i as the sun sets/ Lehua in the sea 

is answering the call. 

Ms. Bailey made clear that the area is significant within traditional Hawaiian beliefs and was 

utilized for the mapping of the movement of celestial bodies, specifically the sun. The significance 

of the sun and its movement across the sky is evident within the mele and oli that Ms. Bailey 

identified. Ms. Bailey made clear that the cultural importance of the Pu‘u ‘Ōpae area should not 

be blocked out or changed. Additionally, she recommended that:  

“whatever is built, [it] should not interfere [with one’s view plane or ability to view] 

the setting sun.” 

6.4.4 Kawai Warren Telephone Interview 

On 30 October 2018, Cultural Surveys Hawai‘i (CSH) interviewed Mr. Kawai Warren over 

telephone for the proposed Kaua‘i Island Utility Cooprative’s Pu‘u ‘Ōpae/West Kauai Energy 

Project. CSH followed up with Mr. Warren via telephone on 20 May 2019 for additional 

clarification. Mr. Warren currently resides in the ahupua‘a (traditional land division) of Kekaha, 

however, he also maintains connections to Hawai‘i Island. Regarding his lineage and deep affinity 

for the land, Mr. Warren recalled and shared the story behind his naming. He explained that 

“Kawai” is a direct reference to fresh water, effectively indexing the cultural significance of such 

a resource to the Native Hawaiian people. Indeed, the value of wai has been invoked by numerous 

‘ōlelo no‘eau. Mary Kawena Pukui records the following proverbs: “He huewai ola ke kanaka na 

Kāne” (“Man is Kāne’s living water gourd), as well as “Mōhala i ka wai ka maka o ka pua” 

(“Unfolded by the water are the faces of the flowers”) (Pukui 1983:68, 237). Both proverbs speak 

to the necessity of water, adhering to the traditional belief that “water is life” (Pukui 1983:68). D. 

Kapua‘ala Sproat breaks down this understanding further by explaining the following: 

In ‘ōlelo Hawai‘i, the mother tongue of these islands, wai is water, waiwai means values or 

wealth, and kānāwai is the law. It is no coincidence that, in an island community like ours, both 

wealth and the law were and continue to be defined by fresh water. [Sproat 2009:3] 

Additionally, fresh water was respected as the kinolau or physical manifestation of Kāne, one 

of the four main gods of the Hawaiian religion.  

Kāne was the leading god among the great gods named by the Hawaiians at the time of the 

arrival of the missionaries in the islands. He represented the god of procreation and was worshiped 

as ancestor of chiefs and commoners. According to the possibly late edition of the Kumuhonua 

legend, he formed the three worlds: the upper heaven of the gods, the lower heaven above the 

earth, and the earth itself as a garden for mankind; the latter he furnished with sea creatures, plants, 

and animals, and fashioned man and woman to inhabit it. [Beckwith 1970:42] 

However, to recognize Kāne, one must also recognize his counterpart, Kanaloa. It is said that 

Kanaloa joined Kāne, voyaging from Tahiti to Hawai‘i (Sproat 2009:4). Said to be associated with 

the ocean, long distance voyaging, and healing, Kanaloa (alongside Kāne) is generally invoked by 

“canoe men” (Beckwith 1970:62). Mr. Warren is himself a canoe man, and is a current crew 

member with the Hōkūle‘a. 
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Kawai first saw Hōkūleʻa when she sailed into Port Allen, Kaua‘i, in 1998. He was very proud 

of Hōkūleʻa’s successful voyages and fascinated by traditional way finding so he quickly became 

involved in the organization Na Kalai o Wa‘a Kaua‘i helping to build the double hulled sailing 

canoe Namahoe. The next year Kawai sailed his first deep sea voyage on Hōkūleʻa, when he 

realized the importance of symbol of a canoe as an island in which the community works together 

to reach their common destination. Kawai hopes that Hōkūleʻa inspires Hawai‘i’s youth to honor 

themselves and their island homes. . . [Hōkūleʻa n.d.] 

In this way Mr. Warren embodies the duality of Kāne and Kanaloa, connected to both wai (fresh 

water) and kai (sea). In his work (and as President of the Kekaha Hawaiian Homestead 

Association), Mr. Warren remains steadfast to ‘āina (land) and committed to supporting the local 

community in decisions related to land and water use in West Kaua‘i.  

Discussion with Mr. Warren made clear that an understanding of the Kekaha Declaration on 

Self-Governance is essential to understanding the kuleana (responsibility) of kama‘āina (native-

born) in relationship to the land. This declaration offered in 2012 to the Sovereign Councils of the 

Hawaiian Homelands Assembly (SCHHA) by Mr. Warren relayed the following: 

1. Self-determination and local self-governance are core principles deeply embedded in our 

Hawaiian culture. They emanate from the Hawaiian code of Kānāwai Māmalahoe, ‘The Law of 

the Splintered Paddle,’ created by Kamehameha I, to shield his people from the potential harm of 

aggressive rule by leaders. It was Kamehameha’s way of saying “You have every right to defend 

yourselves against aliʻi like myself and others that might abuse their power.” The Kānāwai is 

enshrined in the 1978 State Constitution, Article 9, and has become a model for modern human 

rights law. 

2. Under the Kānāwai Māmalahoe and native Hawaiian law, communities self-govern based on 

natural land divisions and the very localized ‘ahupua’a system. This guaranteed that all those 

residing within these boundaries would receive a fair and equitable share in the rights, privileges, 

and benefits essential for a self-sufficient yet comfortable life. When local governance is honored 

on the ‘ahupua’a level, those most directly impacted by decisions within their ‘ahupua’a are best 

assured that they will have sufficient land for residence and cultivation, freshwater sources, 

shoreline and open ocean access. It is their local kuleana and their futures at risk, more than anyone 

else’s, to ensure the ola, the continued life, of their land and water. 

3. In this system of legitimate self-governance based on ‘ahupua‘a, we as Hawaiians practice 

aloha (respect), laulima (cooperation), and malama (stewardship) which results in a desirable pono 

(balance).  

4. The ‘ahupua’a and its local self-governance principles are the fundamental cornerstones of 

Hawaiian self-determination. 

THEREFORE, 

We of the Kekaha Hawaiian Homestead Association, honor principles of Kānāwai-based and 

‘ahupua’a local self-governance, to empower our community to protect and malama our land, 

rivers, forests, fishponds, and sea, and all the life within them, in the most pono and effective way. 

1. We affirm that, consistent with Hawaiian law, deference, and priority to each ‘ahupua’a to 

determine the use of their ‘ahupua’a land and water are fundamental to effective community 
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governance under Section 206.1 of the Hawaiian Homes Act of 1920. To lead with accountability 

and aloha at the Mokupuni, Council, and trustee level, ‘ahupua’a decisions must be respected. 

2. We believe that, as local homestead and beneficiary associations consider the development 

of the home lands for energy, agricultural and other uses, that those who live directly within the 

‘ahupua’a natural boundaries as they were created long before us, must be the ultimate decision 

makers of what is pono for our land, water, natural resources and our local families. We will do so 

in the spirit of vigilant cooperation and careful consideration, with those who demonstrate active 

alignment with the principles of Kānāwai, aloha, laulima and pono. 

3. When each ‘ahupua’a honors, defends, and puts into action the Kānāwai and ‘ahupua’a 

principles, we as Hawaii Nei and our keiki’s futures are all protected. 

4. Kānāwai Māmalahoe reminds us that local resident knowledge of what is righteous for the 

land and water cannot not be negated or diminished. Aggression on local ‘ahupua’a voice will not 

be tolerated. It is local knowledge of our land and water that protects and nurtures our legacy of 

land and water for future generations. 

[The Kekaha Declaration on Self-Governance; Kekaha Homelands 2017] 

The declaration identifies several traditional values or principles, principles that are essentially 

noho papa or established on the foundation layer. The Kekaha Hawaiian Homestead Association 

(KHHA) has centered themselves upon these principles, utilizing them as a guide for future work 

within the ahupua‘a. Mr. Warren reaffirmed the belief that decisions about ‘āina (land and water 

use) must be shaped by hoa‘āina (ahupua‘a tenants). Mr. Warren also went on to note that 

kama‘āina or hoa‘āina are truly shaped by the land, going so far as to share the following ‘ōlelo 

no‘eau: He aliʻi ka ʻāina; He kauā ke kanaka (“The land is chief; People are its servant”) (Pukui 

1983:62). It may be inferred that decisions, made by community, regarding best land management 

practices are developed from a service-oriented framework. In a way, a kind of democratized 

leadership has arisen, where community has stepped into roles of service leadership. Service 

leadership has been derived from the concept of “servant leadership” by Robert K. Greenleaf, 

wherein a leader must be servant first. As Greenleaf points out, “It begins with the natural feeling 

that one wants to serve, to serve first. . .” for kama‘āina there is a natural desire to serve and 

mālama (care for) ‘āina (Kiwanis International 2010). This desire is then followed by a “conscious 

choice. . . to aspire to lead” (Greenleaf cited by Kiwanis International 2010). The conscious choice 

is of course informed by specific values, values that embody aloha (love, respect, grace, charity) 

and laulima (cooperation), as well as encourage pono (moral, equitable, righteous, balanced) 

action. Indeed, “Leaders in any setting must continually ask themselves what values are driving 

their actions and whether they are best positioned to act upon those values” (Collay 2006:132). 

The KHHA, through Mr. Warren’s leadership, has indeed positioned itself to act upon these values. 

Actions taken by the KHHA have been motivated by specific concerns. These specific concerns 

include: 

1. Protection of Native Hawaiian Water Rights 

2. Fulfillment of the promise of the Hawaiian Homes Commission Act, 1920, in particular 

the homestead responsibility of the Hawaiian Homes Commission and the Department 

of Hawaiian Home Lands. 
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3.  Implementation of Native Hawaiian Self-Governance Principles by agencies and 

among home lands organizations, especially with regard to alternative energy 

development and agricultural projects on Hawaiian home lands. 

4. Agency and organizational accountability to laws governing the protection of native 

Hawaiian cultural practices, the protection of sacred sites, and the deference to native 

Hawaiian cultural leaders in any land and water development projects on Hawaiian 

home lands 

One tangible result, in reaction to the aforementioned concerns, has been the development of 

the Pu‘u ‘Opae Water and Farm Plan. The Pu‘u ‘Opae Water and Farm Plan has a specific focus 

to support agricultural training and foster an ‘āina-based education through the utilization of lands 

mauka of Kekaha and Waimea. As alluded to in his message to the KHHA about the importance 

of water on Hawaiian Home Lands, beneficiaries of the Pu‘u Opae Farm and Irrigation Project 

have noted that “The Pu‘u Opae Project will bring water and life back to the West Kaua‘i home 

lands. [It] will restore well-being to the Hawaiian people” (Pu‘u Opae 2019). To bring such a 

project to fruition, a multi-faceted plan was required. This plan has been built upon the voices of 

the entire Kekaha community, both kama‘āina and kānaka maoli alike, and guided by the 

principles of land, community, spirituality, and integrity. The project is rooted in the following 

cultural beliefs: 

1. Akua first. Values first. [Ho‘omana] 

2. Our People Must Malama the Land. [Aloha, Ola, Ho‘onohonoho] 

3. No greed. [Pono] 

4. Kuleana for Future Generations. [Alaka‘i, A‘o] 

[Pu‘u Opae 2019] 

Numerous cultural practices are facilitated by way of the Pu‘u ‘Opae Water and Farm Plan. 

Cultural practices include farming/mahi ‘ai ‘ana and education according to ahupua‘a principles.  

No specific cultural sites were identified by Mr. Warren, however, Pu‘u Opae was described as 

a wahi for the implementation of ‘āina-based education. Mr. Warren also noted the dark skies that 

exist, and excellent star-sighting ability. In the Post-Contact period, Waimea also figured 

prominently within astronomical study as it was one of two localities in which the transit of Venus 

was observed on 8 December 1874. Mr. Warren concluded with a comment about the potential of 

the Pu`u `Opae area, specifically, the use of the locality as a training site for Hōkuleia Crew 

Members.  

 

6.4.5 Ongoing Tradition Cultural Practices  

The following traditional cultural practices were identified during the community consultation 

and kama‘āina interview process in the vicinity of the project area and the Waimea Ahupuaʻa. 

• Hula (Traditional Hawaiian dance) 

• Haku mele (Composing song/chant) 

• Mahi ʻai (Traditional cultivation of loʻi kalo and dry land kalo, ʻuala) 
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• Mālama i ka wai (Caring for water and their ecosystems) 

• Mālama ʻāina (Custodial of land) 

• Aloha ʻāina (Love of the land) 

• Lawaiʻa (Fishing) 

• Gathering of natural resources 

• Umu hau pōhaku (stone wall dry stacking) 

• Mālama i nā iwi kūpuna (Ancestral remains) 

• Nā mea ho`ohana (Tool making practices, poi pounders, adz) 

• Pule (Prayer)  

• Oli (Chant) 

• Laulima (Group of people working together) 

• Pono (Maintaining balance) 

 

6.4.6 Traditional Cultural Resources Related to Ongoing Traditional Cultural Practices 

The following cultural sites and resources relating to ongoing tradional cultural practces were 

identified during the community consultation and interview process within the vicinity of the 

project area and the Waimea Ahupuaʻa. All are presented in alphabetical order.  

Cultural Sites & Resources: 

• Alakaʻi Swamp 

• Heiau (Temple/Shrine) 

• Nā Ala Hele (Trails) 

• Pōhaku hānau (Birth stone) 

• Pōhaku Manu (Famed Stone) 

• Puʻu ‘Ōpae (Cultural Site) 

• Wai 

Native Hawaiian Plants: 

• Hala pepe 

• Hōʻawa 

• Hoi kuahiwi 

• ‘Iliahi 

• Kalia 

• Kalo 

• Kauila 

• Koa 

• Koaiʻe 

• Kokiʻo keʻokeʻo 

• Lauaʻe 

• Loulu 

• Maile (General maile) 

• Maili lau liʻiliʻi (Small leaf maile) 
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• Māmaki 

• Mokihana 

• Niu 

• ʻOhai 

• ʻOhe kikoʻola 

• ʻŌhiʻa ha 

• ʻŌhiʻa lehua 

• Olopua 

• Palapalai 

• Pāʻū o Hiʻiaka 

• Pili 

• Pūkiawe 

• ʻUlaʻula 

• Ulu 

 

Native Hawaiians Birds 

• ʻAkikiki 

• ʻAninaniau 

• ʻApapane 

• ʻElepaio 

• ʻIʻiwi 

• Kauaʻi Amakihi 

• Kauaʻi ʻAkepa 

• Puaiohi 

Stream Resources 

• Hinana 

• Hīhīwai 

• ʻOʻopu 

• ʻŌpae 

 

6.4.7 Conclusion of Potential Impacts to Ongoing Traditional Cultural Practices & Traditional 

Cultural Resources Related to the Project Area 

In conclusion, the following information on the potential impacts to ongoing traditional cultural 

practices and traditional cultural resources related to the project area were gathered based on the 

data collected during the community consultation process and kama‘āina interviews for this 

cultural impact assessment. Although consultation efforts identified, ongoing traditional cultural 

practices and cultural resources within the vicinity of the project area and the Waimea Ahupuaʻa 

only one traditional cultural practice was found within the project area. 

In the kama‘āina interview with Mr. Eben Manini, CSH learned that KIUC project activities 

may impact the traditional cultural practice of mālama ʻāina within a native forest located on a 
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small puʻu within a zone the project area. It is stated in his interview that KIUC is planning to run 

a section of pipeline within this zone of the project area (Figure 34). Mr. Manini and his son walk 

this pu`u for the past 10 years to care for the native forest. He offers a consideration to re-route the 

pipeline to an area where there are more eucalyptus trees so that they can continue to practice 

mālama ʻāina and preserve what is still native in this forested pu`u.  

 

 Ka Pa‘akai Anaylsis 

Based on information gathered from the cultural and historical background, and the community 

consultation, culturally significant resources have been identified within the ahupua‘a. Although 

not within the petition area, documentation and testimony indicates that traditional and customary 

Native Hawaiian rights are possessed and currently being exercised within the ahupua‘a by 

ahupua‘a tenants who are descendants of Native Hawaiians who inhabited the Hawaiian Islands 

prior to 1778 (Hawai‘i State Constitution, Article XII, Section 7). While only one potential impact 

to traditional cultural practice was identified within the project area, no cultural resources, historic 

properties, or beliefs were identified as currently existing in petition area, Waimea Ahupua‘a 

maintains a rich cultural history in the exercising of traditional and customary Native Hawaiian 

rights within the project ahupua‘a. 

The proposed action will not affect or impair any traditional and customary Native Hawaiian 

rights exercised in the ahupua‘a in which the petition area is located. 

Therefore, the information provided in the CIA demonstrates that the proposed project will not 

have any adverse effect on traditional and customary Native Hawaiian rights within the Waimea 

Ahupua‘a. 
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Section 7    Summary and Recommendations  

CSH undertook this CIA at the request of Joule Group, on behalf of Kaua‘i Island Utility 

Cooperative (KIUC). The research broadly covered the entire ahupua‘a of Waimea, including the 

current project area.  

 Results of Background Research  

Background research for this study yielded the following results, in approximate chronological 

order: 

1. Waimea Ahupua‘a is by far the largest on the island, comprising 92,646 acres and 

accounting for more than a quarter of the total land area of Kaua‘i. It encompasses all of 

the Waimea River Canyon area, the uplands of Kōke‘e, the high swampy plateau of 

Alaka‘i, and the northwestern coastal valleys of Nu‘alolo and Miloli‘i (Gray 1875:140-

146). 

2.  Rain in the Waimea Ahupua‘a varies greatly depending on location – highland mauka 

(inland) locations of Waimea recive large rainfall amounts while coastal ridges and plains 

of the Kekaha-Mānā area receives some of the lowest rainfall on the island. The Kapa‘ahoa 

rain was assoacited with Waimea town while the Alaka‘iu Valley is said to have Nahae 

rain meaning “to shed”. The wind associated with Waimea was Waipao, which means 

“wind-scooped” according to Kent (1986:443) or “the cool breeze” according to Nakuina 

(1992:140).  

3. Hawaiian legends concerning Waimea speak of the Menehune people who according to 

Thrum (1908:110-111) were summoned by: “Pi the chief of Waimea who gets the 

Menehune to construct for him a dam across the Waimea river.”  

4. The story Kanaka-nunui-moe, or “the sleeping giant,” mentions Kōke‘e, Waimea Canyon, 

and Mānā. This story tells of a giant’s efforts to help village people construct a heiau (place 

of worship). 

5.  Waiawa, which is translated to mean “milkfish water” (Soehren 2002:184) or “Place of 

awa” (Andrews 1922:672), Kekaha understood to mean, “land unsuited for taro growth” 

(Andrews 1922:650) and Mānā understood as, “a satisfied condition (Andrews 1922:658)” 

are all ‘ili with Waimea.  

6. Pu‘u-kāpele Peak is positioned at the highest point of Waimea Canyon rim at an elevation 

of 3,662 feet. The original pronunciation of Pu‘u-kāpele is translated to mean, “distended 

hill. The hill is so named because of its resemblance to the characteristic distended bellies 

of the Menehune, many of whom lived in this area” (Wichman 1998:13). 

7. Waimea is thought to have first been settled by voyagers from Tahiti, led by Kūalu-nui-

kini-akua. In pre-Contact times Waimea was also a site of great significance for po‘e 

kuhikuhi pu‘uone (site experts) and po‘e kilo hoku holo moana (navigators) who traveled 

to the area to make observations.  

8. The British vessels Discovery and Resolution, under the command of Captain 

James Cook, anchored at Waimea Bay on 20 January 1778. Cook’s observations 

during an excursion on shore in 1778 reveal that, “a great crowd assembled at the 

beach. . .  [with] a brisk trade for pigs, fowls, and roots [occurring]. . .” (Cook 

1821:189).  
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9. Missionary journals and documents recount the events shaping Waimea from the 

1820s onwards. In May 1826, kama‘āina (native born) of the ahupua‘a (traditional 

land unit) were struck by two catastrophic events, an influenza epidemic and a great 

flood. The flood wreaked havoc upon lo‘i (irrigated fields) kalo (taro) and damaged 

structures built by the missionaries. 

10. Over 150 kuleana  awards were granted in Waimea. Records for Land Commission 

Awards (LCAs) generated during the Māhele show, interspersed among lo‘i, were 

house sites, small plots of kula (field and/or pasture land) on which were cultivated 

traditional native dry land crops as well as introduced ones, and also pasture land. 

In the upper canyon past the Makaweli fork, the degree of settlement thinned out 

greatly with lo‘i and house sites dispersed along the banks of the Waimea River. 

11. During the last decade of the nineteenth century, the population of Waimea would 

rebound, growing from a total of 2,739 persons in 1890 to 4,595 in 1896, and 5,886 

in 1900 (Schmitt 1977:13). That growth was attributed to the establishment of 

commercial sugar cane planting in Waimea and an influx of immigrant labor.  

12. In the mauka portion of Waimea Ahupua‘a, land was divided and preserved by the 

creation of state parks such as Kōke‘e State Park and Waimea Canyon State Park. 

The development of the parks themselves began in the late 1940s at the instigation 

of Joseph M. Souza, Jr. 

13. Previous archaeological studies located within and around the project area have 

identified historic sites including pre-Contact habitation terraces, burials, heiau, 

and cultural deposits. 

14. For this project region, the community consultation method has identified the 

significance of water for Hawaiian Home Lands and Waimea Ahupua‘a residences. 

In the past, present and future, Waimea Ahupua‘a’s traditional cultural practices all 

rely on the need for ongoing water sources. The kama‘āina interview with Mr. Eben 

Manini identifies the ongoing traditional practice of mālama ʻāina on small puʻu 

within a zone of the project area that contains a native forest (Figure 34). In the 

petitioned project area and the Waimea Ahupua‘a, native Hawaiian rights of the 

past present and future still exist.  

 Impact and Recommendations  

The findings of this CIA indicate there are Native Hawaiian cultural resources, beliefs, and 

ongoing practices associated with the proposed project area and immediate vicinity. Faithful 

attention to these recommendations, and efforts to develop appropriate measures to address these 

concerns, will help mitigate the adverse impacts of the proposed action on Hawaiian cultural 

beliefs, practices, and resources. 

Previous archaeological surveys situated within and around the project region have recognized 

historical sites including pre-contact habitation terraces, burials heiau, and cultural deposits, so all 

staff engaged in this energy and irrigation project should proceed with caution and sensitivity of 

any identified locations and sites connected with the project region and its surrounding areas. 

However, in the event that any iwi kūpuna are encountered, all earth moving activities in the area 

will stop, the area will be cornered off, and the SHPD, coroner, and Police Department will be 

notified pursuant to HAR §13-300-40. In addition, in the event of an inadvertent discovery of 
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human remains, the completion of a burial treatment plan, in compliance with HAR §13-300 and 

HRS §6E-43, is recommended. 

During the entire community consultation process and kama‘āina interviews the impact of 

water diversion was identified as a major concern of impacts to the continued life source and 

sustainability to all ongoing traditional cultural praciteces, traditional cultural rights and traditional 

cultural resources are of great concern within the vicinity of the project area as well as the entire 

ahupuaʻa of Waimea. Kamaʻāina interview with Mr. Eben Manini identified one potential impact 

to his ongoing traditional practice of mālama ‘āina. He and his son continue in the preservation of 

the native plants found within the native forest of a small puʻu within the project area (Section 

6.4.1). CSH proposes that KIUC consider the recommendation made by Mr. Manini to consider 

re-routing the pipeline to an area where there are more eucalyptus trees so that they can continue 

to practice mālama ʻāina and preserve what is still native in this forested pu`u. 

CSH proposes that the Pu‘u ‘Ōpae Project and the KIUC continue to work with community 

membrs who have been contacted for this cultural impact assessment due to the water issues, prior 

archaeological surveys and traditional cultural practices that are still on-going in the vicinity of the 

Project region and the Waimea Ahupua‘a to minimize any potential cultural impacts within the 

study area and its vicinity.  
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Management Summary 

Reference Archaeological Literature Review and Field Inspection for the Kaua‘i 
Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, 
Waimea Ahupua‘a, Waimea District, Kaua‘i, TMKs: [4] 1-2-001, 1-2-002, 
and 1-4-001 (Enanoria et al. 2020)  

Date August 2020 

Project Number(s) Cultural Surveys Hawai‘i, Inc. (CSH) Job Code: WAIMEA 21 

Investigation 
Permit Number 

CSH conducted the archaeological fieldwork under permit number 18-15, 
issued by the Hawai‘i State Historic Preservation Division (SHPD) per 
Hawai‘i Administrative Rules (HAR) §13-282. 

Agencies  SHPD  

Project Proponent Kaua‘i Island Utility Cooperative (KIUC) 

Project Funding KIUC 

Land Jurisdiction State of Hawai‘i; Department of Hawaiian Home Lands (DHHL), 
Department of Land and Natural Resources (DLNR), and Agribusiness 
Development Corporation (ADC) 

Project Location The study area is located approximately 4 miles north of the town of 
Kekaha and 6 miles northwest of the town of Waimea along a narrow 
corridor approximately 18 miles in length extending northeast from the 
Mana Plain to the Alakai Swamp and including both legacy plantation and 
proposed infrastructure features. The study area spans four USGS 7.5-
minute quadrangles and is depicted on portions of the 1991 Kekaha, 
Haena, Makaha Point, and Waimea Canyon U.S. Geological Survey 
(USGS) topographic quadrangles (Figure 1). 

Project Description The proposed Pu‘u Ōpae project is an energy and irrigation project 
designed to serve three primary functions: provide new solar generation 
firmed with pumped hydro storage, store and release hydro energy 
generation, and deliver irrigation to lands adjacent to the project.  

Repairs and rehabilitation work to existing infrastructure will include the 
four primary Kōke‘e Ditch Diversions located on Waiakoali, Kawaikoi, 
Kauaikinana, and Kōke‘e streams, the Pu‘u Moe Divide, and three state-
owned reservoirs including Pu‘u Lua, Pu‘u Ōpae, and Mānā reservoirs. No 
new roads will be built for the project.  

New construction will include the installation of two new steel pressurized 
pipelines, one between Pu‘u Moe Divide and the Pu‘u Ōpae Reservoir and 
the second between Pu‘u Ōpae Reservoir and Mānā Reservoir; 
construction of two hydroelectric facilities including the Pu‘u Ōpae 
Powerhouse and the Mānā Powerhouse; construction of a solar 
photovoltaic (PV) array; and construction of two substations and 
interconnection to KIUC’s transmission grid. 
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Together these features will provide an average of up to 30 gigawatt hours 
(30 GWh) of hydroelectric generation annually plus 60 gigawatt hours 
(60 GWh) of firmed solar generation, and also provide reliable irrigation 
water supply to support diversified agriculture on the mauka (inland) lands 
and irrigation for the agricultural fields on the Mānā plains. This project is 
an important part of KIUC’s strategic plan to develop firm renewable 
generation sources and energy storage for the purpose of load shifting the 
intermittent daylight solar generation, avoiding curtailment, and 
maintaining system stability while contributing to the state’s goal of 100% 
renewable energy by 2045. 

Study Acreage The study area comprises approximately 1,015 acres (410 hectares). The 
study area was broad, as the proposed project is still in the design phase. 
The proposed project area will be a subset of the study area as the project 
design is further developed. 

Document Purpose This investigation was designed—through detailed historical, cultural, and 
archaeological background research and a field inspection of the study 
area—to determine the likelihood that cultural resources/historic properties 
may be affected by the project and, based on findings, consider cultural 
resource management recommendations. This document is intended to 
facilitate the project’s planning and support the project’s historic 
preservation and environmental review compliance. This investigation 
does not fulfill the requirements of an archaeological inventory survey 
investigation, per HAR §13-276. This document may be used to support 
Section 106 of the National Historic Preservation Act consultation. 

Fieldwork Effort CSH archaeologists, Brittany Enanoria, B.A., Missy Kamai, B.A., and 
Scott Belluomini, B.A., conducted archaeological fieldwork during 13 and 
14 March 2018, and during 29 and 30 May 2018 under the direction of 
Project Manager William Folk, B.A., and the general supervision of 
Principal Investigator Hallett H. Hammatt, Ph.D. This work required 
approximately 4 person-days to complete.  

Results Summary Fourteen potential historic properties and features were documented during 
the field inspection. These potential historic properties and associated 
features include historic ranching walls, possible hearths, ditches and 
associated infrastructure including reservoirs, ditch intakes, diversions, and 
concrete structures. Many of the potential historic properties are related to 
former plantation irrigation systems. 

Recommendations Based on the findings of this LRFI, there is a potential for unidentified 
historic properties within the study area. Therefore, it is recommended that 
an archaeological inventory survey (AIS) in consultation with the SHPD 
archaeology branch, and an architectural survey (Reconnaissance Level 
Survey [RLS] or Intensive Level Survey [ILS]) in consultation with the 
SHPD architecture branch be conducted for the proposed project. Early 
consultation with the SHPD is recommended to determine specific historic 
preservation requirements.  
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Section 1    Introduction 

 Project Background 
At the request of Joule Group and on behalf of Kaua‘i Island Utility Cooperative (KIUC), 

Cultural Surveys Hawai‘i, Inc. (CSH) has prepared this literature review and field inspection 
report (LRFI) for Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy project, 
Waimea Ahupua‘a, Waimea District, Kaua‘i, TMKs: [4] 1-2-001, 1-2-002, and 1-4-001. The 
study area is depicted on portions of the 1991 Haena, Kekaha, Makaha Point, and Waimea 
Canyon U.S. Geological Survey (USGS) 7.5-minute topographic quadrangles (Figure 1), tax 
map plats (Figure 2 through Figure 4), and a 2011 aerial photograph (Figure 5). 

The proposed Pu‘u Ōpae project is an energy and irrigation project designed to serve three 
primary functions: provide pumped storage and load shifting capability, store and release hydro 
energy generation, and deliver irrigation to lands adjacent to the project. The project site is 
approximately 4 miles north of the town of Kekaha and 6 miles northwest of the town of 
Waimea. The project footprint spans lands owned and managed by Department of Land and 
Natural Resources (DLNR), Department of Hawaiian Home Lands (DHHL), and Agribusiness 
Development Corporation (ADC). The proposed route of the new pipeline is not yet confirmed, 
thus the study area covers a wide corridor. The proposed project area will be a subset of the 
study area as the project design is further developed based on geography of the area and design 
requirements. 

Repairs and rehabilitation work to existing infrastructure is described below. 

 The four primary Kōke‘e Ditch Diversions are located on Waiakoali, Kawaikoi, 
Kauaikinana, and Kōke‘e streams. Repairs will be made to each diversion structure as 
needed for safety and structural integrity, and modifications will be made to provide 
for instream flow allowances to be released into the natural stream channels and for 
remote operation of the stream intakes. Commission on Water Resource Management 
in April 2018 set the instream flow allowances for the four streams diverted into the 
Kōke‘e Ditch system. The entire length of the existing Kōke‘e ditch and tunnel 
system between the diversions and the Pu‘u Moe Divide will be operated and 
maintained by KIUC through the life of the project. 

 The proposed Pu‘u Ōpae project would involve diverting a variable flow equivalent 
to a rolling average of 11 MGD (millions of gallons per day) from the streams into 
the Kōke‘ Ditch and Pu‘u Lua Reservoir, and then into the new Pu‘u Moe Regulating 
Structure for the energy project and for irrigation of DHHL and ADC lands. 
 The existing gate structure at Pu‘u Moe Divide will be replaced with a new gate 
structure that will provide irrigation water to ADC mauka (inland) lands and will 
include a new intake for the project. The existing regulating structure will be replaced 
with a new structure, measuring approximately 40 feet (ft) long, 10 ft wide and 10 ft 
deep. The new structure will include an intake with a fine mesh screen, a settling 
tank, an intake slide gate, and a ditch regulating gate and weir.  
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Figure 1. Portions of the 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 7.5-
minute topographic quadrangles showing the location of the study area 
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Figure 2. Tax Map Key (TMK) [4] 1-4-001 showing the study area (Hawai‘i TMK Service 2014)
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Figure 3. TMK: [4] 1-2-001 showing the study area (Hawai‘i TMK Service 2014)
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Figure 4. TMK: [4] 1-2-002 showing the study area (Hawai‘i TMK Service 2014)
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Figure 5. Aerial photograph of the study area (USGS Orthoimagery 2011) 
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 Three state-owned reservoirs, Pu‘u Lua, Pu‘u Ōpae and Mānā, will be rehabilitated in 
accordance with current dam safety regulatory standards. This work will include any 
repairs and upgrades necessary for safe storage and operations of the reservoirs. 
Modifications to the outlet works will also be a component of the work to ensure 
reliable irrigation supply. Pu‘u Lua and Pu‘u Ōpae reservoirs will likely be 
rehabilitated to operate within their historic capacity levels. The rehabilitated Mānā 
reservoir will be expanded from the historic capacity of 44 MG to as much as 80 MG. 
KIUC will perform ongoing operation, maintenance, and repairs as needed on these 
structures through the life of the project.  

 No new roads will be built for the project. Access to the Pu‘u Moe Divide, the Pu‘u 
Lua Reservoir, and the Kōke‘e Ditch diversions will be through existing roads. The 
Pu‘u Ōpae Reservoir and Powerhouse will be accessed by an existing road 
approximately 2.8 miles in length and entered from the Mānā Plain. Access to the 
new Mānā Powerhouse will be via existing gravel access roads on ADC land. Minor 
upgrades and repairs will be made to these existing roads as necessary to safely 
support the construction traffic. 

New construction will include the following: 

 Installation of a new steel pressurized pipe, approximately 23,400 ft in length, 
between Pu‘u Moe Divide and the Pu‘u Ōpae Reservoir. The new pipe will be buried, 
vary in diameter from 30 to 36 inches, and will generally follow the alignment of the 
existing open ditch and road alignment. 

 Installation of a new steel pressurized pipeline, approximately 11,800 ft in length, 
between Pu‘u Ōpae Reservoir and Mānā Reservoir. The new pipe will be buried, vary 
in diameter from 54 to 60 inches and will follow a relatively direct path from Pu‘u 
Ōpae to Mānā primarily across agricultural fields. 

 New construction of two hydroelectric facilities with a combined capacity of 
25 megawatts (“MW”) of generation and 35 MW of pumping capacity. The 
powerhouses will have reinforced concrete substructures and contain new generating 
and pumping equipment, switchgear, and ancillary systems. 

 Pu‘u Ōpae Powerhouse—The Upper Penstock will deliver flows to the Pu‘u 
Ōpae Powerhouse, which will be located on the east side of the Pu‘u Ōpae 
Reservoir and measure approximately 42 ft by 54 ft in plan and a floor elevation 
of 1,538 ft msl. A new tailrace measuring approximately 110 ft long will convey 
flow from the powerhouse to the reservoir. A turbine shut-off valve (TSV) will 
be employed on the main penstock, along with an energy dissipating bypass 
valve to allow isolation of the turbine and continued delivery of irrigation water 
to the Pu‘u Ōpae reservoir. The Pu‘u Ōpae Powerhouse will house a single two-
jet, horizontal Pelton turbine and synchronous generator with a rated capacity of 
4 MW under 1,320 ft of head. The turbine will be operated automatically using 
available flows within its operating range of 2.6 MGD to 25.8 MGD (4 cfs to 40 
cfs). 

 Mānā Powerhouse: The Lower Penstock will deliver flows to the Mānā Powerhouse 
located on the east side of Mānā Reservoir and consisting of a conventional 
hydroelectric powerhouse measuring 70 ft by 70 ft in plan set adjacent to an outdoor 
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pump station measuring 110 ft by 35 ft in plan with a floor elevation of 62 ft msl. The 
powerhouse structure will also contain a gated low-level outlet to drain the reservoir 
and an irrigation supply pipe connecting with a filter station and pressurized irrigation 
system owned by others.  The Mānā Powerhouse will house single vertical Pelton 
turbine with a nameplate capacity of 20 MW. The turbine will be operated 
automatically using available flows from Pu‘u Ōpae Reservoir within the operating 
range of 4 MGD to 120 MGD (5 to 185 cfs). The pump station will utilize multi-stage 
vertical turbine pumps set outdoors in a row aligned along the Lower Penstock. The 
pumps will each have a shut off valve and check valve and be set in individual bays 
with their own intake from the reservoir. 

 The project will discharge all water used for generation into the Mānā Reservoir and 
supply irrigation for farmers on the Mānā plains via irrigation systems owned and 
operated by others. The project will discharge from Mānā Reservoir into an existing 
storm drain ditch located approximately 600 ft south of the reservoir via a new buried 
culvert. 

 The project will include new construction of a solar photovoltaic (PV) array rated at 
approximately 35 MWac and 56 MWdc. The PV portion of the project will be located 
on agricultural lands owned by ADC and managed by KAA in the immediate vicinity 
of the Mānā reservoir and lower powerhouse. The estimated area required is 
250 acres, utilizing a single-axis tracking system, and comprised of 14 blocks rated at 
2.5 MVA each. Up to 70 MWh of battery storage will be used to buffer PV output 
and provide block dispatch to the pumps or directly to the grid. 

 The proposed location for the solar field installation is on land owned by ADC and 
designated for agricultural use by Kaua‘i County and Hawai‘i State Land Bureau. 
However, these areas are not identified as prime agriculture lands and are within 
fields less desirable for farming due to flooding issues, high water retention that is a 
result of elevation, and a high percentage of clay in the soil. 

 New construction of two substations and interconnection to KIUC’s transmission grid 
is part of the project. The Pu‘u Ōpae Powerhouse will have a new 5 MVA substation 
on the north side of the powerhouse and a 12.5 kV feeder line buried within the new 
Pu‘u Ōpae reservoir embankment and the Lower Penstock alignment connecting it to 
the Mānā Powerhouse substation. The PV array will connect to a new Project 
substation via 12.5 kV feeder lines buried along existing farm roads on Mānā plain. 
The substations will have oil containment dikes and protective equipment as dictated 
by KIUC and consistent with best utility practices. The project will be interconnected 
to KIUC’s existing 57.1 kV transmission line via a new 10,000-ft-long line. There 
will be no overhead lines mauka of Mānā or Pu‘u Ōpae reservoirs. 

Together these features will provide an average of up to thirty gigawatt hours (30 GWh) of 
hydroelectric generation annually plus seventy five gigawatt hours (75 GWh) of firmed solar 
generation, and also provide reliable irrigation water supply to support diversified agriculture on 
the mauka lands managed by both DHHL and ADC and irrigation for the agricultural fields on 
the Mānā plains. The proposed project can deliver generation during peak demand hours or on 
rainy days when solar is not available and will be managed in an integrated manner balancing 
several criteria: instream flow releases and habitat needs, energy storage and net generation, and 
irrigation. This project is an important part of KIUC’s strategic plan to develop firm renewable 
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generation sources and energy storage for the purpose of load shifting the intermittent daylight 
solar generation, avoiding curtailment, and maintaining system stability while contributing to the 
state’s goal of 100% renewable energy by 2045. 

 Document Purpose 
This investigation was designed—through detailed historical, cultural, and archaeological 

background research and a field inspection of the study area—to determine the likelihood that 
cultural resources/historic properties may be affected by the project and, based on findings, 
consider cultural resource management recommendations. This document is intended to facilitate 
the project’s planning and support the project’s historic preservation and environmental review 
compliance. This investigation does not fulfill the requirements of an archaeological inventory 
survey investigation, per Hawai‘i Administrative Rules (HAR) §13-276. This document may be 
used to support Section 106 of the National Historic Preservation Act consultation. 

 Environmental Setting 
1.3.1 Natural Environment 

Waimea, of southwest Kaua‘i, is the name of a canyon, river, modern district, and ahupua‘a 
(traditional land unit) on the south and southwest coast of Kaua‘i. The Pu‘u Ōpae Energy study 
area is in the ahupua‘a of Waimea on the west side of the island of Kaua‘i, in the old district or 
moku of Kona and current district of Waimea. The Waimea Ahupua‘a is by far the largest on the 
island, comprising 92,646 acres and accounting for more than a quarter of the total land area of 
Kaua‘i. It encompasses all of the Waimea River Canyon area, the uplands of Kōke‘e, the high 
swampy plateau of Alaka‘i, and the northwestern coastal valleys of Nu‘alolo and Miloli‘i (Gray 
1875:140–146). Kekaha, Pōki‘i, Waiawa, and Mānā are ahupua‘a located in the ancient district 
of Kona, Waimea District, on the southwest side of the island of Kaua‘i. All of these ahupua‘a 
are now ‘ili ‘āina (land section) of the ahupua‘a of Waimea. Waimea Ahupua‘a is composed of 
several ecological regions that vary markedly in both climate and terrain.  

The study area lies approximately 1,185 m east (inland) of the coast from the lowest portion 
of the study area situated in a coastal plain and 11,660 m inland of the coast to the highest 
portion in the uplands. The study area comprises a large portion of the man-made Kōke‘e Ditch 
System starting at the northernmost point at the Waiakoali Diversion, Kawaikoi Diversion, 
Kauaikinana Diversion, Kōke‘e Diversion, the man-made Pu‘u Lua Reservoir, Pu‘u Moe Divide, 
Pu‘u Ōpae Reservoir, and Mānā Reservoir at the coastal plain area (see Figure 5). 

Rain in the Waimea Ahupua‘a varies greatly depending on location. The Alaka‘i Swamp and 
upper Kōke‘e areas at the eastern extent of the study area receive larger rainfall amounts than the 
western coastal areas, averaging 5,000 mm (200 inches), that occurs primarily in the fall and 
winter months (September to March). The coastal ridges and plains of the Kekaha-Mānā area on 
the drier leeward coast of Kaua‘i receive some of the lowest rainfall on the island, annual rainfall 
averages less than 500 mm (20 inches) (Giambelluca et al. 1986:86–98). Rainfall climatology 
underpinned traditional Hawaiian understandings of the seasons. Two distinct annual seasons 
were recognized. The first, known as kau (period of time, especially summer) lasts typically 
from May to October and is a season marked by a high-sun period corresponding to warmer 
temperatures and steady trade winds. The second season, hoʻoilo (winter, rainy season) continues 
through the end of the year from November to April and is a much cooler period when trade 
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winds are less frequent, and widespread storms and rainfall become more common (Giambelluca 
et al. 1986:17). 

According to the U.S. Department of Agriculture (USDA) Soil Survey Geographic 
(SSURGO) database (2001) and soil survey data gathered by Foote et al. (1972), the study area 
consists of soils from the Kokee Series, Kunuweia Series, Oli Series, Paaiki Series, Badland-
Mahana complex, Mahana Series, Puu Opae Series, Kekaha Series, Niu Series, Waiawa Series, 
Lualualei Series, and Makaweli Series (Figure 6 through Figure 9). Additionally, the study area 
consists of expanses of water, rock outcrop, rough mountainous land, rubble land, and rough 
broken land. The following is a description of the Kokee Series: 

This series consists of well-drained soils on uplands on the island of Kauai. These 
soils developed in material weathered from basic igneous rock, probably mixed 
with volcanic ash. They are gently sloping to very steep. Elevations range from 
3,400 to 4,200 feet. The annual rainfall amounts to 60 to 70 inches. The mean 
annual soil temperature is 59° F. Kokee soils are geographically associated with 
Paaiki and Kunuweia soils.  

These soils are used for water supply, wildlife habitat, and woodland. The natural 
vegetation consists of ohia lehua [‘ōhi‘a lehua], puakeawe [pūkiawe], blackberry 
[possibly ‘ākala], yellow foxtail, koa, plantain, uki uki [‘uki ‘uki], redwood, and 
associated plants. [Foote et al. 1972:71] 

The following is a description of the Kunuweia Series: 

This series consists of well-drained, very gravelly soils on ridgetops on the island 
of Kauai. These soils developed in material weathered from basic igneous rock. 
They are nearly level to strongly sloping. Elevations range from 3,500 to 4,000 
feet. The annual rainfall amounts to 70 to 150 inches. The mean annual soil 
temperature is 58° F. Kunuweia soils are geographically associated with Kokee 
soils. 

These soils are used for water supply, wildlife habitat, and woodland. The natural 
vegetation consists of ohia [‘ōhi‘a lehua], koa, redwood, blackwood, blackberry, 
mokihana, olopua, maile, hilo grass, rice grass, uki, uki uki, and ferns. [Foote et 
al. 1972:78] 

The following is a description of the Oli Series: 

This series consists of well-drained, moderately deep to deep soils on uplands on 
the islands of Molokai, Maui, and Kauai. These soils developed in volcanic ash 
deposited over basic igneous rock. They are gently sloping to very steep. 
Elevations range from 1,000 to 2,250 feet. The annual rainfall amounts to 30 to 40 
inches, most  
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Figure 6. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 
topographic map, indicating soil types within and surrounding the north portion of the 
study area (USDA SSURGO 2001)
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Figure 7. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 
topographic map, indicating soil types within and surrounding the central portion of the 
study area (USDA SSURGO 2001)
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Figure 8. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 
topographic map, indicating soil types within and surrounding the central portion of the 
study area (USDA SSURGO 2001)
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Figure 9. Overlay of Soil Survey of the State of Hawaii (Foote et al. 1972) on a USGS 
topographic map, indicating soil types within and surrounding the eastern portion of 
the study area (USDA SSURGO 2001)
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of which occurs from November to April. The mean annual soil temperature is 
70° F. Oli soils are geographically associated with Mahana and Naiwa soils.These 
soils are used for sugarcane, pasture, woodland, and wildlife habitat. The natural 
vegetation consists of guava, lantana, molasses grass, Bermuda grass, Katal 
redtop, and aalii [‘a‘ali‘i]. [Foote et al. 1972:102] 

The following is a description of the Paaiki Series: 

This series consists of well-drained soils on dissected uplands on the island of 
Kauai. These soils developed mainly in material weathered from basic igneous 
rock but partly in volcanic ash and ejecta. They are gently sloping to very steep. 
Elevations range from 2,900 to 3,500 feet. The annual rainfall amounts to 40 to 
60 inches; clouds cover the area on many afternoons. The mean annual soil 
temperature is 60° F. Paaiki soils are geographically associated with Oli and 
Kokee soils. These soils are used for woodland, wildlife habitat, and water supply. 
The natural vegetation consists of Formosa koa, koa, puakeawe, Boston fern, 
ohia, aalii, uki, molasses grass, uki uki, and rice grass. [Foote et al. 1972:105] 

The following is a description of the Badland-Mahana complex: 

This complex occurs on the western side of the island of Kauai. Badland makes 
up about 60 percent of the acreage; Mahana silt loam, 20 to 35 percent slopes, 
makes up about 40 percent. Elevations range from 1,500 to 3,000 feet. The annual 
rainfall amounts to 30 to 45 inches. Slopes are steep to very steep. 

Most of the Badland part of this complex is barren, but some areas have been 
planted to ironwood, silk-oak, and eucalyptus. The Mahana part is used for 
pasture and woodland. [Foote et al. 1972:28] 

The following is a description of the Mahana Series: 

This series consists of well-drained soils on uplands on the islands of Kauai and 
Oahu. These soils developed in volcanic ash. They are gently sloping to very 
steep. Elevations range from 1,000 to 3,000 feet. The annual rainfall amounts to 
30 to 45 inches. The mean annual soil temperature is 67° F. Mahana soils are 
geographically associated with Oli and Puu Opae soils on Kauai and with 
Kolekole soils on Oahu.  

These soils are used for pasture, woodland, wildlife habitat, irrigated sugarcane, 
and water supply. The natural yegetation consists of puakeawe, aa1ii, rice grass, 
molasses grass, silver oak, yellow foxtail, lantana, joee, Japanese tea, passion 
flower, and associated plants. [Foote et al. 1972:85] 

The following is a description of the Puu Opae Series: 

This series consists of well-drained soils on uplands on the island of Kauai. These 
soils developed in material weathered from basic igneous rock. They are 
moderately sloping to steep. Elevations range from 500 to 2,500 feet. The annual 
rainfall amounts to 30 to 50 inches. The mean annual soil temperature is 70° F. 
Puu Opae soils are geographically associated with Mahana soils.  
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These soils are used for pasture, woodland, and wildlife habitat. A small acreage 
is in sugarcane. The natural vegetation consists of molasses grass, silver oak, 
passion flower, puakeawe, yellow foxtail, lantana, uluhe, ti, and aalii. [Foote et al. 
1972:117]  

The following is a description of the Kekaha Series: 

This series consists of well-drained soils on alluvial fans and flood plains on the 
island of Kauai. These soils developed in alluvium washed from upland soils. 
They are nearly level to steep. Elevations range from nearly sea level to 150 feet. 
The annual rainfall amounts to 20 to 25 inches. The mean annual soil temperature 
is 74° F. Kekaha soils are geographically associated with Lualualei and Nohili 
soils. 

These soils are used for irrigated sugarcane, pasture, and wildlife habitat. The 
natural vegetation consists of koa haole, kiawe, klu, and finger grass. [Foote et al. 
1972:68] 

The following is a description of the Niu Series: 

This series consists of well-drained soils on uplands on the island of Kauai. These 
soils developed in material weathered from basic igneous rock, possibly mixed 
with volcanic ash. They are gently sloping to steep. Elevations range from 750 to 
1,800 feet. The annual rainfall amounts to 22 to 35 inches, of which 70 percent 
falls in the period November to April. The mean annual soil temperature is 64° to 
71° F. Niu soils.are geographically associated with Mahana and Makaweli soils. 

These soils are used for irrigated sugarcane, pasture, wildlife habitat, and 
woodland. The natural vegetation consists of kiawe, lantana, klu, koa haole, aalii, 
feather finger grass, pili grass, guinea grass, and indigo. [Foote et al. 1972:98]  

The following is a description of the Waiawa Series: 

This series consists of well-drained verv shallow, extremely rocky soils on 
uplands on the island of Kauai. These soils developed in colluvium and in 
material weathered from basic igneous rock. They are steep to very steep. 
Elevations range from nearly sea level to about 2,000 feet. The annual rainfall 
amounts to 22 to 4 inches. The mean annual soil temperature is 74° F. Waiawa 
soils are geographically associated with Makaweli and Niu soils. 

These soils are used for pasture, wildlife habitat, and water supply. The natural 
vegetation consists of koa haole, prickly pear cactus, klu, feather finger grass, 
lantana, and pili grass. [Foote et al. 1972:129]  

The following is a description of the Lualualei Series: 

This series consists of well-drained soils on the coastal plains, alluvial fans, and 
on talus slopes on the islands of Kauai, Oahu, Molokai, and Lanai. These soils 
developed in alluvium and colluvium. They are nearly level and gently sloping. 
Elevations range from 10 to 125 feet. In most places the annual rainfall amounts 
to 18 to 30 inches, but it is as low as 10 inches on Lanai and as high as 50 inches 
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on Kauai. Most of the rainfall occurs during storms in the period from November 
to April. There is a prolonged dry period in summer. The mean annual soil 
temperature is 75° F. Lualualei soils are geographically associated with 
Honouliuli, Jaucas, and Kekaha soils. 

These soils are used for sugarcane, truck crops, pasture, wildlife habitat, urban 
development, and military installations. The natural vegetation consists of kiawe, 
koa haole, bristlv foxtail, uhaloa, and fingergrass. [Foote et al. 1972:84]  

The following is a description of the Makaweli Series: 

This series consists of well-drained soils on uplands on the island of Kauai. These 
soils developed in material weathered from basic igneous rock. They are gently 
sloping to steep. Elevations range from nearly sea level to 500 feet. The annual 
rainfall amounts to 20 to 35 inches. Three-fourths of it occurs from October 
through March. The mean annual soil temperature is 74° F. Makaweli soils are 
geographically associated with Niu soils. These soils are used for irrigated 
sugarcane, pasture, and homesites. The natural vegetation consists of kiawe, 
lantana, finger grass, klu, koa haole, and pili grass. [Foote et al. 1972:90] 

1.3.1 Built Environment 

The study passes through the man-made Pu‘u Lua Reservoir, Pu‘u Ōpae Reservoir, and Mānā 
Reservoir. The study area also intersects a number of artificial ditches. Besides the aquatic 
infrastructure developments, the study area is largely surrounded by uninhabited forested land 
and conservation areas. The study area passes through lower elevation bluff areas dominated by 
kiawe (Prosopis pallida) and pili grass (Heterogpogon contortus). Middle elevation areas of the 
study area were documented by CSH to contain California grass (Urochloa mutica), silver oak 
(Grevillea robusta), koa haole (Leucaena leucocephala), and strawberry guava (Psidium 
cattleianum). Higher evelation zones of the study area were noted by CSH to contain loulu 
(native fan palm; Pritchardia), ‘ōhi‘a lehua (Metrosideros), pūkiawe (Leptecophylla 
tameiameiae), and koa (Acacia koa).  

These conservation areas include portions of Kōke‘e State Park, Waimea Canyon State Park, 
Pu‘u Ka Pele Forest Reserve, and the Nā Pali-Kona Forest Reserve. The trees found in these 
extensive forested lands include koa, ‘ōhi‘a lehua, ‘ohi‘a ha (Syzygium sandwicense), ‘ohe 
kiko‘ola (Polyscias waimeae), hala pepe (Pleomele), hō‘awa (Pittosporum), kalia (Elaeocarpus 
bifidus), māmaki (Pipturus kauaiensis), loulu, ‘iliahi (sandalwood; Santalum), and the Kaua‘i 
kauila (Alphitonia ponderosa). Other plants such as the maile (Alyxia stellata) shrub—prized for 
lei making, the hoi kuahiwi (Smilax melastomifolia) vine, the native white hibiscus koki‘o 
ke‘oke‘o (Hibiscus arnottianus), as well as the berry-producing plants pōpolo (Solanum 
americanum), mokihana (Melicope anisata), and pūkiawe are noted to occupy the general study 
area (Handy and Handy 1972).  

Kōke‘e and Waimea Canyon State Parks as well as Alaka‘i Swamp are known as some of the 
best areas for viewing endemic forest birds of Hawai‘i. The endemic Kauaian birds ‘elepaio 
(Chasiempis sandwichensis sclateri), Kaua‘i ‘amakihi (Chlorodrepanis virens stejnegeri), 
‘anianiau (Chlorodrepanis parva), Kaua‘i ‘akepa (Loxops coccinea caeruleirostris), puaiohi 
(Phaeornis palmeri) and ‘akikiki (Kaua‘i Creeper; Paroreomyza bairdi bairdi) as well as the 
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native Hawaiian birds, ‘apapane (Himatione sanguinea), and ‘i‘iwi (Vestiaria coccinea) are 
species that may be observed in the general study area (Hawai‘i Audubon Society 2017; Munro 
1982). 
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Section 2    Methods 

 Field Methods 
CSH completed the fieldwork component of this study under archaeological fieldwork permit 

number 18-15, issued by the SHPD pursuant to HAR §13-282. CSH archaeologists, Brittany 
Enanoria, B.A., Missy Kamai, B.A., and Scott Belluomini, B.A., conducted fieldwork during 
13 and 14 March 2018, and during 29 and 30 May 2018 under the direction of Project Manager 
William Folk, B.A., and the general supervision of Principal Investigator Hallett H. Hammatt, 
Ph.D. This work required approximately 4 person-days to complete. 

In general, fieldwork included a pedestrian inspection of the study area, GPS data collection, 
photography, and brief field notes.  

A pedestrian inspection of the study area was undertaken for the purpose of historic property 
identification and documentation. The pedestrian survey was completed within the general areas 
of impact for proposed repairs and new construction areas. The entire length of the study area 
and observed water features was not thoroughly examined. All of the access roads were utilized 
and surveyed. Garmin handheld GPS units were used (GPSmap 60CSx)—which have a 
horizontal accuracy of approximately 5-8 m—to record feature locations and track logs. Only 
minimal vegetation clearance was attempted, mostly for the purposes of feature photography 
when potential historic properties were observed.  

 Disposition of Materials 
Materials collected during the current archaeological monitoring program will remain 

temporarily curated at the CSH office in Waimānalo, O‘ahu. Final disposition of all non-burial 
materials in an acceptable archive is to be designated by the SHPD, per HAR §13-279-6. All data 
generated during the LRFI are stored at the CSH offices. 

 Background Research Methods 
Background research included a review of previous archaeological studies on file at SHPD; 

review of documents at Hamilton Library of the University of Hawai‘i, the Hawai‘i State 
Archives, the Mission Houses Museum Library, the Hawai‘i Public Library, the Kaua‘i 
Historical Society, and the Bishop Museum Archives; study of historic photographs at the 
Hawai‘i State Archives and the Bishop Museum Archives; and study of historic maps at the 
Survey Office of the Department of Land and Natural Resources. Historic maps and photographs 
from the CSH library were also consulted. In addition, Māhele records were examined from the 
Waihona ‘Aina database (Waihona ‘Aina 2000). 

This research provided environmental, cultural, historic, and archaeological background for 
the study area. The sources studied were used to formulate a predictive model regarding the 
expected types and locations of historic properties in the study area. 
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Section 3    Background Research 

 Wahi Pana (Storied Places) 
Wahi pana are legendary or storied places of an area. These legendary or storied places may 

include a variety of natural or human-made structures. Oftentimes dating to the pre-Contact 
period, most wahi pana are in some way connected to a particular mo‘olelo (story), however, a 
wahi pana may exist without a connection to any particular story. Davianna McGregor outlines 
the types of natural and human-made structures that may constitute wahi pana: 

Natural places have mana, and are sacred because of the presence of the gods, the 
akua, and the ancestral guardian spirits, the ‘aumakua. Human-made structures for 
the Hawaiian religion and family religious practices are also sacred. These 
structures and places include temples, and shrines, or heiau, for war, peace, 
agriculture, fishing, healing, and the like; pu‘uhonua, places of refuge and 
sanctuaries for healing and rebirth; agricultural sites and sites of food production 
such as the lo‘i pond fields and terraces slopes, ‘auwai irrigation ditches, and the 
fishponds; and special function sites such as trails, salt pans, holua slides, 
quarries, petroglyphs, gaming sites, and canoe landings. [McGregor 1996:22]  

As McGregor makes clear, wahi pana can refer to natural geographic locations such as 
streams, peaks, rock formations, ridges, offshore islands, and reefs, or they can refer to Hawaiian 
land divisions such as ahupua‘a or ‘ili, and man-made structures such as fishponds. In this way, 
the wahi pana of Waimea tangibly link the kama‘āina (native born) of Waimea to their past. It is 
common for places and landscape features to have multiple names, some of which may only be 
known to certain ‘ohana (families) or even certain individuals within an ‘ohana, and many have 
been lost, forgotten or kept secret through time. Place names also convey kaona (hidden 
meanings) and huna (secret) information that may even have political or subversive undertones. 
Before the introduction of writing to the Hawaiian Islands, cultural information was exclusively 
preserved and perpetuated orally. Hawaiians gave names to literally everything in their 
environment, including individual garden plots and ‘auwai (water channels), house sites, 
intangible phenomena such as meteorological and atmospheric effects, pōhaku (rock, stone), 
pūnāwai (freshwater springs), and many others. According to Landgraf (1994), Hawaiian wahi 
pana “physically and poetically describes an area while revealing its historical or legendary 
significance” (Landgraf 1994:v). 

3.1.1 ‘Ili of Waimea  

Kekaha, Pōki‘i, Waiawa, and Mānā were ahupua‘a located in the ancient district of Kona in 
the present day Waimea District, on the southwest side of the island of Kaua‘i. All of these 
ahupua‘a are now ‘ili ‘āina of the ahupua‘a of Waimea. These ‘ili of Waimea are named and 
associated with stories that are important for understanding the character of the area. The 
following sections reveal stories and meanings associated with the ‘ili of Waimea.  

3.1.1.1 Waiawa 

Waiawa, is translated to mean “milkfish water” (Soehren 2002:184) or “Place of awa” 
(Andrews 1922:672). Waiawa is the location where the chief Kūalunuipaukūmokumoku, also 
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known as Kūalu, was reunited with his long-lost son Ola. Ola, having been captured by a kahuna 
(priest) intending to sacrifice him so his identity as the son of Kūalu could never be discovered, 
was taken to Wai‘awa. After Kūalu discovered the true identity of Ola, his son, and ordered the 
building of the Hau-ola Heiau by menehune (legendary race of small people) builders. The name 
Hau-ola means, “live offering” or “dew of life” and was built to commemorate Ola’s recognition 
as the Prince of the Royal House of Kaua‘i (Thrum 1906a; Wichman 1998:167).  

3.1.1.2 Kekaha 

Kekaha can be understood to mean, “land unsuited for taro growth” (Andrews 1922:650). 
Pukui et al. (1974:106) gives the literal translation of Kekaha as “the place.” However, Handy 
and Handy’s (1972:54) definition offers more insight into the place name: “Kaha was a special 
term applied to areas facing the shore but not favorable for planting.”  

3.1.1.3 Pōki‘i  

The meaning and stories of Pōki‘i are expanded on by Pukui et al. (1974): “The old name was 
Poki‘i-kauna (chanting youngest brother or sister). Kapo, Pele’s sister, left her younger female 
relative. Moe-hauna (lie struck), here and she chanted a farewell. Lit., youngest brother or sister” 
(Pukui et al. 1974:188). Pele and her sisters left their ancestral home of Hawaiki (the Marquesan 
Islands) and journeyed to Hawai‘i. On Kaua‘i, Pele’s siblings, her sister Kapo‘ulakina‘u (Kapo), 
brother Kahuilaokalani (Kahuila), and the youngest sister, Kapokūlanimoeha‘unaiki 
(Moeha‘una) landed on the shores of Mānā, an ‘ili of the western section of Waimea. A 
handsome chief, Limaloa, greeted the travelers upon their arrival. Limaloa, was also kupua 
(possessing magic powers), and said to have been able to “make grand mirages of whole villages 
along the western coast of Kaua‘i, which would then disappear” (Ho‘oulumāhiehie 2008:70). 

Limaloa fell in love with Moeha‘una and begged her to stay with him in Mānā as the other 
siblings traveled onward east toward Waimea village. The group stopped on a ridge, missing 
their sister, and looked back toward Mānā. To commemorate the spot, Kahuila suggested they 
name the ridge Pōki‘ikauna, meaning “the yearning for the little sister.” This may be a reference 
to the ridge near the study area called Pōki‘i (Wichman 1991:32–38).  

3.1.1.4 Mānā 

Mānā is translated to mean “a satisfied condition” (Andrews 1922:658). Andrews (1922:658) 
also indentified the place name as being associated with a village in Waimea, Kaua‘i.  
Furthermore, according to Pukui et al. (1974) Mānā is the “Dry western end of Kaua‘i, where an 
older sister of Pele, Nā-maka-o-Kaha‘i (the eyes of Kaha‘i) introduced the kauna‘o a dodder” 
(Pukui et al. 1974:144). Mānā, according to Wichman, also holds significance as “the long, 
sandy plain on the southwest side of Kaua‘i that stretches between Kekaha and the start of Na-
pali. In the old days, this was a marshy place and famous for its mirages” (Wichman 1985:167).  

3.1.2 Heiau Near and Around Waimea Town 

Kanakahelela, born during the reign of Kaumuali‘i knew the location of two heiau (pre-
Christian place of worship) in and around Waimea town, Hikina‘akalā (meaning “rising of the 
sun”) and Kea‘ali‘i (meaning “the chief”) (Pukui et al. 1974:45, 102). He commented in 1885 
saying, 
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These were the large heiaus of Waimea that I have seen and have known. I saw 
one man offered as a sacrifice in the heiau of Hikina-a-kala. He was a sorcerer 
who was sacrificed with his small son. The older boy ran away and saved himself. 
Mamanu [sic] was the name of the boy but I have forgotten what the man’s name 
was. Namanu died recently. The heiau was on the seaward side close to the road 
near the spot where Isaac Kapuniai’s house stands. 

When that man was placed on the altar, it was built up high and could be plainly 
seen from the outside. I saw the man raised up and laid on it. Many of us saw this 
deed which was a customary one in our olden times. This is what I know 
concerning this heiau. I do not know what chief built the heiau nor have I heard. I 
guess it was Kaumualii who built it. 

The heiau of Keaalii is farther down, close to E.L. Kauai‘s saloon on the land now 
owned by Lovell. That is also a large heiau and was the one in which Lono 
(Captain Cook) was offered a pig when he came here to Kauai. [Hawaiian 
Ethnological Notes 1885:1:203] 

This description seems to suggest both heiau were on the west side of the river in Waimea, 
possibly close to Waimea Town, where a house site and a saloon might be found (Figure 10 and 
Figure 11). In 1873, Francis Gay published a list of place names in Kaua‘i. He listed two heiau 
in the lower Waimea River Valley, Kahikina‘akalā (meaning “the sun rise”) on the west coast, 
and Nanaikalani (meaning “look to heaven”) on the east side. 

Kahikinaakala [The-sun-rise] A heiau, in the yard of Maluaikoo close to the fence 
of Kanaiiki at Waimea 

Nanaikalani [Look to Heaven] small heiau (unu) above Wailele, and mauka of the 
fort. [Gay 1873:1] 

Gay suggests Nanaikalani was an unu, a term that usually describes either a fishermen’s 
shrine or an agricultural heiau dedicated to Lono. This may be the east bank heiau first seen by 
Captain Cook in 1778, or it may be a later heiau near the Russian Fort. 

In 1906, Thomas Thrum published a list of known heiau in the Hawaiian Islands. He listed 
three heiau for the area in Waimea and Makaweli near the mouth of the river. 

Mahaihai . . . Makaweli, east side of Waimea river. Destroyed. Site not identified. 
Keaalii . . . At Kealii, west side of Waimea river. Destroyed years ago and its 
stones used for fences. Fragments of foundation shows it to have been about 60 
feet square. 

Hikinaakala . . . In Waimea village. Its foundations still to be seen, runs 272 feet 
along the road by 75 feet at east end and 81 feet at its west end. Some report it as 
a place of refuge, while others assert that the crossing of the river to Makaweli 
was the only puuhonua of this section of ancient Kauai. [Thrum 1906b:38–39] 

Pukui et al. (1974:45) identify Hikina-a-ka-lā, which literally means “rising of the sun,” as a 
pu‘uhonua heiau (place of refuge) at the mouth of the Wailua River in the moku of Puna. Flores 
(1995:IV-18) believes the structure called Hikinaakalā in Wailua was a site where ceremonies to 
greet the rising sun were conducted. It may also have been used as an astronomical observation  
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Figure 10. Sketch of a heiau on western bank of the Waimea River, probably Kea‘ali‘i Heiau 
(Webber 1781-1783) 

 

Figure 11. Sketch of an unidentified heiau, possibly Kea‘ali‘i Heiau (Webber 1785) 
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and teaching site. He also notes there is a corresponding site of the same name in the ahupua‘a 
of Waimea. 

Several heiau in the ahupua‘a of Waimea and Wailua share the same names, probably due to 
the fact that the ali‘i nui (high chiefs) moved seasonally between these two centers of political 
power, living at Wailua in the summer months and at Waimea in the winter months (Salisbury 
1936). It follows that these structures with shared names might have the same functions, 
therefore Thrum’s identifications of the heiau as a pu‘uhonua is possible. 

3.1.3 Polihale Heiau 

Just beyond the limits of Mānā, past Nohili point on the northwestern sea cliffs, Thrum 
(1906a) describes a large five-terraced platform heiau called Polihale, or Polihali. Polihale was 
the name of the konohiki (headman) chief of Mānā who reigned in ancient times. After defeating 
Kū-‘īlio-loa—the dog form of the god Kū—with the help of Kāne and Kanaloa, Polihali built a 
temple to fulfill a promise he had made to the gods in return for their help in battle. Wichman, in 
his retelling of the mo‘olelo Polihale, says that  

On the slopes of the steep cliff where he [Polihale] had prayed, he built a great 
temple on five platforms, one above the other, and the houses for the gods were 
built and prayers and offerings were given at the altar. 

Hōkū-helelei named the temple Polihale, for that name means The-Center-of-the 
Body, the center of life and the first home of Kāne and Kanaloa on Kaua‘i. 
[Wichman 1991:21] 

Kalapii, a local of Kaualewa, told Thrum of the significance of Polihale. In the fifteenth 
century, the war-faring Hawai’i Island chief Kalaunuiohua, after defeating kings on Maui, 
Moloka‘i, and O‘ahu, headed to Kaua‘i to battle Kaua‘i’s King Kukona. Landing on beaches 
from Maha‘ulepu to Koloa, a battle known as the War of Ka-welewele, or Kawalewele-iwi, took 
place which saw King Kukona’s convoy defeat the Big Island warriors. According to Kalapii, 
“Twelve warriors from Hawaii, captured with many others in the battle, were killed in honor of 
the war god on the open platform of the Polihali heiau” (Thrum 1906a:62). 

Polihale Heiau is also chronicled by Handy and Handy (1972) who say that Polihale is located 
at one of the points in Kaua‘i where the souls of the deceased departed to pō (the realm of the 
gods). Priests at this heiau were responsible for voicing prayers that sped the departing soul into 
the setting sun and pō. Handy and Handy say of Polihale Heiau that 

House sites on the nearby ridge in Ha‘ele‘ele Valley, ‘not far from Polihale heiau’ 
may have been the dwellings of the priests of this temple. Polihale is an 
appropriate site for a temple dedicated to the lord of the ocean . . . This was also, 
undoubtedly, a shrine to which the deep-sea fishermen of the Napali coast and 
Mana brought their offerings of fish, such as ulua, ‘ahi, aku and other denizens of 
the deep. [Handy and Handy 1972:413–414] 

3.1.4 Pu‘u-kāpele 

Pu‘u-kāpele Peak is positioned at the highest point of Waimea Canyon rim at an elevation of 
3,662 ft. The original pronunciation of Pu‘u-kāpele is translated to mean “. . . ‘distended hill’. 
The hill is so named because of its resemblance to the characteristic distended bellies of the 
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Menehune, many of whom lived in this area” (Wichman 1998:13). Alternative pronunciations of 
the peak include Pu‘u-ka-Pele and Puka-Pele. Pu‘u-ka-Pele meaning, “Volcano hill” (Wichman 
1998:13), was the name given to peak after Pele’s fourteenth century visit to the area. Wichman 
states, “Pele is said to have stamped her foot on top of this hill when she leaped across the 
channel to O‘ahu, which formed the crater found at its summit. Sometimes this cone is called 
Puka-Pele, ‘Pele’s doorway’” (Wichman 1998:13). 

House sites remain today of an ancient village at Pu‘u-kāpele where koa and koai‘e (koai‘a; 
Acacia koaia) trees were farmed to carve canoes and paddles. Canoe builders who lived in this 
village cut down koa and koai‘e tress that were hewed out in place and then hauled down to a 
shed on the beach where they were finished. It is thus no wonder that the valley that begins 
beside Pu‘u-kapele was named Ka-luana-maulu, “The resting place from fatigue” (Gay 1873:27).  

3.1.5 Ahu-loulu Heiau 

Ahu-loulu, a heiau at the foot of Pu‘u-kele crater, is translated to mean “heap of loulu palms” 
(Wichman 1998:15). The fronds of loulu palms (Pritchardia species), the only palm endemic to 
Hawai‘i, were used for thatching of the seasonally erected heiau loulu. Ola, the renowned early 
chief of the Kaua‘i, is said to be the builder of the three-stepped Ahu-loulu Heiau. Wichman 
describes this heiau saying, 

There was a paved enclosure at the back where there is a large rock. The plugged-
up holes in this rock indicate it may have been used as a birthstone, a place where 
the umbilical cords of newly born children were placed for safekeeping. The 
loulu, a Pritchardia, was an endemic palm. [Wichman 1998:15] 

The loulu heiau type were generally propagated seasonally to honor the fishing gods and for 
rituals performed in the prevention of epidemics, famine, and destruction (Abbott 1992; 
Wichman 1998). 

3.1.6 Caves of Waimea  

Caves, according to Malo (1951), were a “favorite way of dealing with bones of a very high 
chief . . . These were known only to the kahu, and it was an act of perfidy for him to betray the 
secret” (Malo 1951:99). Bennett (1931) describes burial caves on the western facing cliffs of the 
Waimea River. Burials identified in these caves are believed to be of the post-Contact period as 
the associated funerary objects were deemed “modern.” It is said of the burial caves that 

Many caves show use for burial. . . there is one group of seven caves all of which 
contain bones. Two caves are at the base of the cliff and quite small. In one of 
those higher up there are 5 coffins of wood and 1 completely covered with lead. 
Modern cloth, shoes, hair, nails, a coin dated 1878, glass beads, and other such 
finds, mark these burials as recent. In the back of this cave there [p. 105] are a few 
canoe boards. In another cave there are also 5 coffins; one is hollowed out of a 
log. The association of modern materials date these burials as rather recent. In one 
large cave there are several fragments of old canoe boards and a bone or two. To 
the north of this cave is a smaller one containing many bones but no artifacts. One 
other cave with a small opening widens out and contains many bones and a canoe-
shaped coffin. Most of the caves show evidence of being walled up with rocks 
and a mixture of clay and grass. Farther toward the sea is a large cave with the 
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front still walled, but with windows and an open entrance, as though it had been 
used for a house site at one time. [Bennett 1931:104–105] 

In an 1885 series of Lahanialuna student interviews with old residents of Kaua‘i, accounts of 
secret caves in Waimea were given. The first cave described is Hakiakamahu: 

This cave was used for holding; personal property but not for the bones of chiefs. 
No chief was ever laid away in it, but tapas, clothing, and canoes were carried into 
it. 

All the property in this cave was burned up after Humehume’s battle. Nothing 
was left. These are the marks whereby it could be located: Kekupola was the 
place, it is situated in the upland on the hill of Hakiakamahu, on the edge of the 
precipice. It is only a small promontory attached to the hill above and below it is 
the precipice. This secret cave belonged to Kaumualii and Kiilau was the man in 
charge of it. [Hawaiian Ethnological Notes 1885:205] 

Two more caves are mentioned in this account, Kalokaa-o-Keahialaka in Waimea and 
Kikiaola in Kikiaola. Both were deemed “secret caves” where guns were stored (Hawaiian 
Ethnological Notes 1885:205).  

3.1.7 Nā Ala Hele (Trails) 

Trails descending the canyons of Waimea were used by backlanders living inland. Handy and 
Handy (1972) describe three trails that connected the canyon valleys to the coast.  

Trails ascended the west walls at least three points of fairly easy access: one now 
known as the Kukui Trail just below the juncture of the Wai‘alae and the main 
stream; another nearly opposite the opening of the valley of the Koai‘e. A third, 
starting far along the Waiahulu Stream (beyond the junction with the Po‘omau), 
leads up to the forested rim region of Halemanu and Koke‘e. There were also lua., 
or steep ascents, to the eastward uplands from all the main stream valleys 
mentioned above. For these backlanders (kua‘aina) the trails leading from the 
ridge between Koai‘e and the Po‘omau into the forested area of Halemanu and 
Koke‘e joined to form “the way” (ke ala) along the Alaka‘i Swamp and down to 
the sea. It was their closest route into the more populous valleys and beaches of 
Wainiha and Hanalei on the north coast, or to Kalalau and the neighboring narrow 
valleys of the rugged Napali coast to the northwest. The construction of this 
difficult road, which actually crossed a portion of the swamp on a ‘corduroy’ of 
tree-fern trunks, is also attributed to ‘Ola, the ancient mo‘i of the island, and bore 
his name, Kipapa-a-‘Ola. It was an achievement celebrated in chants . . . [Handy 
and Handy 1972:398] 

The Kipapa-a‘ola trail is said to have been developed by Ola to guide travelers safely through 
the Alaka‘i Swamp area. The portion of the trail lined with planks of hapu‘u (tree fern; Cibotium 
glaucum) is said to have been constructed by menehune and is called the Ka-lā‘au-kipapa-a-Ola 
(Wooden pavement of Ola) (Wichman 2003).  
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 Early Historic Period  
3.2.1 Pre-Contact to Post-Contact 

The large size of Waimea Ahupua‘a is admittedly unusual as single ahupua‘a do not typically 
occupy such a large percentage of the land area of a major Hawaiian island. It could be argued 
that the comparatively low agricultural productivity of the Mānā plain, due to the scarcity of 
water, is the basis for its inclusion in Waimea. However, the same cannot be said for the well-
watered valleys of Nu‘alolo and Miloli‘i, both of which could easily support typical and self-
contained valley settlements of perhaps small but stable populations.  

One could also speculate that Waimea, being one of the two areas of the island that 
traditionally served as the domain of the high chiefs (the other being Wailua), commanded the 
resources of the large upland region of Kōke‘e and Alaka‘i, among them the large koa (Acacia 
koa) trees out of which the hulls of canoes were hewn, and forest birds that supplied the feathers 
for cloaks, capes, and other items associated with the ali‘i (chiefly class). It is quite possible that 
at one time, Waimea was divided into several smaller ahupua‘a, perhaps before the Māhele, or 
even in pre-Contact times. 

Waimea is thought to have first been settled by voyagers from Tahiti, led by Kūalu-nui-kini-
akua. The first settlers of Waimea utilized a native tree they named waimea (also known as 
māmaki; Waimea pipturus or Pipturus albidus) to make kapa (cloth) until the wauke (mulberry; 
Broussonetia papyrigera) trees they had brought with them were mature enough to be used 
(Wichman 2003). The kapa made from the waimea or māmaki tree was not as soft as that made 
from wauke and was thus only utilized for kapa production when wauke was unavailable. The 
fruit of the māmaki tree was also used by early Hawaiians as a laxative while the leaves, today as 
well as in past, are used to brew a tea that is drunk to reduce blood pressure and high cholesterol 
(Hawaiian Electric Company and Partners 2002)  

The Pi‘i-ali‘i (Colocasia esculenta) variety of taro was brought to Kaua‘i by its namesake 
Pi‘i-ali‘i, Ku‘alu-nui-kini-akua’s kalaimoku (chief counselor), and used as an offering to the gods 
and kept for use only by ali‘i. Pi‘i-ali‘i makes a red colored poi that is held in high regard for its 
flavor and quality. This variety of taro is one of the oldest taro varieties grown in the Hawaiian 
Islands and is still grown in Kaua‘i today (Whitney et al. 1939; Wichman 2003).  

Under the leadership of Ola, Kūalu-nui-kini-akua’s grandson, the island was further explored 
and many of Kaua‘i’s current place names were established.  

Waimea, Kaua‘i was also a site of great significance for po‘e kuhikuhi pu‘uone (site experts) 
and po‘e kilo hoku holo moana (navigators) of the pre-Contact time. Po‘e kilo hoku 
(astronomers) of O‘ahu and Kaua‘i, “who were very skilled in discerning the ways of the sun, the 
moon, and the stars, as well as knowing the configuration of the earth (papa hulihonua)” 
(Kamakau 1976:14), gathered in Waimea, Kaua‘i to make their observations.  

Fredrick B. Wichman’s work Nā Pua Ali‘i o Kaua‘i (Ruling Chiefs of Kaua‘i 2003) gives a 
rich description of the Waimea area in pre-Contact times. Wichman describes the land ashore of 
the Waimea River upon the arrival of voyager Ku‘alu-nui-kiniakua saying, 

There was abundant water from the swift rivers and streams that flowed within a 
protected canyon complex. The climate was warm and dry, useful for people who 



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Background Research 

LRFI for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea, Kaua‘i 

TMKs: [4] 1-2-01, 1-2-02, and 1-4-01  

28 

 

wore clothes of beaten bark. The area was cooled by Wai-paoa (“Scooped 
Water”), a daytime breeze from the sea, and Wai-pa‘u (“Water Drenched”) from 
the mountains at night. There was good soil within the canyon valleys behind the 
cliff that blocked easy access into the interior. . . Taro could easily be grown in 
fields that took water from the river upstream, fed by ditches to each connected 
lo‘i (taro patch) before returning the water to the river. Sweet potatoes and yams 
grew well  . . .  [Wichman 2003:5–6] 

Speaking more broadly of the early people of Kaua‘i, Wichman (2003) describes unique 
cultural developments on the island saying: 

From the beginning the Kaua‘i people developed unique tools never seen on other 
islands. These included pohaku ku‘i poi (ring and stirrup pounders), double-
grooved stone club heads, and a broad anvil for beating kapa. They learned how 
to weave intricately designed mats of makaloa (sedge) so soft it could be used for 
clothing. They discovered a method for decorating their ipu (bottle gourds), which 
they used as containers for food and water. They strung the tiny seashells found 
on the beaches into necklaces. Brightly feathered birds abounded from seashore to 
mountaintop, and their feathers were collected and woven into wreaths, capes, and 
helmets. Throughout their entire history, the people of Kaua‘i created things of 
beauty from even the most ordinary objects. [Wichman 2003:6–7]  

3.2.2 Captain Cook in Waimea 

By the time the British vessels Discovery and Resolution, under the command of Captain 
James Cook, anchored at Waimea Bay on 20 January 1778, the ahupua‘a of Waimea had long 
been a focus of settlement, agriculture, and ali‘i residence on Kaua‘i. The well-watered valley 
and delta of the Waimea River were ingeniously developed and engineered for wetland 
agriculture, and represent the epitome of the typical Hawaiian and Kaua‘i-type valley settlement 
(Handy and Handy 1972:393–397). Cook, anchored off Waimea, observed the following: 

The road, or anchoring place, which we occupied, is on the south-west side of the 
island, about six miles from the west end, before a village which has the name of 
Wymoa [Waimea]. As far as we sounded, we found the bank has a fine grey sand 
at the bottom, and is free from rocks; except a little to the eastward of the village, 
where there spits out a shoal, on which are some rocks and breakers; but they are 
not far from the shore. [Cook 1821:206] 

According to Hawaiian tradition, Cook’s landing site was seaward of the native village on a 
beach of fine black sand called Luhi or Keoneluhi (Joerger and Streck 1979:8). Luhi means 
“tedious or tired,” as in the saying, Ho‘i i ke one o Luhi (“Go back to Tired Beach”). This saying 
refers to one returning to an unpleasant task (Pukui et al. 1974:135). Aletha Kaohi, quoting her 
father William Kapahukaniolono Goodwin of Waimea, relates that the beach was named this 
because warriors used the area for training, running on the sand to strengthen their legs, which 
made them very tired and weary (Joerger and Streck 1979:8). Kaohi reported the ancient landing 
site of Waimea was midway between the river mouth and the pier; this may also have been the 
landing area for Cook’s men.  
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The first contact began badly. A small landing party was sent in a small boat to reconnoiter 
the anchorage. As it landed, it was surrounded by about 100 Hawaiians; some jumped in the boat 
and one man grabbed a boat hook. Cook’s Third Lieutenant John Williamson hit the man with a 
rifle butt, and when the man tried to hit him, Williamson shot and killed the man. 

Cook’s observations during an excursion on shore in 1778 reveal the profusion of population, 
agriculture, and cultural/religious expression that had evolved at Waimea by the latter eighteenth 
century: 

Our road . . . lay through the plantations. The greatest part of the ground was quite 
flat, with ditches full of water intersecting different parts, and roads that seemed 
artificially raised to some height. The interspaces were, in general, planted with 
taro, which grows here with great strength, as the fields are sunk below the 
common level, so as to contain the water necessary to nourish the roots. This 
water probably comes from the same source, which supplies the large pool from 
which we filled our casks. On the drier spaces were several spots where the cloth-
mulberry was planted in regular rows; also growing vigorously, and kept very 
clean. The cocoa-trees were not in so thriving a state, and were all low; but the 
plantain-trees made a better appearance, though they were not large. In general 
the trees round this village, and which were seen at many of those which we 
passed before we anchored are the cordia sebestina [kou; Cordia subcordata]; but 
of a more diminutive size than the product of the southern isles. The greatest part 
of the village stands near the beach, and consists of above sixty houses there; but, 
perhaps, about forty more stand scattered about, farther up the country, toward the 
burying-place [heiau]. . . .  

I found a great crowd assembled at the beach, and a brisk trade for pigs, fowls, 
and roots going on there, with the greatest good order, though I did not observe 
any particular person who took the lead amongst the rest of his countrymen. 
[Cook 1821:189] 

The expedition’s artist, John Webber, made a sketch of the village (Figure 12) which shows 
the villagers rolling barrels of water filled at the Waimea River for the ships.  

Possibly the first descriptions by westerners of a surfboard, used as a paddleboard in this case, 
were made either off the Waimea shore of Kaua‘i or off the island of Ni‘ihau. Charles Clerke, an 
officer sailing with Captain Cook in 1778, reported seeing: 

. . . a thin piece of Board about 2 feet broad & 6 or 8 long, exactly in the Shape of 
one of our bone paper cutters; upon this they get astride with their legs, then 
laying their breast along upon it, they paddle with their Hands and steer with their 
feet, and gain such Way thro’ the Water that they would fairly go round the best 
going Boats we had in the two Ships, in spight [sic] of every Exertion of the 
Crew, in the space of a very few minutes. [Beaglehole 1974:675] 

William Ellis, the surgeon’s mate of the expedition, also saw surfboards, this time definitely at 
Waimea, Kaua‘i. He described these as “very light flat pieces of boards, which we called 
sharkboards, from the similitude the anterior part bore to the head of that fish” (Ellis 1783:179).  
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Figure 12. Sketch of Waimea Village by John Webber (1778), “An Inland View in Atooi” 
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Following Cook’s visit, other foreign explorers and traders made Waimea a port of call during 
the remainder of the eighteenth century. 

3.2.3 Observations of Early Explorers and Visitors  

3.2.3.1 Late 1700s to Mid-1800s 

In 1786 and 1787, two fur-trading ships, the King George and the Queen Charlotte, visited 
Waimea for revictualing and refurbishing. The ships were under the command of Captains 
Nathaniel Portlock and George Dixon. William Broughton, who served under Dixon, described 
Waimea in February 1787: 

There are a number of houses scattered here and there all the way from this 
village to the beach; and as we walked leisurely along, the inhabitants were 
continually pressing us to stop a while, and repose ourselves under the trees, 
which generally grow about their habitations. . . . 

The valley all the way we walked along to the beach, is entirely planted with taro; 
and these plantations are laid out with a great deal of judgment. 

The ground is very low, and taro grounds are entirely covered with water, and 
surrounded with trenches, so that they can either be drained, or fresh watered, 
from the river at pleasure. They are laid out in a variety of forms, according to the 
fancy of the different owners, whose various shares are marked with the most 
scrupulous exactness: these are intersected at convenient distances by raised foot-
paths, about two feet wide. I should observe that these plantations range entirely 
along the river-side, and the houses I have been speaking of are situated to the 
westward of the extreme path. The trees, which are pretty numerous about the 
houses, are generally the cloth mulberry. [Dixon 1789:130–131] 

In March 1792, Captain George Vancouver walked through the same area, but traveled deep 
enough into the valley to give the first western account of the Menehune Ditch. Vancouver 
writes the following: 

I proceeded along the river-side, and found the low country which stretches from 
the foot of the mountains toward the sea, occupied principally with the taro plant, 
cultivated much in the same manner as at Woahoo; interspersed with a few sugar 
canes of luxuriant growth, and some sweet potatoes. The latter are planted on dry 
ground, the former on the borders and partitions of the taro ground, which here, as 
well as at Woahoo, would be infinitely more commodious were they a little 
broader, being at present scarcely of sufficient width to walk upon. This 
inconvenience may possibly arise from the principle of economy, and the scarcity 
of naturally good land. 

The sides of the hills extending from these plantations to the commencement of 
the forest, a space comprehending at least one half of the island, appeared to 
produce nothing but a coarse spiry grass from an argillaceous soil, which had the 
appearance of having undergone the action of fire. . . . Most of the cultivated 
lands being considerably above the level of the river, made it very difficult to 
account for their being so uniformly well watered. As we proceeded, our attention 
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was arrested by an object that greatly excited our admiration, and at once put an 
end to all conjecture on the means to which natives resorted for the watering of 
their plantations. A lofty perpendicular cliff now presented itself, which, by rising 
immediately from the river, would have effectually stopped our further progress 
in to the country, had it not been for an exceedingly well constructed wall of 
stones and clay about twenty-four feet high, raised from the bottom by the side of 
the cliff, which not only served as a pass into the country, but also as an aqueduct, 
to convey water brought thither by great labour from a considerable distance; the 
place where the river descends from the mountains affording the planters an 
abundant stream, for the purpose to which it is so advantageously applied. This 
wall, which did no less credit to the mind of the projector than to the skill of the 
builder, terminated the extent of our walk; from which we returned through the 
plantations, whose highly improved state impressed us with a very favorable 
opinion of the industry and ingenuity of the inhabitants. [Vancouver 1798:170–
171] 

Archibald Menzies, a surgeon and naturalist aboard the Discovery, accompanied Vancouver 
on the inland expedition and left his own account. Menzies writes the following: 

We landed on a sandy beach near the mouth of the river where we were received 
by the natives with great order and regularity . . . 

I walked with Captain Vancouver into the plantation and passed over a place 
where a number of houses had recently burnt down. This I knew to be formerly 
the site of Ka‘eo’s residence, for whom these houses had been particularly 
tabooed, and as, according to the custom of the country, no one could inhabit 
them after him, it is probable that they were thus destroyed when he departed on 
his present warlike expedition. 

Through this plantation, which is tolerably level, the village of Waimea is 
irregularly scattered over the bottom of a valley facing the bay by a fine sandy 
beach, where it is about half a mile wide and gets gradually narrower as it recedes 
back from the shore. It is sheltered on both sides by steep, rocky banks, in the 
caverns of which the natives in many places form habitations. The river which 
here glides on so smoothly as to form a pleasing sheet of water, takes the direction 
of the eastern side of the valley for nearly two miles back, where it divides into 
two branches which fall from the mountains by separate valleys formed by steep, 
rocky precipices that give them a wild and romantic appearance. [Menzies 
1920:27–28] 

Ka‘eo, whose residence Menzies mentions, was the king of Kaua‘i. Since the high chiefs of 
the island made their principal residences in Wailua on east Kaua‘i, it is noteworthy that Ka‘eo 
had a residence at Waimea on the east side of the river, perhaps an indication of the area’s 
prestige and importance at the end of the eighteenth century. Menzies (1920) reported that 
several hundred orange plants were brought by Vancouver’s ships to be distributed among the 
Hawaiian Islands. Apparently, some of these plants never left Waimea and during following 
decades oranges would be among the goods traded to whaling ships stopping there. 
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3.2.3.2 1800s to mid-1800s  

In 1786, Captain Nathaniel Portlock, after exploring the southwest shore of Kaua‘i, was “well 
assured that Atoui [Kaua‘i] afforded no place for the ships to ride in equal to Wymoa [Waimea] 
Bay” (Portlock 1968:173). By the early nineteenth century, Waimea’s repute as a safe anchorage 
would draw increasing numbers of vessels, ensuring its growth as a trading post and drawing the 
island’s ali‘i to Waimea Ahupua‘a to participate in the commerce there. The historical record of 
the ahupua‘a in the first decades of the nineteenth century would be shaped by the exploits of the 
ali‘i, foreign adventurers, entrepreneurs, and missionaries. 

In the early morning hours of 31 January 1815, the Behring—a 210-ton three-masted ship 
owned by the Russian-American Company—was beached at Waimea Bay on the south coast of 
Kaua‘i (Corney 1896). The Behring was loaded with seal skins destined for the company’s 
headquarters at Sitka, the capital of Russian America. Kaumuali‘i, the king of Kaua‘i, took 
possession of the vessel and its cargo, maintaining that anything brought to land upon Kaua‘i 
became the king’s property. 

Alexander Andreievich Baranov, the Russian-American Company’s manager at Sitka, chose 
Georg Anton Schäffer, a German adventurer, to lead a mission to recover the cargo. Schäffer 
arrived on the island of Hawai‘i in November 1815, but it was not until May 1816 that he sailed 
for Kaua‘i aboard the company’s 300-ton vessel, the Otkrytie, supported by an armed crew. 
Arms, however, were not needed; Schäffer found Kaumuali‘i willing to return the Behring’s 
cargo and eager for an alliance with the Russian Empire. 

Over the next months, a busy Schäffer established the Russian presence on Kaua‘i, intending 
to make the island a launching point for control of the entire Hawaiian chain. In September 1816, 
Schäffer began construction of a lava-rock walled fort at Waimea Bay to be named after the 
Empress Elizabeth. He then gave orders for the creation of two earthen work forts at Hanalei, 
one named after General Barclay de Tolly, the other—placed on this plateau—after Emperor 
Alexander. At the same time, Kaumuali‘i deeded Hanalei province to Schäffer, who renamed it 
Schäfferthal. But Schäffer’s schemes soon unraveled, and within a few months he was forced off 
Kaua‘i, from the very province to which he had given his name. 

By the spring of 1817, Kaumuali‘i had lost confidence in Schäffer. Hearing a false report that 
Russia and the United States were at war, Kaumuali‘i became anxious that he had allied himself 
with the weaker of the two powers in the Pacific. On the morning of 8 May 1817, Kaumuali‘i, 
accompanied by “a thousand men” (according to Schäffer) at Waimea, ordered Schäffer and his 
compatriots off the island immediately. They fled to Hanalei aboard two company ships. Here 
Schäffer, proclaiming himself chief of the valley, intended to make a stand at Fort Alexander. 
But Schäffer and the others soon realized their predicament was hopeless. On 6 June 1817 they 
sailed away from Hanalei Bay. Schäffer never returned. 

By the following year, 1818, the fort had become the residence of Kaumuali‘i. Peter Corney, 
the chief officer on Kamehameha’s schooner, Columbia, reported a voyage to Waimea in March 
1818, where he observed the “king [Kaumuali‘i], chiefs, and about 150 warriors live within [the 
fort], and keep a regular guard; they have a number of white men for the purpose of working the 
guns” (Corney 1896:89). Corney also described the extent of the sandalwood operations at 
Waimea, controlled by Kamehameha. On 17 March 1818, the Columbia, then anchored at 
Honolulu, was ordered to Waimea by Kamehameha to collect a cargo of the wood: 
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Teymotoo [Ke‘eaumoku], or Cox, with several other chiefs, came on board. We 
made sail, and on the following day came too in Whymea Roads . . . 

Our chiefs landed, and were well received by Tamoree [Kaumuali‘i]; and the next 
morning they commenced sending wood on board. About 500 canoes were 
employed in bringing it off, and by the 25th of March we had the ship quite full. 
[Corney 1896:88–89] 

3.2.4 Missionary Accounts  

The American Board of Commissioners for Foreign Missions, headquartered in Boston, sent 
its first company of missionaries to the Hawaiian Islands in 1819, leaving Boston on 23 October 
aboard the brig Thaddeus. The vessel came in sight of Mauna Kea on 30 March 1820 and 
anchored at Kawaihae Bay a couple of days later. There they learned of Kamehameha’s death in 
May 1819 and of the recent overturning of the kapu (taboo) system. In May 1820, two American 
Protestant missionary couples landed at Waimea with the intention of establishing a station there. 
Their party consisted of Samuel and Mercy Whitney and Samuel and Nancy Ruggles (Damon 
1931:284). 

Kaumuali‘i’s son, Prince George, who had been sent away to school in New England, 
accompanied the missionaries. Kaumuali‘i granted Waimea Ahupua‘a to George, along with the 
fort and houses. In July 1820, the two missionary couples were established in a house makai 
(seaward) of the fort. The house’s lanai served as the schoolroom and meetinghouse. 

By the mid-1820s, the Ruggles had left Kaua‘i and the Whitneys had moved to a new house at 
Māha‘iha‘i on the east side of the Waimea River. The Whitneys were visited in 1824 by another 
missionary, Hiram Bingham, who described the idyllic Waimea landscape he encountered: 

The valley contains about four hundred habitations, including those on the sea-
shore. The numerous patches of the nutritious arum, and the huts or cottages of 
the people, were beautifully interspersed with the bread-fruit, the cocoanut, and 
the furniture kou, the medicinal Palma Christi, and oleaginous candlenut, the 
luscious banana, and sugar-cane . . .  

To a spectator from the missionary’s door, or from the fort, or either precipice, is 
presented a good specimen of Sandwich Islands scenery. On a calm and bright 
summer’s day, the wide ocean and foaming surf, the peaceful river, with verdant 
banks, the bold cliff, and forest covered mountains, the level and fertile vale, the 
pleasant shade-trees, the green tufts of elegant fronds on the tall cocoanut trunks, 
nodding and waving, like graceful plumes, in the refreshing breeze; birds flitting, 
chirping, and singing among them, goats grazing and bleating, and their kids 
frisking on the rocky cliff, the natives at their work, carrying burdens, or sailing 
up and down the river, or along the sea-shore, in their canoes, propelled by their 
polished paddles that glitter in the sun-beam, or by a small sail well trimmed, or 
riding more rapidly and proudly on their surf-boards, on the front of foaming 
surges, as they hasten to the sandy shore, all give life and interest to the scenery. 
[Bingham 1847:217–218] 

Bingham’s account suggests life in Waimea retained much of its pre-Contact character well 
into the nineteenth century. However, in August 1824 peace in Waimea was shattered during a 
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rebellion of Kaua‘i chiefs led by Prince George. Kaumuali‘i, George’s father and the last king of 
Kaua‘i, had died in Honolulu on 26 May 1824. On 8 August, George and a band of rebellious 
Kaua‘i chiefs and their followers attacked the garrison at the Waimea fort, outpost of the 
Hawaiian Kingdom ruled by Liholiho. Ten rebels and six defenders were killed. The attack failed 
and George and his men retreated southeast to Hanapēpē Valley (Joesting 1984:106). The 
rebellion was crushed, George was taken captive and sent to Honolulu, and, according to the 
pioneering nineteenth century historian Samuel Kamakau,  

Ka-lani-moku [prime minister of the Hawaiian kingdom] redistributed the lands 
of Kauai . . . The last will of Ka-umu-ali‘i, who had the real title to the lands, was 
not respected . . . The lands were again divided. Soldiers who had been given 
lands but had returned to Oahu had their lands taken away, chiefs who had large 
lands were deprived of them, and the loafers and hangers-on (palaualelo) of Oahu 
and Maui obtained the rich lands of Kauai. [Kamakau 1992:268–269] 

Missionary journals and documents recount the events shaping Waimea from the 1820s 
onwards. The people of the ahupua‘a were struck in May 1826 by an influenza epidemic and a 
great flood that wreaked havoc upon taro lo‘i (irrigated fields) and damaged structures built by 
the missionaries. In 1828, a new stone house for the Whitney family was built on the western 
side of the river, and in 1848, the new missionary George Rowell built his own house. The 
original mission church was built west of the study area in 1834 of stones and mud. Rowell 
began construction of a new church on the same site built of sandstone blocks taken from a 
quarry in Waimea. Construction of the exterior was completed by 1854. This church was called 
the Waimea Foreign Church; in 1996, the church was renamed the Waimea United Church of 
Christ. The church has an associated cemetery. In 1874, Rowell left the Hawaii Board of 
Missions and started an independent church called the Waimea Hawaiian Church. This structure 
was located makai of Kaumuali‘i Highway near the makai end of Menehune Road. 

At the end of Ola Road, the Hawaiian governor of Kaua‘i, Kaikioewa, built a house in 1926 
on the bluff overlooking Waimea. The cellar was used for the burial of several high ali‘i. Aubrey 
Robinson purchased the lot in 1935 and constructed a large house. The lot was later bequeathed 
to the Waimea Foreign Church, who used the buildings for their parsonage. 

Beginning in 1831, censuses taken by Protestant missionaries throughout the Hawaiian 
Islands provide the earliest documentation of the size of the native population after the first 
decades of Western Contact. In 1833, Rev. Samuel Whitney estimated a population of 3,883 
persons within 6 miles of the Waimea station. More ominously, he also estimated ten deaths 
were occurring for every birth (Kauai Bicentennial Committee 1977:n.p). Subsequent missionary 
station reports from Waimea recorded the continuing diminishment of the district’s population. 
In 1838 the total population was 3,272; in 1840 it was 2,819; and, in 1841 it was 2,779 (Schmitt 
1973:14). Whitney himself died in 1845 and was replaced by Rev. George Rowell who moved to 
Waimea from Wai‘oli with his family in 1846. 

3.2.5 The Māhele and the Kuleana Act 

The Organic Acts of 1845 and 1846 initiated the process of the Māhele—the division of 
Hawaiian lands—that introduced private property into Hawaiian society. On 27 January 1848, 
the Crown and the ali‘i began to receive their land titles as Konohiki (land manager) awards. The 
ahupua‘a of Waimea was retained by the monarch, Kamehameha III, as crown land. 
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For konohiki lands, a claim first had to be approved by the Land Commissioners. Upon 
confirmation of the claim, a certificate was awarded to the claimant. This certificate was called a 
Land Commission Award (LCA), which confirmed the claim of an individual for a parcel. The 
awardee could then obtain from the Minister of the Interior a Royal Patent (RP), which indicated 
the government’s interest in the land had been settled by the payment of a commutation fee. 
Commutation means “an exchange, or replacement.” The commutation fee was usually set at a 
maximum of one-third of the value of the unimproved land. The fee could be settled by the 
exchange of cash but was usually settled by the return of one-third of the lands (or cumulative 
value of the lands) originally awarded to the claimant (Chinen 1958:13). 

On 19 October 1849, the Hawaiian Privy Council adopted resolutions to protect the rights of 
native tenants, the maka‘āinana, or the “common” people. The Kuleana Act of 1850 confirmed 
these rights. Under this act, the claimant was required to produce two witnesses who knew the 
claimant and the boundaries of the land, knew that the claimant had lived on the land for a 
minimum of two years, and knew that no one had challenged the claim. The land also had to be 
surveyed. Native tenants or naturalized foreigners who could prove occupancy on the parcels 
before 1845 could be awarded lands they occupied or that they cultivated as kuleana (land 
holding of a tenant or hoa‘āina residing in the ahupua‘a) awards. No commutation fee was 
necessary to apply for a Royal Patent for a kuleana award, as the commutation fee had 
presumably already been paid by the ali‘i / konohiki who had been awarded the entire ahupua‘a, 
or ‘ili in which the native tenant claimed his own small parcels (Chinen 1958:29–30). 

Over 150 kuleana awards were granted in Waimea. It is through records for Land 
Commission Awards generated during the Māhele that the first specific documentation of life in 
Hawai‘i as it had evolved up to the mid-nineteenth century comes to light. Although many 
Hawaiians did not submit or follow through on claims, or simply were not granted the claims for 
their lands, the distribution of LCAs can provide insight into patterns of residence and 
agriculture, many of which probably had existed for centuries past. The kuleana awardees in the 
ahupua‘a do not reflect the total population of Waimea. As Russell Apple notes, 

They probably represent the local elite, those would could afford the survey and 
commutation [that were part of the award procedure], had proper authority for 
permanent occupancy, had reputable witnesses to sustain both the authority [to 
occupy] and continuous use [of the parcel], and who chose to apply. [Apple 
1978:62] 

However, the records associated with these awards illuminate the character of the Hawaiian 
settlement and livelihood within Waimea by 1850. The upper and lower valley were extensively 
cultivated. The Pe‘ekaua‘i Ditch, along with a system of lateral ‘auwai, watered lo‘i kalo 
(irrigated taro fields) on the western flats of the river all the way to the shore. Interspersed among 
the lo‘i were house sites, small plots of kula on which were cultivated traditional native dryland 
crops as well as introduced ones, and also pasture land. In the upper canyon past the Makaweli 
fork, the degree of settlement thinned out greatly with lo‘i and house sites dispersed along the 
banks of the Waimea River. The furthest mauka extent of settlement was Kalakahi’s LCA 11286 
which was approximately 2,000 ft into Koai‘e Valley.  



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Background Research 

LRFI for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea, Kaua‘i 

TMKs: [4] 1-2-01, 1-2-02, and 1-4-01  

37 

 

3.2.6 Mid- to Late 1800s 

In 1850, Waimea was designated a government port, opening it to foreign commerce. At the 
time, Waimea was exporting a respectable variety of agricultural goods and livestock. A report 
of the Royal Hawaiian Agricultural Society noted the listed exports from the port of Waimea 
between 1 July 1850 and 30 June 1851 (Damon 1931:291). Most of these goods were brought to 
the port of Waimea for shipment off the island; they were not necessarily products of the 
ahupua‘a itself. Within a few years, the government port facility was moved to Kōloa, and 
Waimea declined in importance as a shipping destination. 

In the 1850s there were “still only three foreign style houses in Waimea: Kaikio‘ewa’s, which 
now belonged to King Kamehameha, and the two missionary houses” (Kauai Bicentennial 
Committee 1977:n.p) (Figure 13). William E. Rowell, the son of Rev. George Rowell, who was 
born in 1845, recalled the Waimea of his childhood: 

It was all Kula, open country, from our house down to the sea, with no cultivation 
and no trees, but with an adobe wall fencing in a mission tract. Just west a little 
way there was a neke [neki; bulrush] pond, where there were ducks. . . . No, there 
was no irrigation, and we had to depend on the river for our drinking water . . . 
For all other purposes we used well-water. 

My Father had a garden up the valley, where he worked a great deal himself; he 
was a good gardener. He raised the first mango tree in Waimea. We had loquats, 
oranges, bananas, vis and peaches from this garden, the latter by the bucket. The 
name of the garden was Kakalae.  

We lived mostly on taro and sweet-potatoes, which we got largely from the 
natives by way of payment for their book. No, we didn’t have rice much, only as a 
luxury, from abroad. [Kauai Bicentennial Committee 1977:n.p.] 

Rowell also recalled that at least one Hawaiian craft continued to prosper in Waimea: “[T]apa 
making was still a thriving industry in my boyhood days. I can remember hearing six tapa-
beaters going at once in the valley, they got the wauke up in the mountains. Perhaps they raised it 
makai” (Lydgate 1991:92–93). 

Rowell mentions the planting of sugarcane, which was the major agricultural development 
within the area during the latter 1800s. The Reciprocity Treaty of 1876 between the United 
States and Hawai‘i gave impetus for the expansion of the sugar industry throughout the Islands. 
Valdemar Knudsen and a partner, Christian L’Orange, planted the first commercial sugarcane in 
this portion of Kaua‘i in 1878 at Kekaha near Pōki‘i. Knudsen had come to Hawai‘i from 
Norway and settled at Wai‘awa in 1854 where he worked as a rancher, agriculturalist, and finally 
a sugar planter. Eventually Knudsen would control the entire district, excluding kuleana lands, 
from Nu‘alolo to Waimea, including all the mauka area (Knudsen and Noble 1945:35). 
Valdemar’s son Eric, who was born at Wai‘awa in 1872, described Kekaha and its environs 
(including Kīkīaola) as he knew them in the second half of the nineteenth century: 

A row of grass houses extended all the way along the foothills from Waimea to 
Mana. Every house site had a name. To find a man you had to find his house  
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Figure 13. 1869 photo by Joseph King showing houses and the coastal flats of Waimea Village
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name. The natives seemed to know every name and would keep sending you 
along until you finally came to the spot you were looking for. 

At certain hours all the women sat in their houses and beat tapa cloth and as they 
beat they talked to one another in a tapa beater’s code. They could send a message 
with great speed from Waimea to Mana . . .  

Food was plentiful, cattle roamed all over the land . . . Taro and sweet potatoes, 
rice and milk, yams and watermelons were plentiful. The Mana natives raised 
wonderful melons and they didn’t charge you 9 cents a pound either. Every now 
and then Mana fisherman would come past with huge packs of dried squid and 
give some to father. Somehow we children never took to them. Eggs and chickens 
were plentiful. Turkey wandered about in large flocks and when you wanted one 
all you had to do was to go out and shoot one. For fruit we had figs, papaias, 
mangoes and fresh hau hau cocoanuts. There was no market for beef cattle, they 
were killed and boiled down for tallow and the hides dried. A steer that would be 
worth a hundred dollars today sold for six or eight dollars. When we wanted 
mutton we had to kill a sheep and eat as much as we could and give the rest away 
. . . The grass houses were all built in one general design—one big living room 
and two doors—one on each side and opposite to one another. One day my father 
noticed that all were built with their gable-ends east and west and the doors facing 
the ocean and the hills. He asked one of the men why that was so and he replied, 
‘Why, you know that Po, the abode of the dead, lies under the ocean just outside 
Polihale, where the cliffs and the ocean meet, and the spirits of the dead must go 
there. As the spirits wander along their way to Po, they will go around the gable-
end of a house but if the house stood facing the other way, the spirits would walk 
straight through and it would be very disagreeable to have a spirit walk past you 
as you were eating your meal. ‘In fact,’ he continued, ‘we can always tell when a 
battle has been fought by the number of spirits passing at the same time.’ 
[Knudsen 1991:100–102] 

Many traditional Hawaiian endeavors were not so fortunate, as evidenced by the loss of taro 
lo‘i and their conversion to rice fields and sugarcane in the second half of the nineteenth century. 
Rice cultivation by Chinese farmers began in Waimea Valley in the 1860s. The Chinese had 
come to the Islands to work on the sugar plantations. As the commercial sugar industry expanded 
throughout the Hawaiian Kingdom, the need for increased numbers of field laborers prompted 
passage of contract labor laws. In 1852, the first Chinese contract laborers arrived in the Islands. 
Upon completion of their contracts, a number of the immigrants remained in the Hawaiian 
kingdom, many becoming merchants or rice farmers. 

The Hawaiian Islands were well positioned for rice cultivation. A market for rice in California 
had developed as increasing numbers of Chinese laborers immigrated there starting in the mid-
nineteenth century. Similarly, as Chinese immigration to the Islands also accelerated, a domestic 
market opened. 

At Waimea, as in other locales, groups of Chinese began leasing former taro lands for 
conversion to rice farming. Sadly, the taro lands’ availability throughout the Islands in the later 
1800s reflected the declining demand for taro, as the Native Hawaiian population diminished. 
Censuses taken during the second half of the nineteenth century record the dwindling population 
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of the Waimea District. While, as noted above, in 1838 there were 3,272 persons living in the 
district, by 1853 a total of 2,872 persons were recorded in Waimea. Twenty-five years later, in 
1878, the total population had diminished further to 1,374 persons (Schmitt 1977:12–13). 

Rice farming declined sharply throughout the Hawaiian Islands after the first decade of the 
twentieth century. Total acreage dropped from a high of 9,425 acres in 1909 to 1,130 acres in 
1935. By the 1930s the rice industry had ceased entirely on the islands of Hawai‘i, Maui, and 
Moloka‘i (Coulter and Chun 1937:62). Though rice continued to be grown at Waimea into the 
1930s, many of the rice fields were being reclaimed for sugar planting. 

Archibald Archer, an engineer of Scotch-Norwegian ancestry, settled in West Kaua‘i, to 
establish a tobacco plantation at Mana. According to Ethel Damon, Archer “built a small house . 
. . at Halemanu [in the present Kōke‘e State Park], which was known as Little Norway and is 
said to have been the first foreign house in the beautiful Kokee region of the Waime mountains” 
(Damon 1931:292). Damon also notes Hawaiian traditions associated with Halemanu: 

In this lovely valley of hale-manu, Place-of-Birds, the Hawaiian bird-catchers had 
formerly lived to collect the little red or yellow feathers for royal cloaks at the 
proper seasons. And above on the ridge at Kaana was the region where departed 
spirits assembled to wait before springing off into the nether world, Po, near the 
cliffs of Polihale on the extreme west coast of the island. [Damon 1931:292] 

Like Archer, Valdemar Knudsen was an engineer of Norwegian ancestry, who settled in West 
Kaua‘i in the 1850s. In 1856, Knudsen bought out Archer’s leases of Crown lands (the tobacco 
plantation had failed) and began developing a cattle business and orchard. The leased land 
included much of the present Kōke‘e State Park. Knudsen built a mountain cabin at Halemanu at 
the site of an old bird catcher’s house 

In the early 1870s, Kaua‘i was the residence, over a four-month period, of the Dowager 
Queen Emma. In 1870, following the death of Alexander Liholiho, Kamehameha IV, in 1863, 
Queen Emma had a residence built for herself in Lāwa‘i Ahupua‘a, on a bluff east of Lāwa‘i-
Kai. The queen and her party arrived at Kōloa landing on 21 December 1870, intending to reside 
at her Lāwa‘i house until the spring of 1871. The reigning monarch, Kamehameha V, may have 
“suggested to Queen Emma that if possible, she should visit the Waimea Canyon area, and 
perhaps even take a trip to the Alaka‘i swamp, for he had been on a pig hunting expedition there 
in 1851” (Forbes 1970:5). Early in 1871, led by a guide recommended by Valdemar Knudsen, 
Queen Emma and her party went up the trail from Waimea, “spending the night in the forest of 
‘Aipo-nui, at a place called Waineki, and the next day went to the end of the trail, to the 
Kilohana, or lookout, of Hanalei” (Forbes 1970:6). The queen herself described the journey in 
letter a letter to Kamehameha V: 

Oh the scenery, mosses, Lehua, ferns, wild flowers &c are perfectly beautiful. 
Kahaaanamahuna, Puu kapele, Waineki, & waikoi were pointed out as your 
various  camping grounds on a boar hunt in ’51. The large stone with Mr. 
Brenchly & Mr. Remy’s names & others marked on it has rolled off from the top 
a little way with its face down so I did not see the names, but our guide told us 
thence. The walking was rather fatiguing & almost took my breath away. It must 
not be ascended in the wet months, for then the Lehua is not in its perfection. 
[Forbes 1970:7] 
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Upon the queen’s return to Waimea, a grand feast was organized in her honor on 29 January 
1871. Mele (song) and chants celebrated her journey to Kōke‘e and Alaka‘i. Queen Emma 
returned to Honolulu on 25 April 1871. Her Kōke‘e journey continues to be remembered in the 
chants that have survived and in the annual Eo E Emalani I Alaka‘i Festival at Kōke‘e State 
Park. 

During the last decade of the nineteenth century, the population of Waimea rebounded, 
growing from a total of 2,739 persons in 1890 to 4,595 in 1896, and 5,886 in 1900 (Schmitt 
1977:13). That growth was spurred by the establishment of commercial sugarcane planting at 
Waimea. Population figures up to World War II reflect the continued growth of the Waimea 
District as the sugar industry prospered; in 1910 the population total was 8,195 persons and by 
1940 it had grown to 10,852 (Schmitt 1977:13–14). 

A 1874 map by Gay (Figure 14) and a 1891 map by Imlay of Gay and Robinson lands (Figure 
15) show the character of Waimea Ahupua‘a surrounding the study area at the end of the 
nineteenth century. 

3.2.7 1900s 

In 1898, the Kekaha Sugar Company was established by the consolidation of three Kaua‘i 
sugar interests. The fate of plantation agriculture in the arid zones of Waimea Ahupua‘a hinged 
on water supply development in the twentieth century. Following a series of droughts and water 
overuse in the late nineteenth century, groundwater was increasing in salt content and well water 
levels decreased. Valdemar Knudsen, founder of Kekaha Sugar Company, looked to the Waimea 
River as a source of sugarcane irrigation — pushing forward the Kekaha Ditch project. 
Construction of the Kekaha Ditch started in May 1906 and was completed in September 1907 
(Wilcox 1996:93) (Figure 16 and Figure 17). The Kekaha Ditch has also been known as the 
Waimea Ditch and as the Waimea-Kekaha Ditch. The ditch diverts water from the Waiahulu 
Stream, Koaia Stream, and Waimea River and originally extended through 16 miles of mauka 
lands and 4 miles through the lowlands (Wilcox 1996:93). This water was used to irrigate 
plantation lands of the Kekaha-Mānā Plain. 

Hans Peter Fayé came to Kaua‘i from Norway in 1880 at the age of 21. Four years later, with 
a loan from Isenberg and a lease from his uncle, sugar pioneer Valdemar Knudsen, Fayé founded 
H.P. Fayé & Company, a sugar plantation in Mānā, the westernmost town in Kaua‘i. In 1906, 
Fayé acquired the Waimea Sugar Mill, which had been founded in 1884. In 1910, the Waimea 
Sugar Mill Company was bought by Hans Peter Fayé, Ltd., operator of the neighboring Kekaha 
Sugar Company. From 1923 to 1926 the construction of the Koke‘e Ditch was undertaken by the 
Kekaha Sugar Company to further irrigate planation lands. This system is comprised of 21 miles 
of channels which divert water from the Kauaikinana, Kawaikoi, Waiakoali, and Kōke‘e streams. 
A major storage facility with a 262 million-gallon capacity known as the Pu‘u Lua Reservoir was 
completed in 1927. At the time of statehood in 1959, H.P. Fayé & Company was incorporated as 
Kikiaola Land Company, and it is still owned by about 100 of the founder’s descendants. Linda 
Collins, a granddaughter of H.P. Fayé, is now the president of Kikiaola Land Company. A 1910 
newspaper article in the San Francisco Chronicle describes the sugar lands and the railroad line 
built to haul the cane to the mill: 

Waimea has a bit of flat land hemmed in by two neighbors, Kekaha and Hawaiian 
Sugar Company, just over a half mile long and a little wider. It lies only a few feet  
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Figure 14. Portion of the 1874 Gay map of the western coast of Kaua‘i showing the study area 
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Figure 15. Portion of the 1891 Imlay map of Gay and Robinson lands of Waimea showing the 
study area 
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Figure 16. Historic photo of the upper reaches of the Kekaha Ditch showing the general nature of 
the ditch (Wilcox 1996:94)
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Figure 17. Kekaha irrigation ditch photo, n.d. (University of Chicago)
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above sea level. Cane is transported from the fields over a railway system which 
consists of two miles of permanent track and one mile of portable track, thirty 
eight cars and a locomotive. [Condé and Best 1973:203] 

The railroad line described above was built by the Kekaha Sugar Company in about 1884, 
which used it to transport sugar from its own mill to the pier at Waimea Landing. Initially the 
train stopped at the Waimea Sugar Mill Company to also transport their sugar to the landing. By 
the early 1930s, about 670 acres of land was cultivated by the Waimea Sugar Mill Company. 
Most of Waimea Town’s commercial buildings were constructed during this period of the sugar 
industry’s growth. 

During World War II, the U.S. Army Corps of Engineers used the plantation shop yard as 
their headquarters; the sugarcane from the fields was taken to Kekaha Sugar Mill to be processed 
(Figure 18). Following World War II, the fortunes of the Waimea Sugar Mill Company changed. 
The Waimea mill stopped operating in 1945, though the Waimea Sugar Company continued to 
cultivate cane on its lands until 1969. The milling equipment was sold and the mill building was 
used for grain storage (Fayé 1997:26). After the company closed, its fields were leased to the 
Kekaha Sugar Company. Kekaha Sugar Company was the first in the Territory to switch to 
diesel power. In June 1928, the first diesel locomotive in the Islands was placed in service at 
Kekaha (Condé and Best 1973:145). Diesel was found to be more cost effective than steam and 
persisted as the primary means of transporting sugarcane until the 1940s when transportation by 
truck proved more efficient. In 1947, the railroad system was eliminated, completing the full 
conversion to truck transport (Condé and Best 1973:146). 

In 1950, the Waimea Sugar Mill Company was reorganized into the Waimea Sugar Mill, Inc., 
which continued to process cane, and the Kikiaola Land Company, which was created to manage 
the property. In 1982, one of the former plantation cottages opened as a vacation rental and was 
so successful that the Fayés decided to construct a plantation-type resort. The renovated 
plantation houses, built between 1900 and 1920, became part of the Waimea Plantation Cottages 
(Chang 1988:49–52), with 48 rental units and a conference center. 

In the mauka portion of Waimea Ahupua‘a land was divided and preserved by the creation of 
state parks such as Kōke‘e State Park and Waimea Canyon State Park. The twentieth century 
history of Kōke‘e State Park and Waimea Canyon State Park include the following chronology 
of activities: the presence of cattle during the first decades of the century, the opening of leased 
cabin sites at Kōke‘e beginning in 1919, the planting of tree stands and construction of new trails 
by the Civilian Conservation Corps during the 1930s and ‘40s, the construction of military and 
communications facilities beginning in the 1960s, and the development of the parks themselves, 
beginning in the late 1940s at the instigation of Joseph M. Souza, Jr. A 1910 USGS map (Figure 
19) of Kaua‘i shows no urban development within and around the study area in the early 
twentieth century. A mid-1960s USGS map (Figure 20) and a 1977 aerial photograph (Figure 21) 
show the continued lack of urban development within and around the current study area. 

3.2.8 Contemporary Land Use 

Kekaha Sugar Company continued to produce sugar until 17 November 2000 when the parent 
company, AmFac, closed the factory down due to financial hardship (Kojima 2000). During 
recent decades, growth in Waimea has focused on development of the former sugar plantation 
lands and structures into tourist-oriented facilities. As noted above, during the second half of the  
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Figure 18. Kekaha Sugar Mill (CSH 2010)



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Background Research 

LRFI for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea, Kaua‘i 

TMKs: [4] 1-2-01, 1-2-02, and 1-4-01  

48 

 

 

Figure 19. 1910 Hanalei, Hanapepe, Mana, and Na Pali USGS topographic quadrangles 
(portion), showing the study area
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Figure 20. Haena (1965), Kekaha (1963), Makaha Point (1965), and Waimea Canyon (1965) 
USGS topographic quadrangles (portion), showing project location
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Figure 21. 1977 USGS Orthophotoquad aerial photograph of Haena, Kekaha, Makaha Point, and 
Waimea Canyon quadrangles, showing project location
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nineteenth century, two newly arrived settlers on Kaua‘i—Archibald Archer and Valdemar 
Knudsen—built cabins in upland Waimea, in what would become the Kōke‘e State Park. These 
early initiatives set the stage for developments throughout the twentieth century focused on 
creation of the present state parks. Koke‘e State Park and Waimea Canyon State Park draw many 
visitors to Waimea Ahupua‘a today.  

Extensive irrigation systems, for water delivery and storage, as well as hydroelectric 
infrastructure occupy areas within and near the study area. Contemporary land use patterns 
makai of the study area, such as agriculture and homesteading, rely upon a supply of diverted 
water for daily activities. 

 Previous Archaeological Research 
There have been few large-scale systematic archaeological surveys in the Waimea area. 

However, a sizeable number of small-scale studies have covered a variety of terrain and 
elevations in Waimea. Archaeological studies conducted near the study area are listed in Table 1 
and shown in Figure 22. The historic properties identified in the vicinity of the study area are 
listed in Table 2 and depicted in Figure 23. 

3.3.1 Bennett 1931 

Wendell Bennett, in his 1931 survey of Kaua‘i (Bennett 1931:102–103), recorded numerous 
sites; 13 are in the general vicinity of the study area (see Figure 23 and Table 2). Bennett 
provides greater detail on these sites in his text, but the important point is that his descriptions 
show habitation evidence in small valleys dissecting Niu Ridge, as well as on the ridge itself. 
Waiawa Valley contains “many” house sites and associated taro lo‘i, and heiau appear both in 
valleys and on ridges. Bennett’s survey apparently predated at least some of the land impact 
associated with sugar growing and was early enough to record sites at the base of the Waimea 
slope, allowing us to take note of the former importance of this area during pre-Contact times. 

3.3.2 Ching 1978 

In 1978, Archaeological Research Center Hawai‘i, Inc. conducted an archeological 
reconnaissance of the Kukui Trail of Waimea Canyon State Park in Waimea District. Ching 
(1978) examined the Kukui Trail from its origin at Kōke‘e Road to its base in Waimea Canyon. 
This study confirmed previously identified irrigated taro lo‘i fields (State Inventory of Historic 
Places [SIHP] # 50-30-06-3012). The study states, “No archaeological features were relocated 
along the descending trail. However, on sloping terrain at the base of the canyon, a number of 
well-preserved former irrigated taro fields (lo‘i) were identified” (Ching 1978). 

3.3.3 Sinoto 1978 

In 1978, Bishop Museum conducted an archaeological reconnaissance survey in eight valleys 
located in the Kekaha area of Waimea District. The eight adjoining valleys studied are located 
0.5 and 1 mile north of Kekaha town and the Kekaha Sugar Company. This study identified five 
sites: SIHP #s 50-30-05-800, a rectangular basalt cairn; -801, a series of small overhang shelters; 
-802, several terraces, walls, and ‘auwai, likely remnants of a small agricultural complex; -803, 
terracing, stone piles, and a cattle wall; -804, numerous small terraces, enclosures, wall 
segments, and stone piles; and -805, numerous small sites and a cattle fence. 
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Table 1. Previous archaeological studies in the vicinity of the study area 

Reference Type of Study Location Results 

Ching 1978 Archaeological 
reconnaissance 

Kukui Trail, 
Waimea Canyon 
State Park 

Confirmed previously identified 
irrigated taro lo‘i fields, SIHP # 50-
30-06-3012 

Sinoto 1978 Archaeological 
reconnaissance 

TMK: [4] 1-2-002 Identified five sites: SIHP #s 50-30-
05-800, a rectangular basalt cairn;   
-801, a series of small overhang 
shelters; -802, several terraces, 
walls, and ‘auwai likely remnants 
of a small agricultural complex;      
-803, terracing, stone piles, and a 
cattle wall; -804, numerous small 
terraces, enclosures, wall segments, 
and stone piles; and -805, numerous 
small sites and a cattle fence 

Tomonari-Tuggle 
1979 

Archaeological 
reconnaissance  

Na Pali Coast State 
Park 

Observed 106 newly identified sites 
and 24 previously identified sites  

Kikuchi 1982 Field inspection Makaha Ridge No historic properties identified 

Walker and 
Rosendahl 1990 

Archaeological 
inventory survey 

USN Radio 
Telescope 

Low retaining wall noted but 
designated as an archaeological 
site; no other surface cultural 
remains identified  

Yent 1991 Archaeological 
inventory survey 

Polihale State Park, 
TMK: [4] 1-2-
002:024 

Located previously identified sites 
including SIHP #s 50-30-01-0001 
through 0004 (Bennett 1931), -1816 
burial, and -1817 lithic scatter 
(Smith 1990); and newly identified 
-1818 cultural deposit, -1819 and    
-1820 cultural scatters, and -1821 
basalt scatter 

Yent 1992 Subsurface testing Polihale State Park Cultural deposits associated with 
SIHP # 50-30-05-1818 

Dowden and 
Rosendahi 1993 

Archaeological 
inventory survey 

TMKs: [4] 4-1-
001:006; 1-4-
001:013; 5-9-
001:016 

No significant finds 

McEldowney 
1993 

Archaeological 
inventory survey 

Mānā Quarry Partial recording of heiau on mauka 
bank of Kekaha Ditch near Mānā 
Quarry 
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Reference Type of Study Location Results 

McMahon 1993 Burial report TMK: [4] 1-5-001 Inadvertent burial find, SIHP # 50-
30-06-498 consisting of five human 
burials  

McGerty and 
Spear 1997 

Archaeological 
inventory survey 

Mānā Plain No historic properties identified 

Yent 1997 Archaeological 
reconnaissance 

Kekaha Game 
Management Area, 
TMK: [4] 1-2-002 

No significant finds 

Chiogioji et al. 
2004 

Archaeological 
field inspection 

Kōke‘e and 
Waimea Canyon 
State Parks 

Three properties identified with no 
designated site numbers including a 
flume segment, a water tank 
foundation, and mortared-stone 
walls 

Monahan and 
Powell 2005 

Archaeological 
inventory survey 

Kōke‘e State Park, 
TMK: [4] 1-4-001: 
013 por. 

No significant finds 

Carney and 
Hammatt 2007 

Archaeological 
monitoring 

Waimea Canyon 
Lookout, TMK: [4] 
1-2-001:004 por. 

No significant finds 

Altizer and 
Hammatt 2010 

Archaeological 
inventory survey 

TMK: [4] 1-2-
002:001 

Identified eight historic properties 
including SIHP # 50-30-05-2107, 
portions of New and Old 
Government Road and associated 
structural remnants; SIHP # -2108, 
a pre-Contact habitation terrace; 
SHIP # -2109, a plantation-era 
stacked wall; SIHP # -2110, a 
mound of unknown function; SIHP 
# -2111, a series of agricultural or 
clearing mounds; SIHP # -2112, a 
terrace; SIHP # -1113, a historic 
house site; and SIHP # -2114, a 
heiau 

Lyman and Dega 
2015 

Archaeological 
inventory survey 

17-acre (6.8 ha) 
parcel located in 
TMKs: [4] 1-5-
001:001 por. and 
002 por. 

Three historic properties identified 
including SIHP #s 50-30-05-2287, 
a modified outcrop utilized for 
temporary habitation; -2288, an 
agricultural alignment; and -2289, a 
historic-era trail  
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Figure 22. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles, showing previous archaeological studies in the vicinity of the 
study area 
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Figure 23. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles, depicting Bennett (1931) sites, historic properties and burial 
sites in the vicinity of the study area
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Table 2. Historic properties identified in the vicinity of the study area 

SIHP # 
50-30- 

Description Author 

Site 1 Polihale Heiau Bennett 1931 

Site 2 House sites Bennett 1931 

Site 3 House site/rockshelter Bennett 1931 

Site 4 Kapaula Heiau Bennett 1931 

Site 6 Heiau Bennett 1931 

Site 10 Kahelu Heiau Bennett 1931 

Site 11 Makahoe Heiau and village site Bennett 1931 

Site 12 Hooneenuu Heiau Bennett 1931 

Site 13 Kaunalewa Ridge burial caves Bennett 1931 

Site 18 Heiau Bennett 1931 

Site 19 Ahuloulu Heiau Bennett 1931 

Site 20 House sites Bennett 1931 

Site 21 House sites Bennett 1931 

Site 22 Heiau Bennett 1931 

Site 33 House sites / terraces Bennett 1931 

Site 35 Heiau or house site Bennett 1931 

Site 36 Stone cist burials Bennett 1931 

Site 37 Ulumaika court Bennett 1931 

Site 38 Irrigation ditch Bennett 1931 

Site 202 House sites Bennett 1931 

01-1816 Burial Yent 1991 

01-1817 Pre-Contact lithic scatter Yent 1991 

01-1818 Cultural deposit Yent 1991 

01-1819 Cultural deposit Yent 1991 

01-1820 Cultural deposit Yent 1991 

02-9392 Kokee CCC Camp Monahan and Powell 2005 

05-805 Agricultural complex Sinoto 1978 

05-2107 Portions of the New and Old Government Rd and 
associated structural remnants 

Altizer and Hammatt 2010 

05-2108 Habitation terrace Altizer and Hammatt 2010 

05-2109 Basalt stacked wall remnants Altizer and Hammatt 2010 

05-2110 Basalt small, low mound Altizer and Hammatt 2010 

05-2111 A series of basalt agricultural or clearing mounds Altizer and Hammatt 2010 
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SIHP # 
50-30- 

Description Author 

05-2112 Basalt terrace Altizer and Hammatt 2010 

05-2113 Historic house site  Altizer and Hammatt 2010 

05-2114 Heiau Altizer and Hammatt 2010 

06-498 Post-Contact burial cave McMahon 1993 

06-3012 Pre-Contact agricultural complex Ching 1978 

3.3.4 Tomonari-Tuggle 1979 

M.J. Tomonari-Tuggle (1979) carried out an archaeological reconnaissance survey in the Na 
Pali Coast State Park. This survey identified 106 sites, 24 of which were described in previous 
studies. This study: l) presents an inventory of cultural resources for portions of the Na Pali 
Coast State Park; 2) assesses the impact of visitor use and feral animal populations on those 
cultural resources; and 3) proposes recommendations for the management of those resources 
(Tomonari-Tuggle 1979:103) 

3.3.5 Kikuchi 1982 

In 1982, Kikuchi conducted a field inspection directed at the investigation of a rock formation 
at Makaha Ridge at the request of Pacific Division Naval Facilities Engineering Command, the 
Public Works Department Pacific Missile Range Facility. Kikuchi (1982) concluded the rock 
formation on Makaha Ridge was naturally occurring with no prehistoric or historic significance.  

3.3.6 Walker and Rosendahl 1990 

Walker and Rosendahl (1990) completed an archeological inventory survey on three 1-acre 
parcels at Pacific Missile Range Facility-Barking Sands and on four parcels with Kōke‘e Park 
Geophysical Observatory. A subsurface inventory survey was recommended for the three parcels 
at the Pacific Missile Range Facility-Barking Sands facility because of known human burial 
remains in the area. No further archeological work was recommended for the four sites within 
Kōke‘e Park Geophysical Observatory. 

3.3.7 Yent 1991 

Yent (1991) carried out a preliminary archaeological inventory survey of Polihale State Park 
within an area extending from the coastal dunes of Polihale Ridge to the northern boundary with 
Barking Sands. Six previously identified sites were observed including Sites 1 through 4 
(Bennett 1931), SIHP #s 50-30-01-1816, burial, and -1817, lithic scatter (Smith 1990); and four 
newly identified sites including -1818, cultural deposit, -1819 and -1820 cultural scatters, and -
1821, basalt scatter.  

3.3.8 Yent 1992 

Yent (1992) conducted subsurface testing in support of a proposed road swale at Polihale 
State Park. The purpose of testing was to further define the extent of SIHP # 50-30-05-1818, a 
cultural deposit containing charcoal, basalt flakes, and shell midden, located in the sand dunes. 
Other goals included determining impacts to the site as a result of the project, and recommending 
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treatment during construction. Additional remnants of the deposit were observed and 
documented. 

3.3.9 Dowden and Rosendahl 1993 

Dowden and Rosendahl (1993) carried out an archaeological inventory survey on four 
alternative sites for Mountaintop Sensor Integration and Test Program project (TMKs: [4] 1-2-
001:006; 1-4-001:013; 5-9-001:016). Two of the sites were located in the Pacific Missile Range - 
Makaha Ridge Facility, one site was located in the Kōke‘e Air Force Station, and the fourth site 
was located in the Pacific Missile Range-Kōke‘e Station. No historic properties were identified. 
No further archeological work was recommended for the study area. 

3.3.10 McMahon 1993 

Five human burials were identified at a cave site, SIHP # 50-30-06-498, made of pili grass 
and mud in Paiwa, Waimea District. The Kaua‘i Police Office removed the remains and 
determined the individuals were not homicide victims. The individuals were then reinterred.  

3.3.11 McEldowney 1993 

McEldowney (1993) conducted a field inspection in support of the proposed expansion of 
Mānā Quarry. Remnants of a heiau were partially documented near the southwestern extent of 
the quarry. These remnants were conclusively identified as a previously undocumented heiau 
and not Bennett’s Site 12; however, the site was mislabeled during subsequent administrative 
tasks. 

3.3.12 McGerty and Spear 1997 

In 1997, Scientific Consultant Services (SCS) (McGerty and Spear 1997) conducted field 
reconnaissance and interviews with local residents in support of a proposed change of land use 
for a parcel on Mānā Plain adjacent to the north side of Barking Sands military installation. 
Reconnaissance confirmed the parcel was previously under sugarcane cultivation. Historical 
background research indicated the area was a wetland marsh until it was filled for use by the 
sugar plantation. SCS concluded the nearby sand dunes were likely used as fill material and any 
cultural material present in the parcel would likely be in secondary deposition (McGerty and 
Spear 1997: 20). 

3.3.13 Yent 1997 

Yent (1997) conducted of a reconnaissance survey of Kekaha Game Management Area in 
advance of limited vegetation clearing. This survey was conducted through observation from a 
vehicle and bipedally upon selected ridgetops. No historic properties were identified.  

3.3.14 Chiogioji et al. 2004 

In 2004, CSH conducted an archaeological field inspection within Kōke‘e and Waimea 
Canyon State Parks in the ahupua‘a of Waimea on the island of Kaua‘i. The focus of the 
inspection was ten discrete localities within the state parks proposed for future improvement 
projects. Pedestrian inspection of the project localities was accomplished through systematic 
sweeps. No historic properties related to traditional Hawaiian culture were noted within the ten 
localities in undeveloped areas adjacent to the existing infrastructure. Three properties related to 
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twentieth century activities within the parks area were observed: a flume segment, a water tank 
foundation, and a pair of mortared-stone walls. 

3.3.15 Monahan and Powell 2005 

In 2005, SCS prepared an archaeological monitoring plan for the infrastructure improvements 
at the Civilian Conservation Corps Camp, SIHP # 50-30-06-9392, in Kōke‘e State Park. The 
archaeological monitoring plan included “excavation for a new absorption bed and aerobic 
wastewater treatment system, and for subsurface hookups and linkages between the various 
components of this system” (Monahan and Powell 2005:1). Monahan and Powell (2005) 
recommended that no further work or documentation be required for the project.  

3.3.16 Carney and Hammatt 2007 

In 2007, CSH prepared a monitoring report to document any historic properties encountered 
during the excavations associated with the upgrade of the existing wastewater and sewer systems 
at Waimea Canyon State Park, Waimea Ahupua‘a, Waimea District, Kaua‘i Island (TMK: [4] 1-
2-001:004 por.). No historic properties have been identified in the study area but a documented 
traditional temporary habitation site, SIHP # 50-30-06-707, located 80 m southwest of the 
lookout bathhouse facilities raised the possibility of subsurface cultural deposits.  

3.3.17 Altizer and Hammatt 2010 

In 2010, CSH conducted an archaeological inventory survey for a proposed rock crushing 
project along access roads from Mānā Road northeast through agricultural fields and portions of 
the New and Old Government Roads. The project involved the collection and removal of 
previously displaced rocks, boulders, dirt, and debris from former agricultural fields, and 
adjacent areas of Kekaha Sugar Plantation lands. Eight historic properties were identified 
including SIHP #s 50-30-05-2107, portions of New and Old Government Road and associated 
structural remnants; -2108, a pre-Contact habitation terrace; -2109, a plantation-era stacked wall; 
-2110, a mound of unknown function; -2111, a series of agricultural or clearing mounds; -2112, a 
terrace; -1113, a historic house site; and -2114, a heiau. CSH recommended mitigation measures 
to reduce the project’s potentially adverse effect on significant historic properties. 

3.3.18 Lyman and Dega 2015 

Lyman and Dega (2015) conducted an archaeological inventory survey on a 17-acre parcel at 
the Kekaha Ditch Siphon Headwall in Waimea Ahupua‘a. Three archeological sites were 
identified including a modified outcrop utilized for temporary habitation (SIHP # 50-30-05-
2287), an agricultural alignment (SIHP # -2288), and a historic-era trail (SIHP # -2289). 
Preservation was recommended for the documented sites but the proposed project was foreseen 
not to impact the sites’ integrity.  

 Background Summary and Predictive Model 
A settlement pattern emerges through the study of historical material concerning the Waimea 

area. Permanent habitation areas were mainly among the mauka foothills, at the bases of the 
shore-facing cliffs. Extending up the gulches were agricultural areas watered by rainfall and 
intermittent streams. This has been confirmed by the archaeological investigations of Bennett 
(1931:103) and Sinoto (1978:2–6). 
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Near the base of the foothills, multiple agricultural complexes, mounds, terraces, and stacked 
walls were recorded along with four heiau (Kahelu, Makahoe, Ho‘one‘enu‘u, and one unknown), 
and Kaunalewa Ridge burial caves. Modern sites include the Old and New Government Roads 
with associated structural remnants and multiple agricultural features related to the transportation 
of water. 

Makai of the foothills near the shoreline, multiple pre-Contact house sites were recorded 
along with two heiau (Polihale and Kapaula), pre-Contact burials, and cultural deposits 
containing lithics and midden.  

Multiple house sites were also recorded in the mauka area atop the ridge along with a pre-
Contact agricultural complex, heiau (Ahulolu Heiau), an ‘ulu maika (game similar to bowling) 
court, and burials.  

Much of the physical evidence of any pre- and/or post-Contact sites has been obliterated by 
commercial agriculture and other operations. The mauka and foothill areas have been extensively 
planted in cane, livestock has been run up the gulches, and even the beach areas have been much 
disturbed by massive shoreline stabilization projects. 

The results suggest archaeological subsurface excavation further inland of Waimea Valley 
might uncover pre-Contact agricultural and habitation deposits and historic structures associated 
with transportation of water. In particular, within the study area, due to its location along the 
very steep bedrock cliff face, the probability of uncovering subsurface deposits during 
excavations are potentially very low.  
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Section 4    Results of Fieldwork 

 Field Inspection Results  
Fourteen potential historic properties were documented during the field inspection portion of 

this study (Table 3 and Figure 24). These potential historic properties include historic ranching 
walls, possible hearths, reservoirs, ditches, and associated infrastructure such as ditch intakes, 
diversions, and concrete structures. Many of the potential historic properties are mostly related to 
former plantation irrigation systems distributed throughout the study area. Hand-held Garmin 
GPS units were used to document the locations of man-made drainage infrastructure throughout 
the study area. The observed features considered to be potential historic properties consist of 
ditch systems (CSH 01–04, 06, and 07), man-made reservoirs (CSH 05, 10, and 13), a historic 
road (CSH 08), possible hearths (CSH 09), concrete remnants (CSH 11), a stacked wall (CSH 
12) and a ditch (CSH 14), and are presented in Section 4.2. 

During the field inspection, CSH met with local informant Eben Manini, owner of Pu‘u Ōpae 
Ranch located within DHHL lands just east of the study area. The Manini family has leased land 
in DHHL lands for many years and contains vast knowledge of the area. Mr. Manini voiced his 
concerns about possible hearths just east of his property, possible house sites previously 
documented by Bennett (Sites 20 and 21, see Figure 23), and a possible burial cave within the 
steep portion of the bluff area of Niu Ridge. The possible hearth areas were documented, and 
charcoal was collected for taxa analysis (see CSH 09). The Bennett house sites were not located 
as the area has been completely modified for agricultural use. The exact location of the possible 
burial cave atop the bluff is unknown, but likely outside the study area to the east. The possible 
burial cave area was thoroughly examined and yielded no cultural material or evidence of human 
interment. 

Due to the large span of the study area, the field inspection results are presented in four zones 
arbitrarily created for this LRFI report: Waiakoali to Pu‘u Moe Divide (Zone 1), Pu‘u Moe 
Divide to Pu‘u Ōpae Reservoir (Zone 2), Pu‘u Ōpae Reservoir to Mānā Reservoir (Zone 3), and 
the potential photovoltaic solar area (Zone 4) (Figure 25). Zones 1 through 4 are described below 
and the general photo designations for each zone are depicted on Figure 26.  

4.1.1 Zone 1 

Zone 1 consists of the field inspection results spanning from the Waiakoali Diversion to the 
Pu‘u Moe Divide (see Figure 25). Zone 1 is situated within the uplands of Kōke‘e in the 
northeastern portion of the study area where rainfall is plentiful. The uplands contain the four 
primary Kōke‘e Ditch Diversions located on the Waiakoali, Kawaikoi, Kauaikinana, and Kōke‘e 
streams (CSH 01 through CSH 04) (Figure 27 through Figure 31) each consisting of man-made 
tunnels, basalt and mortar constructed walls, and concrete masonry walls and a part of the 
Kōke‘e Ditch System. The lower portion of Zone 1 contains the man-made Pu‘u Lua Reservoir 
(CSH 05) (Figure 32 through Figure 35). CSH 01 through CSH 05 are depicted in Figure 24 and 
Table 3. The lower portion of Zone 1 is accessed through Kōke‘e Road and the uplands through 
the unpaved Mohihi-Camp 10 Road which are also a part of the overall study area.  

The area between the uplands and the Pu‘u Lua Reservoir spans along the access road along 
the unpaved Mohihi-Camp 10 Road to the north, crossing Kōke‘e Road near the Makaha Ridge 
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Road and continues along the Kōke‘e Road ranging from approximately 200 to 1,000 ft to the 
west within the uninhabitaed forested land. The study area then passes through the Kauhao 
Stream and the Camp Hale Koa area to the Pu‘u Lua Reservoir. The area between the Pu‘u Lua 
Reservoir and the Pu‘u Moe Divide consists of the route of the Kōke‘e Ditch through 
uninhabited forest through various unnamed unpaved roads likely utilized for hunting. These 
areas were not inspected.  

Besides the aquatic infrastructure developments, Zone 1 is largely surrounded by uninhabited 
forested land containing loulu (native fan palm; Pritchardia), ‘ōhi‘a lehua (Metrosideros), 
pūkiawe (Leptecophylla tameiameiae), and koa (Acacia koa) and by conservation areas including 
Kōke‘e State Park, Waimea Canyon State Park, Pu‘u Ka Pele Forest Reserve, and the Nā Pali-
Kona Forest Reserve. Please note the general areas of impact for proposed repairs and new 
construction areas were inspected; the entire length of Zone 1 was not thoroughly examined. 
Zone 1 will not involve any construction or modifications and is a part of the project area only in 
terms of KIUC operating the ditch as a part of the overall project. 

Table 3. Temporary feature descriptions 

Temporary 
Site Number 

Feature 
Type  

Description  

CSH 01 Ditch 
system 

Waiakoali Diversion  

CSH 02 Ditch 
system  

Kawaikoi Diversion  

CSH 03 Ditch 
system 

Kauikinana Diversion  

CSH 04 Ditch 
system  

Kōke‘e Diversion  

CSH 05 Reservoir  Pu‘u Lua Reservoir  

CSH 06 Ditch 
system 

Pu‘u Moe Divide 

CSH 07 Ditch 
system 

Kōke‘e Ditch composed of unlined earthen channel including 
corrugated metal culverts with stone masonry headers, gate 
structures, and a steel culvert 

CSH 08 Road  Abandoned cane haul road  

CSH 09 Hearths Two possible hearths  

CSH 10 Reservoir Pu‘u Ōpae Reservoir  

CSH 11 Concrete 
remnants 

Concrete structure remnants with associated rail track remnants 
likely related to WWII infrastructure 

CSH 12 Wall Dry basalt stacked wall likely related to ranching 

CSH 13 Reservoir Mānā Reservoir  

CSH 14 Ditch Earthen drain ditch with steel road bridge and concrete abutments  
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Figure 24. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles depicting the study area depicting site numbers 
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Figure 25. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles depicting study area and Zones 1 through 4 
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Figure 26. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles depicting the study area with general photo locations (photo 
number corresponds with figure number)
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Figure 27. Google Earth aerial (2013) and 2011 USGS Orthophotography depicting general photo orientation of Zone 1 including the 
Waiakoali Diversion, Kawaikoi Diversion, and Kauaikinana Diversion (photo number corresponds with figure number for 
Section 4.1 and 4.2) 
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Figure 28. Waiakoali Diversion (CSH 01) general photo, view to northeast 

 

Figure 29. Waiakoali Diversion (CSH 01) general photo, view to north 
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Figure 30. Kawaikoi Diversion (CSH 02) general photo; view to north 

 

Figure 31. Kauaikinana Diversion (CSH 03) general photo; view to southwest
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Figure 32. Google Earth aerial (2013) and 2011 USGS Orthophotography depicting general 
photo orientation of Zone 1 including the Kōke‘e Diversion, Pu‘u Lua Reservoir, and 
Pu‘u Moe Divide (photo number corresponds with figure numbers in Section 4.1 and 
4.2)
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Figure 33. General photo of Kōke‘e Diversion (CSH 04); view to east 

 

Figure 34. Photo showing Pu‘u Lua Intake area feeding into Pu‘u Lua Reservoir (CSH 05); view to southwest
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Figure 35. Photo of Pu‘u Lua Reservoir (CSH 05); view to north 

4.1.2 Zone 2 

Zone 2 consists of the field inspection results spanning from the Pu‘u Moe Divide to the Pu‘u 
Ōpae Reservoir (see Figure 25 and Figure 36). Zone 2 is situated within the middle elevation 
area transitioning from the uplands of Kōke‘e and the low-lying coastal plains. Zone 2 consists 
of the Pu‘u Moe Divide (CSH 06), Kōke‘e Ditch (CSH 07), an abandoned cane haul road (CSH 
08), possible hearths (CSH 09), and the Pu‘u Ōpae Reservoir (CSH 10) (Figure 24 and Table 3). 
Zone 2 is accessed through an unpaved road beginning east of Kōke‘e Road at the Pu‘u Moe 
Divide and runs southwest to a gated area through DHHL lands and to agricultural field areas 
just east of the Mānā Reservoir and is also a part of the overall study area. The Kōke‘e Ditch 
runs along the western portion of the access road and ends at the Pu‘u Ōpae Reservoir. Just east 
of the access road within DHHL lands is Pu‘u Ōpae Ranch, Namahana Valley to the north, and 
the edge of Niu Ridge to the west. 

The Pu‘u Moe Divide contains ditch flow from the Pu‘u Lua Reservoir and is comprised of a 
gate structure that divides the ditch into two lateral segments. The project area includes the 
lateral ditch that branches to the west and runs between the Pu‘u Moe Divide and the Pu‘u Ōpae 
Reservoir (Figure 37). Much of this portion of the ditch is abandoned and not operable. Multiple 
artificial ditches were observed transecting with the west branch of Kōke‘e Ditch in the vicinity 
of the study area including modern modifications including the addition of PVC pipes to replace 
ditch flow for water flow to Pu‘u Ōpae Ranch (Figure 38). The segment of the Kokee ditch that 
continues south at the Pu‘u Moe Divide towards Kitano Reservoir is not part of the project area. 
Additionally, an abandoned cane haul road and possible hearth features within a basalt rock field 
were observed just north of Pu‘u Ōpae Ranch and the Kōke‘e Ditch within the DHHL property 
area (Figure 39).  

Zone 2 is partly surrounded by uninhabited forested land containing California grass 
(Urochloa mutica), silver oak (Grevillea robusta), koa haole (Leucaena leucocephala), and 
strawberry guava (Psidium cattleianum) and conservation areas including Waimea Canyon State 
Park and the Pu‘u Ka Pele Forest Reserve (Figure 40). Besides the aquatic infrastructure 
developments, Zone 2 is largely surrounded by short vegetation as the area was highly modified 
for agricultural land (Figure 41 through Figure 43). 
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Figure 36. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles depicting Zone 2 from the Pu‘u Moe Divide to Pu‘u Opae 
Reservoir with general photo locations (photo number corresponds with figure number 
for Section 4.1 and 4.2) 
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Figure 37. Pu‘u Moe Divide (CSH 06) showing the existing gate structure; view to southwest
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Figure 38. Modern corrugated metal wall along Kōke‘e ditch (CSH 07) near of boundary of Pu‘u 
Ōpae Ranch 

 

Figure 39. Basalt rock field in vicinity of study area near Pu‘u Ōpae Ranch and Kōke‘e ditch 
(CSH 07); view to north



Cultural Surveys Hawai‘i Job Code: WAIMEA 21                                                                                                            Results of Fieldwork 

LRFI for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea, Kaua‘i 

TMKs: [4] 1-2-01, 1-2-02, and 1-4-01  

75 

 

 

Figure 40. General area access road with Kōke‘e ditch (CSH 07) to the left between Pu‘u Ōpae 
Reservoir (CSH 05) and Pu‘u Ōpae Ranch at approximately 1,900 ft, showing 
vegetation; view to northwest 

 

Figure 41. General view of Pu‘u Ōpae Reservoir (CSH 10); view to south
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Figure 42. South of Pu‘u Ōpae Reservoir (CSH 10) within the study area; view to northeast 

 

Figure 43. South of Pu‘u Ōpae Reservoir (CSH 10) within the study area; view to southeast
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4.1.3 Zone 3 

Zone 3 consists of the field inspection results spanning from the Pu‘u Ōpae Reservoir to the 
Mānā Reservoir (see Figure 25 and Figure 44). Zone 3 is situated within the transition area from 
the top of Niu Ridge along the high and low elevated bluff areas to the beginning of the low-
lying coastal plains. Zone 3 was formally used for extensive cane land cultivation. Zone 3 
consists of the man-made Pu‘u Ōpae Reservoir (CSH 10), the bluff area, historic concrete 
remnants (CSH 11), a historic stacked basalt wall (CSH 12), and the man-made Mānā Reservoir 
(CSH 13) (see Figure 24 and Table 3). Zone 3 is accessed through an unpaved road beginning 
east of Kōke‘e Road at the Pu‘u Moe Divide and runs south to the agricultural field areas just 
east of the Mānā Reservoir and is also a part of the overall study area.  

The area between the Pu‘u Ōpae Reservoir and the bluff area contains artificial ditches, a 
settling basin, buried PVC irrigation piping, and a filter station (CSH 10) surrounded by low-
lying grasses and tilled areas with geotextile piping remnants suggesting the area has been highly 
disturbed from agricultural use (Figure 45).  

The upper portion of the bluff area consists of steep topography consisting mainly of kiawe 
(Prosopis pallida), koa haole (Leucaena leucocephala) and pili grass (Heterogpogon contortus) 
with scattered basalt boulders and contained historic concrete remnants likely related to World 
War II to the east of the study area. Additionally, along the exposed cliff faces small caves were 
present; these were thoroughly explored and did not contain any cultural remnants or materials 
(Figure 46). The lower portion of the bluff contained abundant scattered basalt boulders 
dominated by kiawe and pili grass (Figure 47). A stacked basalt wall (CSH 12) was observed to 
the west of the study area along with barbed wire fencing suggesting the area may have been 
modified in the past for ranching purposes. 

The area of a proposed powerhouse just northwest of the Mānā Reservoir contained no 
cultural remnants or materials, however, a basalt and mortar culvert with a corrugated metal pipe 
and a concrete masonry wall attached to a basalt and mortar wall (CSH 13 Features A and B) 
was observed (Figure 48). The Mānā Reservoir is currently unused, and its existing embankment 
is eroded in the western to northern portion of the reservoir. The reservoir was inspected up to 
200 ft spanning outwards and contained an abandoned concrete ditch structure (CSH 13 Feature 
C) (Figure 50).  

4.1.4 Zone 4 

Zone 4 consists of the field inspection results spanning from the Mānā Reservoir to the 
potential PV solar area (see Figure 25 and Figure 51). Zone 4 is situated within the low-lying 
coastal plain area consisting entirely of agricultural lands surrounded by unpaved roads and the 
main semi-paved Mānā Road. Zone 4 contains the potential PV solar areas including Field 219, 
Field 322, the former Mānā Village, and an access road ditch (CSH 14) (see Figure 24, Figure 
52, and Table 3). Access to the potential PV solar area is along Mānā Road just west of Kōke‘e 
Road. Field 219 is composed of low-lying vegetation, dirt roads, and man-made ditches utilized 
for agricultural use (Figure 53 and Figure 54). A large portion of Field 322 is currently utilized 
for sand mining (Figure 55 and Figure 56). The former Mānā Village has been recently cleared 
and its remnants have been moved to a pile in a field not being considered as a potential PV solar 
area (Figure 57). The access road is still visible with a few mango fruit trees. No cultural 
material or structural remnants were observed.  
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Figure 44. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles depicting Zone 3 from the Pu‘u Ōpae Reservoir to Mānā 
Reservoir with general photo locations (photo number corresponds with figure number 
for Section 4.1 and 4.2)
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Figure 45. Study area to Mānā Reservoir (CSH 13) in former plantation lands; view to west 

 

Figure 46. Study area in the bluff area showing overhang caves; view to northeast
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Figure 47. Proposed study area in the lower bluff area at approximately 170 ft; view to east 

 

Figure 48. Proposed powerhouse area northeast of Mānā Reservoir; view to east
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Figure 49. Mānā Reservoir (CSH 13) access road, south end; view to north 

 

Figure 50. Approximately 200 ft north of north embankment of Mānā Reservoir (CSH 13); view 
to north
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Figure 51. Portion of 1991 Haena, Kekaha, Makaha Point, and Waimea Canyon USGS 
topographic quadrangles depicting Zone 4 including the options for the potential 
photovoltaic solar area with general photo locations (photo number corresponds with 
figure number)
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Figure 52. General area of top of the bluff showing Mānā Reservoir (CSH 13) and potential PV 
area; view to northwest 

 

Figure 53. Field 219 potential area for PV area; view to west
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Figure 54. Field 219 potential area for PV area lowest point; view to northeast 

 

Figure 55. Field 322 potential area for PV area; view to northwest
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Figure 56. Field 322 potential area for solar panel; view to northwest 

 

Figure 57. General area of former Mānā Village, north and outside of the potential area for solar 
panel; view to south 



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Results of Fieldwork 

LRFI for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea, Kaua‘i 

TMKs: [4] 1-2-01, 1-2-02, and 1-4-01  

86 

 

 Individual Feature Descriptions 
4.2.1 CSH 01: Waiakoali Diversion (Zone 1) 

The Waiakoali Diversion consists of a series of man-made tunnels, basalt and mortar 
constructed walls, and concrete masonry walls and is the first diversion structure of the Kōke‘e 
Ditch System (see Figure 26 through Figure 29 and Figure 58). The Waiakoali Diversion feeds 
water flow through the Kōke‘e Ditch to the Kawaikoi Diversion. Repairs are proposed to the 
diversion structure at the left abutment and on the downstream face of the dam to provide 
structural integrity and will involve some ground disturbance (Figure 58). Improved control 
gates and operating mechanisms to facilitate compliant water diversion will be installed within 
the existing ditch structure. Automation equipment boxes will be installed adjacent to the ditch 
which may require ground disturbance within in an approximate 20 ft by 10 ft area with 
excavations up to four feet deep. Alternatively, the automation equipment box may be mounted 
on the ditch structure requiring no ground disturbance (Figure 61). 

The associated features appear to have multiple stages of construction with basalt and mortar 
pre-dating concrete masonry areas (Figure 58). An inscription was observed on the western 
portion of the Waiakoali Diversion reading “1989” (see Figure 62 and Figure 63). The Waiakoali 
Diversion is considered a part of the Kōke‘e Ditch System and was established between 1923 
and 1926 (Wilcox 1996:96). 

 

Figure 58. Waiakoali ditch feature (CSH 01) showing two stages of construction; area will not be 
modified; view to north
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Figure 59. Waiakoali ditch feature (CSH 01), a new gate will be installed within the existing 
headwall at the intake to the Kokee ditch; view to south 

 

Figure 60. Waiakoali ditch features (CSH 01) general photo; view to south
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Figure 61. Waiakoali ditch area (CSH 01) depicting proposed location for a new electrical box 
installation which will require minor ground disturbance; view to south 

 

Figure 62. Waiakoali ditch area (CSH 01) depicting inscription “7-13-89” indicating construction 
is not eligible to be a historic property; view to west



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Results of Fieldwork 

LRFI for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea, Kaua‘i 

TMKs: [4] 1-2-01, 1-2-02, and 1-4-01  

89 

 

 

Figure 63. Waiakoali ditch area (CSH 01); view to north 
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4.2.2 CSH 02: Kawaikoi Diversion (Zone 1) 

The Kawaikoi Diversion consists of a man-made tunnel and concrete and rubble masonry 
walls which contributes most of the water flow present in the ditch system constructed in 
landscape surrounded by water-rounded basalt boulders (see Figure 24 through Figure 26). The 
Kawaikoi Diversion is the second diversion structure of the Kōke‘e Ditch System and feeds 
water flow through the Kōke‘e Ditch to the Kauaikinana Stream. The project involves major 
repairs to the existing dam structure to provide structural integrity and prevent leakage. This 
proposed work will involve some ground disturbance. Proposed work also includes repair to the 
existing headwall at the ditch inlet and installation of a new automated gate within the repaired 
section (Figure 64, Figure 65, and Figure 68). An automation equipment box will be installed 
approximately 15 ft downstream from the existing headwall on the bank of the ditch adjacent to 
the ditch which may require ground disturbance within in an approximate 20 ft by 10 ft area with 
excavations up to four feet deep (Figure 69). Alternatively, the equipment box may be mounted 
on the ditch structure requiring no ground disturbance. 

The associated features appear to have multiple stages of construction with basalt and mortar 
pre-dating concrete masonry areas. An inscription was observed on the northern portion of the 
Kawaikoi Intake with no legible date present (Figure 66 and Figure 67). The Kawaikoi Diversion 
and stream is considered a part of the Kōke‘e Ditch System and was established between 1923 
and 1926 (Wilcox 1996:96). 

 

Figure 64. Photo showing water flow from Kawaikoi diversion into tunnel; view to south
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Figure 65. Kawaikoi ditch headwall at the ditch inlet (CSH 02) that will be repaired and have a 
new water control gage installed; view to north 

 

Figure 66. Kawaikoi Diversion wall feature (CSH 02) with inscription atop concrete masonry; 
view to west
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Figure 67. Close-up of inscription on the concrete masonry for the Kawaikoi Diversion features 
(CSH 02); no legible date present 

 

Figure 68. Kawaikoi Diversion intake (CSH 02) down ditch of headwall; view to northwest
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Figure 69. Kawaikoi intake area (CSH 02) showing area of ditch bank between ditch inlet and 
tunnel entrance for approximate location of equipment box; view to southwest
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4.2.3 CSH 03: Kauaikinana Diversion and Stream (Zone 1) 

The Kauaikinana Diversion contributes water flow supplied by the Waiakoali and Kawaikoi 
Diversions and is comprised of a concrete spillway, a ditch inlet gate, basalt and mortar 
constructed walls, and concrete masonry walls and is the third diversion structure on the Kōke‘e 
Ditch System (see Figure 24 through Figure 26). The Kauaikinana Diversion feeds water flow 
through the Kōke‘e Ditch to the Kōke‘e Diversion. Other man-made features at the site include a 
bridge walkway spanning the stream channel downstream of the diversion. The work at this site 
includes the replacement of the existing gate with a new automated gate within the existing ditch 
structure at the tunnel entrance downstream of Kauaikinana Diversion and will involve no 
ground disturbance or any dimensional change to the ditch (Figure 70). Proposed changes at the 
Kauaikinana Diversion also include the installation of a new equipment box (Figure 71) adjacent 
to the ditch requiring ground disturbance within in an approximate 20 ft by 10 ft area with 
excavations up to four feet deep (Figure 72). Alternatively, the automation equipment box may 
be mounted on the ditch structure requiring no ground disturbance. The associated features 
appear to have multiple stages of construction with basalt and mortar pre-dating concrete 
masonry areas. The Kauaikinana Diversion is considered a part of the Kōke‘e Ditch System and 
was established between 1923 and 1926 (Wilcox 1996:96). 

 

Figure 70. Kauaikinana Diversion (CSH 03) where a new automated gate will be installed to 
replace the existing gate shown in photo; view to south from foot bridge.
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Figure 71. Kauaikinana Diversion (CSH 03) showing existing concrete spillway; view to south 

 

Figure 72. Kauaikinana Diversion (CSH 03) showing area of proposed equipment box; view to 
west
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4.2.4 CSH 04: Kōke‘e Diversion (Zone 1) 

The Kōke‘e Diversion consists of ditches, basalt and mortar constructed walls, and concrete 
masonry walls constructed in landscape surrounded by water-rounded basalt boulders (see Figure 
24 through Figure 26). The Kōke‘e Diversion is the fourth main diversion structure on the 
Kōke‘e Ditch System and feeds water flow through the Kōke‘e Ditch to the Pu‘u Lua Reservoir. 
Proposed work at this site includes repairs to the existing spillway for structural integrity, 
installation of an equipment box, replacement of the ditch inlet gate with a new automated gate, 
and installation of monitoring equipment inside the ditch tunnel downstream of the ditch inlet 
gate (Figure 73 and Figure 74). The location of the new equipment box will be either on the ditch 
bank between the spillway and the ditch inlet gate or mounted on the ditch inlet gate within in an 
approximate 20 ft by 10 ft area with excavations up to four feet deep or mounted on the ditch 
inlet gate structure.  

The associated feature appears to have multiple stages of construction with basalt and mortar 
pre-dating concrete masonry areas. An inscription was observed on the southern wall of the ditch 
area of the Kōke‘e Diversion reading “1924” (Figure 75). An additional inscription was observed 
on the wall in the western portion of the area reading “M A” (Figure 76). The Kōke‘e Diversion 
is considered a part of the Kōke‘e Ditch System and was established between 1923 and 1926 
(Wilcox 1996:96). 

 

Figure 73. Kōke‘e Ditch and Kōke‘e Diversion (CSH 04) showing ditch gate that will be 
replaced with a new automated gate; view to west
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Figure 74. Kōke‘e Diversion (CSH 04) showing ditch gate that will be replaced with a new 
automated gate; view to north 

 

Figure 75. Close-up of Kōke‘e Diversion (CSH 04) with wall feature with inscription “1924” 
suggesting built year
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Figure 76. Close-up of Kōke‘e Diversion (CSH 04) with wall feature with inscription “M A” 
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4.2.5 CSH 05: Pu‘u Lua Reservoir (Zone 1) 

The Pu‘u Lua Reservoir is a major storage facility for the Kōke‘e Ditch System that is 
comprised of an earthen embankment, low-level gated outlet works, an inlet gate and an earthen 
bypass ditch (see Figure 24 through Figure 26, and Figure 31). The Pu‘u Lua Reservoir and its 
components are considered a part of the Kōke‘e Ditch System surrounded by man-made areas to 
the west and naturally occurring areas to the east (Figure 77 and Figure 78). The Pu‘u Lua 
Reservoir is best known to locals for stocked rainbow trout fishing during the summer season. A 
major change is proposed which includes reconstruction of the earthen dam embankment and 
rehabilitation of the reservoir, replacement of the existing outlet works, replacement of the inlet 
gate, and repair or replacement of the bypass ditch. This work consistutes significant ground 
disturbance, all involving repair or reconstruction of man-made irrigation features. 

The lower portion of the Pu‘u Lua Reservoir below the Pu‘u Lua Dam contains a series of 
ditches and tunnels that run south on a steep lush slope likely bulldozed in the past, on the 
western portion of the access road to the Pu‘u Moe Divide (Figure 82 and Figure 83). 

The associated features appear to have multiple stages of construction with basalt and mortar 
pre-dating concrete masonry areas. Some areas were modified more recently due to wear and 
tear and erosion. The Pu‘u Lua Reservoir is considered a part of the Kōke‘e Ditch System and 
was completed in 1927 (Wilcox 1996:96). 

 

Figure 77. Pu‘u Lua Reservoir (CSH 05) area depicting the top of the man-made embankment; 
view to south
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Figure 78. Pu‘u Lua Reservoir (CSH 05) showing naturally occurring area; view to north 

 

Figure 79. Pu‘u Lua Reservoir area (CSH 05), with vertical shaft for the Pu‘u Lua outlet gate that 
will be replaced as part of the rehabilitation; view to west
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Figure 80. Pu‘u Lua Reservoir area showing tunnel on the Kōke‘e ditch just before the Pu‘u Lua 
Reservoir (CSH 05); view to north 

 

Figure 81. Inlet gate feeding into Pu‘u Lua Reservoir (CSH 05) proposed to be replaced; view to 
south
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Figure 82. Man-made tunnel from Pu‘u Lua Reservoir outlet (CSH 05) serving as an access adit 
to the valve below the Pu‘u Lua Dam; view to east 

 

Figure 83. Abandoned bypass ditch around Pu‘u Lua Reservoir (CSH 05); view to south
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4.2.6 CSH 06 Pu‘u Moe Divide (Zone 1 and 2) 

The Pu‘u Moe Divide is a point in the Kōke‘e ditch system below Pu‘u Lua Reservoir where 
the ditch divides into two branches; one heads south to ADC mauka lands and one heads west to 
DHHL mauka lands. The Pu‘u Moe Divide consists of earthen ditch sections, a stacked basalt 
and mortar constructed culvert beneath road access, and a stacked basalt and mortar constructed 
gate structure with concrete masonry and  metal sluice gates to regulate the makai bound waters 
(see Figure 24 through Figure 26, Figure 33, and Figure 84). The Pu‘u Moe Divide and its 
components are considered a part of the Kōke‘e Ditch System. Changes will be made in this area 
including construction of a new concrete structure completely replacing the existing structure, 
which will result in significant ground disturbance (Figure 82 and Figure 86).  

The associated feature appears to have multiple stages of construction with basalt and mortar 
pre-dating concrete masonry areas. An inscription was observed on the concrete surface of the 
area near the sluice gate with illegible writing likely reading “5/26/61” (Figure 86). The Pu‘u 
Moe Divide is considered a part of the Kōke‘e Ditch System and was established between 1923 
and 1926 (Wilcox 1996:96). 

 

Figure 84. Pu‘u Moe Divide area (CSH 06) showing ditch flow from Pu‘u Lua Reservoir 
(CSH 05); view to north
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Figure 85. Gate structure at Pu‘u Moe Divide (CSH 06) proposed to be replaced; view to 
northeast 

 

Figure 86. Existing gate and structure replacement at Pu‘u Moe Divide (CSH 06) where 
proposed pipeline begins, likely reading “5/26/61”; view to southwest
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4.2.7 CSH 07 Kōke‘e Ditch (Zone 2) 

The observed portion of the western branch of Kōke‘e Ditch along and in the near vicinity of 
the study area consists of six corregated metal culverts with stone masonry headers, five basalt 
and mortar remnants, two concrete gate structures, and one steel culvert with a stone masonry 
header designated as CSH 07 Features A through N (see Figure 26 and Figure 87 through Figure 
105). Ground disturbances for the installation of the pipeline will be in the near vicinity of CSH 
07 Features A through N with no direct effect to the structures.  

The western branch of the Kōke‘e Ditch runs along the western portion of the access road in 
the vicinity of the study area with vegetation including California grass (Urochloa mutica), silver 
oak (Grevillea robusta), koa haole (Leucaena leucocephala), and strawberry guava (Psidium 
cattleianum).  

Some of the associated features appear to have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas (CSH 07 Features C, D, M, and N). Multiple 
inscriptions were observed on the concrete surface of CSH 7 Features C and D reading multiple 
names and the same date “4/9/02” (Figure 92). An inscription was observed on the concrete 
surface of CSH 07 Feature N reading “1973” (see Figure 104 and Figure 105). The western 
branch of the Kōke‘e Ditch is considered a part of the Kōke‘e Ditch System and was established 
between 1923 and 1926 (Wilcox 1996:96). 
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Figure 87. Kōke‘e Ditch corregated metal culverts with stone masonry headers (CSH 07 Features 
A and B) in the vicinity of the pipeline route from Pu‘u Moe divide; view to northeast 

 

Figure 88. Kōke‘e Ditch corregated metal culvert with a stone masonry header (CSH 07 Feature 
A) in the vicinity of the pipeline route; view to west
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Figure 89. Kōke‘e Ditch corregated metal culvert with a stone masonry header (CSH 07 Feature 
B) in the vicinity of the pipeline route; view to south 

 

Figure 90. Kōke‘e Ditch corregated metal culvert with a stone and masonry header (CSH 07 
Feature C) with various names and dated “4/9/02” in the vicinity of the pipeline route; 
view to east
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Figure 91. Kōke‘e Ditch corregated metal culvert with a stone and masonry header (CSH 07 
Feature D) in the vicinity of the pipeline route; view to east 

 

Figure 92. Kōke‘e Ditch corregated metal culvert with a stone and masonry header (CSH 07 
Feature D) close-up with various names and “4/9/02” inscription on the lower left; 
view to east
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Figure 93. Kōke‘e Ditch corregated metal culverts with a stone and masonry headers (CSH 07 
Features E and F) in the vicinity of the pipeline route; view to southwest 

 

Figure 94. Kōke‘e Ditch corregated metal culvert with a stone and masonry header (CSH 07 
Feature E) in the icinity of the pipeline route; view to south
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Figure 95. Kōke‘e Ditch corregated metal culvert with a stone and masonry header (CSH 07 
Feature F) in the vicinity of the pipeline route; view to northeast 

 

Figure 96. Kōke‘e Ditch concrete gate structure (CSH 07 Feature G) in the vicinity of the 
pipeline route; view to north
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Figure 97. Basalt and mortar remnant (CSH 07 Feature H) along Kōke‘e Ditch near basalt rock 
field and north of Pu‘u Ōpae Ranch; view to north 

 

Figure 98. Basalt and mortared walls (CSH 07 Features I and J) along Kōke‘e Ditch; view to 
northwest
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Figure 99. Basalt and mortared wall (CSH 07 Feature I) along Kōke‘e Ditch; view to northeast
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Figure 100. Basalt and mortared wall (CSH 07 Feature J) along Kōke‘e Ditch; view to northwest 

 

Figure 101. Basalt and mortared wall (CSH 07 Feature K) along Kōke‘e Ditch; view to north
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Figure 102. Basalt and mortared wall (CSH 07 Feature L) along Kōke‘e Ditch; view to northwest 

 

Figure 103. Gate structures (CSH 07 Feature M) with modern metal gate modifications including 
a gate fronting a steel culvert (left) where Kōke‘e Ditch fingers and terminates at 
DHHL; left (south) leads to Pu‘u Ōpae and right (north) is a waste channel leading to 
a ravine; view to south
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Figure 104. Steel culvert with a stone masonry header (CSH 07 Feature N) in state land area; 
view to north 

 

Figure 105. Close-up of mortar on stone masonry header (CSH 07 Feature N) with “1973” 
inscription
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4.2.8 CSH 08 Abandoned Cane Haul Road (Zone 2) 

4.2.8.1 Abandoned Cane Haul Road 1 

A basalt rock field was observed just west of the cane haul road (see Figure 39). The 
abandoned cane haul road utilized during the plantation era was observed in the vicinity of the 
study area just north of Pu‘u Ōpae Ranch and the Kōke‘e Ditch within the DHHL property area 
(see Figure 24 through Figure 26 and Figure 106). No direct effect is planned in this area.  

The abandoned cane haul road is bounded by the edge of Niu Ridge just north of Pu‘u Ōpae 
hill to the east and a broken wooden post and wire fence to the west. The cane haul road is now a 
naturally formed depression likely created by water flow from rain water. Although the date of 
initial construction is unknown, the cane haul road was likely utilized during the plantation era 
from the late 1800s to as recent as 2003 when the Gay & Robinson operated the former Kehaka 
Sugar fields in Kekaha.  

4.2.8.2 Abandoned Cane Haul Road 2 

An abandoned cane haul road utilized during the plantation era was observed in the vicinity of 
the study area just south of Pu‘u Ōpae Reservoir (see Figure 26 and Figure 107).  

The cane haul road is now utilized for transportation for ranchers and agricultural farmers and 
is moderately eroded. Although the date of initial construction is unknown, the cane haul road 
was likely utilized during the plantation era from the late 1800s with modifications over the 
years and is still in use at the present day. This portion of the cane haul road is depicted on a 
1960s USGS topographic map (see Figure 20).  
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Figure 106. Basalt rock field and old Cane Haul Road 1 in the vicinity of the study area just 
north of Pu‘u Ōpae Ranch and Kōke‘e Ditch; view to southeast 

 

Figure 107. Abandoned Cane Haul Road 2 recorded on USGS maps, study area located to the 
west; view to southwest 
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4.2.9 CSH 09 Possible Hearths (Zone 2) 

Three possible hearths (CSH 09 Features A through C) were observed within the basalt rock 
field area just northwest of Pu‘u Ōpae Ranch and west of the Kōke‘e Ditch (see Figure 24 
through Figure 26 and Figure 108 through Figure 111). The hearths consist of fire-affected basalt 
rocks stacked one to two layers high arranged in a circular shape with abundant charcoal pieces 
(see Figure 108 through Figure 111). The basalt rock field area is highly eroded, and it is 
unknown whether these features are modern, historic, or pre-Contact. Two charcoal samples 
collected from CSH 09 Features A and B were submitted for taxa analysis via Jennifer Hubert, 
Ph.D., at the International Archaeological Research Institute, LLC. Results of taxa analysis 
found that two of the samples were koa (Acacia koa) and two were indeterminate wood 
(Appendix A). These samples do not provide much information as koa is a common tree in both 
the pre-Contact and post-Contact period. Koa is also a long-lived plant unsuitable for accurate 
radiocarbon dating. Ground disturbances for the installation of the pipeline will be in the near 
vicinity of CSH 09 Features A through C with no direct effect to these components. 

 

Figure 108. Basalt rock field area with possible hearth (CSH 09 Feature A) where charcoal was 
collected; view to northwest
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Figure 109. Basalt rock field area with possible hearth (CSH 09 Feature B) where charcoal was 
collected; view to southwest 

 

Figure 110. Basalt rock field area with possible hearth (CSH 09 Feature B) where charcoal was 
collected; view to southwest
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Figure 111. Basalt rock field area with possible hearth (CSH 09 Feature C) with metal can, no 
sample collected; view to east 
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4.2.10 CSH 10 Pu‘u Ōpae Reservoir (Zone 2 and 3) 

The Pu‘u Ōpae Reservoir consists of multiple man-made earthen embankments forming the 
88 million gallon reservoir, one corregated metal culvert with a stone masonry header which 
served as an overflow (CSH 10 Feature A), remnants of a concrete structure with associated 
basalt and mortar walls and an abandoned ditch composed of concrete masonry unit (CMU) 
blocks which served as an irrigation outlet (CSH 10 Feature B), an abandoned earthen ditch 
(CSH 10 Feature C), and a settling basin and filter station (CSH 10 Feature D) (see Figure 24 
through Figure 26 and Figure 112 through Figure 117). The Pu‘u Ōpae Reservoir and its 
components are considered a part of the Kōke‘e Ditch System. The installation of the pipeline 
will not affect CSH 10 Features A through D however, CSH 10 Features A through C and the 
earthen embankments will be completely rebuilt as part of the dam/reservoir modifications.  

The surrounding areas of the Pu‘u Ōpae Reservoir in the path of the study area consist of vast 
open land with polyethylene tubing remnants commonly used for agricultural purposes and likely 
highly disturbed (see Figure 42 through Figure 43 and Figure 45). 

The Pu‘u Ōpae Reservoir is considered a part of the Kōke‘e Ditch System and was established 
between 1923 and 1926 (Wilcox 1996:96). 

 

Figure 112. General view of Pu‘u Ōpae Reservoir (CSH 10) with corregated metal culvert with a 
stone masonry header (CSH 10 Feature A); view to northeast
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Figure 113. Corregated metal culvert with a stone masonry header (CSH 10 Feature A) from 
Pu‘u Ōpae Reservoir; view to southwest 

 

Figure 114. Remnant of a concrete structure with associated basalt and mortar walls (CSH 10 
Feature B) in vicinity of the study area; view to east
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Figure 115. Remnant of old concrete structure and abandoned ditch composed of CMU blocks 
(CSH 10 Feature B); view to east 

 

Figure 116. Abandoned earthen ditch (CSH 10 Feature C) from Pu‘u Ōpae Reservoir; view to 
west
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Figure 117. Settling basin and filter station (CSH 10 Feature D) in vicinity of the study area that 
will not be affected; view to south
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4.2.11 CSH 11 Concrete Remnants (Zone 3) 

At the top of the bluff area, just west of the study area was a concrete structure with an 
associated concrete slab and rail track remnants (see Figure 24 through Figure 26 and Figure 52 
through Figure 121). Although the date of initial construction is unknown, the location and 
construction style of the concrete remnants are likely related to the World War II era. 

Ground disturbances for the installation of the pipeline will be in the near vicinity to the east 
of CSH 11 with no direct effect to these components. 

 

Figure 118. Concrete structure (CSH 11) in the vicinity of the study area within the eastern 
portion of the bluff; view to northwest
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Figure 119. Concrete structure (CSH 11) in the vicinity of the study area within the eastern 
portion of the bluff; view to north 

 

Figure 120. Concrete structure (CSH 11) with rail tracks in the vicinity of the study area within 
the eastern portion of the bluff; view to southwest
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Figure 121. Concrete structure (CSH 11) in the vicinity of the study area within the eastern 
portion of the bluff; view to northeast 
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4.2.12 CSH 12 Stacked Basalt Wall (Zone 3) 

A dry-stacked basalt wall extending east to west was observed approximately 100 ft west of 
the study area just north of the Kehaka Ditch (see Figure 24 through Figure 26, Figure 122, and 
Figure 123). The dry-stacked basalt wall was stacked one to two layers high. Although the date 
of initial construction is unknown, the location and construction style of the dry-stacked wall are 
likely related to the ranching era. Ground disturbances for the installation of the pipeline will be 
in the near vicinity to the east of CSH 12 with no direct effect to its components. 

 

Figure 122. Basalt stacked ranching wall located approximately 100 ft west of the study area; 
view to east
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Figure 123. Basalt stacked ranching wall just north of the Kekaha Ditch located approximately 
100 ft west of study area; view to northeast
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4.2.13 CSH 13 Mānā Reservoir (Zone 3 and 4) 

The Mānā Reservoir is currently unused and consists of earthen embankments forming the 
reservoir, corrugated metal culverts with stone masonry, abandoned ditch with stone and 
concrete masonry, a low level outlet consisting of a steel pipe and associated gate structure and 
walkway remnants, and a concrete ditch structure (see Figure 24 through Figure 26 and Figure 
48). The existing embankment is eroded in the western to northern portion of the reservoir. The 
Mānā Reservoir and its components are considered a part of the Kekaha Ditch System.  

Major changes will be made in this area including complete removal and reconstruction of the 
Mānā Reservoir and construction of a new powerhouse building southeast of the Mānā 
Reservoir. The boundary of the proposed powerhouse was surveyed and yielded no cultural 
material. Corrugated metal culverts with stone masonry observed to the west of the proposed 
powerhouse (CSH 13 Feature A) (Figure 124 and Figure 125). Just west of CSH 13 Feature A is 
a concrete masonry wall attached to a basalt and mortar wall (CSH 13 Feature B) (Figure 126 
and Figure 127). The Mānā Reservoir will be enlarged from 44 MG (million gallons) to 80 MG. 
The west end of the Mānā Reservoir along the access road contains an abandoned ditch concrete 
structure (CSH 13 Feature C) (Figure 128 through Figure 129).  

Although the date of initial construction is unknown, historic maps indicate the presence of 
the Mānā Reservoir on a 1960s USGS topographic map suggesting it is at least 50 years old (see 
Figure 20).  

 

Figure 124. Abandoned ditch (CSH 13 Feature A) comprised of a corrugated metal culvert with 
stone masonry in the vicinity of the proposed powerhouse area for Mānā Reservoir 
(CSH 13); view to northeast
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Figure 125. Abandoned ditch comprised of corregated metal culvert with stone masonry (CSH 
13 Feature A) in the vicinity of the proposed powerhouse area for Mānā Reservoir 
(CSH 13); view to northeast 

 

Figure 126. Abandoned ditch with stone and concrete masonry (CSH 13 Feature B) in the 
vicinity of the proposed powerhouse area for Mānā Reservoir (CSH 13); view to east
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Figure 127. Abandoned ditch with stone and concrete masonry (CSH 13 Feature B) in the 
vicinity of the proposed powerhouse area for Mānā Reservoir (CSH 13); view to 
southeast 

 

Figure 128. West end of Mānā Reservoir (CSH 13), abandoned ditch concrete structure (CSH 13 
Feature C); view to northwest
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Figure 129. West end of Mānā Reservoir (CSH 13), abandoned ditch concrete structure (CSH 13 
Feature C); view to south 
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4.2.14 CSH 14 Access Road Ditch (Zone 4) 

The access road to the potential PV area contains a steel road bridge with concrete abutments 
atop of an earthen drain ditch (CSH 14) (see Figure 24 through Figure 26, Figure 130, and Figure 
131). Proposed work in this area includes repairs to the steel road bridge to improve structural 
integrity. Ground disturbances for the potential PV solar area will be in the near vicinity with no 
direct effect to CSH 14. 

 

Figure 130. Steel road bridge with concrete abutments (CSH 14); view to east 

 

Figure 131. Steel road bridge with concrete abutments (CSH 14); view to north 
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Section 5    Summary and Recommendations 

At the request of Joule Group and on behalf of KIUC, CSH has prepared this LRFI for the 
Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy project, in Waimea 
Ahupua‘a, Waimea District, Kaua‘i (TMKs: [4] 1-2-001, 1-2-002, and 1-4-001). The LRFI 
consisted of background research and a limited field inspection. 

 Summary 
The results of the field inspection were consistent with what was expected based on 

background research and the previous archaeological studies conducted in the vicinity. In the 
pre-Contact period the land in and around the study area contained vast water from Kōke‘e and 
Alaka‘i utilized for agricultural purposes. Due to its large size, it is likely that before the Māhele 
Waimea Ahupua‘a was subdivided into smaller ahupua‘a. In the post-Contact period this land 
was mostly used for sugarcane cultivation and grazing/ranching. The surviving archaeological 
evidence reflects both of these traditions as well as the water diversion infrastructure of the 
Kōke‘e Ditch System created between 1923 and 1926 (Wilcox 1996:96). 

These potential historic properties and features include historic ranching walls, possible 
hearths, reservoirs, ditches and associated infrastructure, ditch intakes, diversions, and concrete 
structures. Many of the potential historic properties were mostly related to former plantation 
irrigation systems distributed fairly evenly throughout the study area, with generally better 
preservation on the upslope/mauka portions of the Kōke‘e Ditch System.  

 Recommendations 
Early consultation with the SHPD is recommended to obtain its concurrence with this 

recommendation or its recommendations for other archaeological work. Based on the findings of 
this LRFI, it is recommended that an archaeological inventory survey (AIS) in consultation with 
the SHPD Archaeology Branch and an architectural survey (Reconnaissance Level Survey [RLS] 
or Intensive Level Survey [ILS]) in consultation with the SHPD Architecture Branch be 
conducted for the proposed project.  

The proposed changes within Zone 1 consist of some modifications and repairs to the existing 
Kōke‘e Ditch and Diversions that require some ground disturbance at some of the diversions. 
The planned work at Pu‘u Lua Reservoir involves major reconstruction of the reservoir 
embankments and water control structures. For Zone 1, it is recommended that architectural 
recordation in the form of either an RLS or ILS be conducted for these structures (CSH 01 
through CSH 06) in consultation with the SHPD Architecture Branch. The results of these will 
also be incorporated in the AIS report. No AIS subsurface testing is recommended for Zone 1. 

Within Zone 2, multiple artificial ditches were observed along the Kōke‘e Ditch (CSH 07) in 
the vicinity of the study area. Additionally, an abandoned cane haul road (CSH 08) and possible 
hearth features (CSH 09) within a basalt rock field were observed just north of Pu‘u Ōpae Ranch 
and the Kōke‘e Ditch within the DHHL property area. When a more accurate pipeline route is 
determined, it is recommended that an AIS consisting of subsurface testing in the form of shovel 
test pits be conducted. The topography of the Zone 2 area is not suitable for backhoe-assisted test 
excavations. It is also recommended that architectural recordation in the form of either an RLS or 



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Summary and Recommendations 

LRFI for the Kaua‘i Island Utility Cooperative’s Pu‘u Ōpae/West Kaua‘i Energy Project, Waimea, Kaua‘i 

TMKs: [4] 1-2-01, 1-2-02, and 1-4-01  

136 

 

ILS be conducted for the in-use Kōke‘e Ditch (CSH 07) and Pu‘u Ōpae Reservoir (CSH 10) in 
consultation with the SHPD Architecture Branch. 

Zone 3 contained World War II remnants (CSH 11) to the east of the study area and these are 
outside the present study area. The Mānā Reservoir (CSH 13) is proposed to be widened. The 
field inspection also identified an abandoned ditch concrete structure (CSH 14) and a stacked 
basalt wall (CSH 12). When a more accurate pipeline route is determined, it is recommended that 
an AIS consisting of subsurface testing in the form of backhoe-assisted test excavations be 
conducted. The Zone 3 area upslope of the cliff-face consists of former sugarcane fields and is 
suitable for backhoe-assisted test excavations. It is also recommended that architectural 
recordation in the form of either an RLS or ILS be conducted for the Mānā Reservoir (CSH 13) 
in consultation with the SHPD Architecture Branch. 

Zone 4 is primarily within in-use or abandoned agricultural fields, with the exception of an 
area currently being used to mine sand. Outside and north of Zone 4 is the now demolished 
former Mānā plantation village grounds. It is recommended that an AIS consisting of subsurface 
testing in the form of backhoe-assisted test excavations be conducted. The Zone 4 area is suitable 
for backhoe-assisted test excavations. 

In summary, it is possible that potential archaeological and architectural historic properties are 
located within the study area. Following the determination of a more accurate pipeline route, it is 
recommended that an AIS be conducted in consultation with SHPD Archaeology Branch with a 
combination of subsurface testing for Zones 2, 3, and 4 and pedestrian inspection for Zones 1 
through 4. It is also recommended that an architectural survey for the Kōke‘e Ditch (CSH 07) 
and associated reservoirs and structures (CSH 01 through CSH 06, CSH 10, and CSH 13) be 
conducted in the form of either an RLS or ILS in consultation with SHPD Architecture Branch. 

The AIS should be specific to the designs of the proposed project in order to mitigate the 
potential effects of the project on the historic properties and meet the standards of HAR §13-275 
and §13-276. 

An archaeological inventory survey shall: 

(1) Determine if archaeological historic properties are present in the study area 
and, if so, identify all such historic properties. 

(2) Gather sufficient information to evaluate each historic property’s significance 
in accordance with the significance criteria listed in subsection 13-275-6(b). 
[HAR §13-276-3] 

In addition, Section 106 consultation will be conducted since federal funding or permitting is 
involved with the proposed project. 
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Appendix A    Wood Taxa Identification 
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