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Project Summary 

Project Name West Kaua‘i Energy Project 

Location Waimea, Kaua‘i 

District Waimea 

Project Site Tax Map Keys (4) 1-2-001: 003, 007; 1-2-002:001, 016, 018, 019, 023, 999; 1-4-001: 002, 

003, 013; 1-4-002:008, 035, 036, 048, 066, 067, 068, 085 

Landowners State of Hawaiʻi (Department of Land and Natural Resources [DLNR], 

Department of Hawaiian Home Lands [DHHL], Agribusiness Development 

Corporation [ADC] 

State Land Uses Conservation, Agriculture 

Kaua‘i County Zoning Conservation, Agriculture, Open  

DHHL Land Uses General Agriculture, Pastoral, Special District, Future Development 

Project Site Existing Uses Open Space, Recreation, and, Agriculture  

Proposed Action The Proposed Action involves the construction of a renewable energy and 

irrigation project. The Proposed Action would utilize the existing Kōke‘e 

Ditch Irrigation System and the Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā 

Reservoirs, and includes both rehabilitation of existing State 

infrastructure as well as new construction of irrigation infrastructure and 

solar and hydroelectric facilities. 

Anticipated Impacts No long-term impacts to any resource are anticipated with 

implementation of the Proposed Action. Any impacts would be during the 

construction phase which would be short-term, temporary and 

minimized to the extent practicable through the implementation of Best 

Management Practices (BMPs). The Proposed Action would have long-

term beneficial effects, some of which include: the generation of 

renewable energy that would further help to achieve the State of 

Hawai‘i’s goal of 100% renewable energy by 2045 and minimizing Kaua‘i’s 

contributions to climate change; furthering the purposes of the Hawaiian 

Homes Commission Act of 1921; increasing data collection on tributaries 

to the Waimea River; the rehabilitation of former plantation irrigation 

ditches and reservoirs improving public safety and increasing the value of 

State owned assets; providing water and infrastructure to thousands of 

acres of agricultural land; enabling the State and County to have water 

resources for fire suppression in areas where they are not currently 

available; increasing recreational access at Pu‘u Lua Reservoir. 

HRS §343-5 Triggers  (1) Use of State lands 

    (2) Use within any land classified as a conservation district 
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Applicant   Kaua‘i Island Utility Cooperative, AES West Kauaʻi Energy Project, LLC 

Approving Agency  Department of Land and Natural Resources 

Anticipated Determination Finding of No Significant Impact (FONSI) 

Project Site Permits/  HRS, Chapter 343 

Approvals Required  HRS, Chapter 6E 

    Lease for Water Use 

    Special Permit 

    National Pollutant Discharge Elimination System (NPDES)  

    NPDES, Dewatering 

    Community Noise/Noise Variance 

    Conservation District Use 

    Stream Channel Alteration 

    Stream Diversion Works 

    Certificate of Approval to Impound 

Dam Safety Permit 

    Use/Zoning 

    Grading, Grubbing, and Stockpiling 

    Building 

    Section 404, Clean Water Act 

    Section 7, Endangered Species Act 

    Section 106, National Historic Preservation Act  

    Section 401, Water Quality Certification 

EA Preparer   SSFM International 
99 Aupuni Street, Suite 202 
Hilo, Hawai‘i 96720 
Contact:  Jennifer Scheffel 
(808) 356-1273 

Agencies, Elected Officials, and Non-Governmental Organizations Consulted 

Federal 

● U.S. Army Corps of Engineers   

● U.S. Fish and Wildlife Service 

● U. S. Navy - Pacific Missile Range Facility, Barking Sands 

State of Hawai‘i 

● Department of Agriculture   

● Agribusiness Development Corporation   

● Department of Accounting and General Services   

● Department of Business, Economic Development & Tourism 

● Hawaiʿi State Energy Office 
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● Office of Planning   

● Department of Hawaiian Home Lands 

● Department of Health (DOH), Clean Water Branch 

● DOH, Clean Air Branch 

● DOH, Indoor and Radiological Health Branch   

● DOH, Environmental Planning Office 

● Department of Land and Natural Resources (DLNR), Land Division   

o Division of Forestry and Wildlife   

o Engineering Division   

o Commission on Water Resource Management   

o Division of State Parks   

● DLNR, State Historic Preservation Division 

● Department of Transportation   

● Office of Hawaiian Affairs 

County of Kaua‘i 

● Office of Economic Development 

● Department of Parks and Recreation 

● Planning Department 

● Public Works Department   

Elected Officials 

● Senator Ronald D. Kouchi, Senate District 8 

● Representative Dee Morikawa, House District 16 

● Representative James Kunane Tokioka, House District 15 

● Representative Nadine K. Nakamura, House District 14 

● Mayor Derek S.K. Kawakami 

● Council Chair Arryl Kaneshiro 

● Council Former Vice Chair Ross Kagawa 

● Councilmember Luke Evslin 

● Councilmember Felicia Cowden 

● Councilmember Kipu Kai Kualii 

● Councilmember Mason K. Chock 

Non-Governmental Organizations and Landowners 

● Kaua‘i County Farm Bureau 

● Grove Farm Company 

● General Dynamics Mission Systems 

● Kaua‘i Visitors Bureau 

● Kaua‘i Economic Development Board 

● Kaua‘i Chamber of Commerce 

● Kekaha Hawaiian Homestead Association 

● West Kaua‘i Business and Professional Organization 

● E Ola Mau Nā Leo O Kekaha 
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● Kaua‘i Planning and Action Alliance 

● Kekaha Agricultural Association 

● Earthjustice   

● Kōke‘e Lodge 

● Contractors Association of Kaua‘i   

● West Kaua‘i Homestead Association 

● Anahola Hawaiian Homes Association 

● Kalalea Anahola Farmer’s Hui 

● Pi‘ilani Mai Ke Kai Community Association 

● Kūkulu Kumuhana o Anahola 

● Kekaha Host Community – Citizens Advisory Committee 
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BLNR Board of Land and Natural Resources 

BESS Battery Energy Storage System 

BMPs Best Management Practices 

CIA Cultural Impact Assessment 

CWRM Commission on Water Resource 

Management 
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Executive Summary 
The Kaua‘i Island Utility Cooperative (KIUC) in agreement with AES West Kauaʻi Energy Project, LLC, 

proposes to construct and operate the West Kaua‘i Energy Project (the Project), which is an integrated 

renewable energy and irrigation project that would divert water for energy production and irrigation. The 

Project site is located approximately four miles north of the town of Kekaha and six miles northwest of 

the town of Waimea on the Island of Kaua‘i, on lands owned and managed by the State Department of 

Land and Natural Resources (DLNR), State Department of Hawaiian Home Lands (DHHL), and the State 

Agribusiness Development Corporation (ADC). The Project would be located on lands within the State 

Land Use Conservation District, Kōke‘e State Parks, and lands designated for agricultural use.  

This Draft Environmental Assessment (EA) has been prepared in accordance with Hawai‘i Revised Statutes 

(HRS) Chapter 343 with KIUC and AES West Kaua‘i Energy Project, LLC as the Applicant, and the DLNR as 

the approving agency. This Project triggers the State environmental review process under HRS §343-

5(a)(2)(1) Propose the use of State lands and §343-5(a)(2)(2) Propose any use within any land classified as 

a conservation district. 

The Proposed Action includes four components:  

• Water Diversion: Water diversion will require a long-term (65-year) water lease from the Board 

of Land and Natural Resources (BLNR) for water to be diverted from the Waiakōali, Kawaikōī, 

Kaua‘ikinanā, and Kōke‘e Stream diversions on the Kōke‘e Ditch Irrigation System. 

• Rehabilitation of Existing State Infrastructure: The utilization and rehabilitation of the existing 

Kōke‘e Ditch Irrigation System and the Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā Reservoirs, including 

repairs to the existing diversions and unpaved roads that provide access to the facilities.  

• Construction of New Facilities: The construction of and installation of new stream and ditch 

gages, gate structures, pressurized pipeline, hydroelectric facilities, photovoltaic solar array and 

battery, substations, and buried powerlines.  

• Project Operations: Operation of the above-mentioned infrastructure and facilities for store-and-

release hydroelectric generation, water delivery for irrigation and other uses, solar generation, 

pumped storage, and water management and discharge. 

No long-term impacts to any resource are anticipated with implementation of the Proposed Action. Any 

impacts would be during the construction phase which would be short-term, temporary, and minimized 

to the extent practicable through the implementation of Best Management Practices (BMPs). The 

Proposed Action would have long-term beneficial effects, which include the following:  

• The generation of renewable energy that would avoid the need to import, store, transport, and 

consume 8.5 million gallons of fossil fuel each year, which would further help to achieve the State 

of Hawai‘i’s goal of 100% renewable energy by 2045 and minimize Kaua‘i’s contributions to 

climate change, 

• Furthering the purposes of the Hawaiian Homes Commission Act of 1921 

• Increasing data collection on tributaries to the Waimea River, 

• The rehabilitation of former plantation irrigation ditches and reservoirs improving public safety 

and increasing the value of State-owned assets, 
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• Providing infrastructure for water delivery to thousands of acres of prime  agricultural lands 

including Hawaiian Home lands, 

• Increasing recreational access at Pu‘u Lua Reservoir, and 

• Enabling the State and County to have water resources for fire suppression in areas where they 

are not currently available. 

Based on the analysis of potential impacts to the surrounding environment and resources, and a review 

of the significance criteria from Hawai‘i Administrative Rules (HAR) Section 11-200.1-13, the Proposed 

Action is not expected to result in adverse long-term impacts, thus a Finding of No Significant Impact 

(FONSI) is anticipated. Any impacts would be during the construction phase, which would be short-term, 

temporary, and minimized to the extent practicable through the implementation of BMPs. Potential 

impacts associated with the operation phase can be addressed through appropriate avoidance and 

minimization measures. 

A summary of all potential impacts associated with construction and operation of the Proposed Action is 

provided in the following table. 
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Resource 
Proposed Action Impacts 

No-Action Impacts Minimization Measures 
Construction Operation 

Water Resources 
(Section 3.1) 

 

• Sediment from soil erosion may impact water quality in 
streams 

• Contaminants from equipment may impact surface water 
and groundwater 

• Improved water delivery efficiency and infrastructure 
longevity of the Kōke‘e  Ditch System 

• Diversion of 11 MGD rolling multi-year average for 
energy production, agriculture, and other consumptive 
uses 

• Increasing data collection on tributaries to the Waimea 
River 

• Increased storage capacity from the current 50 to 60 MG 
at Pu‘u Lua to approximately 200 MG, 88 MG to 100 MG 
at the Pu‘u ‘Ōpae Reservoir, and from 44 MG to 80 MG 
for the Mānā Reservoir, which would improve irrigation 
and power production water availability 

• Maintenance of reservoirs, compliance with Dam Safety 
through Project life 

• Increased depth and storage volume of Pu‘u Lua 
Reservoir would likely result in lower water temperatures 

• Potential increased dissolved oxygen levels within and 
down ditch of Pu‘u Lua Reservoir due to increased flow 
volume in ditch 

• No impacts associated with the powerhouses 

• No impacts associated with the PV Solar Array 

• Compliance with the IIFS set by CWRM would fall to ADC 
as stipulated in the Waimea Mediation Agreement 

• Increased likelihood of erosion-related water quality 
impacts in the Kōke‘e Ditch Irrigation System 

• Increased possibilities for storm water-related erosion of 
unimproved access roads 

• Kōke‘e Ditch Irrigation System would remain under 
management of ADC and any ongoing repairs/operations 
would fall to the State.  This could potentially result in 
continuance of reduced operations or closure of the 
system, which potentially would impact water availability 
to DHHL lands 

• Kekaha Ditch would remain primary source of irrigation 
for Mānā Plain agricultural opportunities 

• Pu‘u Lua Reservoir would remain under management of 
DLNR, and the necessary repairs to meet Hawaii Dam 
Safety requirements or actions required to 
decommission the reservoir would fall to the State  

• Pu‘u ‘Ōpae and Mānā Reservoirs would remain under 
management of DHHL and ADC respectively and require 
upgrades to meet Hawai‘i State Dam Safety standards, 
which would be the responsibility of the State  

• No impacts associated with the powerhouses  

• No impacts associated with the PV Solar Array 

• The Applicant would obtain all required permits and 
comply with permit conditions  

• Best Management practices (BMPs) would be 
implemented to minimize impacts to the aquatic 
environment during construction  

• BMPs would be installed prior to ground-disturbing 
activities and would be inspected and maintained 
throughout the construction period 

• Instream flow requirements would remain in the natural 
stream channels, compliance reporting and monitoring of 
diversion to CWRM 

Soils and Geology 
(Section 3.2) 

 

• Potential for disturbed soils in the construction areas to 
be eroded as a result of being carried away by storm 
water runoff or wind 

• Increased oversight and maintenance of the Kōke‘e  
Ditch System would decrease the likelihood and potential 
extent of soil-related impacts from events such as storms 
and ungulate damage 

• Rehabilitated reservoirs would use either liners or rock 
armoring, as well as more gradual embankment slopes to 
eliminate or prevent soil erosion potential 

• Operation of the Pu‘u ‘Ōpae Powerhouse and Mānā 
Powerhouse, Lower Penstock, and PV Solar Array would 
have no impacts to geology or soil resources 

• Rehabilitated and maintained access roads would have a 
positive impact as there would be reduced potential for 
soil erosion, and reduce road the State’s maintenance 
burden 

• Increased likelihood of erosion related soil impacts to the 
unmaintained reservoir embankments, if reservoirs 
remain in current condition  

o Pu‘u Lua Reservoir would remain under 
management of DLNR, and any the 
necessary repairs to meet Hawaii Dam 
Safety requirements or actions required 
to decommission the reservoir would fall 
to the State.  

o Pu‘u ‘Ōpae and Mānā Reservoirs would 
remain under management of DHHL and 
ADC respectively and require upgrades to 
meet Hawai‘i State Dam Safety 
standards, which would be the 
responsibility of the State. 

• Increased likelihood of erosion related soil impacts to 
ungraded access roads 

• Road maintenance/repairs would remain under 
management of the State 

• The Applicant would obtain all required permits and 
comply with permit conditions  

• BMPs would be implemented to minimize impacts to the 
aquatic environment during construction  

• BMPs would be installed prior to ground-disturbing 
activities and would be inspected and maintained 
throughout the construction period 

Flora 
(Section 3.3) 

 

• Minor vegetation clearing at the diversion sites for 
construction access 

• Removal of mature trees on existing dam embankment 
at Pu‘u Lua, Pu‘u ‘Ōpae and Mānā Reservoirs 

o Removal of Koa tree at Northwest corner 
of Pu‘u ‘Ōpae dam embankment 

• Maintenance activities that would include minimal 
vegetation clearing around project facilities  

• Minor vegetation clearing around the Kōke‘e Ditch 
Irrigation System for maintenance is ongoing; therefore, 
there would be no change in impacts to flora from 
current condition  

• No construction impacts 

• Ongoing operation and maintenance of existing 
reservoirs and Kōke‘e Ditch Irrigation System would 
remain responsibility of the State; therefore, it is likely 
that any current vegetation management practices 
would continue  

 

• In collaboration with KHHA and DHHL, seeds from Pu‘u 
‘Ōpae Reservoir Koa tree to be removed would be 
harvested and used to replant multiple new Koa in the 
areas adjacent to Pu‘u ‘Ōpae Reservoir 

• Saving the usable timber from the trunk of the removed 
Pu‘u ‘Ōpae Reservoir Koa and giving that wood to KHHA 
for use in future Farm Plan buildings at Pu‘u ‘Ōpae 
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Resource 
Proposed Action Impacts 

No-Action Impacts Minimization Measures 
Construction Operation 

• Maintenance vegetation removal along Pu‘u Lua access 
roads and reservoir inlet 

• A 60-foot-wide corridor would be cleared to allow 
construction of the Upper Penstock 

• A 60- to 100-foot-wide corridor would be cleared of 
shrubs and grasses in the fallow agricultural areas around 
the Lower Penstock  

• Removal of shrubs and trees at the Mānā Reservoir and 
Mānā Powerhouse location 

• Clearing of overgrown or fallow agricultural fields for the 
PV Solar Array 

• Vegetation clearing around the PV Solar Array, the 
powerhouses, reservoirs, and access roads would be 
minimal and limited to the amount necessary for safe 
operation the Proposed Action 

• The Upper and Lower Penstocks would be buried and up 
to a 60-foot-wide corridor would be maintained over the 
penstock alignments (grass would be allowed to grow, 
but trees and shrubs would be removed) 

 
 

• A vegetation survey would be conducted prior to 
commencing work due to the potential presence of rare 
and endangered plants at the project sites. If any of 
these species are found, the Division of Forestry and 
Wildlife (DOFAW) would be notified 

• Measures would be implemented to minimize the spread 
of Rapid ‘Ōhia Death  

Fauna 
(Section 3.3) 

 

• Potential impacts to seabirds from use of nighttime 
lighting 

• Potential impacts to the Hawaiian hoary bat from 
vegetation removal 

• Noise and concentrated human activity in the normally 
undisturbed area would temporarily disrupt the habitat 
for the various species of birds and mammals that are 
known to exist in the area 

• Potential positive impacts associated with the increased 
capacity of reservoirs on waterbird populations 

• Enhanced fishing resources at Pu‘u Lua Reservoir 

• Reservoir rehabilitation would provide water for 
firefighting activities, which would have a secondary 
benefit for flora and fauna by increasing firefighting 
capabilities 

• No impacts associated with the powerhouses 

• PV Solar Array would have minimal impacts to forest 
birds due to location in agricultural lands away from 
natural and forested habitats 

• No anticipated impacts to waterbirds from the PV Solar 
Array 

• No construction impacts 

• Ongoing operation and maintenance of existing 
reservoirs and Kōke‘e Ditch Irrigation System would 
remain responsibility of the State 

• Decommissioning of Pu‘u Lua Reservoir would result in 
loss of habitat for waterbirds and land-based fauna, and 
reduced operation or closure of Kōke’e Ditch System 
would result in loss of habitat for waterbirds and land-
based fauna 

• Regular on-site staff would be trained to identify special 
status species with the potential to occur within the 
project area, as well as know the appropriate measures 
to be taken if a special status species is identified 

• Measures provided by DOFAW and/or USFWS would be 
implemented to minimize impacts to the Hawaiian 
goose, Hawaiian waterbirds, Hawaiian seabirds, Hawaiian 
hoary bat, and picture-wing fly  

Stream Habitat 
and Biota 

(Section 3.3) 
 

• Impacts to stream habitat from the placement of 
concrete at and below the ordinary high water mark, 
vegetation clearing 

• Minor ground disturbance activities, which create the 
potential for disturbed soils in the construction areas to 
be eroded and conveyed to adjacent streams as a result 
of being carried away by storm water runoff or wind 

• Aquatic species may be impacted by increased turbidity 
and sedimentation from construction 

• Diversion of 11 MGD rolling multi year average for 
energy, agriculture, and other consumptive uses 

• Increased oversight and maintenance of the Kōke‘e  
Ditch System would decrease the likelihood and potential 
extent of soil-related impacts to stream habitat from 
events such as storms and ungulate damage 

• Increasing data collection on tributaries to the Waimea 
River 

• No construction impacts 

• Ongoing operation and maintenance of Kōke‘e Ditch 
Irrigation System would remain responsibility of ADC, this 
could potentially result in continuance of reduced 
operations or closure of the system 

• Kekaha Ditch would remain primary source of irrigation 
for Mānā Plain agricultural opportunities 

• Implementation of the IIFS set by CWRM, and 
compliance monitoring and reporting for diversions to 
CWRM 

• All project construction-related materials and equipment 
to be placed or used in an aquatic environment would be 
inspected for pollutants including, but not limited to, 
grease, oil, etc., and cleaned to remove pollutants prior 
to use 

• Fueling of project-related vehicles and equipment would 
take place away from the aquatic environment 

• A contingency plan for accidental spills of petroleum 
products would be developed and retained on-site 

• Absorbent pads and containment booms would be 
stored on-site to facilitate clean-up of accidental 
petroleum releases 

• Project construction-related materials would not be 
stockpiled in or within close proximity to aquatic habitats 
and would be protected from erosion to prevent 
materials from being carried into waters by wind or rain 

• Temporary erosion control measures would be used 
during construction to prevent soil loss and to minimize 
surface runoff into adjacent wetlands and streams 

Wetlands 
(Section 3.3) 

 

• Construction associated with the expansion of these 
reservoirs would result in temporary impacts to these 
NWI-identified wetlands.  

• Increased oversight and maintenance of the Kōke‘e  
Ditch System would decrease the likelihood and potential 

• No construction impacts  

• No impacts to Freshwater Emergent Wetlands 

• All project construction-related materials and equipment 
to be placed or used in an aquatic environment would be 
inspected for pollutants including, but not limited to, 
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Resource 
Proposed Action Impacts 

No-Action Impacts Minimization Measures 
Construction Operation 

• Vegetation clearing for the PV Solar Array could create 
the potential for disturbed soils to be eroded and 
conveyed to adjacent Freshwater Emergent Wetland as a 
result of being carried away by storm water runoff or 
wind 

extent of soil-related impacts to wetlands from events 
such as storms and ungulate damage 

• Reservoirs (NWI Freshwater Ponds) would be beneficially 
impacted due to freshwater reservoir levels being 
expanded at Pu‘u Lua Reservoir, and re-instating use of 
Pu‘u ‘Ōpae and Mānā Reservoirs 

• Operation of the proposed solar PV Solar Array on the 
Mānā Plain would have no impact to the surrounding 
Freshwater Emergent Wetlands as they are currently 
zoned for agricultural use and are drained by the existing 
ditch system that drains the Mānā Plain 

• Pu‘u Lua Reservoir is currently operated at a reduced 
level and Pu‘u ‘Ōpae and Mānā Reservoirs are not 
operating, limiting wetlands status 

o Pu‘u Lua Reservoir would remain under 
management of DLNR, and the necessary 
repairs to meet Hawaii Dam Safety 
requirements or actions required to 
decommission the reservoir would fall to 
the State  

o Pu‘u ‘Ōpae and Mānā Reservoirs would 
remain under management of DHHL and 
ADC respectively and require upgrades to 
meet Hawai‘i State Dam Safety 
standards, which would be the 
responsibility of the State 

grease, oil, etc., and cleaned to remove pollutants prior 
to use 

• Fueling of project-related vehicles and equipment would 
take place away from the aquatic environment 

• A contingency plan for accidental spills of petroleum 
products would be developed and retained on-site 

• Absorbent pads and containment booms would be 
stored on-site to facilitate clean-up of accidental 
petroleum releases 

• Project construction-related materials would not be 
stockpiled in or in close proximity to aquatic habitats and 
would be protected from erosion to prevent materials 
from being carried into waters by wind or rain 

• Temporary erosion control measures would be used 
during construction to prevent soil loss and to minimize 
surface runoff into adjacent wetlands and streams 

Traditional and 
Cultural Practices 

and Resources 
(Section 3.4) 

 

• Noise and concentrated human activity in the 
construction area would be disruptive to cultural 
practitioners utilizing the area, but this would be 
temporary 

• No effects or impairments to any traditional and 
customary Native Hawaiian rights exercised in the 
ahupua‘a 

• No construction impacts 

• Kōke‘e Ditch Irrigation System would remain under 
management of ADC and any ongoing repairs/operations 
would fall to the State.  This could potentially result in 
continuance of reduced operations or closure of the 
system. Reduced operations or closure of the ditch 
system could lead to reduced opportunities for taro 
cultivation at Pu‘u ‘Ōpae 

• Measures to minimize potential impacts to stream 
habitat and biota and terrestrial biological resources 
important to cultural practices would be implemented  

• All equipment and vehicles arriving from outside all 
portions of the project area located near designated 
critical habitat would be washed and inspected prior to 
any maintenance or construction activities to avoid the 
unintentional introduction or transport of new invasive 
plant species 

Archaeological 
and Historic 
Resources 

(Section 3.5) 
 

• No impacts to any known archaeological sites or burial 
sites are expected 

• Due to the Proposed Action’s location in previously 
disturbed areas and along the very steep bedrock cliff 
face, the probability of uncovering subsurface deposits 
during excavations are very low 

• No anticipated impacts to known archaeological sites or 
burial sites near the project area 

• No impacts • No construction impacts • If human remains or burials are identified, all earth-
moving activities in the area would stop, the area would 
be cordoned off, and SHPD, DHHL, and the Police 
Department would be notified  

• If any potential historic properties are identified during 
construction activities, all activities would cease and 
SHPD would be notified  

• The Applicant is consulting with SHPD to determine 
additional historic preservation requirements 

Recreational 
Resources 

(Section 3.6) 
 

• Sugi Grove campground would be closed for 8 to 10 
weeks during repairs at the Kawaikōī Intake 

• Trout fishing program at Pu‘u Lua Reservoir would be 
suspended for one or two seasons 

• No impacts to recreation due to construction along the 
lower portion of the Proposed Action between the DHHL 
boundary along the Upper Penstock and the proposed PV 
Solar Array 

• Beneficial impacts to the trout fishing program and other 
recreation at Pu‘u Lua Reservoir from improved trout 
habitat and improved access to Pu‘u Lua due to road 
improvements and maintenance 

• Improved public safety at Pu‘u Lua Reservoir from 
compliance with Hawai‘i State Dam Safety Standards 

• No construction impacts 

• Maintenance of the Kōke‘e Ditch Irrigation System and 
associated public recreation considerations around the 
ditch system would remain with ADC 

• Repairs and maintenance of public access roads would 
remain with the State 

• Pu‘u Lua Reservoir would remain under management of 
DLNR, and the necessary repairs to meet Hawaii Dam 
Safety requirements or actions required to 
decommission the reservoir would fall to the State 

o If no repairs to Pu‘u Lua Reservoir occur, 
it would continue to deteriorate to the 
point of being unusable for the trout 
fishing program 

• Schedule coordination with DLNR and DAR to minimize 
impacts to recreational activities during specific 
construction activities 
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Resource 
Proposed Action Impacts 

No-Action Impacts Minimization Measures 
Construction Operation 

Visual Resources 
(Section 3.7) 

 

• Presence and staging of construction equipment; 
however, construction sites are primarily located in 
gated areas or areas not visible from public viewpoints 

• Rehabilitation of Pu‘u Lua Reservoir would involve 
significant earth moving and grading activities which 
would significantly alter the appearance of the reservoir 
during the 6- to 12-month construction period; however, 
the reservoir would be closed to public access during 
construction 

• Vegetation removal and construction of the Pu’u Moe 
Regulating Structure will be visible from the public 
roadway 

• Rehabilitation of Pu‘u ‘Ōpae Reservoir would involve 
significant earth moving and grading activities which 
would significantly alter the appearance of the reservoir 
during the approximate 12-month construction period 
and be visible by DHHL tenants and guests in the gated 
Pu‘u ‘Ōpae lands 

• Rehabilitation of Mānā Reservoir would not be visible 
from public areas 

• Vegetation removal, trenching, and burying the section 
of the Lower Penstock traversing the bluff would be 
visible from the highway 

• Construction of Mānā Powerhouse and PV Solar Array 
may be visible from the highway 

• The repairs and rehabilitation of the existing diversions 
would not result in a significant change in appearance of 
the structures 

• The repairs and continued maintenance of the existing 
reservoirs would be beneficial to the visual environment 
of these areas as the current reservoirs are either 
operating at lower water levels, or drained and unused 

• The Upper Penstock would be buried and would not 
block any viewplanes, but the maintained alignment 
would be visible to DHHL tenants 

• The Lower Penstock would be buried. The maintained 
alignment would be visible from the gated Mānā 
agricultural area, DHHL tenants and the lower portion 
may also be visible from Kaumuali’i Highway but would 
not block any viewplanes 

• The Mānā Powerhouse would be of similar height to the 
existing trees mauka of the reservoir, would be painted a 
light earth tone color, and would be visible from the 
highway two miles to the west of the Mānā Powerhouse 
location 

• The PV Solar Array maintains a low profile but may be 
visible when panels are at a certain angle; however, 
generally the PV Solar Array is not expected to be visible 
from public areas  

• No construction impacts 

• Kōke‘e Ditch Irrigation System would remain under 
management of ADC and any ongoing repairs/operations 
would fall to the State.  This could potentially result in 
continuance of reduced operations or closure of the 
system. 

• Pu‘u Lua Reservoir would remain under management of 
DLNR, and the necessary repairs to meet Hawaii Dam 
Safety requirements or actions required to 
decommission the reservoir would fall to the State  

• Pu‘u ‘Ōpae and Mānā Reservoirs would remain under 
management of DHHL and ADC respectively and require 
upgrades to meet Hawai‘i State Dam Safety standards, 
which would be the responsibility of the State. 

• Pu‘u Lua Reservoir site would be cleaned, graded, and 
either seeded, mulched, or rip-rapped along with other 
BMPs to restore the ground and protect against erosion 

• Cleared areas along the Upper and Lower Penstock 
would be restored through graded, seeding and 
mulching. Seasonal vegetation management would occur 
on the Upper Penstock alignment, and seasonal 
management would occur on the Lower Penstock 
alignment in any areas not used for agriculture 

• The Upper and Lower Penstock pipe would be fully 
buried and not visible once construction is completed 

Socioeconomics 
(Section 3.8) 

 

• Benefits associated with the pre-
construction/development work necessary for 
construction, the rehabilitation of existing structures, 
and construction of new facilities 

• Benefits associated with job creation and the resulting 
direct, indirect, and induced spending in the local 
economy as a result of ongoing operations and 
maintenance of the Proposed Action 

• Absorbing and offsetting State expenditures by providing 
long-term maintenance of the legacy Kōke‘e Ditch 
Irrigation System and the three state owned reservoirs 

• Lease payments to the State for use of the required lands 

• Lower costs locally-generated clean energy created by 
the Proposed Action which would save the Kaua‘i rate 
payers money 

• Support diversified agriculture through subsidized 
irrigation delivery 

• Bring financial resources to DHHL and ADC via lease rent 
payments for lands that are currently not in active use 

• Removal of approximately 350 acres of agricultural land 
for solar array in an area where several thousands of 
acres are currently available 

• Furthering the purposes of the Hawaiian Homes 
Commission Act of 1921 

• No construction or operation related benefits for the 
local economy 

• Meeting 100% renewable may involve expensive battery 
storage and would likely involve increased costs to 
address low inertia caused by additional inverter based 
generation as opposed to hydro turbines, both of which 
may result in increased electrical rates 

• Kōke‘e Ditch Irrigation System would remain under 
management of ADC and any ongoing repairs/operations 
and associated cost would fall to the State.  This could 
potentially result in continuance of reduced operations 
or closure of the system 

• Pu‘u Lua Reservoir would remain under management of 
DLNR, and the necessary repairs to meet Hawaii Dam 
Safety requirements or actions required to 
decommission the reservoir would fall to the State  

• Pu‘u ‘Ōpae and Mānā Reservoirs would remain under 
management of DHHL and ADC respectively and require 
upgrades to meet Hawai‘I State Dam Safety standards, 
which would be the responsibility of the State 

• The cost and practical implementation of delivery of 
water, repair of roads, and installation of electrical 
distribution to DHHL mauka lands would fall to DHHL, 
which is not part of DHHL’s 20-year plan leaving the lands 
not viable for the foreseeable future 

• After Project life the agricultural land used for the solar 
array portion of the Project would be restored and 
available for continued agricultural use 

• Agricultural activity will be implemented within the solar 
array area 

• Agricultural benefits and support from the Project 
through irrigation infrastructure repairs, installation and 
maintenance through Project life at no cost to farmers or 
the State 
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Resource 
Proposed Action Impacts 

No-Action Impacts Minimization Measures 
Construction Operation 

Noise 
(Section 3.9) 

 

• The proposed rehabilitation of the existing Kōke‘e Ditch 
Irrigation System, Pu‘u Lua Reservoir, and the jeep access 
roads located in Kōke‘e State Park, which is a highly 
utilized area for recreation, would have short-term and 
temporary noise impacts 

• Noise from construction may reduce the enjoyment for 
recreationists in the vicinity of construction 

• Noise impacts from construction activities in the areas 
west of the Pu‘u Moe Divide and Kōke‘e State Park would 
be less than significant 

• Some steady low level noise from rotating machinery and 
building ventilation fans would be present when the 
powerhouses are operating within an approximate 200 
foot vicinity 

• The renewable energy created by the Proposed Action 
would offset energy that would otherwise be produced 
by loud existing legacy fossil generation units at either 
Port Allen or Kapaia, resulting in a net decrease in noise 
emissions for Kaua‘i’s electricity generation 

• No construction impacts 

• There would not be an offset of energy production at the 
existing legacy fossil generation units at Port Allen and 
Kapaia, resulting in current levels of regional noise 
impacts 

• Noise generated from short-term construction activities 
and the use of machinery would be minimized by 
requiring contractors to adhere to State and County 
noise regulations 

• Construction activities are generally planned to be 
conducted on weekdays and in daytime hours 

• If work occurs after normal working hours (i.e., at night 
or on weekends), or if permissible noise levels are 
exceeded, appropriate permitting and monitoring, as 
well as development of administrative and engineering 
controls, would be employed 

Air Quality 
(Section 3.10) 

 

• Potential air quality impacts from diesel and/or gasoline-
powered construction equipment and motor vehicles, as 
well as from fugitive dust emissions  

• By displacing 8.5 million gallons of fossil fuel each year, 
the Project would have a beneficial impact on air quality 
on Kaua‘i and in Hawai‘i 

• No construction impacts 

• Continued reliance on energy generated from fossil fuels 
would continue to contribute NOx, CO2, SO2, and GHG 
emissions that affect local and statewide air quality 

• A dust control plan would be developed and 
implemented to minimize fugitive dust during 
construction, to be approved by the DOH 

• Contractors would be required to maintain equipment 
with emissions controls 

Natural Hazards 
(Section 3.11) 

 

• No impacts associated with construction • The rehabilitation of the Kōke‘e Ditch Irrigation System, 
Pu‘u Moe Regulating Structure and Upper Penstock, 
reservoirs, and access roads would increase the stability 
and integrity of the structures for the long-term against 
future natural hazard 

• Operations of the reservoirs and the solar array have 
potential risks associated with natural hazard events 

• The long-term maintenance and operation of the Pu‘u 
Lua Reservoir, Pu‘u ‘Ōpae Reservoir and Mānā Reservoir 
would provide reliable sources of water for helicopters 
during firefighting operations, thereby improving fire 
protection in these areas 

• Without improvements to the Kōke‘e Ditch Irrigation 
System the system will become more susceptible to 
degradation from flooding events 

• Pu‘u Lua Reservoir would remain under management of 
DLNR, and the necessary repairs to meet Hawaii Dam 
Safety requirements or actions required to 
decommission the reservoir would fall to the State.  
Rehabilitation is necessary to continue safe, long term 
operations of Pu‘u Lua Reservoir 

• All existing and proposed facilities are unmanned, and 
continuous real-time monitoring of the Project would be 
performed by the SCADA system 

• The diversions on the Kōke‘e Ditch Irrigation System will 
have automated intakes to limit ditch flow during high 
streamflow events 

• Personnel would respond to any emergency messages or 
alerts, as appropriate, to ensure their safety during these 
visits to the facilities 

• The proposed solar, hydroelectric and irrigation 
infrastructure and facilities would be constructed 
according to engineering standards associated with 
natural hazards during operation 

• The rehabilitated Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā 
Reservoirs would bring the reservoirs into compliance 
with Hawai‘i State Dam Safety Standards, which greatly 
decrease the risk of a breach during flood conditions 

o Rehabilitations will have embankment, 
spillways, low level outlets, internal 
drains, and level monitoring all designed 
to modern standards to ensure integrity 
and maximize public safety during 
natural hazard events 

• Water level monitoring at all three reservoirs will provide 
real time information if water levels increase due to 
flood events 

• Ability to drain all three reservoirs, in the case of a 
natural hazard water related emergency 

Climate Change 
and Sea Level 

Rise 
(Section 3.12) 

 

• No impacts from sea level rise 

• Increased tropical cyclones in the Pacific due to climate 
change is occurring and may impact construction of the 
project if construction were to occur during hurricane 
season 

• Substantial beneficial impacts by reducing the State and 
Kaua‘i’s reliance on fossil fuels and their contribution to 
global climate change by moving closer to the State of 
Hawai‘i’s mandate to achieve 100% renewable energy by 
2045 

• Kaua‘i would continue for a longer period of time to rely 
heavily on energy generated from fossil fuels that 
contribute to global climate change and would 
exacerbate coastal hazards due to sea level rise. 

• Construction personnel would respond to any County of 
Kaua‘i emergency alerts, as appropriate, to ensure safety 
during construction 

• Contractors would be required to maintain construction 
equipment with emissions controls 
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Resource 
Proposed Action Impacts 

No-Action Impacts Minimization Measures 
Construction Operation 

• Diesel and/or gasoline-powered construction equipment 
and motor vehicles would contribute to global GHG 
emissions 

• The proposed PV Solar Array located on the low-lying 
Mānā Plain would potentially be impacted by flooding 
due to sea level rise 

• The Proposed Action would result in a 62% reduction in 
the use of fossil fuels and replace 8.5 million gallons per 
year 

• Design of the proposed PV Solar Array would be 
compatible with being in the flood hazard zone and SLR-
XA and would be able to withstand high water 
inundation during the prime lifetime of the facility 
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1 Project Overview 
1.1 Introduction 
The Kaua‘i Island Utility Cooperative (KIUC) is an operating not-for-profit electric cooperative engaged in 

the production, purchase, transmission, distribution, and sale of electricity on the Island of Kaua‘i. KIUC, 

in agreement with AES West Kauaʻi Energy Project, LLC, proposes to construct and operate the West Kaua‘i 

Energy Project  (the Project)  which is an integrated renewable energy and irrigation project that would 

utilize state land and water for the following objectives:  

1. Renewable energy production via hydroelectric electric generation 

2. Renewable energy production via solar photovoltaic (PV) generation 

3. Pumped hydroelectric and battery storage to shift most of the Project’s solar PV energy 

production for use in the evening peak, nighttime, and morning peak hours (as well as during 

periods of rainy or cloudy weather) via the release of water and hydroelectric electric energy 

generation 

4. Irrigation delivery to support diversified agriculture on lands adjacent to the Project site, including 

mauka lands managed by the Department of Hawaiian Home Lands (DHHL) and Agribusiness 

Development Corporation (ADC), and the agricultural fields on the Mānā Plain that are managed 

by Kekaha Agricultural Association (KAA). 

The Project would involve utilizing the existing Kōke‘e Ditch Irrigation System and the Pu‘u Lua, Pu‘u 

‘Ōpae, and Mānā Reservoirs, and would include both rehabilitation of existing State infrastructure and 

new construction. 

Development of the Project started more than eight years ago and was previously known as the Pu‘u 

‘Ōpae Energy Project. The name for the Project changed in 2020. Study reports, associated consultation, 

and previous public outreach was all conducted when the Project was called the Pu‘u ‘Ōpae Energy 

Project. The layout, footprint, purpose, and general design has not changed from when field studies and 

consultation were conducted. 

This Project is subject to the State environmental review process prescribed under Chapter 343 

(Environmental Impact Statements), Hawai‘i Revised Statutes (HRS), as amended, also known as the 

Hawai‘i Environmental Policy Act, and Title 11, Chapter 200.1 (Environmental Impact Statement Rules), 

Hawai‘i Administrative Rules (HAR). Under these regulations, nine specific types of action are identified 

that “trigger” environmental review.  

This Project triggers the State environmental review process under HRS Section 343-5(a)(2) because the 

Project Area is located on and involves the use of State lands, that are classified as Conservation District 

by the State Land Use Commission, and water, and certain existing facilities would be rehabilitated as 

discussed in Section 2.2.2.  

A full assessment of potential impacts was conducted and are reported in this Draft Environmental 

Assessment (EA). No long-term impacts to any resource were identified or are anticipated with 

implementation of the Proposed Action, as defined in Section 2.2. Any impacts would be during the 

construction phase, which would be short-term and temporary. In the absence of long-term significant 
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impacts, an Environmental Impact Statement (EIS) is not anticipated (see Section HRS 343-5; HAR Section 

11-200.1-13). 

1.2 Project Location 
The Project site is located approximately four miles north of the town of Kekaha and six miles northwest 

of the town of Waimea on the Island of Kaua‘i, as shown on Figure 1. The Project site is located on lands 

owned and managed by the Department of Land and Natural Resources (DLNR), DHHL, and ADC. The 

affected lands include areas within the State Conservation District, Kōke‘e State Parks, and lands 

designated for agricultural use.  

1.3 Land Ownership 
The major landowners involved with the project include DHHL, DLNR (including Land Division, Division of 

State Parks [DSP], and Division of Forestry and Wildlife [DOFAW]), and ADC. Figure 2 shows the major 

landowners.  

Construction and operation would require a variety of different land and use agreements. These 

agreements include the following: 

● Lease: An agreement between the landowner and an individual or entity for the development or 

improvement of a specific portion of landowner’s property for a determined length of time.  

● Water Lease:  An agreement between the State and an individual or entity for the diversion and 

use of water from streams.  

● Exclusive Easement: An agreement between the landowner and an individual or entity for the 

exclusive right to cross or otherwise use landowner’s property for a specified purpose for a 

determined length of time. 

● Non-exclusive Easement: An agreement between the landowner and an individual or entity for 

the non-exclusive right to cross or otherwise use landowner’s property for a specified purpose for 

a determined length of time. 

● Right-of-Entry (ROE): An agreement between the landowner and an individual or entity for the 

right to enter onto landowner’s property. 

● Special Use Permit (SUP): Permit from the County for non-designated permitted use of land.  

● Mediation Agreement: Written agreement between parties documenting the terms of a 

settlement. 

● Memorandum of Understanding (MOU): Agreement between parties that expresses a 

convergence of will between the parties indicating an intended common line of action.  
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Figure 1. Project Location Map 
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Figure 2. Major Land Owners 
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All land agreements needed for the Proposed Action by facility are shown in Table 1.  

Table 1. Land and Use Agreements 

Facility Area Entity(s) Purpose Agreement 

Diversions 
and Ditch 

 

Diversions/Ditch (full Length) ADC Repair, use, and maintenance Lease 

Lands adjacent to Waiakōali and 
Kawaikōī Diversions 

DLNR – BLNR, 
DOFAW 

New structures, use, and 
maintenance 

Exclusive Easement 

Lands adjacent to Kaua‘ikinanā  
and Kōke‘e Diversions 

DLNR – BLNR, 
DSP 

New structures, use, and 
maintenance 

Exclusive Easement 

Lands adjacent to ditch DLNR-BLNR, 
DOFAW, DSP 

Use and maintenance Non-exclusive 
Easement 

Lands adjacent to ditch between 
Pu‘u Lua and Pu‘u Moe 

DLNR – BLNR, 
DSP 

Repairs, use, and 
maintenance 

Non-exclusive 
Easement 

Access Roads to Diversions DLNR – BLNR, 
DOFAW 

Construction Non-exclusive 
Easement 

Access Roads to Diversions DLNR – BLNR, 
DSP 

Construction and operation Non-exclusive 
Easement 

Water 

Diverted Water at Waiakōali, 
Kawaikōī, Kauakinana, and 
Kōke‘e Streams 

DLNR - BLNR Long-term diversion of water 
at four streams contributing 
to the Kōke‘e Ditch 

Water Lease 

Earthjustice, 
ADC, KAA, 
DHHL, and 
KIUC 

Stipulates amount of water 
diverted for Proposed Action 
and Irrigation amounts to be 
delivered to ADC and DHHL 

Waimea Mediation 
Agreement 

Pu‘u Lua 
Reservoir 

Reservoir and areas around 
reservoir 

DLNR-BLNR Studies and Construction ROE 

DLNR-BLNR Operation and Maintenance Non-exclusive 
Easement 

DHHL, ADC, 
KAA, DLNR 
DAR, DLNR 
DOSP, WKEP 

Operations Agreement for 
Kōke‘e Ditch users  

MOU 

Pu‘u Moe 
Divide Intake 

Land around ditch at Pu‘u Moe 
Divide 

DLNR – BLNR, 
DSP 

New structures, use and 
maintenance 

Exclusive Easement 

Upper 
Penstock and 
Access Road 

Upper portion of Penstock 
Corridor and portion of Trail 1 
Road above DHHL gate 

DLNR – BLNR, 
DSP 

New structures, use and 
maintenance 

Non-exclusive 
easement  

Portion of Trail 1 Road from 
Waimea Canyon Rd to DHHL 
gate 

DLNR – BLNR, 
DOFAW, DSP 

Construction Non-exclusive 
Easement 

Use and maintenance Non-exclusive 
Easement 

Lower Portion of Penstock 
Corridor and Trail 1 Road below 
DHHL gate 

DHHL New structures, use and 
maintenance 

Lease, Non-
exclusive Easement  

Pu‘u ‘Ōpae 
Reservoir and 
Powerhouse 

Reservoir and areas around 
reservoir 

DHHL New structures, use and 
maintenance 

Lease with water 
use/delivery 
agreements 
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Facility Area Entity(s) Purpose Agreement 

Lower 
Penstock and 
Access Road 

Lower penstock corridor and 
access road below Pu‘u ‘Ōpae 
Reservoir 

DHHL New structures, use and 
maintenance 

Lease, Non-
exclusive Easement  

Lower portion of Lower 
Penstock corridor and access 
road 

ADC New structures, use and 
maintenance 

Lease, Non-
exclusive Easement 

Mānā 
Reservoir, 

Powerhouse 
& Substation 

Reservoir and areas around 
reservoir 

ADC New structures, use and 
maintenance 

Lease 

Solar Land & 
PV Substation 

Mānā fields for PV Solar Array 
and substation  

ADC New structures, use and 
maintenance 

Lease 

 

1.4 Description of Existing Facilities 
The Kōke‘e Ditch Irrigation System was built by the Kekaha Sugar Plantation in the 1920s to provide an 

irrigation source for the production of sugar on the mauka lands above Waimea. The primary source of 

water for the system is derived from the Alakaʻi Swamp located approximately one mile northeast of the 

Waiakōali Intake. The Kōke‘e Ditch Irrigation System historically included the following: 

● Five main diversions 

● 48 tunnels totaling approximately 8 miles 

● Approximately 18 miles of open ditches 

● Three reservoirs 

At one time the system was fed by as many as 15 diversions that started with the Mōhihi Intake located 

at 3,497 feet above mean sea level (msl) on the Mōhihi Stream and was followed by main diversions on 

the Waiakōali, Kawaikōī, Kaua‘ikinanā , and Kōke‘e Streams. The Mōhihi Diversion and Ditch are both now 

abandoned and the highest point on the system is the Waiakōali Stream intake. All the streams diverted 

to the Kōke‘e Ditch are tributaries to the Waimea River. The Kōke‘e Ditch Irrigation System was set aside 

to ADC by a Governor’s Executive Order No. 4287 (August 18, 2009) and is managed by KAA. The existing 

facilities are shown in Figure 3.  

1.4.1 Existing Intakes 
Currently, there are four main diversions that channel water into the Kōke‘e Ditch Irrigation System:  

● Waiakōali Intake 

● Kawaikōī Intake 

● Kaua‘ikinanā  Intake 

● Kōke‘e Intake 

Waiakōali  Intake 
The Waiakōali Intake consists of a concrete and rubble masonry gravity structure that diverts water at 

3,424 feet msl into an open ditch and then a 0.4-mile-long tunnel before entering a 200-foot-long flume. 

Waiakōali is the second largest contributor to the Kōke‘e Ditch with a drainage area of 1.99 square miles 

and 133 inches of precipitation annually. The flume is a high-density polyethylene pipe suspended 

approximately 30 feet above Kawaikōī Stream.  
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Figure 3. Existing Facilities 
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Kawaikōī Intake 
The Kawaikōī Intake is the largest contributor of water to the Kōke‘e Ditch Irrigation System with a 

drainage area of 4.1 square miles and 152 inches of precipitation annually. The diversion structure is 

constructed of natural boulders and concrete and diverts water at 3,400 feet msl into a short segment of 

open ditch and then into a tunnel. The diverted Kawaikōī water then joins with the water from the 

Waiakōali Stream within the tunnel and this combined flow discharges into Kaua‘ikinanā  Stream.  

Kaua‘ikinanā  Intake 
The Kaua‘ikinanā Intake supplements the combined diverted flows from Waiakōali Stream and Kawaikōī 

Stream with flows from Kaua‘ikinanā Stream. Kaua‘ikinanā is the smallest stream on the system with a 

drainage area of 1.34 square miles, but the third largest contributor due to its 117 inches of precipitation 

annually.  This intake consists of a 15-foot-high concrete gravity structure that diverts flows at elevation 

3,360 feet msl into a 3.1-mile-long series of tunnels and open ditches running along the rim of Waimea 

Canyon and discharging into Kōke‘e Stream above the Kōke‘e Intake.  

Kōke‘e Intake 
The Kōke‘e Intake is a concrete structure at an elevation of 3,353 feet msl that combines main Kōke‘e 

Ditch flows from Waiakōali Stream, Kawaikōī Stream, and Kaua‘ikinanā Stream with streamflows from 

Kōke‘e Stream into a 3.2-mile-long series of tunnels and open ditches that carry the water from the 

Waimea basin onto the western slope of the Waimea Ridge and to Pu‘u Lua Reservoir. Kōke‘e stream is 

the smallest contributor to the Kōke‘e Ditch with 1.48 square miles of drainage area but only 79 inches of 

precipitation annually. Kōke‘e Stream is not connected to the Alaka‘i Swamp and is sourced from 

precipitation run off only. 

1.4.2 Existing Reservoirs 
There are three existing unlined earthen reservoirs associated with the project: the Pu‘u Lua Reservoir 

and the Pu‘u ‘Ōpae Reservoir, which are part of the Kōke‘e Ditch Irrigation System; and Mānā Reservoir, 

which is part of the Kekaha Ditch Irrigation System. These three legacy reservoirs were built almost 100 

years ago to serve as irrigation sources for sugar cultivation. While properly designed and constructed 

according to the standards of that era, they are currently not in compliance with the Hawai‘i State Dam 

Safety Standards and need to be rebuilt to reduce the risks to life and property that could result from dam 

failures. Pu‘u Lua Reservoir is operated at partial capacity, and both Pu‘u ‘Ōpae and Mānā Reservoirs have 

been drained and are currently out of service. 

Pu‘u Lua Reservoir 

Pu‘u Lua Reservoir (State Dam ID KA-0002) is the largest of the three reservoirs with a historic capacity of 

260 million gallons. The Pu‘u Lua Reservoir is the first reservoir on the Kōke‘e Ditch Irrigation System. It 

was built for the purpose of irrigation and water storage and currently serves as a public recreational 

facility for fishing. Pu‘u Lua Reservoir is owned by the DLNR and managed by the DLNR Land Division. The 

Division of Aquatic Resources (DAR), a division of DLNR, manages a trout population in the reservoir and 

maintains a fingerling holding pen.  

Pu‘u Lua Reservoir is impounded by an earthen dam measuring 640 feet in length and 105 feet in height. 

Historic maximum pool elevation of the impoundment was approximately 3,270 feet corresponding to a 

storage capacity of approximately 260 million gallons and a surface area of approximately 17 acres. The 
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reservoir is currently drawn down and operated at partial capacity due to dam safety considerations. The 

seven miles of ditches and tunnels upstream of Pu‘u Lua Reservoir that supply the reservoir are 

documented to have a historic maximum capacity of 55 million gallons per day (MGD) (Water Resource 

Associates, 2004). The reservoir inlet is a 7-foot by 3-foot trapezoidal ditch with a regulating gate. A bypass 

ditch branches from the reservoir inlet and travels around the northeast side of the reservoir. 

The outlet works of the Pu‘u Lua Reservoir are comprised of a 24-inch globe valve with an access manhole,  

vent shaft, and manual hoisting mechanism on top of the dam crest. The outlet conduit consists of a 

combination of a pipe through the dam embankment and a 6-foot by 6-foot partially lined tunnel, both of 

which are approximately 110 feet below the top of the dam. The Pu‘u Lua Reservoir Outlet Tunnel 

discharges flows into a combination of tunnel and open ditch with a capacity of 26 MGD that extends 3.1 

miles to the Pu‘u Moe Divide. 

At the Pu‘u Moe Divide the ditch splits into two segments: one extends west 4.7 miles to the Pu‘u ‘Ōpae 

Reservoir and historically had a capacity of 7 MGD, and the other extends south approximately two miles 

to the decommissioned Kitano Reservoir and historically had a capacity of 19 MGD. At the point where 

the ditch divides, each segment has a regulating gate that controls the flow of water downstream.  

Pu‘u ‘Ōpae Reservoir 
Pu‘u ‘Ōpae Reservoir (State Dam ID KA-0003) is the second largest reservoir on the Kōke‘e Ditch Irrigation 

System and is located on lands owned by the DHHL approximately 4.5 miles north of Kekaha. This reservoir 

was built by the Kekaha Sugar Company as part of the Kōke‘e Ditch Irrigation System for the purpose of 

irrigation water storage and is currently drained and unused due to dam safety considerations. Pu‘u ‘Ōpae 

was constructed as an unlined reservoir with an earthen dam measuring 1,000-feet-long and up to 47-

feet-tall. The reservoir has a surface area of 9.5 acres and a design capacity of 88 million gallons at 1,530 

feet elevation (Water Resource Associates, 2004). The reservoir intake is a 2-foot by 2-foot unlined ditch. 

Historically, Pu‘u ‘Ōpae was used to provide water both to open furrow irrigation and pressurized drip 

irrigation on the Niu and Makaha Ridges between the elevations of 800 and 1,500 feet.  

Outlet works consist of a low-level gate structure on the south side, which admitted water to an open 

ditch system and a pre-filter settling basin. The outlet historically supplied water to ditches located south 

and west of the reservoir.  A 36-inch-diameter culvert on the north side of the embankment serves as an 

overflow spillway.  

Mānā Reservoir 
There are a number of small earthen reservoirs connected to the Kekaha Ditch Irrigation System, including 

Mānā Reservoir (State Dam ID KA-0005), which are located on the Mānā Plain along the base of the bluff. 

These small reservoirs historically provided irrigation storage for agricultural operations on the Mānā 

Plain, and some of them are still in operation. The Mānā Reservoir, which is located about five miles 

northwest of Kekaha and at the base of Niu Ridge, would be utilized as the lower storage pond for the 

Project.  

The Mānā Reservoir is created by an earthen dam measuring 1,600-feet-long and 17-feet-high. The 

historic normal pool elevation of the reservoir was approximately 41 feet corresponding to a storage 

capacity of approximately 44 million gallons and a surface area of about 8 acres. 
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The reservoir is currently drained and unused due to dam safety considerations. The reservoir was set 

aside to ADC by a Governor’s Executive Order No. 4007 (Sept 16, 2003) and is managed by KAA. 

1.5 Relationship of Project to the Pu‘u ‘Ōpae Kuleana Homestead 

Settlement Plan 
This Project is significantly related to the Pu‘u ‘Ōpae Kuleana Homestead Settlement Plan, a Final EA for 

which was published in July 2020.   

The Hawaiian Home Lands Program was started with the passage of the Hawaiian Homes Commission Act, 

1920, as amended (HHCA), due to the efforts of Prince Jonah Kūhiō Kalaniana‘ole. Passed by Congress and 

signed into law by President Warren Harding on July 9, 1921 (chapter 42, 42 Stat. 108), the HHCA provides 

for the rehabilitation of the native Hawaiian people through a government-sponsored homesteading 

program. Native Hawaiians are defined as individuals having at least 50 percent (%) Hawaiian blood.  

The main method by which DHHL serves beneficiaries is through the 99-year homestead lease. The leases 

are provided for Residential, Pastoral, and Agricultural uses for an annual fee of one dollar. According to 

the 2004 Kaua‘i Island Plan, DHHL owns 14,959 acres in Waimea and has awarded five Pastoral Homestead 

lots. This Pu‘u ‘Ōpae Kuleana Homestead Settlement Plan focuses on the development of a Kuleana 

Homestead on the mauka Waimea lands. DHHL intends to provide Kuleana Subsistence Agriculture and 

Pastoral homestead lots on 230 acres of land in the vicinity of Pu‘u ‘Ōpae.    

The Pu‘u ‘Ōpae Kuleana Homestead Settlement Project is intended to carry out the mission of the DHHL 

to effectively manage the Hawaiian Home Lands Trust and to develop lands for native Hawaiians. The 

planned Kuleana Homesteads Settlement will keep the former sugar plantation lands in agricultural 

cultivation and provide opportunities for beneficiaries to return to their agricultural roots and stewardship 

desires. It will also include Community Use Areas to promote community cohesion and provide 

opportunities to expand economic agricultural opportunities. The steep ridge and natural drainageway 

areas are identified as having the best potential for native plant restoration and have been designated as 

Special District Areas that will remain undeveloped.  

The ability to successfully implement the Pu‘u ‘Ōpae Kuleana Homestead Settlement Plan is heavily 

dependent on and intertwined with the successful implementation of the West Kaua‘i Energy Project.  The 

provision of water to these lands efficiently, the availability of electrical power, and the improvement of 

roads and other infrastructure will allow for the Pu‘u ‘Ōpae Kuleana Homestead Settlement Plan to move 

forward and will affect the timing by which Homestead users will be able to fully use the water reservation 

made for this project by the Commission on Water Resource Management (CWRM).   

Stated in the alternative, as is discussed more in the No-Action Alternative section (Section 2.1), if the 

West Kaua‘i Energy Project is not implemented, it will be unlikely that other financial resources will be 

provided to DHHL to allow for a timely implementation of the the Pu‘u ‘Ōpae Kuleana Homestead 

Settlement Plan. 
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1.6 Purpose and Need 

1.6.1 Purpose of the Project 
The purpose of the Project is to provide an integrated renewable energy and irrigation project with the 

intent of serving four objectives: 

● Renewable energy production via hydroelectric electric generation 

● Renewable energy production via solar photovoltaic (PV) generation 

● Pumped hydroelectric and battery storage to shift most of the Project’s solar PV energy 

production for use in the evening peak, nighttime, and morning peak hours (as well as during 

periods of rainy or cloudy weather) via the release of water and hydroelectric electric energy 

generation 

● Irrigation delivery to support diversified agriculture on lands adjacent to the Project site including 

mauka lands managed by DHHL and ADC, and the agricultural fields on the Mānā Plain that are 

managed by KAA 

The Project would involve utilizing the existing Kōke‘e Ditch Irrigation System and the Pu‘u Lua, Pu‘u 

‘Ōpae, and Mānā Reservoirs, and would include both rehabilitation of existing State infrastructure and 

new construction.  

The Project would enable the State to provide proper stewardship for the river and existing State 

infrastructure, while expanding agriculture and renewable energy production and furthering the purposes 

of the HHCA by providing resources that support DHHL’s development of the Pu‘u ‘Ōpae lands on the west 

side of Kaua‘I, including the Kuleana Subsistence Agricultural Lots. Additional long-term beneficial effects 

include: the generation of renewable energy that would avoid the need to import, store, transport, and 

consume 8.5 million gallons of fossil fuel each year, which would further help to achieve the State of 

Hawai‘i’s goal of 100% renewable energy by 2045 and lessening the impacts of climate change; 

maintaining Interim Instream Flow Standards (IIFS) set by CWRM and connectivity in associated Waimea 

River tributaries improving aquatic habitat and biota from current conditions; rehabilitation of former 

plantation irrigation ditches and reservoirs improving public safety and increasing the value of State-

owned assets; providing water and water delivery infrastructure to thousands of acres of State-owned 

agricultural land; providing additional water resources for fire suppression in areas where they are not 

currently available; increasing recreational access and enhancing resources at Pu‘u Lua Reservoir; and 

creating jobs through construction and operation of the Project. 

1.6.2 Need for the Project 
The Project is needed to assist KIUC in meeting the State of Hawai‘i's mandate to achieve 100% renewable 

energy by 2045 (HRS Section 269-92). In addition, KIUC has a goal of using renewable resources to 

generate 70% of Kauaʻi’s power by 2030. In 2020, Kaua‘i generated more than 60% of its energy needs 

from renewable sources and was able to achieve grid operation with 100% renewable energy (primarily 

solar, but also hydroelectric and biomass) on most sunny days, but still primarily relies on the burning of 

fossil-fuel for night-time electricity. The Project would significantly reduce the amount of fossil fuel burned 

for electricity and produce up to 25% of the total electrical energy requirements for Kauaʻi’s grid, thereby 

allowing KIUC to exceed its 2030 goal of 70% by as much as five years. 
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Due to the large amount of intermittent daytime solar energy and the fact that 100% renewable 

generation is now routinely achieved during sunny periods, bulk storage is needed in order to shift any 

additional solar production from daytime to nighttime, and the pumped storage capability of the project 

provides that.  In addition, the Project is designed to provide storage and release hydroelectric generation  

which also complements KIUC’s dispatch needs by storing ditch water during the day and releasing it at 

night though the hydroelectric turbines.  

Generally, solar energy generation is intermittent and is dependent upon favorable weather and natural 

conditions to match the electrical needs of the grid. The bulk storage provided by the pumped storage 

portion of the Project helps address intermittency issues. Pumped storage is fundamentally different than 

the battery storage currently used by KIUC and other Hawai‘i solar installations. The reservoirs can hold a 

combined total of 1,500 megawatt-hours (MWh) of recoverable energy, versus only 100 MWh of the 

recent Lāwa‘i PV project. This extra storage capability, plus the store and release hydroelectric generation, 

provides Kaua‘i with a renewable solution during cloudy and rainy periods that deplete short duration 

batteries. The additional storage also provides support in the event of oil-fired generation outages, 

allowing repair time. The Project’s capabilities provide Kaua‘i with an important reliability component as 

the island moves towards 100% renewable generation. 

The Project is also needed to provide reliable delivery of water for DHHL’s water reservation and other 

irrigation through modifications of the Kōkeʻe stream diversions, upgrades to the ditches and reservoirs, 

and the assumption of long-term operations and maintenance by the Applicant. This would support 

diversified agriculture on the mauka lands managed by DHHL and ADC, where the only source of water 

for irrigation is the Kōke‘e Ditch Irrigation System. Also, because the Project includes infrastructure linking 

the Kōke‘e Ditch Irrigation System to Mānā Plain, the Project would provide an efficient reliable source of 

irrigation for the ADC agricultural fields on the Mānā Plain and could be the primary source of irrigation 

for Mānā Plain. In combination, these benefits would increase food security and generate employment 

opportunities for the local community. In addition, the Project would provide lease revenue to DHHL and 

ADC and improve access to DHHL lands through road repairs and maintenance.  

Additionally, the Project includes the complete rehabilitation of three State-owned reservoirs in 

accordance with current Hawai‘i State Dam Safety Standards, which is required for the reservoirs to be 

brought into active use at their full capacity for energy and irrigation storage. The Project would provide 

DHHL with the irrigation water necessary to achieve some of the agricultural goals included in its West 

Kaua‘i Regional Plan and would further the purposes of the HHCA by providing resources that support 

DHHL’s development of the Pu‘u ‘Ōpae lands on the west side of Kaua‘I, including the Kuleana Subsistence 

Agricultural Lots as discussed in Section 1.5. 

 

 

 

 

  



West Kaua‘i Energy Project  Proposed Action and Alternatives 

 

Draft Environmental Assessment 13 July 2021 
 

2 Proposed Action and Alternatives 
2.1 No-Action Alternative 
Under the No-Action Alternative, the integrated renewable energy and irrigation project would not be 

constructed resulting in several impacts: 

• The Waimea Mediation Agreement between Pō‘ai Ola/West Kaua‘i Watershed Alliance, ADC, 

KAA, DHHL, and KIUC was approved by CWRM on April 18, 2017, and outlines the Phase One IIFS 

for the four diversions on the Kōke‘e Ditch Irrigation System. The Phase One IIFS would remain in 

effect under the No-Action Alternative. The modifcations necessary to implement the Phase One 

IIFS for the four diversions on the Kōke‘e Ditch Irrigation System would be completed by KIUC 

after all permits, approvals, and necessary land easements are received for the work. These 

modifications are a separate and independent project from the Proposed Action, which is 

discussed in Section 2.2. The Waimea Mediation Agreement is included as Appendix A in this 

Draft EA. 

Diversions on the Kōke‘e Ditch Irrigation System are typical plantation style passive structures 

designed to divert all water during low to average flow conditions. Subsequent to the Waimea 

Mediation Agreement, the ditch regulating structures were modified by KAA by removing pani 

boards to restore stream flows as much as possible prior to diversion modifications that require 

permits. KIUC received approval from CWRM and other parties to the Waimea Mediation 

Agreement for the Kōke‘e Diversion Modification Project, a separate and independent project 

from the Proposed Action.  

The Kōke‘e Diversion Modification Project involves modifications to the original diversion 

structures for implementation of the Phase One IIFS volumes. Once all permits, approvals, and 

necessary land easements are received for the Kōke‘e Diversion Modification Project, 

construction will commence irrespective of the status of the Proposed Action. The Phase One IIFS 

went into effect upon approval of the Waimea Mediation Agreement in April 2017 and are 

outlined in Table 2.  

Table 2. Phase One IIFS Rules 

Stream IIFS 

Kōke‘e Natural flow 

Kaua‘ikinanā  0.7 MGD 

Kawaikōī 4.9MGD 

Waiakōali 1.4 MGD 

 

The Kōke‘e Diversion Modification Project was designed with the intent and purpose of 

implementing the Phase One IIFS as soon as feasbily possible. However, it has taken longer to 

receive permits than anticipated and the timeline for start of construction is unknown at this time. 

Prior to completion of the Kōke‘e Diversion Modification Project, the diversions on the Kōke‘e 

Ditch Irrigation System will continue to divert all or most stream flow during low and average flow 

conditions due to the contraints of the original structural design at each diversion. The Phase One 
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IIFS were determined based on active water uses at the time of the Waimea Mediation 

Agreement, which did not include DHHL’s full water reservation. 

• The cost of repairs, upgrades, and long term maintenance to the Kōke‘e Ditch Irrigation System 

would fall to ADC or another State entity and would not be carried by the Applicant. This could 

result in the continuance of reduced operations and lower levels of maintenance than under the 

Proposed Action; alternatively, the Kōke‘e Ditch Irrigation System could be closed or abandoned 

and there would be no way to deliver water to DHHL, ADC mauka lands, and other uses on the 

system including Pu‘u Lua Reservoir. The Kekaha Ditch Irrigation System would remain the 

primary source of irrigation for agriculture on the Mānā Plain. 

• The cost and practical implementation of water delivery, repair of roads, and installation of an 

electrical power line to DHHL mauka lands would not occur or would be the responsibility of DHHL, 

which is not part of DHHL’s 20-year plan, leaving the lands not viable for the foreseeable future 

and implementation of the Pu‘u ‘Ōpae Kuleana Homestead Settlement Plan unlikely (see Section 

1.5). 

• The required rehabilitation and ongoing maintenance of Pu‘u Lua Reservoir would remain DLNR’s 

responsibility, which would  result in increased cost to the State. Continued lack of maintenance 

and failure to bring Pu‘u Lua Reservoir up to current Hawai‘i State Dam Safety Standards could 

result in the decommissioning and draining of the reservoir, which would involve significant costs 

and result in the elimination of the highly valued recreational trout fishing program.  

• Rehabilitation and ongoing maintenance of Pu‘u ‘Ōpae Reservoir would remain DHHL’s 

responsibility, which would lead to increased cost to DHHL; alternatively, DHHL could choose to 

decommission Pu‘u ‘Ōpae, which would remove the future potential of water storage for 

irrigation or other uses. 

• Rehabilitation and ongoing maintenance of Mānā Reservoir would remain ADC’s responsibility, 

which would lead to increased cost for ADC; alternatively, ADC could choose to decommission 

Mānā Reservoir removing the potential for water storage at that location. 

• Significant limitations on renewable energy options for Kaua‘i resulting in difficulty in reaching the 

State mandate of 100% renewable energy. Section 2.3 includes a discussion on the limitations 

and/or infeasibility of other renewable technologies on Kaua‘i. Solar plus battery is not a direct 

replacement of the Project, as discussed in Section 2.3.1. Limiting KIUC to only solar plus battery 

options as renewable penetration increases would result in decreased system reliability, the 

increased likelihood of outages during extended cloudy and rainy periods, and increased costs to 

members for alternative storage solutions. 

• The failure to add planned stream and ditch gages that are part of the Proposed Action to 

tributaries of the Waimea River and the Kōke‘e Ditch Irrigation System resulting in less publically 

available flow information. 

• The existing unlined ditch from the Pu‘u Moe Divide to the Pu‘u ‘Ōpae Reservoir would remain in 

place. This section of ditch is in significant disrepair with several problematic areas that have 

either been temporarily addressed through short-term repairs or not repaired. Reliable irrigation 

to DHHL’s Pu‘u ‘Ōpae lands would require DHHL or DHHL tenants to invest significant resources 

in ditch repairs and long-term maintenance of the open ditch.  

• Future opportunities and potential for diversified agriculture on the west side of Kaua‘i would be 

negatively impacted without the Project’s financial, managerial, and operational contributions. 
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• Necessary road repairs would not be completed, and future road repairs and maintenance would 

remain the responsibility of the State.  

• Enhanced fire suppression capabilities would not be realized if the rehabilitation of Pu‘u ‘Ōpae 

and Mānā Reservoirs was not otherwise undertaken. 

2.2 Proposed Action 
The Proposed Action is an integrated renewable energy and irrigation project that would divert water for 

energy production and irrigation. Water diversion is an integral part of the Proposed Action and will 

require a water lease from the Board of Land and Natural Resources (BLNR). The Applicant will request a 

long-term (65-year) lease to divert water from the Waiakōali, Kawaikōī, Kaua‘ikinanā, and Kōke‘e Stream 

diversions on the Kōke‘e Ditch Irrigation System.  

The utilization of the existing Kōke‘e Ditch Irrigation System and the Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā 

Reservoirs would allow the Proposed Action to provide the following: 

● Renewable energy production via hydroelectric electric generation 

● Renewable energy production via solar PV generation 

● Pumped hydroelectric and battery storage to shift most of the Project’s solar PV energy 

production for use in the evening peak, nighttime, and morning peak hours (as well as during 

periods of rainy or cloudy weather) via the release of water and hydroelectric electric energy 

generation 

● Irrigation delivery, including DHHL’s water reservation, to support diversified agriculture on lands 

adjacent to the Project site including mauka lands managed by DHHL and ADC, and the agricultural 

fields on the Mānā Plain that are owned by ADC and managed by KAA 

The Proposed Action facilities are shown in Figure 4. 

The Proposed Action includes the following components: 

• Water diversion (see Section 2.2.1) 

• Rehabilitation of existing State infrastructure (see Section 2.2.2) 

• Construction of new facilities (see Section 2.2.3) 

• Project operations (see Section 2.2.4) 
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Figure 4. Project Facilities 
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2.2.1 Proposed Diversion and Intake Operations 
The Kōke‘e Ditch Irrigation System currently receives water from four tributaries to the Waimea River: 

Waiakōali, Kawaikōī, Kaua‘ikinanā, and Kōke‘e Stream. The diversions on each of these streams 

contributes to the total flow in the Kōke‘e Ditch Irrigation System. 

The historic average diversion volume in the Kōke‘e Ditch Irrigation System as measured by the U.S. 

Geological Survey (USGS) at the Puʻu Lua Reservoir inlet (USGS gage 16014000) was 15.94 MGD over the 

56-year period of record. The Waimea Mediation Agreement between Pō‘ai Ola/West Kaua‘i Watershed 

Alliance, ADC, KAA, DHHL, and KIUC was approved by CWRM on April 18, 2017, and outlines Phase Two 

IIFS volumes after the Proposed Action is in operation. Through the Waimea Mediation Agreement, the 

parties agreed that the Proposed Action would divert a combined rolling average of 11 MGD from the four 

active diversions of the Kōke‘e Ditch Irrigation System. Through the Proposed Action, KIUC would do 

additional diversion modifications for the implementation of the Phase Two IIFS, which would include 

automation of the diversion control gates. The modifications associated with the Proposed Action would 

increase the reliability and consistency of IIFS implementation 

The Proposed Action would involve diverting a variable flow equivalent for a multi-year rolling average of 

11 MGD into the Pu‘u Lua Reservoir after the CWRM adopted Phase Two IIFS is met. The purpose of this 

diverted flow would be for DHHL’s water reservation, hydroelectric generation, and other irrigation and 

consumptive uses in the Project area. The 11 MGD variable flow would be comprised of the combined 

volumes diverted into the Kōke‘e Ditch Irrigation System from Kōke‘e Stream, Kaua‘ikinanā Stream, 

Kawaikōī Stream, and Waiakōali Stream. This diversion amount for the Project was outlined in the Waimea 

Mediation Agreement and would be subject to the approval of a water lease from BLNR. The rolling 

average would be maintained by diverting more water than the average 11 MGD during the wetter 

periods when stream flows are higher than average, and by diverting less water than the average 11 MGD 

during the drier periods when stream flows are lower than average. The variable diversion volumes would 

be driven by streamflow availability provided that the Phase Two IIFS is met or exceeded at all times when 

water is being diverted and the multi-year rolling average is 11 MGD or less. Additional detail regarding 

diversion operations is provided below in Operation, Control, and Gaging. 

The diverted rolling average of 11MGD includes water for DHHL’s water reservation, other irrigation uses, 

trout habitat in Pu‘u Lua, State Parks bathroom facilities at the Waimea Canyon Viewpoint and for 

hydroelectric generation at the Pu‘u ‘Ōpae and Mānā Powerhouses. 

The Phase Two IIFS values set by CWRM would be maintained at each of the four diversions at all times 

prior to diversion of water into the Kōke‘e Ditch Irrigation System for irrigation and hydroelectric 

generation. As outlined in the Waimea Mediation Agreement, all flows above the Phase Two IIFS flow 

values may be used by the Proposed Action, but diversion volumes are also limited by the ditch capacity. 

The Phase Two IIFS values during operation of the Proposed Action are provided in Table 3. The IIFS is 

comprised of two different flows at each stream, one for low-flow periods and one for moderate and 

higher flow periods. The “Established Value” in the second column of Table 3 was determined during the 

Waimea mediation process through group discussion and consensus lead by CWRM’s hydrologist Ayron 

Strauch. The Established Value is roughly equal to a Q70 value on the flow duration curve for each stream, 

which is the flow that is met or exceeded 70% of the time. The low-flow period Phase Two IIFS values 

were set as a variable flow equal to 2/3 of the natural streamflow, which gives the stream and aquatic 

habitat more than half the water during the high stress dry periods when streamflows are below the 
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Established Value, but still allows 1/3 of the water to be diverted so that the energy and agriculture are 

not shut down during those dry periods. The higher flow portion of the Phase Two IIFS values are shown 

in the right column of Table 3, and represent set values determined through group consensus. These set 

volumes would be maintained in the stream at all times when streamflows are above the Established 

Value. For example, if the natural streamflow in Kawaikōī Stream was 8.0 MGD (above the Established 

Value), the Phase Two IIFS would be 4.0 MGD (the set value) and the diverted volume would be 4.0 MGD. 

If the natural streamflow in Kawaikōī Stream was 3.0 MGD (below the Established Value), the Phase Two 

IIFS would be 2.0 MGD and the diverted volume would be 1.0 MGD. 

Additional details of the Phase Two IIFS are contained in the Waimea Mediation Agreement, which is 

included for reference as Appendix A. 

Table 3. Phase Two IIFS Rules for the Proposed Action 

Stream 
Established 

Value (MGD) 
IIFS 

IIFS if stream flow is below 
or equal to established 

value 

IIFS if streamflow is above 
the established value 

(MGD) 

Kōke‘e 0.2 
Natural flow up 

to 1.2 MGD 
n/a n/a 

Kaua‘ikinanā  1.2  2/3 of stream flow 0.6 

Kawaikōī 6.4  2/3 of stream flow 4.0 

Waiakōali 1.3  2/3 of stream flow 0.8 

 

Figure 5 shows water abundance for Kawaikōī Stream based on long-term USGS data. The water 

abundance analysis illustrates the variability in annual streamflow contributing to the Kōke‘e Ditch 

Irrigation System. 

To understand the expected volumes of water at each of the four diversion sites, hydrology work was 

completed to extend and expand the USGS records for the four subject streams. The hydrology and 

detailed modeling were performed using nine years of data, which included three dry, three wet, and 

three average water abundance years within a period between 1991 and 2013. Because of the incomplete 

USGS records at the four diversion sites during concurrent time periods, this analysis used various 

techniques to provide concurrent multiple year flow data for all diversions combined. Figure 6 shows the 

summarized results of that analysis: a flow duration curve for the combined streamflow for the nine-year 

period. 
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Figure 5. Relative Water Abundance at USGS Gage 16010000 

 

 

Figure 6. Combined Streamflow at all Diversion Sites 
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Forecast Diversion Flows  
The expected average combined ditch flow from all four diversions after the Phase Two IIFS is met is based 

on the hydrology analysis and modeling and is shown in Figure 7 below. This forecast used nine years of 

actual and synthetic streamflow data that included three dry water years, three average water years, and 

three wet years in order to allow modeling of a range of expected natural flow patterns. 

The chart portion of Figure 7 shows the flow exceedance curve for the nine years of diversion flows and 

incorporates a derating in hydraulic capacity of the main ditch to 35 MGD (55 cubic feet per second [cfs]) 

from historic maximum of 55 MGD. The actual maximum capacity after repairs may be higher than 35 

MGD but would only be exceeded less than 5% of the time after heavy precipitation events. 

The table in Figure 7 shows the forecast annual mean diversion quantities based on 15-minute data 

intervals. This shows a range of 7.74 MGD to 15.89 MGD a year with an average of 10.40 MGD annually, 

which is less than the 11 MGD specified in the Waimea Mediation Agreement. This range of diversion 

flows further illustrates the variability of the streams that is depicted above in Figure 5. 

Figure 7. Forecast Combined Kōke‘e Ditch Flow 

 

Operation, Control, and Gaging 
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and is subject to rapid changes in flow depending upon precipitation. For this reason, the diversions would 

operate on a fully automatic basis. The automatic operation would allow diversion flow management, and 

implementation of the Phase Two IIFS can happen in response to changes in streamflow. This eliminates 

the dependency on site access by ditch operators in a timely way, which is often limited or not possible in 

the more remote areas. Automation of the diversion operations would reliably ensure compliance with 

0

8

15

23

31

39

46

54

62

0

5

10

15

20

25

30

35

40

0% 20% 40% 60% 80% 100%

C
FS

C
o

m
b

in
ed

 D
it

ch
 F

lo
w

 (
M

G
D

)

Exceedence

Forecast Combined Kokee Ditch Inflow - Nine Year Analysis



West Kaua‘i Energy Project  Proposed Action and Alternatives 

 

Draft Environmental Assessment 21 July 2021 
 

IIFS requirements, decrease water waste, improve energy production, and decrease demands on 

operation personnel. 

During periods of average or typical streamflow patterns, the gates would adjust repeatedly throughout 

the day to manage the diversion volumes according to the requirements of the Phase Two IIFS and limits 

of ditch capacities. During high stream flow periods or extended heavy precipitation events when the 

available flows exceed the capacity of the ditches, or when the Pu‘u Lua Reservoir is already at full 

capacity, the gates would automatically restrict flow into the ditch so that excess flows would remain in 

the streams and be discharged at the diversion spillways. During extreme high flow events, the diversion 

intake gates would be partially or fully closed to isolate the Kōke‘e Ditch Irrigation System from excess 

inflow. 

Flow gages in the streams and ditches would provide data to the control system resulting in inlet gate 

position adjustments day and night in response to stream flow changes day. These automatic adjustments 

would keep the proper amount of water in the streams by regulating the amount of water admitted to 

the ditch. The automation system would be capable of independent local control but would communicate 

flow conditions, gate setting, and any alarm conditions to the Proposed Action’s Supervisory Control and 

Data Acquisition (SCADA) main control system. Like many remote installations, the diversion control 

systems would use energy efficient equipment powered by solar power and a tiny backup generator. The 

data gathered regarding stream flows would be made available to the State and would be used to inform 

decisions regarding reservoir management and energy generation.  

2.2.2 Proposed Rehabilitation of Existing State Infrastructure 
The Proposed Action includes the following repairs to existing facilities:  

● Repairs of the entire length of the Kōke‘e Ditch Irrigation System from the Waiakōali Diversion to 

the Pu‘u Moe Divide (see Kōke‘e Ditch Irrigation System) 

● Repairs to the existing diversions to allow for instream flow releases to comply with the Phase 

Two IIFS and the installation of multiple gaging stations at diversions with remote monitoring (see 

Kōke‘e Ditch Irrigation System)  

● Rehabilitation of the Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā Reservoirs in accordance with current 

Hawai‘i State Dam Safety Standards (see Reservoir Upgrades) 

● Repairs to some existing unpaved roads that provide access to the facilities being utilized by the 

Project (see Access Road Repairs)  

Kōke‘e Ditch Irrigation System  
The entire length of the Kōke‘e Ditch Irrigation System between the diversions and the Pu‘u Moe Divide 

would be inspected, cleaned, repaired, and improved as appropriate to ensure efficient water delivery 

and longevity. Modifications would be made to diversion structures as needed to ensure instream flow 

requirements would remain in the natural stream channels. Flow measurement points and recording 

devices would be added to the diverted stream above each intake on ungaged streams and at key points 

along the ditch for regulatory and operational purposes.  

Stream habitat protection Best Management Practices (BMPs) are detailed in Section 3.3.3. For activities 

related to land agreements see Section 1.3, and see Section 2.5 for potential permits that may be 

required. Diversion management for IIFS compliance and aquatic habitat protection would be performed 

throughout the entire operating life of the Proposed Action, from construction through decommissioning. 
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Reservoir Upgrades 
The Proposed Action includes the rehabilitation of the Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā Reservoirs to bring 

them into compliance with current Hawai‘i State Dam Safety Standards and maintenance of the structures 

through the life of the project. This work would include all repairs and upgrades necessary for safe storage 

and operations of the reservoirs.  

The Pu‘u Lua Reservoir, which is owned and managed by the BLNR and DLNR, is currently operated at a 

reduced capacity with reservoir levels being maintained at or below 60 feet because the dam is not in 

compliance with Hawai‘i State Dam Safety Standards. As part of the Proposed Action, the Applicant would 

finance and implement the necessary rehabilitations and maintain the reservoir to standards consistent 

with Hawai‘i State Dam Safety Standards for the life of the project. The capacity would be increased to 

approximately 200 million gallons (MG) from the current 50 to 60 MG. Rehabilitation work would also 

support the continuation, potential expansion, and longevity of the trout fishing program. 

Pu‘u ‘Ōpae Reservoir is owned and managed by DHHL and the Hawaiian Homes Commission and is located 

on former plantation agricultural lands on Niu Ridge. Currently, water flowing in the ditch system is 

diverted away from the reservoir, and any pooling that occurs is minimal and a result of rainfall 

accumulation. As part of the Proposed Action, the Applicant would finance and implement the necessary 

rehabilitations and maintain the reservoir to standards consistent with Hawai‘i State Dam Safety 

Standards for the life of the project. The modifications would also ensure operation of the energy project 

and reliable storage of water for irrigation on the adjacent DHHL lands. Rehabilitation would include 

increasing the capacity from 88 MG to 100 MG and installing a liner to prevent erosion and seepage. 

The Mānā Reservoir was given to ADC through a Governor’s Executive Order No. 4007 (Sept. 16, 2003) 

and is connected to the Kekaha Ditch Irrigation System, which is currently under the operation and 

management of KAA. The current condition of the Mānā Reservoir does not meet the Hawai‘i State Dam 

Safety Standards, and the reservoir has been drained until rehabilitation work can be completed. 

Rehabilitation of Mānā Reservoir would involve construction of a new embankment to the west of the 

existing dam, which would increase the storage capacity to 80 MG. Modifications to the outlet works 

would also be a component of the rehabilitation work to ensure reliable irrigation supply to adjacent 

agricultural lands. 

As part of the Proposed Action, the Applicant would finance the necessary rehabilitations and maintain 

all three reservoirs to the standards set forth by the Hawai‘i State Dam Safety Standards for the life of the 

project.  

Access Road Repairs 
The Applicant would finance and implement the repair and maintenance of over nine miles of State-

owned unpaved access roads that would be upgraded as needed for construction activities and operation 

of the Project as described below and shown on Figure 8.  

● Kōke‘e Ditch Irrigation System would be accessed by existing State-owned unpaved roads that 

would be upgraded as needed for construction activities. 

● Access to Pu‘u Lua Reservoir would be via an existing 0.8-mile-long unpaved access road from 

Kōke‘e Road (State Route 550), which would be improved and maintained through the life of the 

Project providing improved recreational access. 
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● Access to Pu‘u Moe Divide would be via a 300-foot-long portion of the existing Trail 1 unpaved 

access road from Kōke‘e Road, which would be improved and maintained to support construction 

and daily operation activities.  

● Access to the Upper Penstock would be via an existing 4.5-mile-long unpaved road (Trail 1 Road). 

Minor upgrades and repairs would be made to this road as necessary to safely support 

construction traffic, and light maintenance would be performed for the life of the Project which 

would improve access to DHHL lands for existing and future DHHL tenants.  

● Access to the Pu‘u ‘Ōpae Powerhouse and Reservoir would be provided by approximately 3.5 

miles of existing unpaved cane haul road from the Mānā Plain, which would be rehabilitated and 

maintained to safely support construction and daily operation traffic for the Pu‘u ‘Ōpae 

Powerhouse and Reservoir. Roadway rehabilitation and maintenance would improve access to 

DHHL lands and could be utilized by existing DHHL tenants and future subsistence agriculture 

homesteaders. 

● Access to the Lower Penstock would be through the existing agricultural fields and roads. 

● Access to the new Mānā Powerhouse, solar array, and substations would be via an existing gravel 

agricultural road (Mānā Road) leading from existing public roads to a new paved parking area 

constructed at the proposed Mānā Powerhouse.  

Improvements to the existing access roads to DHHL lands would also make them usable for existing DHHL 

tenants and by Kuleana Subsistence Agricultural Lots lessees using four-wheel-drive vehicles. 

2.2.3 Proposed New Construction 
The Proposed Action includes the following new construction:  

● Addition of three new stream gages and three ditch gages (see Stream Gages) 

● Replacement of the gate structure at Pu‘u Moe Divide with a new gate structure and intake for 

the Project (see Pu‘u Moe Regulating Structure) 

● Replacement of the lateral branch of the Kōke‘e Ditch that runs between Pu‘u Moe Divide and 

Pu‘u ‘Ōpae Reservoir with a new pressurized pipe, approximately 23,400 feet in length (see Upper 

Penstock) 

● Construction of a new pressurized pipeline running between Pu‘u ‘Ōpae Reservoir and Mānā 

Reservoir (see Pu‘u ‘Ōpae Intake Structure and Lower Penstock)  

● New construction of two hydroelectric facilities with a combined generating capacity of 24 

megawatts (MW) and approximately 100,000 gallons per minute of pumping capacity (see 

Hydroelectric Powerhouses) 

● New construction of a 35MWac/56 MWdc photovoltaic solar array with a 70 MWh battery (see 

Solar Field and Substations) 

● New construction of substations and buried powerlines (see Solar Field and Substations) 
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Figure 8. Access Roads 
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Stream Gages 
Three new stream gages would be installed at Kawaikōī, Kaua‘ikinanā  and Kōke‘e Streams, and three new 

ditch gages would be installed at Kawaikōī, Kaua‘ikinanā and Kōke‘e Diversions. The ditch gages would be 

installed inside the ditch tunnel downstream of the headgates at each intake. These new gages, combined 

with other gaging on the Kōke‘e Ditch Irrigation System and associated streams, would allow complete 

monitoring of the flows above and below each diversion, the flows in the ditch below each diversion, and 

the combined ditch flow entering Pu‘u Lua Reservoir. The gages would contribute to knowledge of the 

watershed, the operation of the Proposed Action, and Phase Two IIFS compliance. 

Pu‘u Moe Regulating Structure  
The Proposed Action would functionally replace the existing regulating gates at the Pu‘u Moe Divide with 

a new structure that would divide and regulate ditch flows between the westerly path to DHHL’s Pu‘u 

‘Ōpae lands and the southerly route to ADC mauka lands. The new structure would measure 

approximately 40-feet-long, 10-feet-wide, and 10-feet-deep built on the north side of the existing Pu‘u 

Moe regulating gates. The new structure would include an intake with a fine mesh screen, a slide gate, 

and a ditch regulating gate and weir. The new slide gate would admit water to the new penstock for energy 

generation and irrigation deliveries on DHHL’s Puu Opae lands and ADC lands on Mānā Plain. The 

regulating gate and weir would allow controlled flow releases into the southern ditch section to support 

the existing and future irrigation needs on the ADC mauka lands.  

Upper Penstock 
A new buried steel penstock varying from 30 to 36 inches in diameter would replace the western ditch 

historically used to transport water to the Pu‘u ‘Ōpae Reservoir. This penstock, referred hereafter as the 

Upper Penstock, would be approximately 23,400-feet-long and would generally follow the alignment of 

the existing open ditch. The depth of burial would typically range from two to four feet of cover but would 

vary from a minimum of two feet to a maximum of thirty feet depending upon the terrain. 

An irrigation delivery point would be added along the Upper Penstock alignment at the mauka DHHL 

boundary to provide water to the DHHL pastoral lots. The delivery point would include a tap from the 

Upper Penstock  and construction of a new 10,000-gallon storage tank that would serve as a storage buffer 

should the penstock ever be dewatered for maintenance. 

Pu‘u ‘Ōpae Intake Structure and Lower Penstock 
A new, bidirectional low velocity gated intake structure would be constructed on the west side of the Pu‘u 

‘Ōpae Reservoir with an invert elevation of 1,505 feet msl, and would be automatically operated. Fine 

mesh steel trash racks would be installed to prevent debris from entering the Lower Penstock. The intake 

would pass flows to and from Pu‘u ‘Ōpae Reservoir of up to 120 MGD (185 cfs) during generation and up 

to 155 MGD (240 cfs) during pumping. 

The Lower Penstock would be a new buried steel penstock varying from 54 to 72 inches in diameter and 

include surge facilities to ensure structural integrity. The Lower Penstock would convey water from the 

Pu‘u ‘Ōpae Intake Structure to the new Mānā Powerhouse and would be approximately 11,830-feet-long. 

The depth of burial would typically range from four to six feet of cover but would vary from a minimum 

of four feet to a maximum of about ten feet. This burial would be below plowing, planting, and other 

agricultural activities so that no tillable acreage would be lost along the Lower Penstock alignment as it 

crosses Niu Ridge.  
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Hydroelectric Powerhouses 
The Proposed Action would include the construction of two new hydroelectric powerhouses: one at the 

Pu‘u ‘Ōpae Reservoir and one at the Mānā Reservoir.  

Pu‘u ‘Ōpae Powerhouse 
The Pu‘u ‘Ōpae Powerhouse would be located on the east side of the Pu‘u ‘Ōpae Reservoir. The 

powerhouse would be a building measuring approximately 42-feet by 54-feet in plan and 30-feet in height. 

New generating equipment, switchgear, and ancillary systems would be installed in the powerhouse. A 

new 140-foot-long tailrace and discharge pipe would convey flow from the powerhouse to the Pu‘u ‘Ōpae 

reservoir. At the bottom of the tailrace channel, a new pump will be installed with piping to the surface 

of the reservoir containing a flange for connection to provide water for irrigation to Kekaha Hawaiian 

Homestead Association’s licensed fields uphill of Pu‘u ‘Ōpae Reservoir. The new pump will have a rated 

capacity of 1.4 MGD. 

The Pu‘u ‘Ōpae Powerhouse would contain a single turbine generator with a nameplate capacity of 4 MW. 

The turbine would be operated automatically using available flows from Puʻu Lua Reservoir within its 

operating range of 2.6 MGD to 25.8 MGD (4 cfs to 40 cfs).  

A turbine shut-off valve would be installed on the Upper 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.  

Mānā Powerhouse 
The Mānā Powerhouse would be located on the south-east side of the Mānā Reservoir and consist of a 

building measuring approximately 75-feet by 70-feet in plan and 50-feet in height. Buried concrete 

structures would house the pumping equipment.  

The Mānā Powerhouse would contain a Pelton turbine with a nameplate capacity of 20 MW and pumps 

with a total capability of approximately 100,000 gallons per minute. The units would be operated 

automatically using available stored reservoir water within their combined operating range of 5 MGD to 

120 MGD (8 cfs to 185 cfs) in generating mode and up to 155 MGD (240 cfs) in pumping mode.  

Multiple manifold valves would be installed to allow switching from pumping to generation mode, allow 

isolation of individual units, and allow delivery of water for irrigation to the Mānā Reservoir during off-

line periods. 

The Proposed Action would discharge water from the Mānā Powerhouse into the Mānā Reservoir and 

provide water for irrigation for farmers on the Mānā Plain via a new irrigation pump station supplying 

water directly to KAA’s planned pressurized filtration system. Any water not used for irrigation or not 

pumped back up to Pu‘u ‘Ōpae Reservoir would flow into an existing Mānā storm drainage system 

comprised of a network of earthen ditches totaling 40 miles in length built in the early 1920’s to drain 

storm water. The Mānā  storm drainage system allowed regularly flooded land areas to be utilized for 

agricultural cultivation, the development of the town of Kekaha and the Pacific Missile Range Facility 

Barking Sands (PMRF). The existing drainage system is not part of the Proposed Action. 

The Mānā storm drainage system is partially comprised of a number of channelized ephemeral streams 

including Ka‘awaloa that drains the valley between Niu and Kamokala Ridges. The Project point of 

discharge is where Ka‘awaloa Stream is channelized into the Mānā storm drainage system, which is 
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approximately two miles from the Kawai‘ele Pumping Station. The Project discharge would be managed 

as discussed in Water Management and Discharge. The expected average Project discharge would be 

between zero and 10 MGD depending upon precipitation, the level of agricultural activity, and associated 

irrigation draws along the entire Project flowpath. However, the maximum theoretical daily discharge 

from Mānā outlet into the drain system would be 26 MGD, which is the hydraulic capacity of the ditch 

between Pu‘u Lua Reservoir and Pu‘u Moe Divide.  

The Mānā drainage system extends through lands owned by ADC, DLNR, and the PMRF, and is currently 

managed by KAA. There are several shoreline discharge points for the Mānā storm drainage system. Two 

of these discharge points are equipped with pumping systems that provide some means of controlling 

water levels in the fields. The Kawai‘ele Pumping Station has three pumps totaling 500 horsepower (HP) 

with a capacity of 100 MGD. The Nohili Pumping Station employs two 60 HP pumps with a capacity of 

about 25 MGD. Water from the Proposed Action that enters the Mānā storm drainage system would 

combine with other waters and exit the Mānā Plain through a shoreline discharge point approximately 

0.75 mile from the Kawai‘ele Pumping Station.  

Solar Field and Substations 
The Proposed Action would include the construction of a 35 MWac PV Solar Array. The PV system would 

be mounted via single axis trackers and have a nameplate rating of 56 MWdc. Single axis trackers move 

from east to west and follow the sun’s direction. Single axis tracker systems can increase electricity 

production by more than 30% versus traditional fixed tilt systems (Solar Feeds, 2019). A 70 MWh lithium 

ion battery energy storage system (BESS) would be used to store PV energy and smooth PV output to 

provide firm power to the pumps or directly to the grid. The PV portion of the Proposed Action would be 

located on approximately 350 acres of agricultural lands owned by ADC immediately west of the Mānā 

Reservoir and Powerhouse. These lands were selected based on recommendations made through 

collaborative discussions with local farmers because they are less suited for agricultural production due 

to water retention issues and heavy clay content, and these areas have only been in limited use in recent 

years. The use of these lands by the Applicant would provide ADC lease rent income and is further 

described in Section 4.2.2. 

A new Project substation would be constructed between the Mānā Powerhouse and the PV Solar Array 

to connect the Project generation to the KIUC grid. The substation would contain step-up transformers, 

disconnects, and other appurtenant equipment including oil containment, security fencing, and protective 

relaying as dictated by KIUC and best utilities practices.  

New buried power lines would be installed to connect the PV Solar Array, BESS, and Mānā Powerhouse to 

the Project substation. A new buried power line along the new Lower Penstock alignment would also be 

used to connect the Puʻu ‘Ōpae Powerhouse to the new Project substation. The Proposed Action does not 

involve any new overhead lines. 

KIUC would interconnect the Project to the existing 57.1 kilovolt transmission line along Kaumualiʻi 

highway. The interconnection is part of KIUC’s network upgrades and is not part of the Proposed Action. 
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Alternative Substation Locations 
Two alternative locations are being considered for the Proposed Action’s substation. The two locations 

are near one another on the Mānā Plain between Mānā Reservoir and the PV solar array. Both potential 

locations are within the study area boundary on previously disturbed agricultural lands and have been 

included in the calculated area for temporary construction disturbances shown in Section 2.2.5. The 

alternatives are the same size in terms of new construction footprint. Only one of the two considered 

alternatives would be built. 

The final determination of location would be made according to the results of final electrical and 

geotechnical engineering and land surveys. The alternative that is chosen would have the most efficient 

and cost-effective electrical design for the connection of the Proposed Action’s generation sources as well 

as the most advantageous placement from a flooding and site grading perspective. 

The two alternative Project Substation locations are shown in Figure 9.  

2.2.4 Operation of the Proposed Action  
The Proposed Action would be operated and optimized as an integrated whole with multiple criteria: 

renewable energy generation, irrigation, infrastructure maintenance, economic development, and habitat 

protection.  

During daylight hours the Proposed Action is expected to be operated with minimal interaction with 

KIUC’s grid and would utilize solar energy from the PV Solar Array to pump water from the lower Mānā 

Reservoir to the higher elevation Puʻu ‘Ōpae Reservoir each day such that the pumped and stored water 

can be released back down from Pu‘u ‘Ōpae Reservoir to Mānā Reservoir during the evening and nighttime 

hours providing hydroelectric generation to the KIUC grid. The significant storage capacity would allow 

for consistent dispatch over long periods as needed. 

The store and release hydroelectric portion of the Proposed Action would involve a regulated store and 

release operation and will be based on available stream flows after the Phase Two IIFS is met and 

depending on precipitation levels. The store and release hydroelectric generation would include balancing 

and regulating available stream flows and reservoir storage capacity to store water as available and 

release water through the turbines at Puʻu ‘Ōpae and Mānā Powerhouses to provide energy to the KIUC 

grid and to provide water for irrigation. Energy generation at the Puʻu ‘Ōpae Powerhouse is solely derived 

from the store and release generation. Energy generation at Mānā Powerhouse is derived from both the 

store and release and pumped storage components of the Project. 

Irrigation deliveries would be made available throughout the year according to streamflow availability, 

DHHL’s water reservation, the Waimea Mediation Agreement, lease terms with DHHL and ADC, and in 

accordance with an Operations Agreement between water users on the Kōke‘e Ditch Irrigation System. 

Project operations would be coordinated with water users to provide the greatest possible availability and 

efficiency of irrigation water deliveries. 
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Figure 9. Alternative Substation Locations 
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The Proposed Action would be operated automatically and monitored remotely around the clock by 

means of a SCADA system and a combination of Project employees and KIUC dispatchers. Integrated 

adjustment of the entire Project from the diversion intake gates, the reservoirs, and both hydroelectric 

powerhouses, along with the battery and PV Solar Array, would be performed automatically according to 

predefined operating parameters and commands from KIUC’s dispatch. These operating parameters 

would consider the following:  

● Precipitation 

● Flow prioritization 

● Environmental flow releases 
● Stream and ditch flows 

● Regulatory requirements 

● Reservoir levels 

● Gate settings 

● Turbine settings 

● Pump settings 

● Sunlight and PV energy production 

● Battery State of charge  

● KIUC system load and dispatch 

requirements 

● Seasonal and time-of-day scheduling 

needs.

The following subsections discuss operational goals and details for each of the following five areas of the 

Proposed Action:

1. Store and Release Hydroelectric and Pu‘u Lua Reservoir (see Store and Release Hydroelectric 

Operations) 

2. Water Deliveries for Irrigation and Other Users (see Water Deliveries for Irrigation and Other 

Users) 

3. Solar Generation (see PV Solar Array Operation) 

4. Pumped Storage (see Pumped Storage Operations) 

5. Project Discharge (see Water Management and Discharge) 

Store and Release Hydroelectric Operations 
The store and release hydroelectric portion of the Proposed Action consists of water into the Kōke‘e Ditch 

Irrigation System being stored in Pu‘u Lua Reservoir and subsequent time-of-day releases through the 

Pu’u ‘Ōpae and Mānā Powerhouses in series to generate renewable energy. These time-of-day releases 

would typically be when the power is most needed on the KIUC grid during evening peak load periods as 

well as non-solar periods such as pre-dawn and rainy days. 

The operational goals for the store and release hydroelectric operation are: 

● Maximizing storage at Pu‘u Lua Reservoir during high stream flow events 

● Maximizing generation using available stored water in Pu‘u Lua and Pu‘u ‘Ōpae Reservoirs 

● Providing firm renewable energy to the grid during non-solar hours 

● Managing reservoir levels to provide energy and energy reserves 

Flows available for power generation at the 4 MW Pu‘u ‘Ōpae Powerhouse would consist of water 

diverted, stored, and subsequently released from the Puʻu Lua Reservoir. The powerhouse would be fully 

automated and controlled remotely according to current conditions and needs. 

The Pu‘u ‘Ōpae Powerhouse turbine would be operated according to time-of-day dispatch by KIUC. During 

periods of high solar generation and typical stream flows, available stream flows would be conveyed 

through the Kōke‘e Ditch Irrigation System to Pu‘u Lua Reservoir where it would be stored for subsequent 
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release and generation during evening and nighttime hours. The Pu‘u ‘Ōpae Powerhouse would typically 

not be operated during peak solar hours from 10am to 2pm, unless there was fossil-fuel generation that 

could be avoided, and would store water from the store and release generation during this period for use 

during the following evening system load peak.  

The Pu‘u ‘Ōpae Powerhouse would have an efficient operating range from 4 to 40 cfs (2.6 to 26 MGD). 

Discharges from Pu’u Lua Reservoir would typically be between 5 and 26 MGD. During higher  stream flow 

periods, Pu‘u Lua Reservoir levels and generation dispatch would be managed to maximize the use of 

available water while adhering to the Phase Two IIFS requirements and irrigation needs. If extended rainy 

periods occurred, hydrology analysis shows that the Pu‘u ‘Ōpae Powerhouse could operate continuously 

to make productive use of the available water and manage the limited capacity of Pu‘u Lua Reservoir. 

During periods of drought, lower than normal stream flow, or low reservoir levels at Puʻu Lua Reservoir, 

there may be insufficient water to allow store and release hydroelectric generation at the Puʻu ‘Ōpae 

Powerhouse. If low flows persist, the Puʻu ‘Ōpae Powerhouse’s turbine generator would be shut down 

until sufficient flows are available to recharge Puʻu Lua Reservoir and resume generation.  

Hydrology modeling that determined the expected total Kōke‘e Ditch Irrigation System flow was applied 

to Pu‘u Lua Reservoir’s stage curve (depth vs. capacity) and a set of operating rules to determine how 

much water would be released every 15 minutes for the nine-year modeling period. This expected outflow 

from Pu‘u Lua Reservoir was the basis for generation estimates resulting from the store and release 

hydroelectric operations. 

As shown in Figure 10, forecast average monthly ditch flows ranging from 11 cfs (7.1 MGD) to 35 cfs (22.7 

MGD) would be available above the Puʻu Moe Divide. This water would be apportioned between the 

Upper Penstock for energy generation and irrigation deliveries on DHHL’s Puu Opae lands, and ADC lands 

on Mana Plain. A regulating gate would allow controlled flow releases into the southern ditch section to 

support the existing and potential future irrigation needs on ADC’s mauka lands.  

Figure 10. Forecast Ditch Flow at Pu‘u Moe Regulating Structure 
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These flows, minus irrigation deliveries along the flow path, would pass through both the Pu‘u ‘Ōpae and 

Mānā Powerhouses in series and result in store and release generation at both locations. Due to irrigation 

deliveries at Pu‘u ‘Ōpae Powerhouse reducing the amount of water available for generation, the Pu‘u 

‘Ōpae Powerhouse would generate more power from the store and release component than the Mānā 

Powerhouse.  

The Mānā Powerhouse would also use a different dispatch schedule than the Pu‘u ‘Ōpae Powerhouse. As 

stated above, the Pu‘u ‘Ōpae Powerhouse would typically operate 20 hours or less each day allowing 

water to be stored at Pu‘u Lua Reservoir during solar hours. The Pu‘u ‘Ōpae Powerhouse would discharge 

into the Pu‘u ‘Ōpae Reservoir, where it would be stored, along with water pumped up from the Mānā 

Reservoir during solar hours, until the Mānā Powerhouse was dispatched to provide evening power supply 

to the grid.  

The 20 MW Mānā Powerhouse would have a flow capacity five times greater than the smaller Pu’u ‘Ōpae 

Powerhouse. This would enable it to utilize the water brought down from the Pu’u Lua Reservoir five times 

more quickly than the Pu‘u ‘Ōpae Powerhouse. Said another way, water that took 20 hours to be passed 

through the Pu‘u ‘Ōpae Powerhouse could be passed through the Mānā Powerhouse in 4 hours. This 

would allow the Mānā Powerhouse to utilize all the available water released from the Pu‘u Lua Reservoir 

each day plus the water pumped up from the Mānā Reservoir in its nightly generation cycle. 

The monthly forecasted flows shown above in Figure 10 ombined with yearly streamflow abundance 

variability results in a forecasted annual combined generation at the Pu‘u ‘Ōpae Powerhouse and Mānā 

Powerhouse of 25,600 MWh with a low of 19,400 MWh on a drier year and a high of 37,200 MWh on a 

wet year. 

Water Deliveries for Irrigation and Other Users 
One of the Proposed Action’s primary functions is irrigation delivery. Within the limitations of natural 

stream flows and Phase Two IIFS compliance, the Proposed Action would make reliable water deliveries 

to multiple consumptive users along the project footprint. 

The operational goals for the water delivery portion of the Project are: 

● Making reliable water deliveries to all users along the system 

● Managing diversions and reservoirs to maximize efficiency of the delivery system 

● Managing reservoirs and deliveries to maintain stored reserves for periods between rain events 

The Proposed Action supports agriculture and farming activities in a way that is integrated with renewable 

energy generation. The project design and layout allow for the majority of the diverted rolling average of 

11 MGD to be delivered to agricultural lands for irrigation purposes. There is a small quantity of that 

diverted volume that would be used by DSP bathroom facilities and to make up for very small evaporation 

losses at Pu‘u Lua Reservoir. Table 4 provides details regarding delivery points, quantities, and uses along 

the system flowline. Figure 11 is a simplified diagram which shows how the water would flow throughout 

the system and locations of the various delivery points along the flow path.  

The total quantity of these users draws is up to 16.65 MGD, which is more water than the annual average 

diversion volume. Delivery to the users along the system would be variable and limited by natural 

streamflow, Phase Two IIFS requirements, and reservoir capacities.  
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The average monthly flows from the regulated Pu‘u Lua Reservoir available to serve consumptive water 

uses on a typical water year range from 7.11 MGD (11 cfs) in August to 22.7 MGD (35 cfs) in March. These 

are average values over the nine-year period analyzed and shown above in Figure 10 and referenced in 

the above text.  

While the Proposed Action can deliver all flows to consumptive uses after generating power, with varying 

precipitation, diversion flows, and irrigation demands there would be many times during the year when 

flows exceed irrigation demands. During these times any water at the tail end of the system would be 

discharged at the spillway of Mānā Reservoir, as discussed in Water Management and Discharge. The 

final percentage of water that serves both purposes of renewable generation and irrigation would 

ultimately be determined by the extent of the evolving diversified agriculture, pastoral farming, and 

aquaculture that is both existing and planned in West Kaua‘i. 

While the consumptive water uses are not part of the Proposed Action, reliable water supply and delivery 

to these points is part of the Proposed Action. At each of the consumptive delivery points, the Proposed 

Action would stop with a valve and water meter and a connection to the user’s valve or pipe. The user 

would be responsible for any infrastructure beyond the connection point. 

Table 4. Water Delivery Points Along the Proposed Action Flowline 

User Purpose Point on System Usage Amount (gpd) 

Kōke‘e Ditch Irrigation System1 

Hawaii Department of 
Aquatic Resources (DAR) 

Public recreational trout fishing 
program 

Pu‘u Lua Reservoir Non-consumptive – 
dependent upon flow through 
water for water quality 

Hawaii State Parks Non-potable water for public 
viewpoint washrooms 

Open ditch between Pu‘u 
Lua and Pu‘u Moe Divide 

<20,000 GPD 

DLNR / County of Kaua‘i Water source for mauka lands 
fire fighting 

Pu’u Lua Reservoir and Pu‘u 
Opae Reservoir 

n/a – emergency use 

ADC Mauka Ag Tenants Diversified agriculture  Open Ditch to south of Pu‘u 
Moe Divide 

=< 500,000 GPD  per Waimea 
Mediation Agreement 
(“WMA”) 

DHHL Mauka Village Mauka Village consumptive use Open Ditch to south of Pu‘u 
Moe Divide 

=<800,000 GPD 

DHHL Mauka Pastoral 
Tenants 

Pastoral agriculture / stock 
watering  

Along western 
ditch/penstock route at 
upper DHHL border 

=< 500,000 GPD – per WMA 
and within DHHL Water 
Reservation 

DHHL Pu‘u Opae Tenants Pastoral agriculture, diversified 
agriculture, stock watering, 
potential aquaculture and 
pastoral homesteading water 
supply 

Pumped supply point from 
Pu‘u Opae Powerhouse 

=< 1,000,000 GPD - per WMA 
and within DHHL Water 
Reservation 

Gravity supply point from 
Pu‘u Opae Reservoir 

=< 4,630,000 GPD - per WMA 
and within DHHL Water 
Reservation 

ADC Makai / Mana Plain 
Tenants and KAA 

Diversified Agriculture Gravity feed to filters and 
drip irrigation from Mana 
Reservoir 

=< 10,000,000 GPD as 
available to supplement 
existing Kekaha system for 
Mana Plain between Waiawa 
and Polihale 

Pumped feed to new ADC 
Kekaha Ditch pressurized 
main  

1 Water Use Numbers do not include the pass through renewable energy uses associated with the Proposed Action 
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Figure 11. Water Flow Diagram 
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PV Solar Array Operation 
The PV portion of the Proposed Action would be operated automatically, generating energy from the 

available sunlight and delivering it either directly to the utility grid, storing it in the battery system, or 

powering the Mānā Powerhouse which would pump and deliver water to the higher elevation Puʻu ‘Ōpae 

Reservoir.  

The operational goals for the PV Solar Array operation are: 

● Maximizing total PV generation 

● Storing energy via powering the pumped storage system for use during non-solar periods 

● Supporting grid reliability with support from the battery  

● Smoothing solar PV output via a battery energy storage system 

The PV generation would be maximized throughout the day with single axis tracking mounts for the panels 

which would follow the sun across its arc each day. The 35 MW alternating current (MWac) PV Solar Array 

would have a nameplate rating of 56 MWdc and a daily average production of 317 MWh. 

The generation output would be controlled remotely by KIUC so that the energy can be sent directly to 

the grid, used to charge the 70 MWh BESS, or used to power the pumped storage system in the Mānā 

Powerhouse. Hourly and daily decisions would be made by KIUC dispatch to allow the Proposed Action to 

best support overall grid operations and expected real time and nighttime demands. Energy that could be 

sent direct to grid would be prioritized since it is the most efficient use of the raw PV energy. Decisions 

regarding charging batteries and operating pumps would be made to maximize the amount of energy 

stored while maintaining response capability of adequate battery charge. The battery storage would be 

used to smooth PV output and provide firm power to the pumps or energy directly to the grid. The battery 

would also be able to provide rapid voltage and frequency support to the grid thereby enhancing KIUC’s 

system reliability. Figure 12 shows the PV output power, the power used by the pumps, and the battery 

state of charge throughout one typical day which was modeled. 

Figure 12. Typical Day of Solar Energy Production 
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Pumped Storage Operations 
The Mānā Powerhouse would operate in pumping mode during solar generation periods to pump water 

from Mānā Reservoir to Pu‘u ‘Ōpae Reservoir. During non-solar and evening peak load periods, the Mānā 

Powerhouse would operate in turbine mode and utilize the stored water from Pu‘u ‘Ōpae Reservoir to 

generate and deliver power to the KIUC grid.  

The operational goals for the pumped storage operation are: 

● Provide bulk energy storage via pumping water uphill using solar PV energy 

● Provide firm hydroelectric electric generation 

● Increase grid reliability 

Water used at the Mānā Powerhouse for the pumping phase would come from water stored in Mānā 

Reservoir. Water used at the Mānā Powerhouse for generation would come from water stored in Puʻu 

‘Ōpae Reservoir. As with the Puʻu ‘Ōpae Powerhouse, the Mānā Powerhouse would be fully automated 

and controlled remotely. 

With the assistance of the PV/BESS, the pumps at the Mānā Powerhouse would start and stop as required 

to match the PV output and pump the greatest amount of water possible. Depending upon the weather 

and solar irradiance, the pumps would move up to 50 MGD, with a forecast annual average of 41 MGD.  

Each evening, after the PV output ceased and the battery charge was depleted, the Mānā Powerhouse 

turbine would be dispatched to use the available water released from Pu‘u ‘Ōpae Reservoir for that night’s 

generation. The available water would consist of the combined water pumped from Mānā Reservoir plus 

waters delivered through the Pu‘u ‘Ōpae Powerhouse, minus any irrigation deliveries made to DHHL lands.  

The total flows used for generation would average between 41 MGD and 51 MGD depending upon 

weather patterns and the current state of irrigation demands on the lands served by the Proposed Action. 

Figure 13 shows the forecast average monthly turbine output from the Mānā Powerhouse. This output 

includes generation derived from both pumped waters and flows brought down from the Kōke‘e Ditch 

Irrigation System. The total generation is expected to decrease over the life of the Proposed Action due 

to gradually increasing irrigation demands at Pu‘u ‘Ōpae Reservoir as agricultural activities increase on 

DHHL lands. 

In the initial years, before full agriculture buildout, the annual generation at the Mānā Powerhouse is 

forecast to range from 65,600 MWh on a drier year to 75,100 MWh on a wet year, with an average of 

about 68,900 MWh. 

The daily pumped storage cycle between Mānā Reservoir and Puʻu ‘Ōpae Reservoir would typically 

continue unchanged during low precipitation periods since the pumped storage process is separated from 

streamflow fluctuations and instead is dependent upon recycling stored water and the use of available 

solar energy. 

In order to illustrate how the generation portions of the entire Proposed Action would operate, Figure 14 

shows the current oil-fired generation dispatch in comparison with the one-day forecast of typical daily 

operation of the Proposed Action. The black trace shows Average Oil Dispatch and the colored columns 

beneath show the output of each component of the Proposed Action and how they each offset oil 

generation during an average day of the modeling that used 1996 stream flow data.  
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Figure 13. Mānā Powerhouse Forecast Average Monthly Output 

 

 

Figure 14. Typical Daily Energy Production of the Proposed Action 
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Water Management and Discharge 
As discussed in Water Deliveries for Irrigation and Other Users, there would be water that needs to be 

safely managed during the wetter portions of the year. The operational goals for water management and 

discharge are: 

● Public safety and protection of the infrastructure 

● Environmental protection and erosion prevention 

● Water efficiency and minimizing waste 

Any of the following conditions could result in water being discharged from Mānā Reservoir: 

● Sustained high streamflow (>Q10) 

● Pu‘u Lua Reservoir filling to full or near-full capacity 

● Limited use from any of the six water delivery points along the flow line 

In these circumstances there would be variable volumes of discharge from Mānā Reservoir with the exact 

amount being dependent upon precipitation, the level of agricultural activity, and associated irrigation 

draws. However, the maximum theoretical daily discharge from the outlet at Mānā Reservoir into the 

Mānā storm drainage system would be 26 MGD, which is the hydraulic capacity of the ditch from Pu‘u Lua 

Reservoir.  

The total agricultural drain pumping capacity is approximately 125 MGD, or about 480% of the maximum 

daily discharge from the outlet at Mānā Reservoir. The drain pump capacity is not a practical limitation 

because the 40 miles of drain ditches and surrounding fields and soil form a significant buffer for short-

term flow events, and the pumps are a daily water level maintenance tool to keep brackish intrusion below 

root levels. In the event of a major flood, the pumps are run continuously until drain ditch levels rise to a 

point where breaching the sandbars at natural secondary outlets becomes possible, allowing flood level 

waters to drain from the Mānā Plain by gravity. 

Storm and Flood Water 
High precipitation and resulting flood water events are expected to occur less than 5% of the time, or less 

than 18 days per year. However, rapid and effective management of these events is critical to ensure safe 

operation of the Proposed Action and protection of the infrastructure. Flood events would be managed 

by a combination of passive and active measures. Over the past 90 years, the stream diversions have 

proven capable of passing flood level events over the spillway structures. The Proposed Action’s stream 

gages and diversion gate controls would provide an immediate response to flood level stream flow by 

closing the ditch inlet gates sufficiently to limit ditch flows to safe levels within the ditch’s design capacity.  

The Proposed Action involves reconstruction of all three of the earthen dams and reservoirs to current 

Hawai‘i State Dam Safety Standards. This reconstruction includes addition of properly designed passive 

spillways at each reservoir that are capable of safely passing the maximum inflow at each location. The 

Proposed Action’s SCADA system would constantly monitor stream flows, ditch flows, and reservoir levels, 

and would have an alarm to alert operators if flows or levels exceed preset parameters. 
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Wet Period Water Management 
During the wetter times of the year and in response to forecasts of incoming storm systems, Pu‘u Lua 

Reservoir and Pu‘u ‘Ōpae Reservoir would be operated at lower levels to allow additional capacity to be 

available for storing rainfall event runoff and stream flows. During prolonged periods of rain, the 

reservoirs would reach maximum capacity even with the Pu‘u ‘Ōpae Powerhouse operating at full output. 

Once this condition occurs, the diversion slide gates would be closed to limit ditch flow to 26 MGD until 

stream flows decrease and levels in Pu‘u Lua Reservoir can be controlled with releases.  

As stated in Water Deliveries for Irrigation and Other Users, the Proposed Action is capable of delivering 

all flows to consumptive users after generating power. However, there would be many times during the 

year when flows through the Proposed Action exceed irrigation demands. This issue is exacerbated by the 

reality that agricultural water demands are lower during rainy periods and highest during drought 

conditions. During these times any water used for store and release hydroelectric generation that is in 

excess of the consumptive uses along the footprint would be passively discharged over the spillway of 

Mānā Reservoir which is connected with the existing agricultural drain system on the Mānā Plain.   

2.2.5 Study Area and Project Footprint 
The study area for the Proposed Action totals 968 acres. The Proposed Action would encompass a total of 

622 acres during construction and 514 acres during operation. A breakdown of the estimated acreage 

requirements for each project component is shown in Table 5. Temporary and permanent disturbance 

areas for each facility are shown in Section 2.2.6,  Figure 15 through Figure 29.  

Table 5. Proposed Action Estimated Acreage Requirements by Facility 

Project Facility 
Construction Area 

(acres) 
Permanent Area 

(acres) 

Kōke‘e Ditch Irrigation System & 
Access Roads 

Maintenance only 24 

Waiakōali Diversion 1.16 0.19 

Kawaikōī Diversion 2.03 0.67 

Kaua‘ikinanā  Diversion 0.35 0.18 

Kōke‘e Diversion 2.37 0.09 

Pu‘u Lua Reservoir 44.29 19.31 

Pu‘u Moe Divide 0.32 0.13 

Upper Penstock 63.66 41.75 

Pu‘u ‘Ōpae Reservoir & Powerhouse 47.09 23.76 

Lower Penstock 30.13 15.93 

Pu‘u ‘Ōpae Access Road 7.76 7.76 

Mānā Reservoir & Powerhouse 47.07 30.62 

PV Solar Array 375 350 

TOTAL 622 514 

 

 

 



West Kaua‘i Energy Project  Proposed Action and Alternatives 

 

Draft Environmental Assessment 40 July 2021 
 

2.2.6 Construction Activities 
Construction activities would occur at all sites across the 622-acre footprint of the Proposed Action as 

detailed above in Table 5. The construction activities were designed, planned, and quantified as part of 

the 60% engineering effort that was done in 2018 and 2019. Specific BMPs and details needed to address 

potential environmental impacts and support the Environmental Assessment were included in the 60% 

design. These details include quantifying use of local materials for reservoir embankments and pipeline 

backfill, dewatering details for diversion and intake work, grading details for both temporary and 

permanent storm water management, and selection of laydown and stockpile areas. 

Figure 15 through Figure 29 show the planned activities at each of the sites as described below: 

Kōke‘e Ditch Irrigation System. Construction activities along the Kōke‘e Ditch Irrigation System would be 

limited to ordinary maintenance including vegetation control. New construction on the existing ditch and 

tunnel system is not part of the Proposed Action.  

Waiakōali Diversion. At Waiakōali Diversion the majority of the work would be outside the stream, and 

BMPs such as silt fences and sediment curtains would be used to isolate the work areas. 

● Clear and grub the existing left and right abutment access roads, resurface the right access road 

● Rehabilitate the left abutment and training wall 

● Surficial repair to the existing diversion spillway and right abutment 

● Install a new ditch intake gate and trash rack 

● Install new control and power enclosure 

Kawaikōī Diversion. At the Kawaikōī Diversion, the stream flow would be diverted during construction of 

the intake and diversion structure modifications. Temporary cofferdams consisting of sandbags with 

plastic liners would be utilized to provide dry working conditions and isolate the construction activities 

from the stream and adjacent areas. Dewatering and bypass pumps would be installed upstream of the 

cofferdams to both remove water from the work areas and to provide continuous water flow to Kawaikōī 

Stream. 

● Repair the existing access road 

● Rehabilitate the existing diversion with mortar and groutwork to eliminate the leakage 

● Construct a new concrete weir and IIFS release on the repaired diversion crest 

● Install a new ditch intake gate and actuator at the existing ditch head wall 

● Install new control and power enclosure 

● Install one new stream gage and relocate the ditch flow gage 

● Rehabilitate the existing ditch tunnel entrance gate and trash rack 

Kaua‘ikinanā  Diversion. At the Kaua‘ikinanā Diversion, temporary dewatering would occur during repairs 

to the ditch system wall. A temporary cofferdam consisting of sand bags with plastic liners would be 

located at the ditch inlet. Dewatering pumps would be located in a shallow trench in the ditch to provide 

dry conditions for repairs.  

● Install new control and power enclosure 

● Construct a new stream gage and install a new ditch flow gage 

● Rehabilitate the existing catwalk and left ditch inlet wall 

● Install new control and power enclosure 
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● Install a new ditch intake gate and actuator at the existing tunnel entrance 

Kōke‘e Diversion. At the Kōke‘e Diversion, the Kōke‘e Stream would need to be bypassed around the new 

concrete gauging weir during construction to provide continuous flow downstream. A sandbag cofferdam 

would be placed at the confluence of Kōke‘e Stream with the ditch inflows, and temporary bypass pumps 

would be used to provide water downstream. A temporary dewatering pump and trench would be 

installed to collect any leakage from Kōke‘e Stream or from the ditch during construction activities. Access 

to the site for construction and delivery of materials would be through an existing footpath or via 

helicopter. 

● Clear and grub the existing diversion access road 

● Clear and improve the existing access footpath 

● Remove the existing 24” ditchline pipe 

● Construct a new measurement weir and flow gage on Kōke‘e Stream 

● Install new control and power enclosure 

● Install a new intake gate, actuator and trashrack  

Pu‘u Lua Reservoir. The Pu‘u Lua Reservoir and dam would be rebuilt to maximize the available active 

storage volume and meet current Hawai‘i State Dam Safety Standards. The existing reservoir footprint 

would be expanded through excavation of an existing peninsula extending into the reservoir. The existing 

embankment would be reconstructed with a new spillway and a buttress added to downstream toe of the 

dam that includes a modern drain and monitoring system. The reservoir would be drained for the work to 

take place resulting in the loss of one trout fishing season. The bypass ditch would be repaired first to 

allow continued irrigation deliveries during construction. The Pu‘u Lua work would take place during the 

dry time of year to minimize difficulties with erosion control and soil handling and may be suspended from 

time to time after heavy precipitation events. Construction laydown and stockpile areas would be located 

in the existing parking areas to reduce temporary impact areas. The total area of disturbance is 44 acres. 

● Repair and improve the existing access road and parking area 

● Clear vegetation from the reservoir perimeter, the existing dam embankment, and the bypass 

ditch alignment  

● Rehabilitate the existing inlet gate structure 

● Repair the existing bypass ditch and return it to service to allow dewatering of the reservoir 

● Relocate the trout fingerling pens 

● Remove and replace the current dam embankment to current Hawai‘i State Dam Safety Standards 

● Reconstruct the intake, outlet gate, and outlet works  

● Install new control and power enclosure with new electrical lines to the ditch gage and utility 

power along the highway  

Pu‘u Moe Regulating Structure. The new Pu‘u Moe Regulating Structure would be constructed on the 

north side of the existing regulating structure, which would be retired in place after the new structure 

becomes operational.  The ditch flow would be bypassed around the new Pu‘u Moe intake to allow 

irrigation deliveries to continue during construction. The total area of disturbance is 1/3 of an acre. 

● Vegetation clearing at the site of the new structure 

● Construct new gated regulating structure 

● Install new control and power enclosure 
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Upper Penstock. The new Upper Penstock would be buried along an alignment that generally follows the 

existing ditch and Trail 1 road between Pu‘u Moe and Pu‘u ‘Ōpae. The construction would involve clearing 

a 60-foot-wide path of vegetation and excavating a narrow (4-foot) trench to accept the new welded steel 

pipeline. The construction would have multiple work sites proceeding simultaneously to decrease the 

overall timeline for pipeline construction. Culverts or other temporary measures would be used to allow 

continued functionality of the open irrigation ditch to DHHL lands until the new pipeline is placed into 

service. The completed area would be fully restored with grading and seeding with only access manholes 

and air vents being visible along the alignment. The total area of temporary disturbance is 64 acres. 

● Vegetation clearing along the 4.5-mile alignment 

● Trenching varying from 5 to 20 feet in depth backfilled with selected bedding and native soil 

● Installation of a 30-inch to 36-inch diameter welded steel pipeline 

● Construction of an irrigation delivery point and 10,000-gallon concrete storage tank at the DHHL 

mauka boundary 

● Restoration of the area with grading, seeding and erosion protection measures 

Pu‘u ‘Ōpae Reservoir and Powerhouse. Construction activities at Pu‘u ‘Ōpae Reservoir would involve 

reconstruction of the reservoir in the same location as the existing reservoir with a new powerhouse at 

the northeast corner. The west and east sides of the existing reservoir, which are in native soil, would be 

graded with more gradual slopes to meet Hawai‘i State Dam Safety Standards and support installation of 

a reservoir liner system. The north and south embankment sections would be reconstructed with similar 

slopes and a new spillway in compliance with the Hawai‘i State Dam Safety Standards. The majority of the 

dam work would utilize native soils excavated from and replaced on site. The reservoir footprint would 

be enlarged slightly by straightening the sides both to increase capacity from 88 to 100 MG and to 

facilitate the liner. The new powerhouse and Lower Penstock intake structure would involve concrete 

construction that would be completed in coordination with the dam work and site grading. Mechanical 

and electrical work, including the buried powerline to the Powerhouse would be completed after the site 

and grading work is largely complete. The entire work site is off stream and would be dewatered and dry 

throughout the construction period. Stockpile and construction laydown areas would be to the east and 

southeast of the reservoir, all contained within the 47-acre footprint of temporary disturbance, which 

would be graded and seeded to fully restore the areas. 

● Regrade and reconstruct current dam embankments to current Hawai‘i State Dam Safety 

Standards, which will include a new spillway and reservoir liner  

● Construct the new powerhouse, including mechanical and electrical equipment  

● Construct a new lower penstock intake structure within the reservoir and the first section of 

Lower Penstock and irrigation delivery pipe that is buried within the south western dam 

embankment 

Lower Penstock. The new Lower Penstock would be buried along an east to west alignment across existing 

agricultural fields on Niu Ridge, down a more gradual face of the bluff, under the Kekaha Ditch, and then 

north west to the new Mānā Powerhouse. The entire length of the pipeline would be buried. Conventional 

trenching would be employed, including down the bluff and under Kekaha ditch. The construction would 

involve clearing a 60-foot-wide path of vegetation and excavating a 6- to 8-foot-wide trench to accept the 

new welded steel pipeline. The construction would have multiple work sites proceeding simultaneously 

to decrease the overall timeline for pipeline construction. Culverts would be used to allow continued 
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functionality of the Kekaha Ditch as the new pipeline is placed across the ditch alignment. The completed 

area would be fully restored with grading and seeding with only access manholes and air vents being 

visible along the alignment. The total area of temporary disturbance is 30 acres. 

● Vegetation clearing along the 12,000 foot long alignment 

● Trenching varying from 8 to 20 feet in depth backfilled with selected bedding and native soil 

● Installation of a 54-inch to 72-inch diameter welded steel pipeline 

● Restoration of the disturbed areas with grading, seeding and erosion protection measures 

Mānā Reservoir and Powerhouse. Construction activities at Mānā Reservoir would involve reconstruction 

of the reservoir in the same location as the existing reservoir with a new powerhouse at the southeast 

corner. The east side of the existing reservoir, which are in native soil, would be graded with more gradual 

slopes to meet Hawai‘i State Dam Safety Standards and support installation of a reservoir liner system. 

The north and south and west embankment sections would be completely removed, and the material 

would be screened for reuse in the construction of new embankments which would expand the reservoir 

footprint, increasing the capacity from 44 MG to 80 MG. The majority of the dam work would utilize native 

soils excavated from and replaced on site. The new powerhouse would involve deep excavations required 

for pump submergence and higher volume concrete construction that would be done in coordination with 

the dam work and site grading. The deep excavations would likely employ sheet piling and dewatering 

pumps to manage water intrusion. Mechanical and electrical work, including the buried powerline to the 

powerhouse would be done after the site and grading work is largely complete. The off-stream reservoir 

is currently out of service and would be dewatered and dry throughout the construction period. Stockpile 

and construction laydown areas would be to the southeast of the reservoir, all contained within the 47-

acre footprint of temporary disturbance, which would be graded and seeded to fully restore the areas. 

● Remove old dam embankments and construct new dam embankments to current Hawai‘i State 

Dam Safety Standards  

● Construct the new powerhouse and pump house including mechanical and electrical equipment  

● Construct new spillway, low level outlet, buried discharge culvert and irrigation supply pipeline 

PV Solar Array and Substation. The PV Solar Array would be constructed on approximately 350 acres of 

agricultural lands to the west of the Mānā Reservoir. While this portion of Project construction involved 

over 50% of the total Project disturbance area, it is the simplest of all the construction activities since the 

land has already been cleared and graded in the past for agricultural purposes. The area of temporary 

disturbance would be 375 acres. The substation and laydown areas are contiguous with the Mānā 

Reservoir footprint and would be shared as needed. The PV and substation work would be done 

simultaneously with the Mānā Reservoir and Powerhouse construction. 
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Figure 15. Waiakōali Diversion Site Access Disturbance Area 
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Figure 16. Waiakōali Diversion Disturbance Area 
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Figure 17. Kawaikōī Diversion Disturbance Area 
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Figure 18. Kaua‘ikinanā Diversion Disturbance Area 
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Figure 19. Kōke‘e Diversion Site Access Disturbance Area 
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Figure 20. Kōke‘e Diversion Disturbance Area 
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Figure 21. Pu‘u Lua Reservoir Disturbance Area 
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Figure 22. Pu‘u Moe Regulating Structure Disturbance Area 
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Figure 23. Upper Penstock Disturbance Area (1 of 3) 
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Figure 24. Upper Penstock Disturbance Area (2 of 3) 
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Figure 25. Upper Penstock Disturbance Area (3 of 3) 
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Figure 26. Pu‘u ‘Ōpae Powerhouse and Reservoir Disturbance Area 
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Figure 27. Lower Penstock Disturbance Area 
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Figure 28. Mānā Reservoir and PV Solar Array Disturbance Area 
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Figure 29. Mānā Powerhouse and Reservoir Disturbance Area 

 



West Kaua‘i Energy Project  Proposed Action and Alternatives 

 

Draft Environmental Assessment 59 July 2021 
 

2.3 Alternatives Considered But Not Carried Forward For Further 

Analysis 
In determining the Proposed Action, multiple alternatives for major renewable energy projects with 

storage were conceived and investigated. Evaluation of these alternatives included a significant amount 

of stakeholder discussion, research, field work, and analysis to determine the most beneficial alternative 

with the lowest risk. 

2.3.1  Alternative Projects 
KIUC has been working steadily towards reducing its dependence on imported oil and shifting its 

generation portfolio to renewable resources since 2008.  

As potential projects are considered, they are constantly compared with other available project and 

technology alternatives based on cost, risk, and operational characteristics. Technologies have evolved 

rapidly over the last fifteen years in terms of availability, reliability, and pricing. Many different project 

types and technologies have been considered through both studies and research as well as Requests for 

Proposal (RFP) directed at developers and manufacturers of utility scale generation. 

Unfeasible Technologies 
Two common renewable energy technologies which have been successfully employed in Hawai‘i but are 

not feasible on Kaua‘i are geothermal and wind. 

Geothermal 
Geothermal energy has played a role in Hawai‘i’s firm energy supply for many years. It is a clean, mature, 
and often cost-effective technology which uses the thermal energy from volcanic activity to drive turbines 
and generate power. Geothermal power production requires groundwater temperatures of 225 to 662 
degrees Fahrenheit (°F), which are commonly understood to only be available on Hawai‘i island and 
possibly Maui. USGS drilled six groundwater monitoring wells near Līhuʻe in 1996 and discovered water 
temperatures between 75°F and 80°F, which is inadequate for geothermal power production1. 

Wind 
Wind energy has become a leading low-cost renewable power generation option in much of the world. 

With technology improvements, economies of scale and mass adoption the cost of wind power has been 

reduced to a very competitive level. The typical energy production patterns of wind power are different 

than solar and the steady trade winds in the Hawaiian Islands make it an attractive renewable technology. 

However, Federally listed endangered seabirds are present on Kaua‘i making the use of wind power 

infeasible at this point in time, and the cost of a wind project of similar size does not compare favorably 

to the Proposed Action. 

 

 

 
1 KIUC Renewable Energy Technology Assessments – Black & Veatch, March 2005 
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Feasible Technologies 
Two common renewable energy technologies which have been successfully employed in Hawai‘i and  

Kaua‘i are solar and hydroelectric. 

Solar and Solar-Plus-Storage 
Utility scale solar energy derived from PV panels has decreased in cost by a factor of five in the past 15 

years, from $0.40 to $0.49 in 2005 to under $0.10 on Kaua‘i in 2020.  This cost reduction has led to the 

rapid adoption of solar power by KIUC over the past several years, with six major PV projects totaling 77 

MW of installed capacity being added to KIUC’s grid. This sizable quantity of utility solar now comprises a 

large portion of KIUC’s energy supply. When combined with the impacts from 32 MW of customer-owned 

solar generation, the effects of the intermittent day-time-only solar generation become significant. To 

help counter this situation, KIUC’s last three solar projects incorporated battery storage of four to five 

hours duration allowing much of the solar output to be shifted to the evening and nighttime hours. Solar 

plus storage remains KIUC’s favored option for its low cost and more flexible siting. As solar generation 

quantities continue to increase on KIUC’s grid, issues surrounding production characteristics are amplified 

and the storage and dispatch aspects of a considered project become more critical. KIUC’s solar plus 

storage projects all use lithium ion battery technology with an average duration of four to five hours. The 

batteries provide rapid response but, because of their short duration, are only able to support the grid for 

four to five hours. For this reason, intermittent renewables such as solar now need to be paired with long-

duration bulk storage to maintain grid reliability through extended periods of rainy weather or generating 

unit breakdowns. While batteries could be over-built to provide long-duration bulk-storage, the cost of 

delievered energy would be more then the Proposed Action, and it would not provide the same level of 

grid support due to relying solely on inverters to deliver the energy (whereas the Proposed Action relies 

primarily on synchronous generators to deliver the energy to the grid).  

Hydroelectric 
Hydroelectric power is the oldest source of energy on Kaua‘i, and it is renewable. The wet climate and 

mountainous terrain of Kaua‘i are ideal for hydroelectric energy production. From 2009 to 2011, 

hydroelectric was the only utility-scale renewable in KIUC’s generation mix, with several legacy irrigation 

system hydropower facilities contributing approximately 10% of Kaua‘i's electricity. A new hydroelectric 

plant on Gay & Robinson lands plus improvements at other hydroelectric plants increased the annual 

hydroelectric contribution to 14% of the island’s needs by 2020. A new hydroelectric plant is typically 

more expensive than a new solar plant and takes many more years to develop due to the additional 

permitting requirements. However, hydroelectric power has a very low life-cycle cost because it lasts for 

many years beyond the repayment of the construction loan. It also has a very low carbon footprint due to 

less raw material and manufacturing and end-of-life disposition impacts.  In Hawai‘i and around the world, 

older hydroelectric plants are often the least expensive forms of generation available. The primary 

challenge with hydroelectric power is resource availability and siting concerns. While Kaua‘i has ideal 

conditions for hydroelectric energy, the island is small and other uses or environmental concerns limit the 

number of viable sites and greatly extend the timeframe required to permit and construct a hydroelectric 

facility. KIUC undertook investigations of hydroelectric potential in 2005. In 2010, KIUC conducted 

feasibility studies on multiple hydroelectric resource sites. The study work identified six technically and 

economically viable sites around the island. The Proposed Action’s Kōke‘e Ditch System-based project was 

selected as the most beneficial renewable energy project available to KIUC.  



West Kaua‘i Energy Project  Proposed Action and Alternatives 

 

Draft Environmental Assessment 61 July 2021 
 

Alternative Fuels 
Three common alternative fuels to generate power were reviewed for Kaua‘i: biofuels, biomass, and 

liquefied natural gas (LNG). Use of any of these would result in greenhouse gas (GHG) emissions, although 

production of certain biofuels and biomass could offset those GHG emissions. 

Biofuels 
In 2014 KIUC conducted an RFP for alternative fuels including green fuels such as biogas and biodiesel.  

Regionally produced biodiesel was the most compelling. However, the pricing was notably more expensive 

than KIUC’s naphtha and diesel sources, and the logistics required to meet KIUC’s fuel needs proved 

challenging. Additionally, market and production risks did little to reduce KIUC’s exposure to fuel cost 

volatility. Ultimately, switching to biofuels proved to be less attractive than continuing to use diesel and 

naphtha while seeking renewable energy projects such as solar and hydroelectric. 

Biomass 
Kaua‘i has one biomass power plant: the Green Energy Team facility located near Kōloa. It operates 

thousands of acres of tree plantations across the island, harvesting and chipping the trees for transport 

to the power plant, where the wood chips are burned in a boiler to generate steam which drives a turbine 

to generate electricity. Approximately 10% of Kaua‘i’s annual electricity is produced by the Green Energy 

Team facility.   

Historically, biomass-to-energy was the largest and most common form of renewable energy in Hawai‘i, 

with the sugar mill’s combustion of bagasse as a source of steam for both process heat and power 

generation. After the downturn of the Hawaiian sugar industry, both the agricultural source of biomass 

and the systems to utilize it went away. As a byproduct fuel, bagasse made sense for the sugar mills, but 

if power generation is the primary purpose, dedicated agricultural crops are typically an expensive fuel 

because they require substantial labor to grow and transport the fuel to the biomass power plant. The 

Green Energy Team facility is the highest cost source of renewable energy on the KIUC system.  

Liquefied Natural Gas (LNG) 

While not a renewable technology, LNG has long been acknowledged as a viable clean “bridge” fuel to 

help transition from dirtier fossil fuels to fully renewable options. In 2014 and 2015, KIUC conducted an 

in-depth investigation of the importation of LNG to Kaua‘i from continental North America. The envisioned 

solution also involved modification of existing thermal generating units and the replacement of some 

older units with high-efficiency gas-powered generators. While not a renewable resource, the fuel change 

would beneficially diversify fuel supply and decrease pollution. KIUC’s pursuit of the fuel change strategy 

was dropped after the State committed to 100% renewable energy by 2045.  
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2.3.2 Alternative Layouts 
Two alternative layouts were examined: Kitano and Hā‘ele‘ele Ridge.  

The Kōke‘e Ditch Irrigation System and the hydroelectric potential of the location are well known and 

have been investigated many times over the past decades by many entities ranging from independent 

developers, the BLNR2, the Hawai‘i Department of Economic Development3 (now known as the 

Department of Business, Economic Development & Tourism), U.S. Army Corps of Engineers (USACE)4, and 

the Bureau of Reclamation. The publicly available studies and literature created by these past 

investigations in combination with new research and analysis formed the basis for both the alternatives 

and the selection of the Proposed Action. 

KIUC’s examination was driven by different goals and parameters than the past work. Factors included 

the following: 

● The need for renewable energy generation diversity  

● The need for management and long duration storage of intermittent solar energy 

● Significant pricing pressure to equal “least-cost-alternatives” 

● The desire for a multipurpose project that served the community and the State in ways beyond 

energy generation  

● A development path that brought diverse stakeholders together in a mutually beneficial manner 

● The ability to utilize existing infrastructure as available 

Kitano Alternative Layout 
The Kitano Alternative Layout, as shown in Figure 30, is a two powerhouse layout that extends south from 

Pu‘u Moe Divide to Kitano Reservoir and then from Kitano down to Menehune. 

In 2010, the Kitano layout was the first west side project layout that was examined seriously and 

successfully made it through the selection criteria. The southerly pipe route from Pu‘u Lua to Waimea and 

use of Kitano as a middle reservoir is a layout that has been identified and studied by many previous 

resource assessments, most notably the U.S. Bureau of Reclamation in 2004. Ultimately the layout was 

not chosen because it was not well suited for pumped storage due to the lack of an existing lower reservoir 

and it did not provide as wide a range of benefits to various entities. Most significantly, it could not provide 

for DHHL water needs at Pu‘u ‘Ōpae. Details regarding the Kitano Alternative Layout are provided in Table 

6.  

Table 6. Kitano Alternative Layout 

Reservoirs 
(upper/middle/lower) 

Pipe Length 
(LF upper/LF lower) 

Head 
(upper drop/ lower 

drop) 
Landowners 

Pu‘u Lua / Kitano / none 26,700 ft / 23,500 ft 1,145 ft / 2,100 ft ADC, DLNR, Private 

 

 
2 “Puu Lua – Kokee Hydroelectric Project Feasibility Study” Hawaii Board of Land and Natural Resources, 1984 
3 “Economic Potential of The Proposed Kokee Project” State of Hawaii Department of Economic Development, 
1962 
4 “Hydroelectric Power Assessment – State of Hawaii – Section 905(b) WRDA 1986 Analysis Report”, 2011 
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Figure 30. Kitano Alternative Layout 
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Hā‘ele‘ele Ridge Alternative Layout 
In 2013, a layout utilizing a pipe alignment along Hā‘ele‘ele Ridge was identified as an alternative that had 

both technical advantages, such as steep pipe gradient, and the ability to incorporate pumped storage 

and on-site solar power. This configuration extended west from Pu‘u Lua Reservoir to Polihale as shown 

in Figure 31.  

The layout was promising enough to do geotechnical investigations, engineering, and cost analysis in 

2015. While technically and economically favorable, the layout was ultimately not chosen because of 

construction risk in the lower section of pipeline and the inability to directly serve DHHL lands with water 

used for generation. Details regarding the Hā‘ele‘ele Ridge Alternative Layout are provided in Table 7. 

Table 7. Hā‘ele‘ele Ridge Alternative Layout 

Reservoirs 
(upper/middle/lower) 

Pipe Length 
(LF upper/LF lower) 

Head 
(upper drop/lower 

drop) 
Landowners 

Pu‘u Lua / none / Polihale 
(new) 

25,000 / none 3,230 ft / none ADC, DLNR 
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Figure 31. Haeleele Alternative Layout 
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2.3.3 Closed Loop Pumped Storage 
A variation of the Proposed Action that was a closed loop pumped storage project was considered as a 

third alternative. The closed loop variation did not include portions of Proposed Action above Pu‘u ‘Ōpae 

Reservoir so there was no use of the Kōke‘e Ditch System or Pu‘u Lua Reservoir, no irrigation delivery, and 

no store-and-release hydroelectric power generation. This alternative would be pumped storage only 

utilizing Mānā and Pu‘u ‘Ōpae Reservoirs, with the same Lower Penstock alignment and Mānā 

Powerhouse and solar array location as the Proposed Action. Water use would be limited to moving the 

same volume of water back and forth each day for energy storage, hence the title "closed loop", and 

would depend on either the Kekaha Ditch System or new wells for make up water due to evaporation 

losses. This pumped storage only alternative is technically feasible but was not selected for the following 

reasons: 

• Economics: The pumped storage only alternative is more expensive on a per/kWh basis without 

the additional generation from the store-and-release hydroelectric portion. 

• Limited DHHL Benefits: The alternative would use DHHL land and Pu‘u ‘Ōpae Reservoir, but would 

not provide the delivery of DHHL's water reservation or associated infrastructure improvements, 

would not involve the same level of road improvements, would not deliver electricity to Pu‘u 

‘Ōpae Reservoir, and would not be in alignment with DHHL’s land planning and future uses at Pu‘u 

‘Ōpae. 

• Limited Community and Agricultural Benefits: The closed loop system alternative would not 

provide benefits to multiple stakeholders including repairs and maintenance of the Kōke‘e Ditch 

Irrigation System or rehabilitation and maintenance of Pu‘u Lua Reservoir. These structures would 

remain the responsibility of ADC and DLNR respectively as would any improvements or 

rehabilitation necessary to continue operations. 

• Reduced Storage. The elimination of Kōke‘e Ditch Irrigation System water and Pu‘u Lua Reservoir 

capacity removes up to 1,000 MWh of bulk storage from the Project. This bulk storage is a critical 

component as KIUC moves towards 100% renewable generation. 

• Dispatch. The store-and-release hydroelectric facility at Pu‘u ‘Ōpae is fully dispatchable, which is 

compatible with KIUC’s existing solar generation. No other hydroelectric facility on Kaua‘i has the 

ability to do time-of-day dispatch. 

• Make Up Water. A "closed loop" system still loses water to evaporation and needs a source of 

water. Large volumes would not be needed but the development of another water source 

introduced additional development costs and concerns. 

2.4 Project Schedule 
It is expected that the HRS Chapter 343 process will be complete by the end of 2021. Upon completion of 

the HRS Chapter 343 process, permits would be obtained, as documented in Section 2.5. Construction of 

the Proposed Action is expected to begin upon completion of all necessary and required permits and 

approvals, which is estimated to be in 2022 or the first quarter of 2023 and be completed by 2024 or mid-

2025.  
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2.5 Permits and Approvals That May Be Required for the Proposed 

Action 
In addition to the environmental disclosure requirements of HRS Chapter 343 and the National 

Environmental Policy Act (NEPA), implementation of the Proposed Action would require coordination with 

federal, state, and county agencies for permits or approvals. The permits and approvals presented in Table 

8 may be required for the Proposed Action. Permit requirements will be determined through continued 

agency coordination during the HRS Chapter 343 and NEPA processes.  

Table 8. Permits and Approvals That May Be Required for the Proposed Action 

Permit or Approval Description Regulation(s) 
Administrative 

Authority 

Lease for Water Use Long-term (65-year) lease to divert 

water from the Waiakōali, 

Kawaikōī, Kaua‘ikinanā , and Kōke‘e 

Stream diversions on the Kōke‘e 

Ditch Irrigation System. 

● HRS Section 171-58 

● Act 216 (amendment to 

HRS Section 171-58) 

BLNR 

Special Use Permit Special Use Permit required to 

allow for the use of land within the 

State Agricultural District for the 

solar field.  

● HRS Section 15-15 Land Use 

Commission (LUC) 

National Pollutant 

Discharge Elimination 

System (NPDES) 

Permit 

NPDES Individual Permit required 

for stormwater discharge 

associated with construction 

activities.  

● Clean Water Act, Section 

401 

● HAR Section 11-55 

Department of 

Health (DOH)-

Clean Water 

Branch (CWB) 

NPDES, Dewatering 

Permit 

NPDES Individual Permit required 

for discharges associated with 

construction activity dewatering. 

● HAR Section 11-55 DOH-CWB 

Community Noise 

Permit/Community 

Noise Variance 

Required for construction projects 

exceeding 78 decibels (dBA) or has 

a total cost of more than $250,000. 

● HRS Chapter 342F 

● HAR Title 11, Chapter 46 

DOH-Indoor and 

Radiological 

Health Branch 

Conservation District 

Use Permit 

Required for projects located 

within the Conservation District 

● HRS Chapter 183C 

● HAR Title 13, Chapter 5 

Department of 

Land and Natural 

Resources 

(DLNR), Office of 

Conservation and 

Coastal Lands 

Historic Preservation 

Review 

Required for projects that may 

affect historic property or a burial 

site. 

Required for projects that require a 

federal permit.  

● HRS Chapter 6E 

● Section 106, National 

Historic Preservation Act 

DLNR, State 

Historic 

Preservation 

Division (SHPD) 

Section 404 Individual 

Permit 

Required for any project that will 

discharge dredged or fill material 

into waters of the United States. 

● Clean Water Act, Section 

404 

U.S. Army Corps 

of Engineers  
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Permit or Approval Description Regulation(s) Administrative 

Authority 

Section 401 Water 

Quality Certification 

Required for all projects that 

require a federal permit or may 

result in discharge into State 

waters.  

● Clean Water Act, Section 

401 

● Hawai‛i Administrative 

Rules, Section 11-54 

DOH-CWB 

Endangered Species 

Review 

Required for projects that require a 

federal permit. 

● Section 7, Endangered 

Species Act 

U.S. Fish and 

Wildlife Service 

Stream Channel 

Alteration Permit 

Required for any project that would 

alter a stream channel 

● HAR Title 13, Chapter 169 DLNR, 

Commission on 

Water Resource 

Management 

(CWRM) 

Stream Diversion 

Works Permit 

Required for the construction of a 

new stream diversion structure or 

alteration of an existing structure 

require an SDWP. 

● HAR Title 13, Chapter 168 DLNR-CWRM 

Dam Safety Permit Required for the construction, 

enlargement, repair or alteration of 

dams, Applies to Pu‘u Lua, Pu‘u 

Opa and Mānā Reservoirs 

● HAR 179D 

● Title 13, Sub-title 7 

Chapter 190.1 

DLNR Engineering 

Division 

Certificate of Approval 

to Impound 

Required for the impoundment of 

water at a dam or reservoir. Applies 

to Pu‘u Lua, Pu‘u ‘Ōpae and Mānā 

Reservoirs 

● HAR Title 13, Chapter 

190.1 

DLNR, 

Engineering 

Division 

Use Permit/Zoning 

Permit 

Required for projects that are not a 

designated “permitted” use as per 

the County Zoning Ordinance. 

● County of Kaua‘i 

Ordinance No. 935 

County of Kaua‘i 

Department of 

Planning 

Grading, Grubbing, 

and Stockpiling Permit 

Required for all projects proposing 

to grade, grub, and/or stockpile in 

the County of Kaua‘i.  

● County of Kaua‘i 

Ordinance No. 808 

County of Kaua‘i 

Department of 

Public Works, 

Engineering 

Division 

Building Permit Required for construction, 

alteration, movement, 

enlargement, replacement, repair, 

equipment, use and occupancy, 

location, maintenance, removal, 

and demolition of every building or 

structure or any appurtenances 

connected or attached to such 

buildings or structures within the 

County inland of the shoreline in 

the County of Kaua‘i.  

● County of Kaua‘i 

Ordinance No. 929 

County of Kaua‘i 

Department of 

Public Works, 

Building Division 
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2.6 Anticipated Findings and Determination 
Based on the significance criteria set forth in HAR 11-200.1 and discussed in Section 5.1, it is anticipated 

that the Proposed Action would not have a significant adverse impact on the environment. No long-term 

significant impacts to any resource are anticipated with implementation of the Proposed Action. The 

primary impacts identified would be during the construction phase which would be short-term, temporary 

and minimized to the extent practicable through the implementation of BMPs and other minimization and 

avoidance measures. The Proposed Action would have long-term beneficial effects, some of which include 

the following:  

• The generation of renewable energy that would avoid the need to import, store, transport, and 

consume 8.5 million gallons of fossil fuel each year, which would further help to achieve the State 

of Hawai‘i’s goal of 100% renewable energy by 2045 and mitigate the impacts of climate change 

• Furthering the purposes of the HHCA 

• The rehabilitation of former plantation irrigation ditches and reservoirs improving public safety 

and increasing the value of State-owned assets 

• Providing water and infrastructure to thousands of acres of agricultural land, including Hawaiian 

Home Lands, which will in turn stimulate the economy and enhance food security 

• Enabling first responders to have water resources for fire suppression in areas where they are not 

currently available 

• Increasing recreational access at Pu‘u Lua Reservoir.  

Therefore, it is anticipated that a Finding of No Significant Impact (FONSI) would be filed with the State of 

Hawai‘i Office of Environmental Quality Control following the public comment period. 
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3 Affected Environment, Potential Impacts, and 

Avoidance and Minimization Measures 
3.1 Water Resources 

3.1.1 Affected Environment – Water Resources 

Groundwater Resources 
As shown in Figure 32, the Proposed Action is located within the Waimea and Kekaha aquifer systems of 

the Waimea hydrologic unit. 

The Waimea aquifer system has a sustainable yield of 37 MGD (CWRM, 2008). The Waimea aquifer system 

consists solely of the Waimea River drainage above the confluence with the Makaweli River. Average 

annual rainfall in the Waimea aquifer system area is 95 inches. Groundwater discharges into the many 

streams and the Waimea River, which are diverted at several locations into ditches and tunnels for 

transport to agricultural fields. 

The Kekaha aquifer system has a sustainable yield of 10 MGD (CWRM, 2008). Having an annual average 

rainfall of 33 inches, the Kekaha aquifer is the driest aquifer system on Kaua‘i. Surface drainage includes 

small, non-perennial streams that flow onto the Mānā Plain. This is an artesian aquifer that has been 

developed as a source of irrigation supply. Potable water is obtained from wells near Kekaha and Waimea 

at the inland edge of the Mānā Plain (Mink and Lau, 1992).  

Surface Waters 
The Proposed Action is located within the Waimea River basin which is located on the west side of the 

Island of Kaua‘i, Hawaii. The river is 12.1 miles in length, one of the longest rivers in the Hawaiian Islands, 

and drains an area of approximately 85 square miles, which is almost 15% of the island. Originating on the 

leeward side of the mountains in the Alaka‘i Swamp, the highest area in the watershed is 5,240 feet 

elevation. Mean annual precipitation in the watershed is 96.9 inches, ranging from over 240 inches at the 

top of the watershed to less than 25 inches near the river mouth (Hydrology NW, 2016). 

As shown in Figure 33, there are many perennial and ephemeral streams within the project area, and 

within the Ka‘awaloa and Waimea River watersheds. The Waimea River watershed is 55,014.74 acres and 

land use is predominantly conservation. The Ka‘awaloa watershed is 4,231.84 acres and land use in the 

watershed is predominantly scrub/shrub with the lower portions being predominantly agricultural use 

(Parham et.al, 2008; CRAMP, 2008).  

There are 38 streams, both ephemeral and perennial, within the Waimea River watershed (Parham et al., 

2008), many of which originate from the Alaka‘i Swamp. The main stem of the Waimea River is a little 

over 11 miles long, starts at the confluence of the Waiahulu and Koai‘e Streams, and intersects with the 

Makaweli River approximately 6,000 feet upstream of where the mouth of the Waimea River discharges 

into the ocean. An overview map of the Waimea River watershed with stream locations, the Proposed 

Action project features, and the existing Kōke‘e and Kekaka ditch systems are shown in Figure 34. 
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Figure 32. Groundwater Resources 
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Figure 33. Surface Waters  
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Figure 34. Waimea River Watershed 
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There are multiple man-made ditch systems within the Waimea River watershed: the Kōke‘e Ditch 

Irrigation System, which would be utilitzed by the Proposed Action; the Kekaha Ditch Irrigation System; 

the Olokele Ditch; and the Menehune Ditch. The ditch systems were constructed during the plantation 

era in the early 1900’s primarily for irrigation purposes, but also hydroelectric facilities were constructed 

on both the Kekaha Ditch Irrigation System and the Olokele Ditch. The Kekaha, Olokele, and Menehune 

ditches are not part of the Proposed Action. The Olokele Ditch is located in the eastern portion of the 

Waimea River watershed on the Olokele River, which is a tributary to the Makaweli River that joins the 

Waimea River approximately 6,000 feet upstream of where the Waimea River drains into the ocean. The 

Olokele Ditch is not related to or impacted by the Proposed Action, and is not discussed further in this 

document. The Menehune Ditch is located in the low elevation of the Waimea River valley, and is currently 

supplied through the Kekaha Ditch Irrigation System. The Proposed Action would provide a back-up source 

of water for the Menehune Ditch if the Kekaha Ditch Irrigation System was not operational due to repairs 

or maintenance. 

The Kōke‘e and Kekaha Ditch Irrigation Systems are both located on tributaries to the mainstem Waimea 

River several miles upsteam of the confluence of the Makaweli River. The Kōke‘e Ditch Irrigation System 

is located within the upper reaches of the watershed and the four primary contributing streams are, from 

east to west, Waiakōali, Kawaikōī, Kaua‘ikinanā, and Kōke‘e. The diversions on these four streams are 

located between 3,424 and 3,353 feet elevation. Waiakōali, Kawaikōī, and Kaua‘ikinanā Streams originate 

from the northwestern portions of the Alaka‘i Swamp, and merge downstream of the diversion sites with 

Mōhihi Stream to form Po‘omau Stream. Mōhihi Stream is not diverted into the Kōke‘e Ditch Irrigation 

System. Kōke‘e Stream is solely sourced by precipitation runoff and joins Halemanu Stream to form 

Waiahulu Stream. Po‘omau Stream merges with Waiahulu Stream approximately one mile upstream of 

the confluence of Waihulu and Koai‘e Streams. 

The primary diversions on the Kekaha Irrigation Ditch System are located on Waiahulu Stream and Koai‘e 

Streams at approximately 780 feet elevation just before their confluence, and on the main stem Waimea 

River at approximately 550 feet elevation. Koai‘e Stream originates from the southeastern, wetter portion 

of the Alaka‘i Swamp (Element Environmental LLC, 2016) and has some contributing tributaries sourced 

by precipitation run off.  

Other tributaries to the Waimea River downstream of the Waiahulu and Koai‘e Streams include Wai‘alae 

and Mokihana Streams, neither of which are diverted. Additionally, there are a number of points of 

groundwater contributions to the Waimea River and its tributaries with a combined estimated volume of 

around 20 MGD. Estimates of groundwater contributions indicate that the largest groundwater input is 

from Waiahulu Stream after the conflucence with Po‘omau Stream and is thought to be surfacing in 

Po‘omau Stream since above the confluence Waiahulu is ephemeral (Element Environmental LLC, 2016). 

USGS has recently installed a gage on the section of Waiahulu below the confluence with Po‘omau in an 

effort to measure groundwater contributions on this section of stream. Other sources of groundwater 

contributions come from Koai‘e and Wai‘alae Streams and to a lesser degree on the section of the Waimea 

River between the diversions on Waiahulu and Koai‘e Streams and the Waimea Mauka Powerhouse 

(Element Environmental LLC, 2016). 
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Other surface waters in the Project vicinity include the three reservoirs also shown on Figure 34: Pu‘u Lua, 

Pu‘u ‘Ōpae Reservoir, and Mānā Reservoir. Kitano Reservoir is also shown but is no longer operational. 

As mentioned above, the four primary contributing streams to the Kōke‘e Ditch Irrigation System are, 

from east to west, Waiakōali, Kawaikōī, Kaua‘ikinanā, and Kōke‘e. Extensive hydrology analysis was 

performed on the available historic USGS streamflow data for these four streams as well as the larger 

Waimea River basin (see Appendix C). To understand the expected volumes of water at each of the four 

diversion sites, hydrology work was done to extend and expand the USGS records for the four subject 

streams. Hydrology and detailed modeling were performed for the four diversion sites for nine water 

years, which included three dry, three wet, and three average water abundance years within a period 

between 1991 and 2013. Because of the incomplete USGS records at the four diversion sites during 

concurrent time periods, this analysis used various techniques to provide concurrent multiple year flow 

data for each of the four diversions sites. Figure 35 shows the summarized results of that analysis, a flow 

duration curve for the combined streamflow for the nine-year period. 

Figure 35. Flow Exceedance for Primary Kōke‘e Ditch Contributing Streams 

 

 

Water quality sampling was conducted as part of the stream habitat assessment, included as Appendix E. 

Water quality variables sampled included water temperature (°C), dissolved oxygen (% saturation), and 

turbidity. Water quality measurements are “point-in-time” measurements that vary with weather 

conditions but still provide an indication of the water suitability for stream animals under the observed 

conditions. Results of the water quality sampling are provided in Table 9. 
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Table 9. Water Quality Sampling Results 

Sampling Area Date Sampled 
Temperature 

(°C) 
Dissolved 
Oxygen 

Turbidity 

Waiakōali Stream 

Above Diversion 2/10/2018 13.57 8.55 0.18 

Below Diversion 2/10/2018 14.41 3.23 5.82 

Road Crossing 75 M D.S. 2/10/2018 13.87 7.22 1.11 

Observations 

The water in this segment showed a tannic tint as it flowed from the 
Alaka‘i swamp. Water quality was good above the diversion but had 
low dissolved oxygen and higher turbidity immediately below the 
diversion. 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. 

Kawaikōī Stream 

Above Diversion 2/9/2018 14.80 8.89 0.41 

Below Diversion 2/9/2018 14.97 8.92 0.67 

Road Crossing 2/9/2018 15.93 7.62 0.32 

Below Road Crossing 2/9/2018 14.99 8.81 0.84 

Observations 
Water quality readings were generally good throughout the survey 
segment and the water was stained dark with tannic acid from the 
Alaka‘i Swamp. 

Kaua‘ikinanā Stream 

Below Diversion 2/12/2018 15.17 8.91 0.57 

Kaua‘ikinanā Stream Above Diversion 
Downstream of Confluence with Ditch 

2/12/2018 15.23 8.89 0.58 

Kaua‘ikinanā Stream Above Confluence 
with Ditch 

2/12/2018 15.06 8.88 0.07 

Observations 
Water quality was good throughout all sections with high dissolved 
oxygen and low turbidity. The water in Kauaikinana Stream was 
clear. 

Kōke‘e Stream 

Kōke‘e Stream Down 2/10/2018 14.09 9.05 3.28 

Kōke‘e Stream Up 2/10/2018 14.53 8.56 2.09 

Kōke‘e Ditch Inflow 2/10/2018 13.92 9.09 2.54 

Observations 
Water quality was good throughout the sample area with low 
turbidity and high dissolved oxygen 

Other Points Downstream in Waimea Canyon 

Waiahulu Stream 6/15/2018 21.78 9.10 1.04 

Po‘omau Stream 6/15/2018 22.55 8.82 0.63 

Waimea River 6/15/2018 22.94 8.49 2.33 

 

The tributary streams that the Proposed Action’s diversions are located on are not included in the 305 (b) 

Assessment of State Waters List. However, the mainstem of the Waimea River is on the 305(b) Assessment 

list. The sampling location on the mainstem Waimea is identified as not in attainment (i.e. does not meet 

water quality goals) for total phosphorus and turbidity in the dry season. Some identified uses have been 

obtained, but at least one use is obtained. However, the Department of Health (DOH) Clean Water Branch 

(CWB) has determined that the Waimea River is a low priority for initiating total maximum daily load 
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(TMDL) development (i.e., a plan for restoring impaired waters) within the current monitoring and 

assessment cycle (DOH-CWB, 2018).  

3.1.2 Potential Impacts – Water Resources 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(1), HAR Chapter 11-200.1-13(5), 

HAR Chapter 11-200.1-13(7), and HAR Chapter 11-200/1-13(10), the Proposed Action would result in a 

significant impact to water resources if the Proposed Action would irrevocably commit a natural resource,  

have a substantial adverse effect on public health, involve a substantial degradation of environmental 

quality, or have a substantial adverse effect on water quality. Therefore, a significant impact would occur 

if the Proposed Action affected water resources so that their quality was degraded to the point that they 

were no longer fit for their designed use and/or the chemical composition exceeded applicable regulatory 

water standards.  

Construction 
The planned areas of construction and activities within each area that are either within or adjacent to 

water bodies. These areas and the specific activities are described and shown in Figure 15 through Figure 

29 in Section 2.2.6 above. There is a mixture of repairs, rehabilitation and new construction in each area 

and many of these activities could potentially impact surface water resources. Sound construction 

planning and execution coupled with extensive use of BMPs will ensure that these potential impacts are 

either eliminated or minimized greatly. 

Construction of the Proposed Action may produce sediment from soil erosion during and after excavation 

and construction at the construction areas, which may impact water quality (e.g., turbidity) at the 

construction site as well as adjacent watercourses.  

The Proposed Action’s planned construction at the diversion sites is the only work that would occur in 

natural watercourses and potentially directly impact surface water quality. Cofferdams would be used to 

dewater and isolate the work areas below the ordinary high water mark. 

The reconstruction of Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā Reservoirs would involve a large quantity of earth 

moving, as would the trenching associated with the burial of the Upper and Lower Penstocks. These major 

construction sites are all off-stream and can be easily isolated and contained using BMPs to prevent storm 

run-off from entering natural waterways and impacting water quality. 

Contaminants associated with equipment during construction could impact surface water and 

groundwater. These impacts to water resources during construction would be short-term and temporary; 

therefore, construction impacts would be less than significant.  

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur and the proposed rehabilitation of existing irrigation infrastructure and long term maintenance of 

those structures would not be funded by the Project. Pu‘u Lua Reservoir would remain under 

management of DLNR, Pu‘u ‘Ōpae Reservoir would remain under the management of DHHL, and Mānā 

Reservoir would remain under management of ADC. The necessary rehabilitation work to bring the 

reservoirs into compliance with Hawai‘i Dam Safety Standards or decommissioning of the reservoirs would 

fall to the State.  
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Under the No-Action Alternative, KIUC’s Kōke‘e Diversion Modification Project would be completed as a 

separate and independent project, which would involve modifications to the four Kōke‘e diversions for 

implementation of the Phase One IIFS as outlined in the Waimea Mediation Agreement. However, the 

Kōke‘e Ditch Irrigation System would remain under management of ADC as would the long-term 

maintenance and compliance with the Phase One IIFS. This could result in the continuance of reduced 

operations and limited maintenance increasing the likelihood of erosion-related water quality impacts in 

the Kōke‘e Ditch Irrigation System. It could also result in closure of the Kōke‘e Ditch Irrigation System, 

which would leave DHHL’s Pu‘u ‘Ōpae lands without a water resource. Road improvements would fall to 

the State, which may result in increased possibilities for storm water-related erosion of the unimproved 

access roads. 

Operation 
The baseline for assessing potential impacts on water resources takes into account that the Kōke‘e Ditch 

Irrigation System is an existing diversion system that has been in place and operational since the early 

1900’s. This EA is not intended to address pre-diversion status and condition of the associated streams 

and the Waimea River watershed. A number of changes have occurred in the watershed over the last 

century, including, but not limited to, the construction of the irrigation and existing hydroelectric systems, 

the introduction of invasive plant and animal species, and increased human traffic and usage in areas 

made accessible by new and improved roads. For the purposes of this EA, the analysis of potential impacts 

is based on the current condition and uses within the Waimea River watershed and the surrounding 

environment. 

The Proposed Action would initiate the Phase Two IIFS as outlined in the Waimea Mediation Agreement, 

and involve diversion of water from streams in the upper reaches of the Waimea River watershed for 

DHHL’s water reservation, hydroelectric generation, and other irrigation and consumptive uses in the 

Project area. These diversions would reduce the amount of water left in the stream downstream of each 

diversion and on the Waimea River. However, the Proposed Action would ensure that the Phase Two IIFS  

requirements would remain in the natural stream channels through the use of automated intakes at each 

of the diversion locations. The automation of the system would provide real time flow adjustments and 

compliance with the Phase Two IIFS set by CWRM.  

Impacts to downstream water uses in the Waimea River watershed are not expected as a result of the 

Proposed Action. The Phase Two IIFS for both the Kōke‘e and Kekaha Ditch Irrigation Systems were 

established with the understanding and agreement that both the Proposed Action and the Kekaha 

Irrigation Ditch Operations would continue simultaneously. In addition to the Phase Two IIFS, 

groundwater contributions on the Waiahulu Stream downstream of the four the Kōke‘e Ditch Irrigation 

System diversions would increase natural stream flows available for habitat and aquatic life as well as the 

off-stream uses lower in the watershed. A stream habitat assessment was conducted between February 

and June 2018 and specifically focused in the upper reaches of the Waimea River, its major tributaries and 

the four diverted streams associated with the Proposed Action. The analysis and results of this assessment 

is further dicussed in Section 3.3. The full report is provided in Appendix E. 

The addition of flow measurement points and recording devices to the diverted stream above each intake 

and at key points along the ditch would support efficient and compliant use of the water resources as well 

as provide data collection of natural stream flows on all four streams. Operational compliance with the 
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Phase Two IIFS set by CWRM over the life of the Proposed Action would be a benefit to all users of water 

on the system. 

Repairs and maintenance of the entire length of the Kōke‘e Ditch Irrigation System between the diversions 

and the Pu‘u Moe Divide would be funded and completed by the Applicant as part of the Proposed Action 

to improve water delivery efficiency and infrastructure longevity. The cost of irrigation infrastructure and 

water delivery would be funded by the Applicant at no cost to farmers or the State. 

The Proposed Action would connect the Kōke‘e Ditch Irrigation System to the Mānā Plain, and through 

Project related infrastructure could provide the primary source of water for irrigation to the agricultural 

fields on Mānā Plain now served by the Kekaha Ditch System. The 60% design for the Proposed Action 

includes two separate physical locations where the Project would tie directly into the existing and future 

planned irrigation infrastructure on Mānā Plain. This would allow reduced diversions in the lower reaches 

of the Waimea River where native species are prevalent. 

The reservoir rehabilitation would be funded and completed by the Applicant as part of the Proposed 

Action and would include increasing storage capacity from the current 50 to 60 MG at Pu‘u Lua to 

approximately 200 MG, 88 MG to 100 MG at the Pu‘u ‘Ōpae Reservoir, and from 44 MG to 80 MG for the 

Mānā Reservoir. These increases would improve irrigation and power production water availability by 

allowing high streamflow events to be stored for use during drier periods, thereby providing agriculture 

and energy benefits while minimizing impacts to water resources. They would also enhance the fishing 

and recreational resources at Pu‘u Lua.  

Loss of water due to saturation or other losses that may occur during delivery and storage prior to 

beneficial use is a potential impact to surface water quantity. In general, there is very little loss of water 

that can be observed within the Kōke‘e Ditch System (Element Environmental, 2016). 

The pumped storage operation regime involves moving water back and forth between the off-stream Pu‘u 

‘Ōpae and Mānā Reservoirs. This recycling of water may cause the stored water to increase in temperature 

during sunny periods when there is limited flow through the Kōke‘e Ditch Irrigation System. This change 

in temperature profile may be different than past irrigation-only storage operations. At Pu‘u Lua 

Reservoir, the increase in depth and storage volume would most likely result in lower overall water 

temperatures and, combined with the increase in water flow, would likely increase dissolved oxygen levels 

within and down ditch of Pu‘u Lua Reservoir.  

Operation of the proposed Pu‘u ‘Ōpae Powerhouse and Mānā Powerhouse would not cause water 

pollution as no foreign objects or chemicals would be introduced to the water during its passage through 

the penstocks, pumps, or turbines. Additionally, there is no heat removal or addition to the water as it 

passes through the powerhouses. The Applicant has no plans to make any changes or have any operation 

activities that would create a potential for temperature, chemical, or foreign object introduction into the 

natural stream channels and are committed to maintaining that policy for the duration of operation of 

the Proposed Action. There would be no impact to water quality of surface waters from the operation of 

the Proposed Action.  

Operation of the PV Solar Array would have no impact on water resources.  
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Under the No-Action Alternative, the Phase One IIFS would remain in effect. KIUC’s Kōke‘e Diversion 

Modification Project would be completed as a separate and independent project, which would involve 

modifications to the four Kōke‘e Ditch Irrigation System diversions for implementation of the Phase One 

IIFS as outlined in the Waimea Mediation Agreement. The existing Kōke‘e Ditch Irrigation System would 

remain under management of ADC, as would longterm maintenance and compliance with the Phase One 

IIFS, which could result in the continuance of reduced operations or closure of the system. Any repairs 

and rehabilitation of the system would fall to the State, as would the cost of delivery of irrigation water 

to users of the system. Irrigation on the Mānā Plain would remain solely reliant on the Kekaha Ditch 

System. Closure of the Kōke‘e Ditch Irrigation System would leave DHHL’s lands without a water resource. 

Under the No-Action Alternative, Pu‘u Lua Reservoir would remain under management of DLNR. In order 

to continue operations, rehabilitation work would be required to meet current Hawai‘i State Dam Safety 

Standards. DLNR would either have to fund the rehabilitation work or breach the dam and decommission 

the reservoir. Pu‘u ‘Ōpae would remain under management of DHHL and Mānā Reservoir would remain 

under management of ADC. Neither reservoir could be brought into active use without the necessary 

repairs and upgrades to meet Hawai‘i State Dam Safety requirements. Alternatively, all three reservoirs 

could be decommissioned, which would also be a significant cost to the State. Decommissioning would 

have an impact on reliable water delivery to recreational and agricultural users, the trout fishing program, 

and the potential of renewable hydroelectric energy in the region.  

3.1.3 Avoidance and Minimization Measures – Water Resources 
The majority of the Proposed Action’s construction activities would happen well away from surface water 

resources, along the ditch system footprint to the west of Waimea Canyon. The Applicant would obtain 

all required permits and comply with permit conditions to minimize impacts to water resources. Permits 

would include: 

● NPDES Individual Permit from the Clean Water Branch of the DOH for stormwater discharge 

associated with construction activities  

● NPDES Dewatering Permit from the Clean Water Branch of the DOH for discharges associated with 

construction activity dewatering 

● Section 401, Water Quality Certification from the Clean Water Branch of the DOH 

● Section 404, Clean Water Act permit from the USACE 

● Stream Channel Alteration Permit from DOH-CWRM 

● Stream Diversion Works Permit from DOH-CWRM 

Construction plans and specifications would include BMPs to minimize erosion on the project site during 

and after construction, as well as measures to contain runoff on-site during construction. Temporary 

erosion control measures would be used during construction to prevent soil loss and to minimize surface 

runoff into adjacent areas and streams, as well as to minimize the likelihood of spills from construction 

equipment. BMPs may include, but not be limited to, the following:  

● Turbidity and siltation from project-related work would be minimized and contained within the 

project area by silt containment devices, which would be maintained for the life of the 

construction period and until the project area is stabilized.  

● No work would occur during adverse weather conditions or flooding. 
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● All project construction-related debris and sediment containment devices would be removed and 

disposed of at an approved site.  

● All project construction-related materials and equipment to be placed or used in an aquatic 

environment would be inspected for pollutants including, but not limited to, grease, oil, etc., and 

cleaned to remove pollutants prior to use.  

● Fueling of project-related vehicles and equipment would take place away from the aquatic 

environment. A contingency plan for accidental spills of petroleum products would be developed 

and retained on-site. Absorbent pads and containment booms would be stored on-site to 

facilitate clean-up of accidental petroleum releases. 

● Project construction-related materials would not be stockpiled in or in close proximity to aquatic 

habitats and would be protected from erosion to prevent materials from being carried into waters 

by wind or rain. 

● All deliberately exposed soil or under-layer materials used near water would be protected from 

erosion and stabilized as soon as possible with geotextile, filter fabric, vegetation matting, or 

hydroseeding. 

The Proposed Action’s implementation of the Phase Two IIFS would minimize impacts to diverted streams 

by maintaining flow volumes in stream channels that have been determined by CWRM sufficient to meet 

the instream needs including those of aquatic habitat and stream biota. The Proposed Action’s design and 

long-term maintenance would reduce water losses on the Kōke‘e Ditch Irrigation System and increase 

water delivery efficiency compared to current conditions. The replacement of the 4.5 miles of open ditch 

west of the Pu‘u Moe Divide with the new Upper Penstock would result in increased system efficiency 

through elimination of saturation losses that occur in the earthen ditch. Additionally, the Lower Penstock 

and its ability to deliver water to the Mānā Plain may provide opportunity for overall efficiency increases 

by replacing the less efficient Kekaha Ditch System as the primary source for irrigation on Mānā Plain.  The 

reconstructed Pu‘u ‘Ōpae and Mānā Reservoirs will be lined, decreasing saturation losses and increasing 

storage efficiency. 

3.2 Soils and Geology 

3.2.1 Affected Environment – Soils and Geology 
As shown in Figure 36, the facilities associated with the Proposed Action cross several soil types. The upper 

portion of the ditch system and the associated diversions are on soils of the Kōke‘e Series and Oli Series. 

The middle section of the ditch system between the Puʻu Moe Divide and Pu‘u ‘Ōpae Reservoir is located 

on soils of the Pu‘u ‘Ōpae Series and the Paaiki Series. The section of the project area between Pu‘u ‘Ōpae 

Reservoir and Mānā Reservoir is predominately located on soils within the Niu Series. The lower part of 

the project area on the Mānā Plain is located on soils of the Nohili, Kekaha, and Kaloko Series. Descriptions 

of these soil series are provided in Table 10.  
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Figure 36. Soils 
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Table 10. Soil Series Within the Project Area 

Soil Series Elevation Description 

Kōke‘e Series 3,400 to 4,200 feet Consists of well-drained soils on uplands. These soils were 
developed in material weathered from basic igneous rock, 
probably mixed with volcanic ash. These soils are used for 
water supply, wildlife habitat, and woodland. 

Oli Series 1,000 to 2,250 feet Consists of well-drained, moderately deep to deep soils on 
uplands and occurs on the sides of gulches. These soils 
developed in volcanic ash deposited over basic igneous rock. 
They are gently sloping to very steep.  Runoff is very rapid, 
and erosion is severe. These soils are used for sugarcane, 
pasture, woodland, and wildlife habitat.  

Pu‘u ‘Ōpae Series 500 to 2,500 feet Consists of well-drained soils on uplands. These soils 
developed in material weathered from basic igneous rock. 
They are moderately sloping to steep. These soils are used for 
pasture, woodland, and wildlife habitat.  

Niu Series 750 and 1,800 feet Consists of well-drained soils on uplands. These soils 
developed in material weathered from basic igneous rock, 
possibly mixed with volcanic ash. These soils are used for 
irrigated sugarcane, pasture, wildlife habitat, and woodland. 

Kekaha Series Nearly sea level  
to 150 feet 

Consists of well-drained soils on alluvial fans and flood plains. 
These soils were developed in alluvium washed from upland 
soils. They are nearly level to steep and are used for irrigated 
sugarcane, pasture, and wildlife habitat.  

Nohili Series Nearly sea level 
to a few feet above 

sea level 

Consists of poorly drained soils on coastal plains. These soils 
developed in alluvium that was deposited over marly lagoon 
deposits. They are nearly level. These soils are used for 
irrigated sugarcane and are all under cultivation.  

Kaloko Series Sea level to 20 feet Consists of poorly drained soils on coastal plains. These soils 
were developed in alluvium derived from basic igneous 
rocks. The alluvium has been deposited over marly lagoon 
deposits. The soils are nearly level, and are used for irrigated 
sugarcane and pasture.  

Source: Foote, et.al, 1972 

 

As shown in Figure 37, the majority of the Proposed Action overlays the Waimea Canyon Basalt geological 

unit. The Mānā Reservoir and the proposed Mānā Powerhouse, PV Solar Array and Project substation are 

located on the Alluvium geological unit. Waimea Canyon Basalt forms the majority of the island of Kaua‘i, 

and the project area is located within the Nāpali Formation of the Waimea Canyon Basalt geological unit. 

The Nāpali Formation is highly permeable; however, that permeability has been greatly reduced by 

weathering and the deposition of secondary materials in openings. As a result, surface storage of water 

in unlined reservoirs behind dams has been successful (MacDonald et.al, 1960).  

The Alluvium geological unit of the Mānā Plain is composed of alluvium washed down from the uplands. 

The portion of project site on Mānā Plain is underlain by lagoon deposits, which are poorly consolidated 

sediments deposited in the shallow lagoon that once existed on the Mānā Plain between Kekaha and 

Barking Sands (MacDonald et.al, 1960).  
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Figure 37. Geological Units 
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3.2.2 Potential Impacts – Soils and Geology 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(7) and HAR Chapter 11-200.1-

13(11), the Proposed Action would result in a significant impact to geological and soil resources if it were 

to involve a substantial degradation of environmental quality or would have a substantial adverse effect 

on or be likely to suffer damage by being located in an environmentally sensitive area such as geologically 

hazardous land. Therefore, a significant impact would occur if the Proposed Action caused a substantial 

degradation of environmental quality through erosion or affected or suffered damage by being located in 

an environmentally sensitive area.  

Construction 
Geologic conditions at the project sites impose no overriding constraints on the Proposed Action. Effects 

on geology and soils from construction of the Proposed Action would be limited to temporary ground 

disturbance activities and the potential for disturbed soils in the construction areas to be eroded as a 

result of being carried away by storm water runoff or wind. Avoidance and minimization measures would 

be implemented to minimize soil erosion as described in Section 3.2.3. All construction-related materials 

and equipment used would be inspected for pollutants that may impact soil quality including, but not 

limited to, grease, oil, etc., and cleaned to remove pollutants prior to use. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur and there would be an increased likelihood of erosion related soil impacts due to the unmaintained 

reservoir embankments and ungraded access roads. 

Operation 
Under the Proposed Action, existing diversion and earthen ditch infrastructure would continue existing 

operations but with greatly increased oversight, due to the flow monitoring and automation on the 

system, and maintenance. This would result in a decreased likelihood of extent of soil related impacts 

from events such as storms and ungulate damage. The rehabilitated reservoirs would use either liners or 

rock armoring, as well as more gradual embankment slopes to eliminate or prevent soil erosion potential.  

The operation of the Pu‘u ‘Ōpae Powerhouse and Mānā Powerhouse, Lower Penstock, and PV Solar Array 

would have no impacts to geology or soil resources.  

The operation of the rehabilitated access roads used to safely support operation and maintenance traffic 

would have a positive impact to soil as the maintenance of the roads and culverts would reduce the 

potential for soil erosion. Pollutants from vehicles that access these roads during operation of the system 

would be minimal. 

The operation of the PV Solar Array would have no impacts to geology or soil resources. 

Under the No-Action Alternative, responsibility for the operation and ongoing maintenance of existing 

reservoirs and the Kōke‘e Ditch System would remain the responsibility of the State. If the reservoirs 

remain in their current state, there would be an increased likelihood of erosion related soil impacts on 

the embankments. The rehabilitation improvements necessary to meet Hawai‘i State Dam Safety 

requirements or decommissioning of the reservoirs would be the responsibility of the State. The Kōke‘e 

Ditch Irrigation System would remain under management of ADC and could result in a continuance of 

reduced operations or closure of the system. Road maintenance and repairs would fall to the State and 

may result in the increased likelihood of erosion related soil impacts if roads are left unmaintained. 
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3.2.3 Avoidance and Minimization Measures – Soils and Geology 
The Applicant would obtain all required permits and comply with permit conditions to minimize impacts 

to soils. Permits would include: 

● NPDES Individual Permit from the Clean Water Branch of the DOH for stormwater discharge 

associated with construction activities  

● NPDES Dewatering Permit from the Clean Water Branch of the DOH for discharges associated with 

construction activity dewatering 

As part of the permit process, the Applicant would prepare a construction site BMP plan that would 

include an erosion and sediment control plan, a site-specific plan to minimize erosion of soil and discharge 

of other pollutants into State waters, and descriptions of measures that would minimize the discharge of 

pollutants via stormwater after construction is complete.  

BMPs would include some or more of the following measures: 

● Temporary soil stabilization techniques throughout construction to minimize disturbed soils being 

carried away by water or wind. 

● Watering or applying dust suppressants at active work areas and project access roads, as needed. 

● Installing dust screens or wind barriers around the construction site. 

● Installation of Filter Sock Perimeter Controls adjacent and down slope from disturbed areas. 

● Cleaning nearby pavements and paved roads after construction. 

● Covering open trucks carrying construction materials and debris. 

● Limiting areas to be disturbed at any given time. 

● All project construction-related materials and equipment used are to be inspected for pollutants 

including, but not limited to, grease, oil, etc., and cleaned to remove pollutants prior to use.  

● Fueling of project-related vehicles and equipment would take place away from the project area. 

A contingency plan for accidental spills of petroleum products would be developed and retained 

on-site. Absorbent pads and containment booms would be stored on-site to facilitate clean-up of 

accidental petroleum releases to the soil.  

BMPs would be installed prior to ground-disturbing activities and would be inspected and maintained 

throughout the construction period.  

3.3 Biological Resources 

3.3.1 Affected Environment – Biological Resources 
The following subsections provide an overview of the biological resources within the project area. A 

terrestrial flora and fauna survey and a stream habitat survey have been conducted as part of the HRS 

Chapter 343 process.  

The flora and fauna survey was conducted between August to October 2018, which comprised both 

pedestrian (foot) and reconnaissance-level (automobile) ground surveys of a 968-acre study area in 

western Kaua‘i. The Proposed Action is entirely within this 968-acre study area. 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 
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birds, mammals, reptiles, amphibians, fish, and invertebrate species seen or heard. Any signs, such as scat 

or tracks, were also noted. Surveys for the endangered Hawaiian hoary bat were conducted by noting 

areas of suitable foraging and roosting habitat as indicators of potential presence. The complete 

Terrestrial Flora and Fauna Technical Report for the Proposed Pu‘u ‘Ōpae Water/West Kaua‘i Energy 

Project is provided in Appendix D of this EA. 

A stream habitat assessment was conducted between February and June 2018 and focused on the upper 

reaches of the Waimea River, its major tributaries, and the four diverted streams associated with the 

Proposed Action. Specifically, direct field observations and surveys combined with the Hawaiian Stream 

Habitat Evaluation Procedure (HSHEP) model was used to assess the environmental impacts of the 

Proposed Action on the native stream animals and their habitats. The HSHEP model focused on two main 

objectives: (1) assessing and quantifying suitable habitat for the then-current (2018) flow conditions and 

(2) assessing and quantifying suitable habitat for instream flow conditions as outlined in the Waimea 

Mediation Agreement. The HSHEP survey addressed four diversion scenarios, two of which were directly 

associated with the Proposed Action:  

● Current Conditions. Assess suitable habitat with diversions, other major infrastructure, and land-

use conditions as they currently exist. 

● IIFS Flow Restoration. Assess suitable habitat with IIFS flow conditions as recommended by 

CWRM.  

The stream habitat assessment made several broad conclusions which are elaborated on within the 

Assessment and discussed further in Section 3.3.2. The assessment’s primary conclusions concerning the 

Proposed Action’s diversions are as follows: 

1. The location of the Kōke‘e Ditch diversions at the back end of the Waimea River watershed 

minimizes the overall impact of these diversions on native stream animal habitat. 

2. Instream habitat was good throughout the survey area and restoration of streamflow as defined 

in the IIFS will improve habitat suitability. 

3. The stream types and observed biota differ among sampling areas. 

The complete Pu‘u ‘Ōpae Hydropower Diversion Assessment using HSHEP Model is provided in Appendix 

E of this EA. 

Vegetation Classifications 
The Hawai‘i GAP (HIGAP) vegetation data layer describes 12 vegetation cover types in the 968-acre study 

area as shown in Table 11. Field surveys confirmed that that HIGAP data was highly representative of the 

study area.  
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Table 11. Area of Vegetation Cover Types in the Study Area 

Vegetation Cover Type Area (acres) % of Total 

Agriculture 488 50% 

Alien Forest 124 13% 

Alien Shrubland 119 12% 

Very Sparse Vegetation to Unvegetated 92 10% 

Closed Koa-‘Ōhi‘a Forest 48 5% 

Water 33 3% 

Open/Closed ‘Ōhi‘a Forest 22 2% 

Native Mesic to Dry Forest and Shrubland 16 2% 

Koa Haole Shrubland 11 1% 

Kiawe Forest and Shrubland 7 <1% 

Alien Grassland 7 <1% 

Low-Intensity Developed 2 <1% 

Total 969 100% 

 

Agriculture 
According to the HIGAP vegetation layer, the Agriculture vegetation type makes up 50% of the study area. 

Approximately 80% is in the PV Solar Array footprint and 20% is at the Lower Penstock and Mānā Reservoir 

footprints. 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), 

Macroptilium atropurpureum, and little bell (Ipomoea triloba) can be seen scattered throughout. 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. 

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. This vegetation type is 

described 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” (Gon et al., 2006). 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 

Reservoir and the Upper Penstock; black wattle (Acacia mearnsii), at Pu‘u ‘Ōpae and Pu‘u Lua Reservoirs; 

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 
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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 the Lower 

Penstock, the Pu‘u ‘Ōpae Reservoir, and the 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). 

Alien Shrubland 
According to the HIGAP vegetation layer, the Alien Shrubland vegetation type makes up 12% of the study 

area. Alien Shrubland is in located at the PV Solar Array site, the Kōkeʻe Intake, Lower Penstock, Pu‘u 

‘Ōpae Reservoir, and 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 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. 

Closed Koa-‘Ōhi‘a Forest and Open/Closed ‘Ōhi‘a Forest 
The Closed Koa-‘Ōhiʻa Forest and Open/Closed ʻŌhiʻa Forest vegetation types account for a combined 

total of a little more than 7% of the vegetation in the study area. Open forests have a sparser canopy cover 

than do closed forests. 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 

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 Meyen's flatsedge 

(Cyperus meyenianus). Japanese honeysuckle and earring flower are seen twining in sunnier, more open 

portions of these vegetation types. 

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). 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 

(Hyptis pectinata) are also commonly seen. 
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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. 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. 

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 less than 2% of the vegetation in the study area. 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. 

Alien Grassland 
The Alien Grassland vegetation type accounts for less than 1% of the vegetation in the study area. 

Nonnative grasses such as swollen fingergrass (Chloris barbata), 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.  

Low-Intensity Developed 
The Low-Intensity Developed vegetation type accounts for less than 1% of the vegetation in the study 

area. 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.  

Special-Status Flora and Critical Habitat 
Special-status flora refers to plant species listed by the U.S. Fish and Wildlife Service (USFWS) and the 

State of Hawai‘i as threatened, endangered, or candidate species. There are nine special-status plant 

species with USFWS-designated critical habitat within the study area, specifically in the area of the Kōke‘e 

and Kaua‘ikinanā Intakes. Critical habitat is defined as those areas of habitat that are known to be essential 

for an endangered or threatened species to recover and that require special management protection. In 

critical habitat areas, any private actions that involve federal funding must consult with the USFWS to 

ensure that any action undertaken is not likely to result in the destruction or adverse modification of the 

critical habitat. Table 12 identifies the flora species with designated critical habitat within the project area. 

As noted in the table, all of these flora species are endangered.  
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Table 12. Flora Species with Designated Critical Habitat within the Study Area 

HIGAP Vegetation Classification Species Status 

Kōke‘e Intake (Montane Mesic – Unit 2) 

Alien Forest 

Nothocestrum peltatum CE 

Xylosma crenatum CE 

Remya Kaua‘iensis E 

Solanum sandwicense E 

Kaua‘ikinanā Intake (Montane Wet – Unit 2) 

Open-‘Ōhi‘a Forest (uluhe) 

Xylosma crenatum CE 

Dubautia latifolia CE 

Solanum sandwicense E 

Nothocestrum peltatum CE 

Remya Kaua‘iensis E 
CE = Critically Endangered 
E = Endangered 

 
 

There were no special-status plant species found during ground surveys of the study area even though 

some facilities are located within critical habitat designated for those flora species. However, DOFAW has 

identified 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.  

Rapid ‘Ōhi‘a Death 
Rapid ‘Ōhi‘a Death (ROD) disease has been found on the islands of Hawai‘i, Kaua‘i, Maui, and O‘ahu. On 

Kaua‘i, both species of the fungal pathogens causing ROD have been identified: Ceratocystis luku’Ōhiʻa 

and Ceratocystis huli’Ōhiʻa. The Ceratocystis fungus enters the tree through a wound (e.g., broken limb, 

twig, scuffed exposed root) and grows in the sapwood of infected ‘ōhi‘a trees. Ceratocystis luku’Ōhiʻa can 

kill an ‘ōhi‘a tree in a week, whereas Ceratocystis huli’Ōhiʻa may take months to years. Humans are 

thought to be a main vector through the movement of wood or contaminated tools, gear, and vehicles 

from one location to another. Other potential vectors include feral ungulates and beetles.  

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. 

Avifauna 
The birds observed in the study area are species commonly found in water reservoirs, waterways, 

agricultural fields, shrubland, and forest areas 8 to 3,500 feet above sea level in northwestern Kauaʻi. In 

all, 34 bird species were documented, 16 of which are protected by the Migratory Bird Treaty Act (MBTA). 

All 34 bird species identified, where identified, and status are shown in Table 13.  
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Table 13. Birds Observed in and near the Study Area 

Common Name Scientific Name Location(s)1 Status2 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 duck3 Anas wyvilliana PL, PO E X 

Hawaiian moorhen3 Gallinula galeata 
sandvicensis 

MR E X 

House finch Haemorhous mexicanus KKW, MR, PL, 
PO 

NN X 

ʻIʻiwi3 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 X 

Melodious laughingthrush Garrulax canorus KKW, MR, PL, 
PO, K 

NN  

Hawaiian goose3 Branta sandvicensis MR E X 

Northern cardinal Cardinalis cardinalis MR, PO NN X 

Northern mockingbird 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  

1 Kaua‘ikinanā Intake, Kawaikōī Intake, and Waiakōali Intake = KKW; Mānā Reservoir = MR; Puʻu Lua Intake = PL; Puʻu Moe = 
PM; Puʻu Opae = PO; and Kōkeʻe Intake = K 

2 Status: E = endemic, I = indigenous, NN = nonnative permanent resident, M = migrant 

3 Federally and state-listed endangered birds detected during ground surveys 
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The ʻiʻiwi, Hawaiian duck, Hawaiian goose, and Hawaiian moorhen were detected during the field surveys. 

One ʻiʻiwi was detected at the Kaua‘ikinanā Intake, which is in the forest wildlife habitat of the study area. 

Six Hawaiian geese were observed flying over the proposed PV Solar Array, and 11 Hawaiian geese and 

one Hawaiian moorhen were observed foraging in the Mānā Reservoir. Hawaiian ducks were observed 

foraging and loafing in the Puʻu Lua and Puʻu ‘Ōpae Reservoirs (five at Puʻu Lua and two at Puʻu ‘Ōpae). 

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. 

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. 

Insects and Invertebrates 
Twenty-six invertebrate individuals were observed during the survey. Of these, 24 were identified to the 

genus or species level. Of these, two 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. 

Special Status Fauna 
Special-status fauna refers to wildlife species listed by the USFWS and the State of Hawaiʻi as threatened, 

endangered, or candidate. The study area does not encompass any designated or proposed critical habitat 

for threatened or endangered fauna species. The USFWS and DOFAW list 13 special-status species that 

may occur in the study area as shown in Table 14. 
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Table 14. Special-Status Fauna Species with Potential to Occur within the Study Area 

Common Name Scientific Name Status 

Hawaiian hoary bat Lasiurus cinereus semotus E 

Hawaiian petrel Pterodroma sandwichensis E 

Scarlet Honey Creeper Drepanis coccinea E 

Newell’s shearwater Puffinus auricularis newelli T 

Band-rumped storm-petrel Oceanodroma castro C 

Nēnē Branta sandvicensis E 

Hawaiian duck Anas wyvilliana E 

Common moorhen (Hawaiian stilt) Gallinula chloropus sandvicensis E 

Hawaiian coot Fulica Americana alai E 

Black-necked stilt Himantopus himantopus knudseni E 

‘I‘iwi or Kaua‘i thrush Myadestes palmeri E 

Kaua‘i akepa Loxops caeruleirostris E 

Kaua‘i creeper Oreomystis bairdi C 
E = Endangered 
T = Threatened 
C = Candidate 
 

Four special-status species—ʻiʻiwi, Hawaiian duck, Hawaiian goose, and Hawaiian moorhen—were 

detected during the field surveys. One ʻiʻiwi was detected at the Kaua‘ikinanā 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 moorhen were observed foraging in the Mānā Reservoir. 

Hawaiian ducks were observed foraging and loafing in the Puʻu Lua and Puʻu ‘Ōpae Reservoirs (five at Puʻu 

Lua and two at Puʻu ‘Ōpae). 

Although not observed in the study area, 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 210 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. 

Game Animals 
Much of the Proposed Action is located in the Kekaha Game Management Area, which is open year-round 

for various hunts. Wildlife includes feral goat, black-tail deer, feral pigs, and game birds. Game birds on 

Kaua‘i include the following: ring-necked pheasant, green pheasant, gray frankolin, black frankolin, Erckels 

francolin, Chukar partridge, Japanese quail, spotted dove, and barred dove.  

Stream Habitat and Biota 
The upper Waimea River and its tributaries (Mōhihi, Waiakōali, Kawaikōī, Kaua‘ikinanā, Kōke‘e, Waiahulu, 

and Po‘omau streams) were surveyed in February 2018 and June 2018 to collect habitat, biota, water 

quality, and stream discharge data. Generally, all of the sites within the study area have high-quality 

habitat conditions. With the exception of the immediate area around the diversions, the streams had 
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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, streams were separated into three different groups:  

• Blackwater streams in the upper forested basins 

• Clearwater streams in the upper forested basins 

• Lower canyon streams within the Waimea watershed below the Project diversions 

In the blackwater streams in the upper forested basins, the crayfish (Procambarus clarkii), dojo (Misgurnus 

anguillicaudatus) and a few green swordtails (Xiphophorus hellerii) were observed above and below the 

diversions. In the clearwater streams in the upper forested basins, primarily rainbow trout was observed. 

In the lower canyon streams, large numbers of native stream fishes were observed. The most common 

were ‘o‘opu nōpili (Sicyotperus stimpsoni) and ‘o‘opu nākea (Awaous stamenius). In addition, the survey 

found 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. 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. 

Direct field observations of stream discharge, instream habitat, and biota were combined with the HSHEP 

model to assess the impacts of water diversion into the Kōke‘e Ditch Irrigation System on native 

amphidromous stream animal habitat. Total stream length and suitable habitat percentages were 

assessed in two sections:  

• The entire Waimea River basin area between the mouth of the Waimea River and the stream 

origin of tributaries included in this study 

• 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 ‘ōpae 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 Kōke‘e Ditch Irrigation System diversions and only 13% of suitable 

habitat for all species was located above the diversions. 

Wetlands 
As per the National Wetland Inventory (NWI),  the Mānā Plain, including the area proposed for the PV 

Solar Array, is classified as Freshwater Emergent Wetland. Other designated wetlands within the project 

area are the streams and existing reservoirs. As shown on Figure 38, streams are designated as Riverine 

and the reservoirs are designated as Freshwater Ponds.  

Freshwater Emergent Wetlands refer to herbaceous marsh, fen, swale, or wet meadows. Riverine 

designated wetlands refer to riverine deepwater and associated wetlands. Freshwater Ponds refer to 

palustrine, unconsolidated bottom, palustrine aquatic bed (USFWS, 2018).  
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Figure 38. NWI Wetlands 
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3.3.2 Potential Impacts – Biological Resources 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(1) and HAR Chapter 11-200.1-
13(9), the Proposed Action would result in a significant impact to biological resources if it would 
irrevocably commit a natural resource or have a substantial adverse effect on a rare, threatened, or 
endangered species, or its habitat. A significant impact would occur if the Proposed Action resulted in the 
following: 

● Long-term loss or impairment of a substantial portion of local habitat of indigenous Hawaiian 
species 

● Substantial reduction in the population of a protected species, as designated by Federal and State 
agencies, or a species with regional and local significance 

● Introduction or increase of the prevalence of undesirable non-native species 
● Curtail the range of native Hawaiian species 
● Reduce the range of beneficial uses of the environment 

Construction 
Most of the construction activities that would occur as part of the Proposed Action are not in high 
sensitivity flora and/or fauna areas or in stream habitats and are repairs and rehabilitation of existing 
facilities. The new construction that would occur is not located in areas of high sensitivity for flora and/or 
fauna. The following subsections describe the potential impacts to flora, fauna, and stream habitat and 
wetlands during construction and operation of the Proposed Action. 

Flora 
There would be areas of vegetation clearing associated with the Proposed Action:  

● Minor clearing around the Kōke‘e Ditch Irrigation System for maintenance and minor clearing 

around the diversion sites for construction access. Most of this vegetation removal would 

comprise smaller trees and shrubs that have grown in recently in close proximity to the structures.   

● Pu’u Lua Reservoir construction would primarily involve removal of mature trees on the existing 

dam embankment, along the bypass channel, and around the perimeter of the reservoir footprint. 

Additional maintenance vegetation removal would occur along the Pu‘u Lua access roads and at 

the reservoir inlet.  

● The most significant area of vegetation removal would be along the new Upper Penstock 

alignment, where a 60-foot-wide corridor would be cleared to allow construction of the buried 

pipeline. The mauka areas of the alignment predominately consist of forest vegetation types. The 

makai areas of the alignment are mostly agricultural.  

● Due to limited vegetation and negligible forestation in the Pu‘u ‘Ōpae Reservoir and mauka Lower 

Penstock areas on Niu Ridge, clearing would consist of shrub and grasses in the fallow agricultural 

areas impacted by construction. The notable exception to this is a single Koa tree at the northwest 

corner of Pu‘u ‘Ōpae Reservoir that would need to be removed to allow dam rehabilitation. 

Mitigation for the removal of this Koa tree is discussed below in Section 3.3.3.  

● The vegetation cover of the makai segment of the Lower Penstock alignment between the edge 

of Niu Ridge and the new Mānā Powerhouse consists of open land, shrub, and small trees. A 

corridor ranging from 60- to 100-feet-wide would be cleared along this portion of the Lower 

Penstock alignment.  

● The Mānā Powerhouse and currently drained Mānā Reservoir areas impacted by construction are 

currently covered with a combination of grass and shrub and some mature trees inside and 
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around the perimeter of the reservoir. These shrubs and trees would be completely removed to 

allow rehabilitation of the reservoir and construction of the new Powerhouse and associated 

features.  

● The entire area within the PV Solar Array footprint consists of overgrown or fallow agricultural 

fields. A portion of these fields have been cultivated recently, but the majority have been out of 

production for years and are currently covered with shrub and small trees. The PV Solar Array 

areas would be cleared completely.  

Table 15 specifies the expected vegetation removal associated with both the existing structure 

rehabilitation and new construction associated with the Proposed Action: 

Table 15. Vegetation Removal During Construction of the Proposed Action 

Feature Vegetation Type 
Acres 
Sum 

Kaua‘ikinanā  Diversion 

Alien wet forest 0.01 

Open ‘Ōhiʻa wet forest 0.31 

Low intensity developed 0.03 

Kawaikōī Diversion 

Alien wet forest 0.83 

Closed ‘Ōhiʻa wet forest 0.16 

Open ‘Ōhiʻa wet forest 0.14 

Plantation forest 0.90 

Kōke‘e Access Roads 

Closed koa-’Ōhiʻa mesic forest 0.55 

Closed ‘Ōhiʻa mesic forest 0.14 

Alien mesic forest 1.53 

Kōke‘e Diversion Alien mesic forest 0.15 

Mānā Reservoir & Powerhouse 

Cultivated agriculture 35.12 

Developed open space 0.22 

Low intensity developed 4.77 

Water 0.05 

PV array 

Alien dry shrubland 27.52 

Cultivated agriculture 237.66 

Developed open space 1.11 

Low intensity developed 47.34 

Medium intensity developed 0.24 

Upper Penstock 

Alien dry forest 4.07 

Alien dry shrubland 7.36 

Alien mesic forest 3.66 

Alien mesic shrubland 0.85 

Closed koa-’Ōhiʻa mesic forest 2.99 

Low intensity developed 51.81 

Native mesic to dry forest and shrubland 0.53 

Open ‘Ōhiʻa mesic forest 2.85 

Plantation forest 4.11 

Very sparse vegetation to unvegetated 6.75 

Cultivated agriculture 0.37 
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Feature Vegetation Type 
Acres 
Sum 

Lower Penstock 

Alien dry forest 0.01 

Alien dry shrubland 2.79 

Cultivated agriculture 16.86 

Kiawe dry forest and shrubland 0.64 

Low intensity developed 5.41 

Very sparse vegetation to unvegetated 4.39 

Pu‘u Lua Reservoir 

Alien mesic forest 4.01 

Closed koa-’Ōhiʻa mesic forest 7.64 

Closed ‘Ōhiʻa mesic forest 0.28 

Low intensity developed 7.62 

Native mesic to dry forest and shrubland 1.21 

Open ‘Ōhiʻa mesic forest 0.61 

Plantation forest 0.06 

Very sparse vegetation to unvegetated 9.94 

Water 12.89 

Pu‘u Moe Divide 
Closed koa-’Ōhiʻa mesic forest 0.06 

Low intensity developed 0.26 

Pu‘u ‘Ōpae Reservoir & Powerhouse 

Alien dry forest 0.45 

Alien dry grassland 0.55 

Alien dry shrubland 1.66 

Cultivated agriculture 16.15 

Low intensity developed 11.63 

Very sparse vegetation to unvegetated 7.96 

Water 8.67 

Pu‘u ‘Ōpae Access Road 

Alien dry shrubland 0.55 

Alien mesic forest 0.08 

Closed ‘Ōhiʻa mesic forest 0.42 

Cultivated agriculture 2.52 

Low intensity developed 4.15 

Medium intensity developed 0.14 

Open ‘Ōhiʻa mesic forest 0.15 

Plantation forest 0.01 

Very sparse vegetation to unvegetated 0.42 

Waiakōali Diversion and Access Road 

Alien mesic forest 0.29 

Closed ‘Ōhiʻa mesic forest 0.53 

Low intensity developed 0.29 

Open ‘Ōhiʻa mesic forest 0.33 

Plantation forest 0.01 
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According to the Terrestrial Flora and Fauna Technical Report for the Proposed Pu‘u ‘Ōpae Water/West 

Kaua‘i Energy Project, there were no special-status plant species found during ground surveys of the study 

area even though some facilities are located within critical habitat designated for those flora species. 

Construction would result in some land clearing and removal of vegetation. A pre-construction survey 

would be performed by a botanist within the critical habitat units prior to any construction activities in 

the affected area.  

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur. Vegetation clearing along the Kōke‘e Ditch Irrigation System is an ongoing activity under the current 

ADC management and presumably would continue, which represents no change from existing conditions, 

or stop operations. All three reservoirs would either need to be rehabilitated to continue operations or 

be decommissioned, either of which would likely involve some vegetation removal, the extent of which is 

unknown. 

Fauna 
Impacts to seabirds could occur from the use of nighttime lighting during construction. It has been 

generally suggested that artificial lighting can adversely impact seabirds that may pass through the area 

at night causing disorientation, which could result in collision with man-made objects or grounding of 

birds. Impacts to seabirds would be minimized to the extent practicable as described in Section 3.3.3. 

The potential for the presence of the Hawaiian hoary bat was assessed based on the suitable habitat. The 

Hawaiian hoary bat has been documented roosting in forested habitat and could roost in forest trees and 

vegetation throughout the study area. Impacts to the Hawaiian hoary bat could occur due to vegetation 

removal, which can temporarily displace bats that are using the vegetation for roosting. As bats use 

multiple roosts within their home territories, this disturbance from the removal of vegetation is likely to 

be minimal. However, during the pupping season from about June 1 to September 15 each year, female 

bats carrying pups may be less able to rapidly vacate a roost site when the vegetation is cleared. 

Additionally, adult female bats sometimes leave their pups in the roost tree while they forage, and very 

small pups may be unable to flee a tree that is being felled. Impacts to the endangered Hawaiian hoary 

bat would be minimized to the extent practicable as described in Section 3.3.3. 

Construction activities in the project areas would have short-term impacts on fauna. The noise and 

concentrated human activity in the normally undisturbed area would temporarily disrupt the habitat for 

the various species of birds and mammals that are known to exist in the area. Wildlife is expected to 

retreat from the area while construction is taking place but return after the project is in operation. Since 

construction would be short-term and temporary, it is expected that construction of the Proposed Action 

would have less than significant impacts on terrestrial fauna. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur and there would be negligible changes and impacts to fauna. The Kōke‘e Ditch Irrigation System 

would remain under the management of ADC, and Pu‘u Lua Reservoir would remain under the 

management of DLNR. If this were to result in the closure of the Kōke‘e Ditch Irrigation System and 

decommissioning of Puu Lua Reservoir, there would be loss of habitat and water resources for waterbirds 

and land-based fauna in those areas.  
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Stream Habitat  
The majority of the construction activities would take place at sites well away from streams and natural 

water courses. The primary construction activities in or adjacent to streams and water courses are the 

repairs and modifications at the existing diversion sites on the Kōke‘e Ditch Irrigation System. 

Construction-related impacts to adjacent streams and ditches would include placement of concrete at 

and below the ordinary high water mark, vegetation clearing, and minor ground disturbance activities. 

These activities create the potential for disturbed soils in the construction areas to be eroded and 

conveyed to adjacent streams as a result of being carried away by storm water runoff or wind. Aquatic 

species at these streams may be impacted by increased turbidity and sedimentation from construction. 

The combination of limited in-water construction activities and BMPs would result in minimal impacts to 

aquatic species, wetlands, and stream habitats during construction, as discussed in Section 3.3.3. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur and there would be no associated changes for stream habitats from current conditions and current 

diversion operations. The Phase One IIFS as outlined in the Waimea Mediation Agreement would remain 

in effect. KIUC’s Kōke‘e Diversion Modification Project would be completed as a separate and independent 

project, which would involve modifications to the four Kōke‘e diversions for implementation of the Phase 

One IIFS. Responsibility for the operation and ongoing maintenance of the Kōke‘e Ditch Irrigation System 

would remain with ADC, as would long-term maintenance and compliance with the Phase One IIFS. This 

could result in the continuance of reduced operations or closure of the system which would mean no 

diversions from the four associated streams. If the Kōke‘e Ditch Irrigation System was not operational, the 

Kekaha Ditch System would remain the primary source of irrigation for agricultural activities on the Mānā 

Plain, there would be no source of water for DHHL’s Pu‘u ‘Ōpae lands or ADC’s mauka lands, and Pu‘u Lua 

Reservoir would not have a source fresh water other than rainfall. 

Wetlands 
The Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā Reservoirs that are classified as freshwater ponds by the NWI. 

Construction associated with the expansion of these reservoirs would result in temporary impacts to these 

NWI-identified wetlands.  

Construction of the PV Solar Array would result in the loss of 375 acres of Freshwater Emergenct 

Wetlands. These wetlands are currently zoned for agricultural use and are drained by the existing ditch 

system that drains the Mānā Plain. The Applicant is currently consulting with the USACE to determine if 

the NWI-identified wetland is jurisdictional.  

Under the No-Action Alternative, no construction associated with the Proposed Action would occur and 

there would be no construction-related impacts to the Freshwater Emergent Wetlands. However, under 

a No-Action Alternative, Pu‘u Lua Reservoir would remain under management of DLNR, Pu‘u ‘Ōpae 

Reservoir would remain with DHHL, and Mānā Reservoir would remain with ADC.  All three reservoirs 

require improvements in order to comply with Hawai‘i State Dam Safety Standards and remain 

operational. Pu‘u ‘Ōpae and Mānā Reservoir are currently drained and are therefore not active freshwater 

ponds. Decommissioning of the three reservoirs would eliminate potential for freshwater ponds in the 

area. 
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Operation 

Flora and Fauna 
Operation of the Proposed Action would include maintenance activities that would include minimal 

vegetation clearing around project facilities and over the Upper and Lower Penstocks. Vegetation clearing 

along the Kōke‘e Ditch Irrigation System is ongoing; therefore, there would be little to no impacts to flora 

from maintenance vegetation clearing along the Kōke‘e Ditch Irrigation System. Vegetation clearing 

around the powerhouses, reservoirs, and access roads would be minimal and limited to that amount 

necessary for safe operation of the Proposed Action. The Upper and Lower Penstocks would be buried 

and up to a 60-foot-wide corridor would be maintained over the penstock alignments. Grass would be 

allowed to grow, but trees and shrubs would be removed.  

The existing upper Kōke‘e Ditch Irrigation System, intake structures, Pu‘u Lua Reservoir, and Mānā 

Reservoir have been in operation for almost 100 years. The reservoir rehabilitation would include 

increasing storage capacity from the current 50 to 60 MG at Pu‘u Lua to approximately 200 MG, 88 MG 

to 100 MG at the Pu‘u ‘Ōpae Reservoir, and from 44 MG to 80 MG for the Mānā Reservoir. These increases 

would provide additional habitat for waterbirds. They would also enhance the fishing and recreational 

resources at Pu‘u Lua Reservoir. In addition, the reservoir rehabilitation would provide water for 

firefighting activities, which would benefit flora and fauna by increasing firefighting capabilities. 

The Upper Penstock would replace the current open ditch and Pu‘u ‘Ōpae Reservoir would be lined and 

then fenced for both public safety reasons and to protect the liner from ungulate damage, which would 

prevent land-based wildlife from accessing these facilities. These areas are currently dry or have very little 

water and are not currently providing water for wildlife. The replacement of the open ditch between Pu‘u 

Moe Divide and Pu‘u ‘Ōpae Reservoir would eliminate water loss due to saturation. The remaining 10.6 

miles of open ditch associated with the Proposed Action above Pu‘u Moe Divide, plus the 2.9-mile 

southern segment below Pu‘u Moe Divide and Pu‘u Lua Reservoir would remain open and viable sources 

of water for land-based wildlife. 

The operation of the proposed powerhouses would be contained and isolated from fauna resulting in 

negligible impacts.  

The operation of the proposed PV Solar Array would have minimal impact to forest birds due to the 

location of the PV Solar Array in agricultural lands away from natural and forested habitats. The proposed 

PV Solar Array location is identified as Freshwater Emergent Wetlands and is adjacent to fallow 

agricultural fields prone to flooding. Waterbirds are generally attracted to areas with standing water and 

have been seen in fields near the project area. In addition, the DOFAW managed Mānā Waterbird Refuge 

is located approximately 1.75 miles away from the proposed PV Solar Array location. However, there are 

no anticipated impacts to waterbirds.  

The potential for avian mortality at utility-scale solar facilities has been summarized in the literature 

(Smith and Dwyer 2016, Walston et al. 2016, Kosciuch et al. 2020). The detection of injured or deceased 

water-associated and water-obligate birds (i.e., Anseriformes, Podicidediformes, Graviiformes, and 

Gruiformes) at utility-scale solar facilities in the southwestern continental U.S. It has been hypothesized 

that under certain circumstances these groups of birds may mistake utility-scale PV Solar Array for water 

(i.e., lake-effect hypothesis) as a result of PV cells reflecting polarized light, giving the impression of water. 
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The extent and causal mechanisms of mortality of water-associated and water-obligate birds is unknown 

and the lake effect hypothesis is the subject of ongoing research.   

Kosciusch et al. (2020) observed variability in the distribution of avian orders and species comprising 

fatalities at utility-scale PV solar sites across the Sonoran and Mojave Deserts, the Great Basin, and Coastal 

California (i.e., two sites in an inland desert approx. 60 miles east of the Pacific Ocean), and concluded 

that studies investigating the underlying causal mechanisms are needed to make predictions in new 

regions. Besides being in a new region with very different environmental conditions, with different avian 

species and movement patterns of those species, the layout of the single axis tracking mounts and panels 

of the Proposed Action are different than some of those reported in Walston et al. (2015, 2016) and 

Kosciusch et al. (2020). The panels used for the Proposed Action would be approximately 40 feet apart. In 

comparison, some of the studies reported in Walston et al. (2015, 2016) and Kosciusch et al. (2020) 

contained fixed panels spaced approximately 6 feet apart, as measured on Google Earth, without white 

cell borders. Hovath et al. (2010) reported that highly and horizontally polarizing surfaces that had 

nonpolarizing, white cell borders were 10-to 26-fold less attractive to insects than the same panels 

without white partitions, which highlights the differences that panel design can have on environmental 

responses. 

There is no evidence to date to indicate any impacts from PV Solar Array to waterbirds in Hawai‘i including 

at KIUC’s existing solar facilities, which became operational beginning in 2014. As cautioned by Kosciusch 

et al. (2020), extrapolating the published evaluation of bird mortality at PV utility-scale solar facilities to 

the Proposed Action would be subject to great uncertainty and at risk of producing meaningless results. 

Under the No-Action Alternative, the Kōke‘e Ditch Irrigation System would remain under ADC 

management, Pu‘u Lua Reservoir would remain under management of DLNR, Pu‘u ‘Ōpae Reservoir would 

remain with DHHL and Mānā Reservoir would remain with ADC. All three reservoirs require improvements 

in order to comply with Hawai‘i State Dam Safety Standards and remain operational. Pu‘u ‘Ōpae and Mānā 

Reservoir are currently drained and are therefore not active freshwater ponds. Decommissioning of the 

reservoirs would result in loss of habitat for waterbirds and land-based fauna at the Pu‘u Lua Reservoir. 

Vegetation clearing along the Kōke‘e Ditch Irrigation System would continue and represents no change 

from existing conditions. 

Stream Habitat and Biota 
The Proposed Action would initiate the Phase Two IIFS as outlined in the Waimea Mediation Agreement 

and involve diversion of water from streams in the upper reaches of the Waimea River watershed for 

DHHL’s water reservation, hydroelectric generation, and other irrigation and consumptive uses in the 

Project area. These diversions would reduce the amount of water left in the stream downstream of each 

diversion and on the Waimea River. However, the Proposed Action would ensure that the Phase Two IIFS 

would remain in the streams through the use of automated intakes at each of the diversion locations. The 

automation of the system would provide real time flow adjustments and compliance with the Phase Two 

IIFS set by CWRM. The IIFS is “a quantity or flow of water or depth of water which is required to be present 

at a specific location in a stream system at certain specified times of year to protect fishery, wildlife, 

recreational, aesthetic, scenic, and other beneficial instream uses” (HAR Chapter 174C-3). The 

implementation of the Phase Two IIFS would improve habitat suitability. In addition to the Phase Two IIFS 

implementation, groundwater contributions on the Waiahulu Stream downstream of the four Kōke‘e 
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Ditch Irrigation System diversions would increase natural stream flows available for habitat and aquatic 

life. 

The location of the diversions associated with the Kōke‘e Ditch Irrigation System 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 on the Kekaha Ditch Irrigation System, which is not within the Project area. 

Overall, the combination of field surveys and habitat modeling supported the Phase Two IIFS flow 

restoration scenario as improving instream habitat conditions for native amphidromous stream animals 

compared to current conditions. 

Under the No-Action Alternative, the Phase One IIFS as outlined in the Waimea Mediation Agreement 

would remain in effect. KIUC’s Kōke‘e Diversion Modification Project would be completed as a separate 

and independent project, which would involve modifications to the four Kōke‘e Ditch Irrigation System 

diversions for implementation of the Phase One IIFS. Responsibility for the operation and ongoing 

maintenance of the Kōke‘e Ditch Irrigation System would remain with ADC, as would long-term 

maintenance and compliance with the Phase One IIFS. This could result in the continuance of reduced 

operations or closure of the system which would result in no diversions from the four associated streams. 

If the Kōke‘e Ditch Irrigation System was not operational, the Kekaha Ditch System would remain the 

primary source of irrigation for agricultural activities on Mānā Plain, there would be no source of irrigation 

for DHHL’s Pu‘u ‘Ōpae lands or ADC’s mauka lands, and Pu‘u Lua Reservoir would not have a source fresh 

water. If the Kōke‘e Ditch Irrigation System were to be closed and diversion structures were removed or 

modified resulting in all flow being retained in the stream, there would be beneficial impacts to other 

native and invasive stream biota downstream of the diversions. There would be no impacts to terrestrial 

biological resources.  

Wetlands 
The Pu‘u Lua, Pu‘u ‘Ōpae, and Mānā Reservoirs that are classified as freshwater ponds by the NWI would 

be beneficially impacted by the Proposed Action due to freshwater reservoir levels being expanded from 

either completely dewatered or currently reduced levels. 

The operation of the proposed solar PV Solar Array and water infrastructure on the Mānā Plain would 

have no impact to the surrounding Freshwater Emergent Wetlands as they are currently zoned for 

agricultural use and are drained by the existing ditch system that drains the Mānā Plain.  

Under the No-Action Alternative, Pu‘u Lua Reservoir would remain under management of DLNR, Pu‘u 

‘Ōpae Reservoir would remain with DHHL, and Mānā Reservoir would remain with ADC. All three 

reservoirs require improvements in order to comply with Hawai‘i State Dam Safety Standards and remain 

operational. Pu‘u ‘Ōpae and Mānā Reservoir are currently drained and are therefore not active freshwater 

ponds. Decommissioning of the three reservoirs would eliminate potential for freshwater ponds in the 

area, and the decommissioning of Pu‘u Lua would eliminate an active fresh water pond. 
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3.3.3 Avoidance and Minimization Measures – Biological Resources 
The following actions were determined in consultation with Kekaha Hawaiian Homesteads Association 

(KHHA) and other community members as a means of minimizing the community impact of the Koa tree 

removal from the northwest corner of Pu‘u ‘Ōpae Reservoir: 

● Harvesting seeds from this specific tree and using them to replant multiple new Koa in the areas 

adjacent to and immediately south of Pu‘u ‘Ōpae Reservoir 

● Saving the usable timber from the trunk of the removed tree and giving that wood to KHHA for 

use in future Farm Plan buildings at Pu‘u ‘Ōpae, perhaps in an entryway or other prominent and 

visible area. 

The following measures identified during consultation with DOFAW would be implemented to minimize 

potential impacts to terrestrial and aquatic biological resources: 

● A vegetation survey would be conducted prior to commencing work due to the potential 

presence of rare and endangered plants at the project sites. If any of these species are found, 

DOFAW would be notified. 

● All Project construction-related materials and equipment to be placed or used in an aquatic 

environment would be inspected for pollutants including, but not limited to, grease, oil, etc., and 

cleaned to remove pollutants prior to use.  

● Fueling of Project-related vehicles and equipment would take place away from the aquatic 

environment. A contingency plan for accidental spills of petroleum products would be developed 

and retained on-site. Absorbent pads and containment booms would be stored on-site to 

facilitate clean-up of accidental petroleum releases. 

● Project construction-related materials would not be stockpiled in or in close proximity to aquatic 

habitats and would be protected from erosion to prevent materials from being carried into 

waters by wind or rain. 

● Regular on-site staff would be trained to identify special status species with the potential to occur 

within the Project area, as well as know the appropriate measures to be taken if a special status 

species is identified. 

The following measures would be implemented to minimize potential impacts to the Hawaiian goose: 

● Project personnel and contractors would be informed about the potential presence of 

endangered species on site. 

● Project personnel and contractors would not approach, feed, or disturb Hawaiian geese. 

● If Hawaiian geese are observed loafing or foraging within the project area during the breeding 

season (September through April), a biologist familiar with the nesting behavior of Hawaiian geese 

would survey for nests in and around the project area prior to the resumption of any work where 

the observation occurred. Surveys would be repeated after any subsequent delay of work of three 

or more days. 

● All work in the immediate vicinity would immediately cease and the USFWS would be contacted 

for further guidance if a nest is discovered within a 150-foot radius of proposed work, or if a 

previously undiscovered nest is found within a 150-foot radius after work has begun. 

● In areas where Hawaiian geese are known to be present, signs would be posted and reduced 

speed limits would be implemented.  
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The following measures would be implemented to minimize potential impacts to Hawaiian waterbirds: 

● A biologist familiar with waterbird biology would conduct a Hawaiian waterbird nest survey where 

appropriate habitat occurs prior to project initiation. Surveys would be repeated after any 

subsequent delay of work of three or more days. If a nest or active brood is found: 

o The USFWS would be notified within 24 hours for further guidance. 

o A 100-foot buffer would be established and maintained around all active nests and/or 

broods until the chicks/ducklings have fledged. 

o A biological monitor familiar with waterbird biology would be present on the project site 

during all construction or earth-moving activities until the chicks/ducklings have fledged.  

● In areas where waterbirds are known to be present, signs would be posted and reduced speed 

limits would be implemented.  

● BMPs regarding work in aquatic environments, including avian mortality avoidance measures, 

would be incorporated into the Project design.  

The following measures would be implemented to minimize potential impacts to Hawaiian seabirds: 

● Nighttime construction would be avoided during the seabird fledging season (September 15 to 

December 15). 

● Nighttime construction, if required, between December 16 and September 14 would utilize fully 

shielded and downward facing construction lights.  

● All outdoor lights would be fully shielded so the bulb can only be seen from below bulb height 

and only used when necessary.  

● Automatic motion sensor switches and controls would be installed on all outdoor lights, and/or 

lights would be turned off when human activity is not occurring in the lighted area. 

● Power lines, connections, and poles would be designed to minimize the likelihood of collisions 

from Hawaiian seabirds. 

The following measures would be implemented to minimize potential impacts to the Hawaiian hoary bat:  

● There would be no disturbance, removal, or trimming of woody plants greater than 15-feet-tall 

during the bat birthing and pup rearing season (June 1 through September 15). 

The following measures would be implemented to minimize the spread of ROD:  

● A survey of any locations where tree cutting may occur would be conducted within two weeks 

prior to tree cutting to determine if there are infected ‘ōhi‘a trees. If infected trees are identified, 

the following measures would be implemented:  

o The USFWS, University of Hawai‘i Cooperative Extension Service, U.S. Department of 

Agriculture (USDA) Forest Service, and USDA Agricultural Research Service would be 

contacted for further guidance.  

● Both prior to cutting and after the Project is complete, the following measures would be 

implemented:  

o Tools used for cutting infected ‘ōhi‘a trees would be cleaned with a 70% rubbing alcohol 

solution or a freshly-prepared 10% solution of chlorine bleach and water as long as the 

tools are oiled afterwards. Chainsaw blades would be brushed clean.  
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o Vehicles used off-road in infected areas would be thoroughly cleaned and tires and the 

undercarriage would be pressure washed with detergent.  

o Shoes and clothing worn in infected areas would be cleaned by dipping shoe soles in 70% 

rubbing alcohol and washing clothing in hot water with detergent.  

o All cut wood would be left on-site to avoid spreading ROD. 

The following measures would be implemented to minimize potential impacts to streams and wetlands: 

● To the extent practicable, performance of this work to the diversions and around streams would 

be scheduled to coincide with the drier summer months and would be temporarily suspended in 

the event of high streamflow or precipitation events. 

● Implementation of the Phase Two IIFS through fully automated gates at each diversion would 

minimize the downstream impacts of water diversion operations.  

● Construction plans and specifications would include comprehensive BMPs to minimize erosion at 

the applicable project sites during and after construction, as well as measures to contain runoff 

on-site during construction. BMPs may include, but not be limited to, the following:  

o Turbidity and siltation from Project-related work would be minimized and contained 

within the project area by silt containment devices, which would be maintained for the 

life of the construction period and until the project area is stabilized.  

o No work would occur during adverse weather conditions or flooding. 

o All Project construction-related debris and sediment containment devices would be 

removed and disposed of at an approved site.  

o All Project construction-related materials and equipment to be placed or used in an 

aquatic environment would be inspected for pollutants including, but not limited to, 

grease, oil, etc., and cleaned to remove pollutants prior to use.  

o Fueling of Project-related vehicles and equipment would take place away from the 

aquatic environment. A contingency plan for accidental spills of petroleum products 

would be developed and retained on-site. Absorbent pads and containment booms would 

be stored on-site to facilitate clean-up of accidental petroleum releases. 

o Project construction-related materials would not be stockpiled in or in close proximity to 

aquatic habitats and would be protected from erosion to prevent materials from being 

carried into waters by wind or rain. 

o All deliberately exposed soil or under-layer materials used near water would be protected 

from erosion and stabilized as soon as possible with geotextile, filter fabric, vegetation 

matting, or hydroseeding. 

● Temporary erosion control measures would be used during construction to prevent soil loss and 

to minimize surface runoff into adjacent wetlands and streams.  
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3.4 Traditional and Cultural Practices and Resources  

3.4.1 Affected Environment – Traditional and Cultural Practices and Resources 
The Project area contains a diversity of cultural, archaeological, and historic resources from both pre-

contact (1778) and post-contact (1778 to present) periods. Much of the cultural and historic resources are 

related to the landing of Captain James Cook at Waimea Bay on January 20, 1778 and the subsequent 

colonial settlement of the area. In 1878, the Waimea Sugar Mill Company was founded, and sugarcane 

cultivation became the primary industry in the area. The Waimea Sugar Mill ceased operations in 1945.  

A Cultural Impact Assessment (CIA), 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, 

provided in Appendix F, was prepared to comply with HRS Chapter 343 which requires consideration of 

the Proposed Action’s potential effect on traditional and cultural practices and resources. This report was 

prepared pursuant to the Office of Environmental Quality Control’s Guidelines for Assessing Cultural 

Impacts.  

The scope of work for the CIA included the following: 

● Examination of cultural and historic resources, including Land Commission documents, historic 

maps, and previous research reports with 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. 

● Review of previous archaeological work at and near the subject parcel that may be relevant to 

reconstructions of traditional land use activities and to the identification and description of 

cultural resources, practices, and beliefs associated with the parcel. 

● Preparation of a report that summarizes the results of these research activities and provides 

recommendations based on findings.  

The CIA includes archival research centered on Hawaiian activities including kaʿao (legends), wahi pana 

(storied places), ʿōlelo noʿeau (proverbs), oli (chants), mele (songs), traditional moʿolelo, traditional 

subsistence and gathering methods, ritual and ceremonial practices, and more. Background research 

focused 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, historic photographs, and Land Commission Awards were reviewed for information 

pertaining to the study area. Background research for this study yielded the following results which are 

presented in approximate chronological order: 

● 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). 

● Rain in the Waimea Ahupua‘a varies greatly depending on location – highland mauka (inland) 

locations of Waimea receive 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 associated 

with Waimea town while the Alaka‘iu Valley is said to have Nahae rain meaning “to shed”. The 
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wind associated with Waimea was Waipao, which means “wind-scooped” according to Kent 

(1986:443) or “the cool breeze” according to Nakuina (1992:140).  

● 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.”  

● 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). 

● 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.  

● 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). 

● 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.  

● The British vessels Discovery and Resolution, under the command of Captain James Cook, 

anchored at Waimea Bay on January 20, 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).  

● 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. 

● Over 150 kuleana (Native tenant awards) awards were granted in Waimea. Records for Land 

Commission Awards 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. 

● 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.  

● 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. 

● Previous archaeological studies located within and around the project area have identified historic 

sites including pre-Contact habitation terraces, burials, heiau, and cultural deposits. 

● The community consultation process for this project area has identified the importance of water 

to those residents of Hawaiian Home Lands and the Waimea Ahupua‘a. The traditional and 
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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, Cultural Surveys 

Hawai‘i learned that KIUC Project activities may impact the traditional and 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. 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. 

Throughout the CIA process, an effort was made to contact and consult with Native Hawaiian 

Organizations, agencies, and community members (including descendants of the area) to identify 

individuals with cultural expertise and/or knowledge of the project area and the ahupuaʿa of Waimea. A 

total of eight individuals and organizations contributed their mana‘o (thought, opinions) and ‘ike 

(knowledge) of the area. 

The following traditional and cultural practices were identified within the project area and the Waimea 

Ahupuaʿa:   

● 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) 

Several cultural sites and resources relating to ongoing traditional and cultural practices were identified 

during the community consultation and interview process within the vicinity of the project area and the 

Waimea Ahupuaʻa. These are presented in Table 16.  

 

 

 

 

 



  Affected Environment, Potential Impacts, and 
Pu‘u Opae/West Kaua‘i Energy Project  Avoidance and Minimization Measures 

 

Draft Environmental Assessment 112 July 2021 
 

Table 16. Traditional Cultural Practices Identified within the Vicinity of the Proposed Action 

Traditional Cultural Practice Resource 

Cultural Sites and 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) 

• 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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Based on information gathered from the cultural and historical background research and community 

consultation, culturally significant resources have been identified within the ahupua‘a. 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 practices was identified within the study area, 

no cultural resources, historic properties, or beliefs were identified as currently existing in the study area. 

Waimea Ahupua‘a maintains a rich cultural history in the exercising of traditional and customary Native 

Hawaiian rights within the project ahupua‘a. 

3.4.2 Potential Impacts – Traditional and Cultural Practices and Resources 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(4), the Proposed Action would 

result in a significant impact to cultural practices and beliefs if it would have a substantial adverse effect 

on the cultural practices of the community or state. Significant impacts would occur if the Proposed Action 

were to cause the following: 

● Substantially alter or remove a location where traditional and cultural practices take place 

● Unduly restrict or prevent a traditional and cultural practice from taking place 

● Introduce new elements that substantially alter the setting in which traditional and cultural 

practices take place. This can include visual elements, noise, traffic, and human presence 

Construction 
Construction activities associated with the Proposed Action would be short-term and temporary. The 

noise and concentrated human activity in the construction area could be disruptive to cultural 

practitioners utilizing the area, but this would be temporary, would not occur on weekends, and would 

be limited to the smallest possible area. Therefore, it is expected that construction of the Proposed Action 

would have less than significant impacts on traditional and cultural practices and resources. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur. Vegetation clearing along the Kōke‘e Ditch System is an ongoing activity that would continue and 

represents no change from existing conditions. Therefore, there would be no changes in the current 

condition and associated impacts to traditional and cultural practices and resources. 

Operation 
The information on the potential impacts from operation of the Proposed Action to ongoing traditional 

cultural practices and traditional and cultural resources were gathered based on the data collected during 

the community consultation process and kama‘āina interviews. Although consultation efforts identified 

ongoing traditional and cultural practices and cultural resources within the vicinity of the Proposed Action 

and the Waimea Ahupuaʻa, only one traditional and cultural practice was found within the Project area. 

Operation of the Proposed Action may impact the traditional and cultural practice of mālama ʻāina within 

a native forest located on a small puʻu within a zone in the Project area. The removal of native vegetation, 

specifically for the Upper Penstock and mauka section of the Lower Penstock, would impact the traditional 

and cultural practice of mālama ʻāina in this area.  

Under the No-Action Alternative, the existing Kōke‘e Ditch Irrigation System would remain under 

management of ADC and any repairs and ongoing operations would fall to ADC. This could potentially 
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result in the continuance of reduced operations or closure of the system. Reduced operations or closure 

of the ditch system could lead to reduced opportunities for taro cultivation at Pu‘u ‘Ōpae Reservoir.  

3.4.3 Avoidance and Minimization Measures – Traditional and Cultural 

Practices and Resources 
The following measures would be implemented to minimize potential impacts to cultural resources: 

● Measures to minimize potential impacts to stream habitat and biota and terrestrial biological 

resources important to cultural practices would be implemented as discussed in Section 3.3.3. 

● The Applicant is in current discussions with the cultural practitioners of mālama ʻāina within a 

native forest located on a small puʻu, and adjustments have been made to the Upper Penstock 

alignment and the associated construction area to minimize and avoid potential impacts to these 

practices in this area.  

● All equipment and vehicles arriving from outside all portions of the Project area located near 

designated critical habitat would be washed and inspected offsite prior to any maintenance or 

construction activities to avoid the unintentional introduction or transport of new invasive plant 

species.  

3.5 Archaeological and Historic Resources 

3.5.1 Affected Environment 
A Literature Review and Field Inspection (LRFI), 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, provided in Appendix G, was prepared to determine the likelihood that archaeological 

and historic resources may be affected by the project and, based on findings, consider management 

recommendations. The study area for the LRFI comprised approximately 1,015 acres. 

The LRFI was conducted through detailed historic, cultural, and archaeological background research and 

a field inspection of the study area. Background research included a review of previous archaeological 

studies, documents, historic photographs and maps, and Māhele records. The fieldwork included a 

pedestrian inspection of the study area, GPS data collection, photography, and brief field notes. 

Background research of wahi pana, the early historic period, and previous archaeological research 

conducted for the Waimea area found an emergence of a settlement pattern in the area. Permanent 

habitation areas were mainly among the mauka foothills, at the bases of shore facing cliffs, and 

agricultural areas that previously extended up the gulches watered by rainfall and intermittent streams. 

Near the base of 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. In addition, multiple 

pre-Contact house sites were recorded along with two heiau (Polihale and Kapāʻula), pre-Contact burials, 

and cultural deposits makai of the foothills. 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.  
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However, background research in the LRFI has found that much of the physical evidence of any pre- and/or 

post-contact sites has been destroyed by nearly 100 years of commercial agriculture and other operations. 

In addition, mauka and foothill areas have been overtaken by sugarcane and livestock, and the beach 

areas have been disturbed by shoreline stabilization projects. 

During the field inspection, 14 potential historic properties and features were documented. 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. 

These historic properties are summarized in Table 17 and shown on Figure 39.     

Table 17. Historic Properties Identified in the Study Area 

ID 
Historic 

Property 
Description 

CSH 01 Waiakōali 
Diversion  

• Associated features have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas.  

• Inscription reading 1989 located on the west portion of the diversion.  

• Part of the Kōke‘e Ditch Irrigation System and was established between 1923 
and 1926. 

CSH 02 Kawaikōī 
Diversion 

• Associated features have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas.  

• Inscription with no legible date located on the northern portion of the 
diversion.  

• Part of the Kōke‘e Ditch Irrigation System and was established between 1923 
and 1926. 

CSH 03 Kaua‘ikinanā 
Diversion 

• Associated features have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas.  

• Part of the Kōke‘e Ditch Irrigation System and was established between 1923 
and 1926. 

CSH 04 Kōke‘e 
Diversion 

• Associated features have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas.  

• Inscription reading 1924 located on the southern wall of the ditch. 

• Inscription reading MA on the all in the western portion of the diversion.  

• Part of the Kōke‘e Ditch Irrigation System and was established between 1923 
and 1926. 

CSH 05 Pu‘u Lua 
Reservoir 

• Associated features have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas.  

• Some areas modified more recently due to wear and tear and erosion. 

• Part of the Kōke‘e Ditch Irrigation System and was completed in 1972.  

CSH 06 Pu‘u Moe 
Divide 

• Associated features have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas.  

• Inscription with illegible writing likely reading 5/26/61 on concrete surface 
near sluice gate.  

• Part of the Kōke‘e Ditch Irrigation System and was established between 1923 
and 1926. 
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ID 
Historic 

Property 
Description 

CSH 07 Kōke’e Ditch • Associated features have multiple stages of construction with basalt and 
mortar pre-dating concrete masonry areas.  

• Multiple inscriptions on the concrete surface 

• The western branch is considered a part of the Kōke‘e Ditch Irrigation System 
and was established between 1923 and 1926. 

CSH 08 Abandoned 
Cane Haul 
Road 1 

• Date of initial construction unknown. 

• Likely utilized during plantation era from the late 1800s to as recent as 2003. 

Abandoned 
Cane Haul 
Road 2 

• Date of initial construction unknown. 

• Likely utilized during the plantation era from the late 1800s with modifications 
over the years. 

• Still in use at the present day. 

CSH 09 Possible 
Hearths 

• Three possible hearths with fire-affected basalt rocks and abundant charcoal 
pieces. 

• Ground disturbance associated with the installation of the Upper Penstock 
would be in the vicinity with no direct effect to CSH 09. 

CSH 10 Pu‘u ‘Ōpae 
Reservoir 

• Part of the Kōke‘e Ditch Irrigation System and was established between 1923 
and 1926. 

CSH 11 Concrete 
Remnants 

• Date of initial construction unknown, but location and construction style likely 
related to WWII era. 

• Ground disturbances for the installation of the Lower Penstock would be in the 
vicinity with no direct effect to CSH 11.  

CSH 12 Stacked 
Basalt Wall 

• Date of initial construction unknown, but location and construction style are 
likely related to the ranching era. 

• Ground disturbances for the installation of the Lower Penstock would be in the 
vicinity with no direct effect to CSH 12. 

CSH 13 Mānā 
Reservoir 

• Date of initial construction unknown, but shown on a 1960s USGS topographic 
map. 

CSH 14 Access Road 
Ditch 

• Ground disturbances for the PV Solar Array would be in the vicinity with no 
direct effect to CSH 14. 
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Figure 39. Historic Properties Identified in the Vicinity of the Proposed Action 
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3.5.2 Potential Impacts - Archeological and Historic Resources 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(1), the Proposed Action would 

result in a significant impact to archaeological and historic resources if it would irrevocably commit a 

natural, cultural, or historic resource. Significant impacts would occur if any of the identified historic 

properties discussed in Section 3.5.1 were physically altered or disturbed by the Proposed Action or if the 

Proposed Action substantially compromises the integrity of an historic property.  

Construction 
Through the LRFI, research had identified potential historic properties and features which 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 Irrigation System. All the existing 

infrastructure that would be repaired or rehabilitated by the Project are considered historic properties 

(i.e. older than 50 years old). 

The Proposed Action consists of some modifications and repairs to the existing Kōke‘e Ditch Irrigation 

System 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. 

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. World War II remnants (CSH 11) are located to the east of but outside the 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). The Proposed Action would repair and 

maintain the existing ditch system and reservoirs, all of which are considered historic properties. 

The construction of the Proposed Action is not anticipated to impact any of the known archaeological sites 

or burial sites near the Project area. However, it is possible that potential archaeological and architectural 

historic properties are located within the construction areas. All construction activities and the staging of 

construction equipment would take place on the project site. BMPs to minimize and mitigate potential 

impacts to unidentified human remains, burials, or historic properties would be followed prior and during 

construction activities, as documented in Section 3.5.3. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur and there would be no associated potential impacts to archaeological and historic resources.  

Operation 
Operation of the Proposed Action is not anticipated to impact any of the known archaeological sites or 

burial sites near the Project area. The existing infrastructure that is considered historic properties would 

be maintained for the life of the Project, therefore limiting degradation due to disrepair. 

Under the No-Action Alternative, the existing Kōke‘e Ditch Irrigation System would remain under 

management of ADC and any repairs and ongoing operations would fall to ADC. This could potentially 

result in the continuance of reduced operations or closure of the system. The Pu‘u Lua Reservoir would 

remain under the management of DLNR, the Pu‘u Ōpae Reservoir would remain under management of 
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DHHL, and Mānā Reservoir would remain under management of ADC. This could result in State-funded 

repairs to bring the reservoirs into compliance with Hawai‘i Dam Safety requirements or decommissioning 

of the reservoirs. 

3.5.3 Avoidance and Minimization Measures - Archeological and Historic 

Resources 
The following measures would be implemented to minimize potential impacts to historic and 

archaeological resources: 

● If human remains or burials are identified, all earth-moving activities in the area would stop, the 

area would be cordoned off, and SHPD, DHHL, and the Police Department would be notified 

pursuant to HAR Section 13-300-40.  

● If any potential historic properties are identified during construction activities, all activities would 

cease and SHPD would be notified pursuant to HAR Section 13-280-3.  

The Applicant is consulting with SHPD to determine additional historic preservation requirements. It is 

anticipated that an Archaeological Inventory Survey (AIS) may be required by the SHPD Archaeology 

Branch, and an architectural survey (Reconnaissance Level Survey or Intensive Level Survey) may be 

required by the SHPD Architecture Branch. The AIS would determine if archaeological historic properties 

are present in the study area and gather sufficient information to evaluate each historic property’s 

significance in accordance with the significance criteria listed in subsection 13-275-6(b) of the HAR. It is 

possible that archaeological monitoring may be required during all ground disturbing activities. If 

monitoring is required, an Archaeological Monitoring Plan would be prepared for approval by SHPD prior 

to any construction activities.  

Since Federal permits are required for the Proposed Action, Section 106 consultation would be conducted.  

3.6 Recreational Resources 

3.6.1 Affected Environment – Recreational Resources 
The upper portion of the project area is located within Kōke‘e State Park. There are lookouts, hiking trails, 

picnic areas, and campgrounds along the Kōke‘e Ditch Irrigation System, as shown on Figure 40 and in 

Table 18.   

Pu‘u Lua Reservoir is stocked with rainbow trout and is a popular and locally prized public fishing area 

with an annual season with varying dates between mid-June and the end of September. Each person 

fishing must have a valid State of Hawai‘i freshwater game fishing license, which may be obtained at DLNR-

DAR office, license agents, or purchased online. Catch-and-release fishing is prohibited; all trout caught 

must be retained and count towards the annual bag limit.  

The Upper Penstock is located within the Kekaha Game Management Area, which is located on DHHL land 

and is managed by DOFAW under an agreement between DHHL and DOFAW. This area is open for hunting 

feral pigs, feral goats, black-tailed deer, and game birds during specified periods throughout the year. 

DHHL has been in discussion with DOFAW about amending the area available to DOFAW for hunting.  
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Figure 40. Recreation Areas 
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Table 18. Recreational Facilities within the Project Vicinty 

Facility Type Facility Name Nearest Project Facility 

Camping Area 
Sugi Grove Camp Kawaikōī Intake 

Kawaikōī Camp Kawaikōī Intake 

Picnic Area 

Waiakōali Picnic Area Waiakōali Intake 

Alakaʻi Picnic Area Kaua‘ikinanā  Intake 

Ka‘ana Picnic Area Pu‘u Lua Reservoir 

Lapa Picnic Area Pu‘u Lua Reservoir 

Scenic Lookout 

Po‘omau Canyon Lookout Waiakōali Intake 

Kumuwela View Point Kōke‘e Intake 

Cliff Trail View Point Kōke‘e Intake 

Waimea Canyon Lookout Pu‘u Moe Divide 

Fishing Pu‘u Lua Reservoir Pu‘u Lua Reservoir 

 

The Proposed Action is expected to have beneficial impacts to recreation at Pu‘u Lua Reservoir. 

Specifically, increasing the storage capacity of Pu‘u Lua Reservoir and providing increased maintenance to 

the Pu‘u Lua access road would benefit the recreational fishing opportunities by both improving and 

enlarging habitat for the stocked trout population and by improving safe public access.  

3.6.2 Potential Impacts – Recreational Resources 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(2) and HAR Chapter 11-200.1-

13(6), the Proposed Action would result in a significant impact to recreational resources if the Proposed 

Action would curtail the range of beneficial uses of the environment or involves substantial secondary 

impacts such as population changes or effects on public facilities (e.g., recreation areas) that would impact 

public health. Therefore, a significant impact on public facilities or services would occur if the Proposed 

Action limited recreational use of the area or caused a substantial change in population or adversely 

affected public facilities.  

Construction 
Access to trails and camping areas in Kōke‘e State Park would be mostly unaffected during the 

construction period. The exception is Sugi Grove Campground, which would be closed for eight to ten 

weeks during repairs at the Kawaikōī Diversion.  

Rehabilitation of Pu‘u Lua Reservoir would involve draining and completely reconstructing the dam. This 

work would take place during the dry part of the year for one summer and would mean that the trout 

fishing program would need to be suspended for one or two seasons. The construction scheduling and 

execution would be carefully coordinated with DLNR and DAR to minimize the impacts to the trout 

management and public fishing as much as possible.  

Construction of the Proposed Action between Pu‘u Lua Reservoir and the Pu‘u Moe Divide and then west 

along the Upper Penstock alignment toward the DHHL boundary are within the vicinity of hunting areas. 

These hunting areas are currently only open during the weekends and are closed during weekdays. The 

construction work in these areas could be scheduled to occur only during the week, so that hunting 

activities could continue as normal during the weekends. The scheduling of work in the Kekaha Game 
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Management Area would be coordinated with DHHL and DOFAW to ensure construction worker safety 

while trying to minimize impacts to available hunting days. 

There would be no impacts to recreation due to construction along the lower portion of the Proposed 

Action between the DHHL boundary along the Upper Penstock and the proposed PV Solar Array since 

these areas are located within gated areas and are active agriculture areas or a designated a safety zone. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur. Therefore, there would be no impacts to recreation nor would the benefits to recreation be 

realized. The Kōke‘e Ditch Irrigation System would remain under management of ADC and associated 

public recreation considerations around the ditch system would remain with ADC. Repairs and 

maintenance of the public access roads would remain with the State. Pu‘u Lua Reservoir would remain 

under management of DLNR, and the necessary repairs to meet Hawai‘i Dam Safety requirements or 

actions required to decommission the reservoir would fall to the State. Decommissioning could result in 

closure of the trout fishing program. 

Operation 
Under the Proposed Action, operation of the upper portion of the Kōke‘e Ditch Irrigation System within 

Kōke‘e State Park and the Kekaha Game Management Area would be of no substantial difference than 

current operations and would have no impact to the access or the quality of the adjacent recreational 

areas. The Upper Penstock would be completely buried and would not interfere with the movement of 

game or any of the permitted hunting activities. The Upper Penstock would replace the current open ditch 

and Pu‘u ‘Ōpae Reservoir would be lined and then fenced for both public safety reasons and to protect 

the liner from ungulate damage, which would prevent land-based wildlife, including game animals, from 

accessing these facilities. These areas are currently dry or have very little water and are providing limited 

water for wildlife. However, the replacement of the open ditch between Pu‘u Moe Divide and Pu‘u ‘Ōpae 

Reservoir would eliminate water loss due to saturation. The remaining 10.6 miles of open ditch associated 

with the Proposed Action above Pu‘u Moe Divide, plus the 2.9-mile southern segment below Pu‘u Moe 

Divide and Pu‘u Lua Reservoir would remain open and viable sources of water for land-based wildlife, 

including game animals. 

Upon completion of the rehabilitation of the Pu‘u Lua Reservoir, there would be beneficial opportunities 

to the popular trout fishing program as the reservoir would be operating at increased water levels which 

would support increased trout stocking and improved shoreline for fishing access. Public safety would be 

improved through rehabilitation of the Pu‘u Lua Reservoir, which would bring the structure into 

compliance with Hawai‘i State Dam Safety Standards. The improvement of the Pu‘u Lua Access Road 

would improve public safety and access to the area. 

Operation of the portion of the Kōke‘e Ditch Irrigation System between Pu‘u Lua Reservoir and Pu‘u Moe 

Divide would have no impact to recreational areas and trails.  

Under the No-Action Alternative, the Kōke‘e Ditch Irrigation System and associated public recreation and 

public safety considerations would remain under management of ADC. Repairs and maintenance of the 

public access roads would remain with the State. Pu‘u Lua Reservoir would remain under management of 

DLNR, and the necessary repairs to meet Hawai‘i Dam Safety requirements or actions required to 
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decommission the reservoir would fall to the State. Decommissioning could result in closure of the trout 

fishing program. 

3.6.3 Avoidance and Minimization Measures – Recreational Resources 
No avoidance or minimization measures are proposed beyond the construction schedule coordination 

with DHHL, DLNR, and DAR to minimize impacts to fishing and hunting during specific construction 

activities.  

3.7 Visual Resources 

3.7.1 Affected Environment – Visual Resources 
The island of Kaua‘i is known for its beauty and variety of landscapes. The Proposed Action would cross a 

variety of landscapes with a variety of visual resources. There are several scenic lookouts and viewpoints 

within the vicinity of the Proposed Action, as summarized in Table 19 and shown on Figure 40. This 

includes the Po‘omau Canyon Lookout, Kumuwela View Point, Cliff Trail View Point, and Waimea Canyon 

Lookout.  

Table 19. Scenic Lookouts and Viewpoints in the Vicinity of the Proposed Action 

Scenic Lookout or View Point 
Location Relative to Proposed 

Action 
Description 

Po‘omau Canyon Lookout South of Waiakōali Intake 

• End of Po‘omau Canyon Lookout 
Trail 

• Offers views of Po‘omau Canyon 
and Waimea Canyon. 

Kumuwela Viewpoint 
Kōke‘e Ditch south-southeast of 
Kōke‘e Intake 

• End of Canyon Trail 

• Offers views of Waimea Canyon 
and Waipo‘o Falls 

• Picnic Table at viewpoint 

Cliff Trail Viewpoint Kōke‘e Ditch west of Kōke‘e Intake 
• Along Cliff Trail 

• Offers views of Waimea Canyon 

Waimea Canyon Lookout 
Kōke‘e Road north of Pu‘u Moe 
Divide 

• Off Kōke‘e Road 

• Offers views of Waimea Canyon 

 

3.7.2 Potential Impacts – Visual Resources 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(12), the Proposed Action would 

result in a significant impact to visual resources if it has a substantial adverse effect on scenic vistas and 

viewplanes, during day or night, identified in County or State plans or studies. The Proposed Action would 

have a significant impact if it would block or substantially obstruct a vista by placing a structure in the 

foreground so as to prevent a view of an identified resource from an identified area or create a structure 

that would be so incongruous with existing structures currently in the vista or viewplane.  

Construction 
During construction, there would be minimal impacts to the existing scenic and visual resources. Short-

term construction impacts to visual resources include the presence and staging of construction equipment 

within the project areas. However, the construction sites are primarily located in gated areas or areas that 
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are not visible from public viewpoints. Therefore, the impacts would not substantially impact visual 

resources or viewplanes. 

Construction activities proposed for the upper portions of the Proposed Action up ditch of Pu‘u Lua 

Reservoir and below Pu‘u Lua Reservoir to Pu‘u Moe would consist primarily of maintenance and repairs 

of the existing Kōke‘e Ditch Irrigation System and would have negligible visual impacts and would not 

affect any viewplanes from lookouts and viewpoints. 

Pu‘u Lua Reservoir is currently operating at fractional capacity and is kept partially drained for dam safety 

reasons. Rehabilitation of Pu‘u Lua Reservoir would involve significant earth moving and grading activities 

in the immediate area of the dam and the reservoir. These activities would significantly alter the 

appearance of the reservoir during the six- to twelve-month construction period. This change of 

appearance would be temporary. In addition, Pu‘u Lua Reservoir would be closed during construction. 

Upon completion of construction, the entire reservoir site would be cleaned, graded, and either seeded, 

mulched, or rip-rapped along with other BMPs to restore the ground and protect against erosion.  

The proposed intake structure at Pu‘u Moe Divide would be a compact and largely buried regulating 

structure along the existing ditch path in the woods near Kōke‘e Highway. This new structure would not 

be visible from the public roadway. The new Upper Penstock would generally follow the route of the 

existing Camp 1 road and the existing open ditch. To facilitate construction, there would be removal of 

some trees along portions of the Upper Penstock alignment, Camp 1 road, and the existing ditch. The 

uppermost segment of this vegetation removal may be visible from the public roadway as vehicles pass 

by the Camp 1 road turnoff near Pu‘u Moe Divide. The cleared areas would be restored to grass areas 

which would be kept mown for the life of the Proposed Action to facilitate pipeline inspection and serve 

as a firebreak. The penstock pipe would be fully buried and not visible once construction is completed. 

The existing Pu‘u ‘Ōpae Reservoir would be completely rebuilt to Hawai‘i State Dam Safety Standards. 

Similar to construction at Pu‘u Lua Reservoir, there would be significant earth moving and grading 

activities in the immediate area of the dam and the reservoir. These activities would be temporary, and 

the area would be fully restored using appropriate BMPs around the new fully lined and fenced reservoir 

within twelve months of beginning construction. This reservoir is visible from the gated Pu‘u ‘Ōpae lands 

and would be visible to tenants and guests of tenants. 

Pu‘u ‘Ōpae Powerhouse would be a new building located on the eastern edge of the Pu‘u ‘Ōpae Reservoir 

that would be similar in size to a large house and have an appearance similar to an agricultural storage 

building. All the generating equipment would be housed within the powerhouse structure. Pu‘u ‘Ōpae 

Powerhouse and Pu‘u ‘Ōpae Reservoir are within a gated DHHL area, and the construction activities would 

not be visible from any non-gated or public areas and would be low profile enough to not obstruct the 

viewplane in the general area. 

The proposed Lower Penstock would be constructed along an alignment that crosses on fields between 

Pu‘u ‘Ōpae Reservoir and the edge of Niu Ridge bluff. The area is within DHHL’s gated lands at an elevation 

of 750 to 1,500 feet msl and is not visible from non-gated public areas. The segment of proposed pipeline 

that extends from the edge of Niu Ridge to the Mānā Reservoir would be buried. Construction activities 

on the slope below the bluff would be visible from the highway located two miles to the west during the 

two to three months required to complete this section. Upon completion, this buried pipeline segment 

would be restored in the same manner as the rest of the pipeline and would blend with the surrounding 
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terrain. For these reasons, the temporary construction activities would have negligible visual impacts to 

the visual resources or viewplanes in the vicinity. 

The existing Mānā Reservoir would be completely rebuilt to Hawai‘i State Dam Safety Standards. Similar 

to construction at Pu‘u ‘Ōpae Reservoir, there would be significant earth moving and grading activities in 

the immediate area of the dam and the reservoir. These activities would be temporary, and the area would 

be fully restored using appropriate BMPs around the new fully lined and fenced reservoir within twelve 

months of beginning construction. This reservoir is visible from the gated Mānā agricultural area and 

would be visible to tenants and guests of tenants. 

The proposed Mānā Powerhouse located at the base of Niu Ridge on the southeast edge of Mānā 

Reservoir within the gated Mānā agricultural area. Connected to the south of the proposed powerhouse 

would be a buried structure approximately 150-feet by 60-feet in plan that would contain the pumping 

equipment, the reservoir spillway, and the pipeline surge facilities. These structures would not be visible 

from public areas and would have no impact on visual resources.  

The proposed PV Solar Array would be located on the Mānā Plain on approximately 350 acres of 

agricultural lands. It is anticipated that the proposed construction of these new facilities into the 

landscape at the lower portion of the project area on the Mānā Plain would be visible from the highway 

two miles to the west but would have no substantial impact to visual resources or to the mauka to makai 

viewplane as activities would be at ground level and would be short-term.  

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur, and the Kōke‘e Ditch Irrigation System would remain under management of ADC. Repairs and 

maintenance of the public access roads would remain with the State. Pu‘u Lua Reservoir would remain 

under management of DLNR, and the necessary repairs to meet Hawai‘i State Dam Safety Standards or 

actions required to decommission the reservoir would fall to the State. Decommissioning could result in 

closure of the trout fishing program. Impacts to visual resources or viewplanes associated with the No-

Action Alternative would depend on decisions for future improvements and maintenance of existing 

infrastructure. 

Operation 
Operation of the upper portion of the Project area would have no impact to visual resources as 

rehabilitation of the Kōke‘e Ditch Irrigation System would not involve constructing new facilities. The 

repairs and rehabilitation of the existing diversions would not result in a change in appearance of the 

structures. The repairs and continued maintenance of the existing reservoirs would be beneficial to the 

visual environment of these areas as the current reservoirs are either operating at lower water levels or 

are drained and unused.  

The Upper and Lower Penstock alignments would be maintained by cutting of vegetation and would not 

blend into natural surroundings. The Upper Penstock would be visible from the Pu‘u ‘Ōpae Reservoir and 

Powerhouse, which are located on gated lands. Therefore, the Upper Penstock alignment would be visible 

to tenants and guests of tenants but would not block any viewplanes. The Lower Penstock alignment 

would be visible from the gated Mānā agricultural area and would be visible to tenants and guests of 

tenants. The Lower Penstock alignment may also be visible from Kaumuali‘i Highway but would not block 

any viewplanes. 
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The Mānā Powerhouse building would be approximately 70 feet by 70 feet in plan and 50 feet tall and 

would house the hydroelectric units and ancillary equipment. The Mānā Powerhouse would be of similar 

height to the existing trees mauka of the reservoir, would be painted a light earth tone color, and would 

stand out notably from Kaumuali’i Highway two miles to the west of the Mānā Powerhouse location. 

The PV Solar Array maintains a low profile but may be visible when panels are at a certain angle. However, 

generally the PV Solar Array is not expected to be visible from public areas because the maximum panel 

height is approximately 15 feet tall and would be blocked by surrounding existing vegetation. The PV Solar 

Array and the substation would not obstruct mauka to makai viewplanes. Additionally, there would be no 

new overhead power lines associated with the Proposed Action as the new power line would be 

simultaneously buried alongside the Lower Penstock during construction. 

Under the No-Action Alternative, the Kōke‘e Ditch Irrigation System would remain under management of 

ADC. Repairs and maintenance of the public access roads would remain with the State. Pu‘u Lua Reservoir 

would remain under management of DLNR, and the necessary repairs to meet Hawai‘i Dam Safety 

requirements or actions required to decommission the reservoir would fall to the State. Decommissioning 

would result in closure of the reservoir and the trout fishing program. Impacts to visual resources or 

viewplanes associated with the No-Action Alternative would depend on decisions for future 

improvements and maintenance of existing infrastructure. 

3.7.3 Avoidance and Minimization Measures – Visual Resources 
The following measures would be implemented to minimize impacts to visual resources:  

● The Pu‘u Lua Reservoir site would be cleaned, graded, and either seeded, mulched, or rip-rapped 

along with other BMPs to restore the ground and protect against erosion 

● Cleared areas along the Upper and Lower Penstock would be restored to graded, grass areas 

which would be kept mown for the life of the Proposed Action 

● The Upper and Lower Penstock pipe would be fully buried and not visible once construction is 

completed 

3.8 Socioeconomics 

3.8.1 Affected Environment - Socioeconomics 
KIUC is a not-for-profit electric cooperative that is governed by a locally elected nine-member board of 

directors that is accountable to the cooperative’s membership. KIUC provides electricity to 34,000 

member-owners on the island of Kaua‘i. The electricity is generated either through burning fossil fuels 

(e.g., diesel) or renewable energy such as solar, hydro, and biomass. Because Hawai‘i has no proved 

petroleum reserves, crude oil, or natural gas reserve, Kaua‘i and all other islands must import petroleum 

from elsewhere. Before recent renewable energy project development, Hawai‘i was heavily dependent 

on imported petroleum. Moreover, each island had to build its power plants and grids to generate 

electricity to meet local demand since there are no transmission lines between islands. Research has 

shown that the consistently high price of oil combined with the high fixed price on infrastructure has led 

to record high electricity prices in Hawai‘i. 

KIUC strives to transform Kaua‘i from a heavily petroleum-dependent to a renewable energy-based island 

by investing in different types of renewable energy projects. Kaua‘i has gradually become less dependent 

on imported petroleum over the years. KIUC has successfully pushed to increase renewable production 
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from 9% in 2009 to 67% in 2020. In 2015, the State of Hawai‘i established a mandate of reaching 100% 

renewable electric generation by 2045. KIUC’s Board of Directors has adopted its own strategic goal of 

reaching 70% renewable generation by 2030.  

The Proposed Action is the tenth utility-scale renewable energy Project undertaken by KIUC. Once 

completed, the Proposed Action could provide as much as 110 GWh of electricity on average and up to 

300 MWh of daily storage plus 1,250 MWh of bulk energy storage. The 110 GWh of electricity would 

amount to over 20% of KIUC’s annual generation and is a substantial investment for KIUC. To lower the 

risk of the Project and optimize the use of tax credits, KIUC has signed a long-term Purchase Power 

Agreement with AES West Kaua‘i Energy Project, LLC.  

3.8.2 Potential Impacts – Socioeconomics 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(4), the Proposed Action would 

result in a significant impact to socioeconomics if the Proposed Action would have a substantial adverse 

effect on the economic or social welfare of the community or State. Therefore, a significant socioeconomic 

impact would occur if the Proposed Action adversely affected the revenue, employment, or overall 

economic conditions of the island community or the state as a whole. 

Construction 
The largest short-term economic impacts of the Proposed Action are benefits associated with the pre-

construction/development work necessary for construction, the rehabilitation of existing structures, and 

construction of new facilities. Based on the Economic Impact Assessment for the West Kaua‘i Energy 

Project (Appendix H), construction and rehabilitation work is estimated at $230 million. Jobs would 

include professional and construction trades during the multi-year development and construction phases. 

Jobs for the Project include concentrations on utilities, engineering, environmental professionals, and 

public administration fields.  

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur and no socioeconomic benefits would occur. 

Operation 
An Economic Impact Assessment, Economic Impact Assessment for the West Kaua‘i Energy Project, has 

been conducted for the Proposed Action and is provided in Appendix H. The economic analysis shows 

that the Proposed Action would have direct effects, indirect effects, and induced effects, as defined below.  

● Direct Effects: Primary effect associated with the creation of jobs, earnings, and taxes that are 

created in industries that are directly associated with the Proposed Action. 

● Indirect Effects: Secondary effect associated with jobs, earnings, and taxes that are created in 

businesses that supply goods and services to industries that are directly associated with the 

Proposed Action. 

● Induced Effects: Secondary effect associated with jobs, earnings, and taxes that are created as 

workers re-spend their income on goods and services due to the change in jobs and earning 

induced by the direct and indirect effects of the Proposed Action.  

The estimated construction, long-term operation and maintenance (O&M) expenditures, and savings from 

petroleum offset by the Project is expected to generate substantial and positive impacts on the Kaua‘i 

County economy and create a total of 27,320 person-years of employment over 78 years. The construction 
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and O&M payroll is expected to generate a sum of $788.3 million of earnings in Kaua‘i throughout the life 

of the project.  

There are significant long-term socioeconomic benefits associated with the operation and maintenance 

of the Proposed Action. The benefits include creating jobs and resulting direct, indirect, and induced 

spending as a result of ongoing operations and maintenance of the Proposed Action and absorbing and 

offsetting State expenditures by providing long-term maintenance of the legacy Kōke‘e Ditch Irrigation 

System and its reservoirs. In addition, it would bring the State-owned reservoirs into compliance with the 

Hawai‘i State Dam Safety Standards and make lease payments to the State for use of the required lands.  

Most importantly, the Proposed Action would help Kaua‘i become less reliant on fossil fuels, which is an 

important milestone to reaching 100% renewable energy by 2045 as mandated by State law. Instead of 

spending millions of dollars on imported fuel costs each year, KIUC would spend less money for the locally-

generated clean energy created by the Proposed Action, saving the Kaua‘i rate payers money by shifting 

those expenditures so that more of the dollars are retained locally. 

The Proposed Action would be one of the most efficient and modern generation facilities in Hawai‘i. The 

hydroelectric equipment would have an overall efficiency of 85%. The total elevational drop of the 

Proposed Action’s hydroelectric system is almost 3,000 feet from Pu‘u Moe Divide to Mānā Reservoir, 

making this the  highest head hydroelectric facility in Hawai‘i. This high head allows the facility to generate 

over 75,000 kWh from each MGD of water that passes through it, considerably more power per gallon of 

water than any other hydroelectric facility in Hawai‘i. Additionally, the Proposed Action’s reservoirs would 

provide a combined total as much as 1,500 MWh of bulk energy storage at a significantly lower cost than 

any battery based alternative. 

Less directly, but also of great value, the Proposed Action would support diversified agriculture through 

subsidized irrigation delivery to lands owned by DHHL and ADC. It would also bring financial resources to 

DHHL and ADC via lease rent payments for use of State-owned lands. In addition, it would provide a 

reliable source of water for fire protection on DLNR, DOFAW, and DHHL lands in the Kōke‘e area during 

drought seasons. In addition, the Proposed Action would further the purposes of the HHCA.  

Lastly, the partnership between the State and the Applicant would enable the State to provide proper 

stewardship for the river through the modernization of the plantation-era stream diversions and ongoing 

operation of systems that maintain and track instream flow releases at the involved headwater tributaries 

of the Waimea River.  

Under the No-Action Alternative, the Kōke‘e Ditch Irrigation System and the cost of any repairs and 

maintenance would remain with ADC. If the Kōke‘e Ditch Irrigation System continued reduced operations 

or was closed, there would be associated reduced agricultural potential on the west side of Kaua‘i. The 

cost of repairs and maintenance of the public access roads would remain with the State. Pu‘u Lua 

Reservoir would remain under management of DLNR, and the cost for necessary repairs to meet Hawai‘i 

State Dam Safety Standards or actions required to decommission the reservoir would fall to the State. In 

addition, the cost and practical implementation of delivery of water, repair of roads, and installation of 

an electrical power line to DHHL mauka lands would fall to DHHL, which is not part of DHHL’s 20-year plan 

leaving the lands not viable for the foreseeable future.  
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Under the No-Action Alternative, there would be significant limitations on renewable energy options for 

Kaua‘i resulting in difficulty in reaching the State mandate of 100% renewable energy. As was discussed 

in Section 2.3, this is because hydroelectric and solar are the only two cost-effective, near-term renewable 

energy options for Kaua‘i. With respect to hydroelectric, there are no other feasible hydroelectric power 

projects on Kaua‘i. Unlike pumped storage hydro, battery technology does not provide inexpensive bulk 

energy storage.  

3.8.3 Avoidance and Minimization Measures - Socioeconomics 
No avoidance or minimization measures are proposed or expected to be required.  

3.9 Noise 
Noise is defined as unwanted sound and is one of the most common environmental issues of concern to 

the public. A number of factors affect sound as it is perceived by the human ear. These include the actual 

level of the sound (i.e., noise), the frequencies involved, the period of exposure to the noise, and changes 

or fluctuations in the noise levels (HAR Chapter 12-200.1 – Occupational Noise Exposure). 

The State of Hawai‘i Community Noise Control Rule (HAR Chapter 11-46) defines three classes of zoning 

districts and specifies corresponding maximum permissible sound levels due to stationary noise sources 

such as air-conditioning units, exhaust systems, and generators. The accepted unit of measure for noise 

levels is the decibel (dB). The Community Noise Control Rule does not address most moving sources, such 

as vehicular traffic noise, air traffic noise, or rail traffic noise. However, the Community Noise Control Rule 

does regulate noise related to construction activities, which may not be stationary.  

The State of Hawai‘i regulates noise exposure in the following statutes and rules:  

● HRS Chapter 342F – Noise Pollution 

● HAR Chapter 11-46 – Community Noise Control 

The maximum permissible noise levels are enforced by the DOH for any location at or beyond the property 

line and shall not be exceeded for more than 10% of the time during any 20-minute period. The specified 

noise limits which apply are a function of the zoning and time of day as shown in Figure 41. With respect 

to mixed zoning districts, the rule specifies that the primary land use designation shall be used to 

determine the applicable zoning district class and the maximum permissible sound level. In determining 

the maximum permissible sound level, the background noise level is taken into account by the DOH.  

As discussed in Section 4.3.3, the Proposed Action is located through several zoning designations, which 

include Conservation, Open, Agriculture, and areas of No Zoning. This puts most of the Project Area from 

the upper Kōke‘e Ditch Irrigation System towards the Mānā Reservoir in a Class A Zoning District which 

has a maximum permissible sound level during daytime hours (7 AM to 10 PM) of 55 dBA and a maximum 

permissible sound level of 45 dBA during nighttime hours (10 PM to 7 AM). The Project Area west from 

the Mānā Reservoir towards the proposed PV Solar Array would be in a Class C Zoning District with a 

maximum permissible sound level of 70 dBA during both daytime (7 AM to 10 PM) and nighttime hours 

(10 PM to 7 AM). Therefore, a Community Noise Permit may be required from the Indoor and Radiological 

Health Branch of the DOH.  
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Figure 41. Hawai‘i Maximum Permissible Sound Levels for Various Zoning Districts 

 

3.9.1 Affected Environment - Noise 
The Proposed Action is located in forested and grassland areas on the west side of Kaua‘i in a relatively 

undeveloped area. There are no adjacent noise producers to the Project area, which creates a very quiet 

noise environment. Noise in the area is limited to the sound of the river, wind blowing through trees, 

birds, and other fauna. Since there are no sensitive receptors in the area, noise impacts aren’t expected.  

3.9.2 Potential Impacts - Noise 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(5) and HAR Chapter 11-200.1-

13(10), the Proposed Action would result in a significant noise impact if it has a substantial adverse effect 

on public health or on ambient noise levels. Therefore, a significant noise impact would occur if the 

Proposed Action would result in increased ambient noise levels to the extent that noise-sensitive 

receptors would be exposed to noise exceeding regulatory levels.  
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Construction 
Noise generated during construction of the Proposed Action would be short-term and limited to the areas 

of construction. Noise would be generated by construction equipment employed to implement the 

Proposed Action. Construction equipment would include excavators, trucks, and other heavy equipment. 

Earthmoving equipment (e.g., an excavator) would probably be the loudest piece of equipment used 

during construction. Typical noise emission levels for construction equipment are provided in Table 20. 

Table 20. Typical Noise Emission Levels for Construction Equipment 

Type of Equipment Noise Level at 50 feet (dBA) 

Air Compressor 81 

Backhoe 80 

Bulldozer 82 

Chain Saw 85 

Concrete/Grout Pumps 82 

Crawler Service Crane (100-ton) 83 

Dump Truck 88 

Excavator 85 

Front End Loader 80 

Generator 81 

Jackhammer (compressed air) 85 

Lift Booms 85 

Pick-Up Truck 55 

Power-Actuated Hammer 88 

Water Pump 76 

Water Truck 55 

Source: FHWA, 2015 

 

 

The proposed rehabilitation of the existing Kōke‘e Ditch Irrigation System, Pu‘u Lua Reservoir, and the 

jeep access roads located in Kōke‘e State Park, which is a highly utilized area for recreation (see Section 

3.6), would have short-term and temporary noise impacts. Noise from construction may reduce the 

enjoyment for recreationists in the vicinity of construction. Specific noise impacts would be limited to 

recreation areas discussed in Section 3.6.2. However, these impacts would be short-term and temporary, 

and there are ample recreation opportunities throughout Kōke‘e State Park that would not be impacted 

by construction noise.  

Construction-generated noise in the areas west of the Pu‘u Moe Divide and Kōke‘e State Park are located 

in undeveloped Open Space and Agriculture lands away from residential and major population centers. 

Therefore, noise impacts associated with construction of the Proposed Action would be less than 

significant. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur and there would be no noise impacts. 



  Affected Environment, Potential Impacts, and 
Pu‘u Opae/West Kaua‘i Energy Project  Avoidance and Minimization Measures 

 

Draft Environmental Assessment 132 July 2021 
 

3.9.3 Operation 
The proposed rehabilitation of existing State infrastructure would allow for continued operation of the 

existing facilities and the noise environment would remain the same as at present. Therefore, there would 

be no noise impacts associated with the continued operation of existing State infrastructure.  

Noise generated from the operation of the proposed Pu‘u ‘Ōpae Powerhouse and Mānā Powerhouse 

would be contained largely within the powerhouses; however, some steady noise from rotating 

machinery and building ventilation fans would be present when the powerhouses were operating. The 

operation of the reservoirs, ditches, and water control infrastructure as well as the PV Solar Array and 

substation would have no noise increase from the existing noise environment. The renewable energy 

created by the Proposed Action would offset energy that would otherwise be produced by loud existing 

legacy fossil generation units at either Port Allen or Kapaia, resulting in a net decrease in noise emissions 

for Kaua‘i’s electricity generation. Therefore, operation of the Proposed Action would provide positive 

regional noise impacts, minimal noise impacts in the immediate area of the powerhouses, and negligible 

noise impacts across most of the Project footprint. 

Under the No-Action Alternative, the Kōke‘e Ditch Irrigation System would remain with ADC, which may 

result in a continuance of reduced operations or closure of the system. The maintenance of the public 

access roads would remain with the State. Pu‘u Lua Reservoir would remain under management of DLNR, 

and the necessary repairs to meet Hawai‘i State Dam Safety Standards or actions required to 

decommission the reservoir would fall to the State. Noise related to existing conditions around the 

existing infrastructure would remain unchanged. However, under the No-Action Alternative, there would 

not be an offset of energy production at the existing legacy fossil generation units at Port Allen and Kapaia, 

resulting in ongoing regional noise impacts.  

3.9.4 Avoidance and Minimization Measures - Noise 
Noise generated from short-term construction activities and the use of machinery would be minimized by 

requiring contractors to adhere to State and County noise regulations, including HRS Chapter 342F; HAR 

Title 11, Chapter 46; and Kauaʿi County Code Section 22-14. To reduce noise exposure, construction 

activities are generally planned to be conducted on weekdays and in daytime hours. In the event that 

work occurs after normal working hours (i.e., at night or on weekends), or if permissible noise levels are 

exceeded, appropriate permitting and monitoring, as well as development of administrative and 

engineering controls, would be employed.  

No minimization measures are proposed for noise created during plant operations since it would be 

confined to the areas immediately surrounding the powerhouses. 

3.10  Air Quality 

3.10.1  Affected Environment – Air Quality 
Air quality on the west side of Kaua‘i is affected by pollutants from natural, vehicular, agricultural, and 

military sources. Air quality in the vicinity of the Proposed Action is considered to be good due to the low 

density of development in the area and relatively few point source air pollutants.  

The Clean Air Act of 1972 and its 1990 Amendments and subsequent legislation regulate air emissions 

from area, stationary, and mobile sources. Both the U.S. Environmental Protection Agency and the State 
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of Hawai‘i have instituted Ambient Air Quality Standards (AAQS) to maintain air quality in the interest of 

public health and secondary public welfare.  

At the present time, seven parameters are regulated: particulate matter, sulfur dioxide, hydrogen sulfide, 

nitrogen dioxide, carbon monoxide, ozone and lead. The Hawai‘i AAQS are in some cases considerably 

more stringent than the comparable National Ambient Air Quality Standards (NAAQS). In particular, the 

Hawai‘i 1-hour AAQS for carbon monoxide is four times more stringent than the comparable national 

limit. Table 21 illustrates the NAAQS and State AAQS and the units of measure (micrograms per cubic 

meter [μg/m3] and parts per million [ppm]). 

Table 21. State of Hawai‘i and National Ambient Air Quality Standards 

Pollutant Units 
Averaging 

Time 

Maximum Allowable Concentration 

National 

Primary 

National 

Secondary 

State of 

Hawai‘i 

Particulate Matter 

<10 microns 

(PM10) 

μg/m3 Annual 

24 Hours 

- 

150a 

- 

150a 

50 

150b 

Particulate Matter 

<2.5 microns 

(PM2.5) 

μg/m3 
Annual 

24 Hours 

12c 

35d 

15c 

35d 

- 

- 

Sulfur Dioxide 

(SO2) 
ppm 

Annual 

24 Hours 

3 Hours 

1 Hour 

- 

- 

- 

0.075e 

- 

- 

0.5b 

- 

0.03 

0.14b 

0.5b 

- 

Nitrogen Dioxide 

(NO2) 
ppm Annual 

1 Hour 

0.053 

0.100f 

0.053 

- 

0.04 

- 

Carbon Monoxide 

(CO) 
ppm 8 Hours 

1 Hour 

9b 

35b 

- 

- 

4.4b 

9b 

Ozone 

(O3) 
ppm 8 Hours 0.070g 0.070g 0.08g 

Lead μg/m3 3 Months 

Quarter 

0.15h 

1.5i 

0.15h 

1.5i 

- 

1.5i 

Hydrogen Sulfide  ppb 1 Hour - - 25b 

Notes: aNot to be exceeded more than once per year on average over three years. 
bNot to be exceeded more than once per year. 
cThree-year average of the weighted annual arithmetic mean. 
d98th percentile value averaged over three years. 
eThree-year average of fourth-highest daily 1-hour maximum. 
f98th percentile value of the daily 1-hour maximum averaged over three years. 
gThree-year average of annual fourth-highest daily 8-hour maximum. 
hRolling 3-month average. 
iQuarterly average. 

Source: DOH, 2015 
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In addition to the NAAQS and the State AAQS, the DOH regulates fugitive dust. HAR Chapter 11-60.1-33, 

Fugitive Dust, states that no person shall cause or permit visible fugitive dust to become airborne without 

taking reasonable precautions, and no person shall cause or permit the discharge of visible fugitive dust 

beyond the property lot line on which the fugitive dust originates (DOH, 2014). This rule applies to 

construction projects and would, therefore, be applicable to the Proposed Action. 

3.10.2  Potential Impacts – Air Quality 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(5) and HAR Chapter 11-200.1-

13(10), the Proposed Action would result in a significant impact to air quality if it would have a substantial 

impact on public health or result in a substantial degradation of environmental quality, have a substantial 

adverse effect on air quality. Therefore, the Proposed Action’s impact to air quality would be considered 

significant if it would result in emissions of air pollutants that could substantially impair the existing air 

quality through generation of substantial pollutant concentrations or lead to the area becoming a non-

attainment area for State AAQS and NAAQS, which could lead to an impact on public health.  

Construction 
Construction-related impacts to air quality are anticipated with the implementation of the Proposed 

Action. During the short-term and temporary construction period, potential emission sources that may 

affect air quality at the construction sites include the following: 

● Diesel and/or gasoline-powered construction equipment and motor vehicles would contribute to 

additional CO and CO2 in the air. 

● Fugitive dust emissions resulting from excavation to rehabilitate the reservoirs, bury the proposed 

upper and lower penstocks and electric power lines, and repair the unpaved access roads. 

Because levels of criteria pollutants in Hawai‘i are consistently below Federal and State AAQS, and because 

the prevailing trade winds rapidly carry pollutants offshore limiting the effect on receptors, increases in 

levels of criteria pollutants at the Project sites from construction activities are not expected to be 

significant. It is not anticipated that Federal or State AAQS would be exceeded during construction 

activities.  

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur; therefore, there would be no air quality impacts associated with construction of the Proposed 

Action. 

Operation 
The proposed rehabilitation of existing State infrastructure would allow for continued operation of the 

upper Kōke‘e Ditch Irrigation System, reservoirs, and access roads in the long-term with no adverse impact 

to air quality. The operation of the Proposed Action with energy generated from both solar and 

hydroelectric would have a beneficial effect on air quality by reducing fossil-fuel energy generation and 

the associated air emissions.  

Hydroelectric power generation and pumping of water for agricultural purposes does not create noxious 

emissions. The Proposed Action would provide an estimated 30 GWh of hydroelectric generation annually 

and up to 80 GWh of firmed solar generation. Like noise emissions, this increase in generation of 

renewable energy from the Proposed Action would decrease the required generation of electricity from 

fossil fuel sources and the resultant GHG emissions. The Proposed Action would produce up to 110,000 
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MWh of renewable energy, which would reduce the need for fossil fuels that would equate to the 

reduction of 80,000 metric tons of GHG emissions (CO2 equivalent) each year. By displacing fossil fuel 

power generation, the Proposed Action would have a beneficial impact on air quality elsewhere in Hawai‘i. 

Under the No-Action Alternative, without improvements to the Kōke‘e Ditch Irrigation System or the 

reservoirs and without construction of the integrated renewable energy and irrigation project, there 

would be significant limitations on renewable energy options for Kaua‘i. Rehabilitation and ongoing 

maintenance of existing reservoirs and the Kōke‘e Ditch Irrigation System would remain the responsibility 

of the State, which could lead to reservoirs being decommissioned and closure of the Kōke‘e Ditch 

Irrigation System, significantly limiting the use of the resources for potential renewable energy projects 

in the future. If a No-Action Alternative takes place, the island would continue to rely on energy generated 

from fossil fuels which would continue to contribute GHG emissions that affect local and statewide air 

quality. 

3.10.3  Avoidance and Minimization Measures – Air Quality 
A dust control plan would be developed and implemented to minimize fugitive dust during construction, 

to be approved by the DOH. The plan would include some or all of the following measures: 

● Watering of active work areas and project access roads, as needed 

● Screening piles of materials from wind, if appropriate 

● Installing dust screens or wind barriers around construction sites, if appropriate 

● Covering open trucks carrying construction materials 

● Limiting areas to be disturbed at any given time 

● Mulching or chemically stabilizing inactive areas that have been disturbed 

 

Additionally, contractors would be required to maintain equipment with emissions controls. 

3.11  Natural Hazards 

3.11.1   Affected Environment – Natural Hazards 

Floods and Tsunamis 
As shown in Figure 42 and Figure 43, all of the proposed facilities except the PV Solar Array are located in 

Flood Zone X, which is not considered a flood hazard area and outside of the tsunami evacuation zone. A 

portion of the PV Solar Array is located on the Mānā Plain in Flood Hazard Zone A, which is an area subject 

to inundation by the 1% annual chance flood event, and the tsunami evacuation zone. These facilities 

would be designed to be compatible with being located in a Flood Hazard Zone given the solar panels 

would be elevated several feet off the ground. In addition, the Mānā Plain is protected by an extensive 

series of channels and pumps that were installed by the Kekaha Sugar Company in 1923 to drain the low 

terrain to provide land for agriculture. These channels and pumps are managed as part of the long-term 

agricultural operations on the Mānā Plain. As an unmanned facility, there would be no public safety issues 

associated with being in the Flood Hazard Zone or the tsunami evacuation zone.  
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Figure 42. Flood Hazard Areas  
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Figure 43. Tsunami Evacuation Zones 
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Earthquakes 
Strong earthquakes endanger people and property by shaking structures and by causing ground cracks, 

ground settling, and landslides. The size of an earthquake is commonly expressed by its magnitude on the 

Richter scale, which is a measure of the relative size of the earthquake wave recorded on seismographs. 

Thousands of earthquakes occur every year in Hawai‘i, most on and around the Island of Hawai‘i. Many 

of these earthquakes are directly related to volcanic activity. The entire island of Kauaʿi is rated Seismic 

Hazard Zone A. Zone A is defined as having a “very small probability of experiencing damaging earthquake 

effects” (USGS, 2017). 

Hurricanes and Tropical Storms 
The Hawaiian Islands are seasonally affected by Pacific hurricanes from June through November. On 

average, there are between four and five tropical cyclones observed in the Central Pacific every year. The 

State has been affected by significant hurricanes and tropical storms over the years. These include Hiki 

(1950), Nina (1957), Dot (1959), ʻIwa (1982), ‘Iniki (1992), Iselle (2014), Lane (2018), and Olivia (2018). 

Hurricane ‘Iniki in 1992 passed directly over the island of Kaua‘i as a category 4 hurricane and was the 

strongest hurricane to ever hit the Hawaiian Islands. According to a report presented at the International 

Union of Conservation of Nature World Conservation Congress, global climate change could mean that 

Hawai‘i may experience more frequent and more severe hurricanes in the future (HNN, 2016). 

Wildfire 
Steep slopes, rough terrain, difficult access, and a large percentage of highly ignitable invasive grasses and 

numerous threatened and endangered native species characterize the Kauaʻi landscape. Coupled with 

warm weather, recurring drought conditions, changes in land use, and a history of human-caused fires 

puts the area at increased risk of wildfire. The proximity of development to fire-prone wildlands present 

hazardous conditions that now threaten Kaua‘i communities and natural resources. Overgrown 

vegetation close to homes, pockets of open space within subdivisions, and an increase of non-native high 

fire-intensity plants around developed areas and native forests pose increasing threats to commercial, 

community, environmental, and residential resources. Together, these factors create the fire 

environment that puts Kauaʻi at risk of wildfire. 

The wildland-urban interface area where developed areas, roads, and community infrastructure abuts 

undeveloped land is where the majority of wildfire ignitions occur. Most wildfires on Kauaʻi are caused by 

human error or arson, especially near developments, power line rights-of-way, and along roadsides. 

Wildfires in lesser developed areas, fallow agricultural lands, and in the higher elevations also spread and 

threaten natural areas, and the native and protected species they may contain (HWMO, 2016). 

3.11.2  Potential Impacts – Natural Hazards 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(11), the Proposed Action would 

result in a significant impact if it would have a substantial adverse effect on or be likely to suffer damage 

by being located in an environmentally sensitive area such as a flood plain. Therefore, a significant impact 

would occur if the Proposed Action was substantially adversely impacted by natural hazards. 

Construction 
Short-term construction under the Proposed Action would not create conditions that would exacerbate 

natural hazards. The Kauaʿi Emergency Management Agency coordinates and integrates efforts among all 
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levels of government and the private sector to mitigate against, prepare for, respond to, and recover from 

natural disasters, acts of terrorism, and other threats and hazards. Construction personnel would respond 

to any emergency messages or alerts, as appropriate, to ensure their safety during construction.  

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur, and no conditions would exist that exacerbate natural hazards. 

Operation 
The existing upper Kōke‘e Ditch Irrigation System, Pu‘u Moe Regulating Structure and Upper Penstock, 

reservoirs, and access roads have been operational for decades, without significant damage from natural 

hazards. These facilities were built to withstand their natural environment, and it is expected that they 

will continue to do so. The rehabilitation of these existing infrastructures would increase the stability and 

integrity of the structures for the long-term against future natural hazards. The proposed solar, 

hydroelectric, and irrigation infrastructure and facilities would be constructed so that they would 

withstand natural hazards during operation.  

The repairs to the Pu‘u Lua Reservoir, Pu‘u ‘Ōpae Reservoir, and Mānā Reservoir would bring the 

reservoirs into compliance with Hawai‘i State Dam Safety Standards, which would greatly decrease the 

risk of a dam breach and associated resultant downstream flooding. In addition, the long-term 

maintenance and operation of the Pu‘u Lua Reservoir and Pu‘u ‘Ōpae Reservoir would provide reliable 

sources of water for helicopters during firefighting operations, thereby improving fire protection in these 

areas.  

Under the No-Action Alternative, potential impacts associated with natural hazards would be the same as 

current conditions.  

3.11.3   Avoidance and Minimization Measures – Natural Hazards 
All existing and proposed facilities are unmanned, and continuous real-time monitoring of the Project 

would be performed by the SCADA system. The only time personnel visit the facilities is for inspections 

and/or maintenance. Personnel would respond to any emergency messages or alerts, as appropriate, to 

ensure their safety during these visits to the facilities.  

3.12  Climate Change and Sea Level Rise 

3.12.1   Affected Environment – Climate Change and Sea Level Rise 

Climate Change 
Climate change is a long-term shift in patterns of temperature, precipitation, humidity, wind, and seasons. 

Scientific data show that earth’s climate has been warming. This warming is mostly attributable to rising 

levels of carbon dioxide and other GHG generated by human activity. These changes are already impacting 

Hawai‘i through rising sea levels, increasing ocean acidity, changing rainfall patterns, decreasing stream 

flows, and changing wind and wave patterns.  

While the earth’s climate experiences natural change and variability over geologic time, the changes that 

have occurred over the last century due to human input of GHG into the atmosphere are unprecedented 

(HCCMAC, 2017). The State of Hawai‘i and Kaua‘i have relied heavily on fossil fuels for energy production, 

which has contributed to global GHG emissions. Over the past 10 years, Kaua‘i has been successful in 
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reducing its GHG emission more than 60% from the electricity generation sector by KIUC’s successful 

efforts in implementing new renewable generation facilities.  

Sea Level Rise 
Sea levels are rising at increasing rates due to global warming of the atmosphere and oceans and melting 

of glaciers and ice sheets (HCCMAC, 2017). These rising seas and the projection for more increased tropical 

storms in the Pacific Ocean would increase Hawai‘i’s vulnerability from coastal inundation and erosion. 

According to the Intergovernmental Panel on Climate Change, if global GHG were to continue at a 

“business as usual” scenario, it is expected that a 3.2-foot sea level rise could occur by the year 2100 and, 

to some projections, as early as the year 2060, and would continue to rise in the future. Therefore, the 

Hawai‘i Sea Level Rise Vulnerability and Adaptation Report (2017) adopted by the State of Hawai‘i suggests 

that planning for a 3.2-foot sea level rise should happen now (HCCMAC, 2017).  

As such, the sea level rise exposure area (SLR-XA) has been developed for the State in order to model and 

determine the potential future exposure of each island to multiple coastal hazards as a result of sea level 

rise. The SLR-XA is the footprint of three coastal hazards: passive “bathtub” flooding, annual high wave 

flooding, and coastal erosion. Using the SLR-XA to assess sea level rise impacts and coastal hazard 

exposure would support efforts to encourage Hawai‘i’s adaptation to sea level rise. The impacts of sea 

level rise on the communities of Kaua‘i have the potential to exacerbate existing challenges such as aging 

infrastructure, planning for future growth, and the lack of affordable housing (HCCMAC, 2017). According 

to the Hawai‘i Sea Level Rise Vulnerability and Adaptation Report (2017), approximately 5,760 acres of 

land on Kaua‘i is estimated to be located in the SLR-XA with 3.2-feet of sea level rise by the mid- to latter-

half of the century. It is noted that while specific responses to sea level rise would need to be place-based, 

larger regional issues should also be considered, such as determining whether to armor the coastline or 

to relocate roads and other critical infrastructure inland (HCCMAC, 2017).  

As shown in Figure 44, a 3.2-foot sea level rise scenario would occur in the area of the proposed PV Solar 

Array and substation. However, the Mānā Plain is protected by an extensive series of channels and pumps 

that were installed by the Kekaha Sugar Company in 1923 to drain the low terrain to provide land for 

agriculture. These channels and pumps are managed as part of the long-term agricultural operations on 

the Mānā Plain. 
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Figure 44. Sea Level Rise Exposure Area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



  Affected Environment, Potential Impacts, and 
Pu‘u Opae/West Kaua‘i Energy Project  Avoidance and Minimization Measures 

 

Draft Environmental Assessment 142 July 2021 
 

3.12.2  Potential Impacts – Climate Change and Sea Level Rise 
Based on the significance criteria set forth in HAR Chapter 11-200.1-13(11) and HAR Chapter 11-200.1-

13(13), the Proposed Action would result in a significant impact to climate change and sea level rise if it 

would have a substantial adverse effect on or be likely to suffer damage by being located in an 

environmentally sensitive area, such as the SLR-XA, or if it would require substantial energy consumption 

or emit substantial greenhouse gases.  

Construction 
Due to projections that suggest that a 3.2-foot sea level rise scenario will not occur until as early as mid-

century, construction of the Proposed Action is not expected to be impacted. Short-term construction of 

the Proposed Action is expected to occur way before mid-century. However, increased tropical cyclones 

in the Pacific due to climate change is occurring and may impact construction of the Proposed Action if 

construction were to occur during hurricane season. Construction personnel would respond to any County 

of Kaua‘i emergency alerts, as appropriate, to ensure safety during construction.  

Diesel and/or gasoline-powered construction equipment and motor vehicles would contribute to global 

GHG emissions. However, contractors would be required to maintain construction equipment with 

emissions controls. 

Under the No-Action Alternative, no construction activities associated with the Proposed Action would 

occur; therefore, there would be no construction-related emissions that contribute to global climate 

change. 

3.12.3  Operation 
Operation of the Proposed Action would not contribute to global GHG emissions and climate change. The 

operation of the Proposed Action would have substantial beneficial impacts by reducing the State and 

Kaua‘i’s reliance on fossil fuels and their contribution to global climate change by helping to meet the 

State of Hawai‘i’s mandate to achieve 100% renewable energy by 2045. The Proposed Action would 

produce renewable energy through the proposed hydroelectric and solar energy generating 

infrastructures and facilities. In addition, the Proposed Action would help KIUC exceed its strategic goal of 

using renewable resources to generate 70% of Kaua‘i’s power by 2030. The Proposed Action would 

produce up to 110,000 MWh of renewable energy, which would reduce the need for fossil fuels that would 

equate to the reduction of 80,000 metric tons of GHG emissions (CO2 equivalent) each year. The Proposed 

Action would result in a 62% reduction in the use of fossil fuels and save 8.5 million gallons per year.  

The operation of the proposed PV Solar Array located on the low-lying Mānā Plain would potentially be 

impacted by flooding due to sea level rise in the mid- to latter- half of the century. However, the design 

of the proposed PV Solar Array would be compatible with being in the flood hazard zone and SLR-XA and 

would be able to withstand inundation during the prime lifetime of the facility. In addition, the Mānā Plain 

is protected by an extensive series of channels and pumps that were installed by the Kekaha Sugar 

Company in 1923 to drain the low terrain to provide land for agriculture. These channels and pumps are 

managed as part of the long-term agricultural operations on the Mānā Plain and are not part of the 

Proposed Action. 

A future downward trend and reduction in stream flows would have no operational effect on the Proposed 

Action. Precipitation and resulting streamflow is highly variable and differs considerably from year to year. 
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The diversions and the hydropower facilities are both operated continuously with varying stream flows, 

floods, and droughts. Any small trends over time would not impact operations. 

There would be economic impacts resulting from a downward trend in streamflow since total volume of 

water that is available for diversion directly correlates to the amount of energy produced by the 

hydroelectric facility.  

Outside of the significant global and regional impacts associated with climate change, there are 

environmental effects specifically related to the Proposed Action and climate change. If natural 

streamflows decrease for any reason, including long-term climate change related reasons, the balance of 

diverted water to water left in the stream will shift to favor water being left in the stream. This is because 

the IIFS, which is the amount left in the stream and not diverted, is a fixed amount and diversion flows are 

subordinate to the IIFS flow releases. If streamflows decrease, the IIFS remains the same and the diverted 

volume decreases. Therefore, environmental impacts due to the Proposed Action and long-term 

decreases in natural streamflow would not occur. Additionally, the Hawai‘i IFS process is designed to 

address changing conditions. If there are changes in resource, species, water use, or any other pertinent 

factor at the site, then CWRM can change the IIFS volume to reflect the changed circumstances. 

Under the No-Action Alternative, no hydroelectric or solar energy generating infrastructure that produce 

renewable energy would be constructed and the State and Kaua‘i would continue to rely heavily for a 

longer period on energy generated from fossil fuels that contribute to global climate change and would 

exacerbate coastal hazards due to sea level rise. The State and the County of Kaua‘i would be delayed in 

meeting their future renewable energy goals, and KIUC would likely have to rely on additional solar plus 

battery storage to meet the 2045 mandate. This would present significant challenges, such as identifying 

alternative long-duration storage options and improving grid stability with such a high proportion of 

intermittent solar resources as discussed in Section 2.3.  

3.12.4  Avoidance and Minimization Measures – Climate Change and Sea Level 

Rise 
GHG emissions generated from the use of diesel and/or gasoline-powered construction equipment and 

motor vehicles for short-term construction activities would be minimized by requiring contractors to 

maintain equipment with emissions controls. In addition, the PV Solar Array and facilities located in the 

SLR-XA would be designed to increase flood resiliency to sea level rise and coastal hazards.  

No minimization or mitigation measures for climate change are proposed for the operation of the 

Proposed Action as no GHG emissions would be produced.  

3.13  Secondary Impacts and Cumulative Effects 
Secondary impacts are those effects that are caused by an action and are later in time or farther removed 

in distance but are reasonably foreseeable. They may include growth-inducing effects and other effects 

related to induced changes in the pattern of land use, population density, or growth rate, and related 

effects on air and water or other natural systems. The partnership between the State and the Applicant 

would enable the State to provide for proper stewardship for the river and existing State infrastructure, 

while expanding agriculture, energy production, and DHHL’s Kuleana Subsistence Agricultural Lots 

development on the west side of Kaua‘i. The Proposed Action would utilize non-prime agricultural land 

for the solar facility, which would provide revenue for ADC that would benefit other agricultural activities. 
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Therefore, the Proposed Action would have potential beneficial secondary impacts in terms of the 

potential expansion of agricultural opportunities and DHHL’s Kuleana Subsistence Agricultural Lots 

development due to delivery of water for irrigation to ADC and DHHL lands, as discussed in Section 1.5.  

Cumulative effects refer to the impacts on the environment that result from the incremental impact of an 

action when added to other past, present, and reasonably foreseeable future actions regardless of what 

agency or person undertakes such other actions. Cumulative impacts can result from individually minor 

but collectively significant impacts taking place over time. The Proposed Action involves the continued 

operation of the existing Kōke‘e Ditch Irrigation System and three existing reservoirs and includes both 

the rehabilitation of existing State infrastructure as well as new construction of a renewable energy and 

irrigation project. There would be no cumulative impacts from construction, repairs, or improvements of 

the Project facilities. All potential impacts from the construction of new solar, hydroelectric, and irrigation 

infrastructure and facilities would be short-term and temporary during construction and would be 

minimized through the implementation of appropriate BMPs. Therefore, construction of the Proposed 

Action would not result in negative cumulative impacts.  

Operation of the Proposed Action could result in beneficial cumulative impacts from improved air quality 

associated with the reduction of the use of fossil fuels and improved stream health from cumulative years 

of compliance with the Phase Two IIFS. The Proposed Action would assist KIUC in meeting the State of 

Hawai‘i's mandate to achieve 100% renewable energy by 2045. In addition, KIUC has a strategic goal of 

using renewable resources to generate 70% of Kauaʻi’s power by 2030.  

The only potential negative cumulative impact from Project operations is from diversion at the four 

streams into the Kōke‘e Ditch Irrigation System. These diversions are currently active and have been since 

the early 1900’s. As noted in Section 2.1, the Waimea Mediation Agreement outlined Phase One and 

Phase Two IIFS for both the Kōke‘e and Kekaha Ditch Irrigation Systems and the Waimea River 

downstream of both ditch systems. The Phase Two IIFS was established and approved on the Kōke‘e Ditch 

Irrigation System for the Proposed Action and associated diversion and ditch operations, and with the 

understanding that the Kekaha Ditch Irrigation System would be operating simulataneously for both 

irrigation and hydroelectric purposes. The Phase Two IIFS would go into effect upon implementation of 

the Proposed Action. The Proposed Action would minimize the impact of diversion actitivies by 

implementing the Phase Two IIFS, which has been set by CWRM and deemed sufficient to meet the 

instream needs including stream biota and habitat. During the operation phase of the Proposed Action, 

all fours streams would maintain mauka to makai connectivity and the maintenance and monitoring of 

the Kōke‘e Ditch Irrigation System would be improved. The modifications associated with the Proposed 

Action would increase the reliability, consistency, and longevity of IIFS implementation and increase data 

collection on the Kōke‘e Ditch Irrigation System.  

According to the stream habitat assessment completed for the Project, the Pu‘u ‘Ōpae Hydropower 

Diversion Assessment using HSHEP Model, which is provided in Appendix E, potential impacts are 

minimized due to the location of the diversions in the upper reaches of the watershed, the instream 

habitat was in good condition during then current diversion operations that did not provide for 

implementation of the Phase One IIFS since the necessary modifications were not completed at that time. 

The assessment also concluded that the implementation of the Phase Two IIFS through the Proposed 

Action would benefit instream habitat and aquatic biota. Additionally, the Proposed Action has the 

capacity to be the primary source of irrigation for both mauka lands and agricultural fields on the Mānā 
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Plain, thereby reducing the reliance on the Kekaha Ditch Irrigation System and resulting in reduced 

diversion pressures of streams in the lower reaches of the Waimea River watershed where native species 

are more prevalent and aquatic habitat needs are higher. This beneficial cumulative impact is aligned with 

the goals and intentions set forth in the Waimea Mediation Agreement. 

3.14  Irretrievable and Irreversible Commitment of Resources 
The Proposed Action includes the continued operation of the Kōke‘e Ditch Irrigation System for the 

diversion of water for hydroelectric energy production and irrigation. The water diverted would be stored 

in the reservoirs or made available for irrigation purposes to adjacent agricultural lands and energy 

generation. Water not used for irrigation would be released into the Mānā storm drain ditch on the south 

side of Mānā Reservoir as discussed in Water Management and Discharge. 

As discussed in Section 3.1, the repairs and maintenance of the existing Kōke‘e Ditch Irrigation System 

would ensure efficient and reliable water delivery and longevity of the system. The installation of 

regulating equipment along the existing and proposed ditch system, penstocks, reservoirs, and irrigation 

infrastructure, and the continuous real-time monitoring of the Project by the SCADA system would ensure 

efficient monitoring and controlled flow releases of water resources. This would ensure that instream flow 

requirements set by CWRM would be met and that diversion practices would not substantially impact 

natural streams. The operation of the Pu‘u Lua Reservoir, Pu‘u ‘Ōpae Reservoir, and Mānā Reservoir would 

be coordinated to utilize the storage capacity to the greatest possible extent for energy production, water 

conservation, and agricultural benefit while ensuring that connectivity in natural stream channels is 

maintained even during periods of drought.  

Operation of the Pu‘u ‘Ōpae and Mānā Powerhouse units would not impact or degrade water quality as 

no foreign objects or chemicals are introduced and no temperature change would be introduced to water 

as it passes through the powerhouses. KIUC has no plans to make any changes to the existing systems that 

would create a potential for temperature, chemical, or foreign object introduction into streams or natural 

waterways and is committed to maintaining that policy for the duration of the Project.  

At the end of the Project life, the Project’s lands and waters would be available to continue as an energy 

and/or irrigation project, or for other purposes as appropriate. 
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4 Relationship to Land Use Plans and Policies 
4.1 Department of Hawaiian Home Lands Planning Documents 

4.1.1 Kaua‘i Island Plan 
Island Plans produced by DHHL fall within the second tier under the General Plan (first tier) of the DHHL 

Planning System. The DHHL’s Kaua‘i Island Plan published in May 2004 provides recommendations for the 

future use of DHHL’s 20,565 acres on the island of Kaua‘i. The plan was intended to guide overall land use 

patterns and development on Kaua‘i for the next 20 years by assigning Land Use Designations and 

identifying specific areas for priority homestead development for all of DHHL’s lands.  

As shown on Figure 45, the Project falls within DHHL’s Waimea Lands and would traverse through the 

General Agriculture, Pastoral, Special District, and Future Development Land Use Designations. The Kaua‘i 

Island Plan identifies the current uses such as sugarcane cultivation, diversified agriculture, and DLNR 

Game Management to continue within the General Agricultural Land Use Designation. The Pu‘u ‘Ōpae 

Special District and surrounding reservoir area was envisioned to be a Pu‘uhonua – a retreat and place of 

refuge for beneficiaries island-wide – consisting of passive recreation where individuals can hike to take 

advantage of the scenic views. Beneficiaries would be allowed to operate tour groups, youth or adult 

camps or other retreat activities as community economic development projects in the Pu‘uhonua.  

The Proposed Action would include the construction of Pu‘u ‘Ōpae Powerhouse, which would be a new 

building located on the eastern edge of the Pu‘u ‘Ōpae Reservoir that would be similar in size to a large 

house and have an appearance similar to an agricultural storage building. All the generating equipment 

would be housed within the powerhouse structure. Pu‘u ‘Ōpae Powerhouse and Pu‘u ‘Ōpae Reservoir are 

within a gated DHHL area, and the construction activities would not be visible from any non-gated or 

public areas and would be low profile enough to not obstruct the viewplane in the general area. In 

addition, diversified agriculture would be supported by irrigation provided by the Project. 
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Figure 45. DHHL Land Uses 
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4.1.2 West Kaua‘i Regional Plan 
DHHL regional plans provide the means to solidify visions and partnerships that are essential to effectively 

manage DHHL trust lands for the betterment of native Hawaiian beneficiaries. Regional plans provide 

DHHL and the affected homestead communities opportunities to assess land use development factors, 

identify issues and opportunities, and identify the region’s top priority projects slated for implementation.  

West Kaua‘i is the region of the island that includes lands from Hanapepe to Mānā and includes some of 

the most productive agricultural lands in the State. The DHHL lands in West Kaua‘i are located in three 

general areas: Hanapēpē, Kekaha, and Waimea uplands.  

The West Kaua‘i Regional Plan identifies development of the Pu‘u ‘Ōpae area as a priority project. This 

includes providing agricultural leases, maintaining/rehabilitating the existing reservoir and irrigation 

system, and improvement of access roads. The Proposed Action would improve the existing water 

infrastructure and provide improved access to water for future DHHL development. In addition, the 

Proposed Action would improve access roads, which would improve access into areas planned for 

development. Lastly, the Proposed Action would provide annual lease revenue to DHHL that could be used 

to support planned development.  

4.1.3 Pu‘u ‘Ōpae Kuleana Homestead Settlement Plan 
As discussed previously in Section 1.5, DHHL is proposing the Pu‘u ‘Ōpae Kuleana Homestead Settlement 

Plan to offer 251 homestead lots (11 Pastoral and 240 Subsistence Agriculture) on 1,421 acres in the 

Waimea area of West Kaua‘i. The Pu‘u ‘Ōpae Kuleana Homestead project is proposing the following DHHL 

land uses: Subsistence Agriculture, Pastoral, Community Use, and Special District. These land uses are 

dependent on the completion of the Proposed Action to deliver water to the area, as agreed upon through 

the Waimea Mediation Agreement. Specifically, the Waimea Mediation Agreement of the Waimea 

Watershed Area that was approved in 2017 identified that DHHL’s water reservation of 6.903 MGD, which 

was approved by CWRM in a separate action, would be delivered by the Project.  

The improvements to the Kōke‘e Ditch Irrigation System by the Proposed Action would service the Pu‘u 

‘Ōpae Kuleana Homestead project area. As part of the Proposed Action, one tap would be provided on 

the Upper Penstock to deliver water to a storage tank located at the mauka DHHL land boundary for use 

at the five existing Pastoral lots. Two outlets would be provided at the Pu‘u ‘Ōpae Reservoir to allow water 

draws directly from the reservoir for use on the adjacent lands.  

In addition to improving the existing water infrastructure and providing improved access to water to the 

Pu‘u ‘Ōpae Kuleana Homestead project area, the Proposed Action would provide for road improvements 

and maintenance for the life of the Project and delivery of electrical service to the Pu‘u ‘Ōpae area. These 

combined benefits would support the use of the DHHL Pu‘u ‘Ōpae lands by the existing licensees and 

future beneficiaries and the development of the Kuleana leases. Also, the Proposed Action would provide 

annual lease revenues to DHHL. Overall, the Proposed Action would further the purposes of the HHCA.  
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4.1.4 Ho‘omaluō Energy Policy  
DHHL’s Ho‘omaluō Energy Policy identifies five objectives to enable native Hawaiians and the community 

to work together to achieve energy self-sufficiency and sustainability.  

• Mālama ‘āina. Respect and protect our native home lands. 

• Ko‘o. Facilitate the use of diverse renewable energy resources. 

• Kūkulu pono. Design and build homes and communities that are energy efficient, self-sufficient 

and sustainable. 

• Kōkua nō i nā kahu. Provide energy efficiency, self-sufficiency, and sustainability opportunities to 

existing homesteaders and their communities.  

• Ho‘ona‘auao. Prepare and equip beneficiaries to promote a green, energy efficient lifestyle in and 

around communities.  

The Proposed Action would meet all five objectives identified, as it would service DHHL homestead lands 

with a sustainable and energy efficient means of receiving water and electricity. The Pu‘u ‘Ōpae Kuleana 

Homestead project area would be serviced by the improvements proposed to the Kōke‘e Ditch Irrigation 

System, and improved access to water for future DHHL development would be provided. The Proposed 

Action would also provide an efficient and reliable source of irrigation to support diversified agricultural 

lands that are managed by DHHL, ADC, and KAA, which would increase food security and generate 

employment opportunities for the local community. In addition, the Proposed Action would improve 

access roads, which would improve access into areas planned for development.  

4.2 State of Hawai‘i Planning Documents 

4.2.1 HRS Chapter 226, Hawai‘i State Plan  
The Hawai‘i State Plan, codified as HRS Chapter 226, provides goals, objectives, policies, and priorities for 

the State. The Hawai‘i State Plan also provides a basis for determining priorities, allocating limited 

resource, and improving coordination of State and County plans, policies, programs, projects, and 

regulatory activities. It establishes a set of themes, goals, objectives, and policies that are meant to guide 

the State’s long-range growth and development activities. Applicable sections of HRS Chapter 226 to the 

Proposed Action are shown in Table 22.  

Table 22. Summary of Applicability of HRS Chapter 226 to the Proposed Action 

HRS Chapter 226 Hawai‘i State Planning Act 
Applicability to 

Project 

Part I. Overall Theme, Goals, Objectives, and Policies 

§226-5 Objective and policies for population  Not applicable 

§226-6 Objectives and policies for the economy--in general  Applicable 

§226-7 Objectives and policies for the economy-- agriculture  Applicable 

§226-8 Objective and policies for the economy--visitor industry  Not applicable 

§226-9 Objective and policies for the economy--federal expenditures  Not applicable 

§226-10 Objective and policies for the economy--potential growth and innovative 
activities  

Applicable 



  Relationship to  
Pu‘u Opae/West Kaua‘i Energy Project  Land Use Plans and Policies 

 

Draft Environmental Assessment 151 July 2021 
 

HRS Chapter 226 Hawai‘i State Planning Act 
Applicability to 

Project 

§226-10.5 Objectives and policies for the economy--information industry  Not applicable 

§226-11 Objectives and policies for the physical environment--land-based, shoreline, 
and marine resources 

Applicable 

§226-12 Objective and policies for the physical environment--scenic, natural beauty, 
and historic resources 

Applicable 

§226-13 Objectives and policies for the physical environment--land, air, and water 
quality 

Applicable 

§226-14 Objective and policies for facility systems--in general  Applicable 

§226-15 Objectives and policies for facility systems--solid and liquid wastes  Not applicable 

§226-16 Objective and policies for facility systems--water  Applicable 

§226-17 Objectives and policies for facility systems--transportation  Not applicable 

§226-18 Objectives and policies for facility systems--energy  Applicable 

§226-18.5 Objectives and policies for facility systems--telecommunications  Not applicable 

§226-19 Objectives and policies for socio-cultural advancement--housing  Not applicable 

§226-20 Objectives and policies for socio-cultural advancement--health  Not applicable 

§226-21 Objective and policies for socio-cultural advancement--education  Not applicable 

§226-22 Objective and policies for socio-cultural advancement--social services Not applicable 

§226-23 Objective and policies for socio-cultural advancement--leisure  Applicable 

§226-24 Objective and policies for socio-cultural advancement--individual rights and 
personal well-being 

Not applicable 

§226-25 Objective and policies for socio-cultural advancement--culture Not applicable 

§226-26 Objective and policies for socio-cultural advancement--public safety Applicable 

§226-27 Objective and policies for socio-cultural advancement--government Applicable 

Part III. Priority Guidelines 

§226-103 Economic priority guidelines Applicable 

§226-104 Population growth and land resources priority guidelines Not applicable 

§226-105 Crime and criminal justice Not applicable 

§226-106 Affordable housing Not applicable 

§226-107 Quality education Not applicable 

§226-108 Sustainability Applicable 

§226-109 Climate change adaptation priority guidelines Applicable 
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Section 226-6. Objectives and policies for the economy – in general 

(a) Planning for the State’s economy in general shall be directed toward achievement of the following 

objectives: 

(1) Increased and diversified employment opportunities to achieve full employment, 

increased income and job choice, and improving living standards for Hawai‘i’s people, 

while at the same time stimulating the development and expansion of economic activities 

capitalizing on defense, dual-use, and science and technology assets, particularly on the 

neighbor islands where employment opportunities may be limited. 

(2) A steadily growing and diversified economic base that is not overly dependent on a few 

industries, and includes the development and expansion of industries on the neighbor 

islands.  

(b) To achieve the general economic objectives, it shall be the policy of this State to: 

(5) Promote innovative activity that may pose initial risks, but ultimately contribute to the 

economy of Hawai‘i. 

(8) Assure that the basic economic needs of Hawai‘i’s people are maintained in the event of 

disruptions in overseas transportation.  

(19) Promote and protect intangible resources in Hawai‘i, such as scenic beauty and the aloha 

spirit, which are vital to a healthy economy.  

Discussion: The Proposed Action would generate substantial and positive impacts on the Kaua‘i County 

economy. The construction, long-term O&M expenditures, and the savings from the petroleum offset 

would create a total of 27,320 person-years of employment over 78 years. The construction and O&M 

payroll would generate a sum of $788.3 million of earnings in Kaua‘i throughout the life of the project.  

The economic impacts spring from construction expenditures, long-term O&M expenditures, and savings 

due to lower fuel costs. Instead of spending millions on offshore fuel costs, the Proposed Action would 

shift resources back to Kaua‘i.  

Overall spending associated with the Proposed Action would have a ripple effect on local industries and 

sectors that propel Kaua‘i’s economy and would offset State expenditures by providing long-term 

maintenance resources in the area. 

The Proposed Action would decrease the required generation of electricity from fossil fuel sources which 

would reduce dependence of foreign fuel sources that could be impacted if there are disruptions in 

overseas transportation.  

The repairs and continued maintenance of the existing reservoirs would be beneficial to the visual 

environment of these areas as the current reservoirs are either operating at lower water levels, or drained 

and unused. Upon completion of the rehabilitation of the Pu‘u Lua Reservoir, there would be beneficial 

opportunities to the popular trout fishing program as the reservoir would be operating at increased water 

levels which would support increased trout stocking and increased shoreline for fishing access. Public 

safety would be improved through rehabilitation of the Pu‘u Lua Reservoir, which would bring the 

structure into compliance with Hawai‘i State Dam Safety Standards. The improvement of the Pu‘u Lua 

access road would improve public safety and access to the area. 
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Section 226-7. Objectives and policies for the economy – agriculture.  

(a) Planning for the State’s economy with regard to agriculture shall be directed towards achievement 

of the following objectives:  

(20) Continued growth and development of diversified agriculture throughout the State.  

(21) An agriculture industry that continues to constitute a dynamic and essential component of 

Hawai‘i’s strategic, economic, and social well-being.  

(b) To achieve the agricultural objectives, it shall be the policy of this State to: 

(2) Encourage agriculture by making the best of natural resources/ 

(6) Assure the availability of agriculturally suitable lands with adequate water to 

accommodate present and future needs.  

(10) Assure the availability of agriculturally suitable lands with adequate water to 

accommodate present and future needs. 

Discussion: The Proposed Action would help secure non-potable water to DHHL’s Kuleana Subsistence 

Agricultural Lots development, which would contribute to increased food security for lessees/residents. 

In addition, the Proposed Action is in alignment with the State’s objectives to expand economic growth 

and job opportunities in agricultural activities, thereby helping to diversify and invest in the local 

economy. The Proposed Action would utilize non-prime agricultural land for the PV Solar Array, which 

would provide revenue to ADC/KAA that would benefit other agricultural activities. Therefore, the 

Proposed Action is consistent with the objectives and policies for agriculture.  

Section 226-10. Objective and policies for the economy – potential growth and innovative activities.  

(a) Planning for the State’s economy with regard to potential growth and innovative activities shall 

be directed towards achievement of the objective of development and expansion of potential 

grown and innovative activities that serve to increase and diversify Hawai‘i’s economic base. 

(b) To achieve the potential growth and innovative activity objective, it shall be the policy of this State 

to:  

(1) Facilitate investment and employment growth in economic activities that have the 

potential to expand and diversity Hawai‘i’s economy, including but not limited to 

diversified agriculture, aquaculture, renewable energy development, creative media, 

health care, and science and technology-based sectors. 

(8) Accelerate research and development of new energy-related industries based on wind, 

solar, ocean, underground resources, and solid waste. 

Discussion: The Proposed Action would help Kaua‘i become less reliant on fossil fuels, which is an 

important milestone to reaching 100% renewable energy by 2045 as mandated by State law. Instead of 

spending millions of dollars on imported fuel costs each year, KIUC would spend less money for the locally-

generated clean energy created by the Proposed Action, saving the Kaua‘i rate payers money by shifting 

those expenditures so that more of the dollars are retained locally. 

Less directly, but also of great value, the Proposed Action would support diversified agriculture through 

subsidized irrigation delivery. It would also bring financial resources to DHHL and ADC via lease rent 
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payments for lands that are currently not in active use. In addition, it would provide a reliable source of 

water for fire protection on DLNR, DOFAW, and DHHL lands in the Kōke‘e area during drought seasons. 

Section 226-11. Objectives and policies for the physical environment – land-based, shoreline, and marine 

resources.  

(a) Planning for the State’s physical environment with regard to land-based, shoreline, and marine 

resources shall be directed towards achievement of the following objectives: 

(1) Prudent use of Hawai‘i’s land-based, shoreline, and marine resources. 

(2) Effective protection of Hawai‛i’s unique and fragile environmental resources. 

(b) To achieve the land-based, shoreline, and marine resources objectives, it shall be the policy of this 

State to:  

(1) Exercise an overall conservation ethic in the use of Hawai‛i’s natural resources. 

(2) Ensure compatibility between land-based and water-based activities and natural 

resources and ecological systems. 

(3) Take into account the physical attributes of areas when planning and designing activities 

and facilities. 

(4) Manage natural resources and environs to encourage their beneficial and multiple use 

without generating costly or irreparable environmental damage. 

(5) Consider multiple uses in watershed areas, provided such uses do not detrimentally affect 

water quality and recharge functions. 

(6) Encourage the protection of rare or endangered plant and animal species and habitats 

native to Hawai‘i.  

(9) Pursue compatible relationships among activities, facilities, and natural resources. 

(10) Promote increased accessibility and prudent use of inland and shoreline areas for public 

recreational, educational, and scientific purposes. 

Discussion: The Proposed Action would support viable agricultural and recreational uses of the land that 

would prevent potential development for other activities such as housing or commerce, thereby 

supporting conservation.  

Hydroelectric power generation and pumping of water for agricultural purposes does not create noxious 

emissions. The Proposed Action would provide an estimated 30 GWh of hydroelectric generation annually 

and up to 80 GWh of firmed solar generation. This increase in generation of renewable energy from the 

Proposed Action would decrease the required generation of electricity from fossil fuel sources and the 

resultant GHG emissions, which would have a beneficial impact on air quality. 

The Proposed Action would implement BMPs to minimize impacts to land-based, shoreline, and marine 

resources, as discussed in Sections 3.1.3 and 3.2.3. Avoidance and minimization measures would be 

implemented to minimize impacts to special-status species, as discussed in Section 3.3.3. Rehabilitation 

of access roads would improve safe public access to the area and provide for safer recreational 

opportunities. Upon completion of the rehabilitation of the Pu‘u Lua Reservoir, there would be beneficial 

opportunities to the popular trout fishing program as the reservoir would be operating at increased water 

levels which would support increased trout stocking and increased shoreline for fishing access. Public 

safety would be improved through rehabilitation of the Pu‘u Lua Reservoir, which would bring the 
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structure into compliance with Hawai‘i State Dam Safety Standards. The improvement of the Pu‘u Lua 

access road would improve public safety and access to the area. 

Therefore, the Proposed Action is consistent with the objectives and policies for land-based, shoreline, 

and marine resources.  

Section 226-12. Objectives and policies for the physical environment – scenic, natural beauty, and historic 

resources.   

(a) Planning for the State’s physical environment shall be directed towards achievement of the 

objective of enhancement of Hawai‘i’s scenic assets, natural beauty, and multi-cultural/historical 

resources.  

(b) To achieve the scenic, natural beauty, and historic resources objective, it shall be the policy of this 

State to: 

(1) Promote the preservation and restoration of significant natural and historic resources. 

(3) Promote the preservation of views and vistas to enhance the visual and aesthetic 

enjoyment of mountains, ocean, scenic landscapes, and other natural features.  

(4) Protect those special areas, structures, and elements that are an integral and functional 

part of Hawai‛i’s ethnic and cultural heritage. 

Discussion: Siting of the Proposed Action included early consultation with interested parties to ensure 

that the project layout avoided any ethnic or cultural sites or resources.  

Operation of the upper portion of the Project area would have no impact to visual resources as 

rehabilitation of the Kōke‘e Ditch Irrigation System would not involve constructing new facilities. The 

repairs and continued maintenance of the existing reservoirs would be beneficial to the visual 

environment of these areas as the current reservoirs are either operating at lower water levels, or drained 

and unused.  

Construction activities proposed for the upper portions of the Proposed Action up ditch of Pu‘u Lua 

Reservoir and below Pu‘u Lua Reservoir would consist primarily of maintenance and repairs of the existing 

Kōke‘e Ditch Irrigation System and would have negligible visual impacts and would not affect any 

viewplanes. 

Pu‘u Lua Reservoir is currently operating at fractional capacity and is kept partially drained for dam safety 

reasons. Rehabilitation of Pu‘u Lua Reservoir would involve significant earth moving and grading activities 

in the immediate area of the dam and the reservoir. These activities would significantly alter the 

appearance of the reservoir during the six- to twelve-month construction period. This change of 

appearance would be temporary, and the entire reservoir site would be cleaned, graded, and either 

seeded, mulched, or rip-rapped along with other BMPs to restore the ground and protect against erosion. 

The proposed intake structure at Pu‘u Moe Divide would be a compact and largely buried regulating 

structure along the existing ditch path in the woods near Kōke‘e Highway. This new structure would not 

be visible from the public roadway. The new Upper Penstock would generally follow the route of the 

existing Camp 1 access road and the existing open ditch. To facilitate construction, there would be removal 

of some trees along portions of the upper pipeline alignment, Camp 1 road, and the existing ditch. The 

uppermost segment of this vegetation removal may be visible from the public roadway as vehicles pass 
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by the Camp 1 road turnoff near Pu‘u Moe Divide. The cleared areas would be restored to graded, grass 

areas which would be kept mown for the life of the Proposed Action to facilitate pipeline inspection and 

serve as a firebreak. The pipeline would be fully buried and not visible once construction is completed. 

The introduction of new facilities into the landscape at the lower portion of the project area and west of 

the Pu‘u Moe Divide would have no substantial impact to visual resources or to the mauka to makai view 

plane. The proposed Pu‘u ‘Ōpae Powerhouse would be a single-story structure located to the east of the 

existing Pu‘u ‘Ōpae Reservoir that would be similar in size to a large house and have an appearance similar 

to an agricultural storage building. All new generating equipment, switchgear, and ancillary systems would 

be housed within the powerhouse structure. The proposed Mānā Powerhouse located to the southeast 

of the existing Mānā Reservoir would be 50 feet high and would house the hydroelectric units within the 

powerhouse. The Mānā Powerhouse would be located at the base of Niu Ridge and would be smaller than 

the ridge and as similar height as the existing trees surrounding the reservoir. Both proposed powerhouses 

would not alter natural landforms or significantly block existing mauka to makai view planes.  

Pu‘u ‘Ōpae Powerhouse and Pu‘u ‘Ōpae Reservoir are within a gated DHHL area, and the construction 

activities would not be visible from any non-gated or public areas and would be low profile enough to not 

obstruct the viewplane in the general area. 

The existing Pu‘u ‘Ōpae Reservoir would be completely rebuilt to Hawai‘i State Dam Safety Standards. 

Similar to construction at Pu‘u Lua Reservoir, there would be significant earth moving and grading 

activities in the immediate area of the dam and the reservoir. These activities would be temporary, and 

the area would be fully restored using appropriate BMPs around the new fully lined and fenced reservoir 

within twelve months of beginning construction. This reservoir is visible from public areas.  

The proposed Lower Penstock would be constructed along an alignment that crosses on fields between 

Pu‘u ‘Ōpae Reservoir and the edge of Niu Ridge bluff. The area is within DHHL’s gated lands at an elevation 

of 750 to 1,500 feet msl and is not visible from non-gated public areas. The segment of proposed pipeline 

that extends from the edge of Niu Ridge to the Mānā Reservoir would be buried down the bluff, under 

the Kekaha ditch, and through scrub vegetation and field to the new Mānā Powerhouse. Construction 

activities on the slope below the bluff would be visible from the highway located two miles to the west 

during the two to three months required to complete this section. Upon completion, this buried pipeline 

segment would be restored in the same manner as the rest of the pipeline and would blend with the 

surrounding terrain. For these reasons, the temporary construction activities would have negligible visual 

impacts to the visual resources or viewplanes in the vicinity. 

The proposed Mānā Powerhouse located at the base of Niu Ridge on the southeast edge of Mānā 

Reservoir within the gated Mānā agricultural area. The powerhouse building would be approximately 70-

feet by 70-feet in plan and 50-feet-tall and would house the hydroelectric units and ancillary equipment. 

Connected to the south of the proposed powerhouse would be a buried structure approximately 150-feet 

by 60-feet in plan that would contain the pumping equipment, the reservoir spillway, and the pipeline 

surge facilities. These structures would not be visible and would have no impact on visual resources. The 

Mānā Powerhouse would be of similar height to the existing trees mauka of the reservoir, would be 

painted a light earth tone color, and would stand out notably from the highway two miles to the west of 

the Mānā Powerhouse location. 
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The proposed PV Solar Array would be located on the Mānā Plain on approximately 330 acres of 

agricultural lands. The design of the PV Solar Array and the substation would not obstruct mauka to makai 

viewplanes. Additionally, there would be no new overhead lines mauka of the Mānā Reservoir as the new 

power line would be simultaneously buried alongside the Lower Penstock during construction. 

It is anticipated that the proposed construction of these new facilities into the landscape at the lower 

portion of the Project area on the Mānā Plain would have no substantial impact to visual resources or to 

the mauka to makai viewplane.  

Therefore, the Proposed Action is consistent with the objectives and policies for scenic, natural beauty, 

and historic resources.  

Section 226-13. Objectives and policies for the physical environment – land, air, and water quality.  

(a) Planning for the State’s physical environment with regard to land, air, and water quality shall be 

directed towards achievement of the following objectives: 

(1) Maintenance and pursuit of improved quality in Hawai‘i’s land, air, and water resources.  

(b) To achieve the land, air, and water quality objectives, it shall be the policy of this State to:  

(4) Encourage actions to maintain or improve aural and air quality levels to enhance the 

health and well-being of Hawai‘i’s people.  

(8) Foster recognition of the importance and value of the land, air, and water resources to 

Hawai‘i’s people, their cultures and visitors. 

Discussion: The Proposed Action would implement BMPs to minimize impacts to land-based, shoreline, 

and marine resources.  

The proposed rehabilitation of existing State infrastructure would allow for continued operation of the 

upper Kōke‘e Ditch Irrigation System, reservoirs, Pu‘u Moe intake structure and Upper Penstock, and 

access roads in the long-term with no adverse impact to air quality. The operation of the Proposed Action 

with energy generated from both solar and hydroelectric would have beneficial effect on air quality by 

reducing fossil-fueled energy generation and the associated air emissions.  

Hydroelectric power generation and pumping of water for agricultural purposes does not create noxious 

emissions. The Proposed Action would provide an estimated 26 GWh of hydroelectric generation annually 

and up to 81 GWh of firmed solar generation. This increase in the generation of renewable energy would 

decrease the required generation of electricity from fossil fuel sources and reduce GHG emissions by 

70,000 metric tons annually. By displacing fossil fuel power generation, the Pu‘u ‘Ōpae Project would have 

a beneficial impact on air quality elsewhere in Hawai‛i. 

Therefore, the Proposed Action is consistent with the objectives and policies for land, air, and water 

quality. 

Section 226-14. Objectives and policies for facility systems – in general.  

(a) Planning for the State’s facility systems in general shall be directed towards achievement of the 

objective of water, transportation, waste disposal, and energy and telecommunication systems 

that support statewide social, economic, and physical objectives. 

(b) To achieve the general facility systems objective, it shall be the policy of this State to:  
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(2) Encourage flexibility in design and development of facility systems to promote prudent use 

of resources and accommodate changing public demands and priorities.  

(3) Ensure that required facility systems can be supported within resource capacities and at 

reasonable cost to the user. 

Discussion: The Proposed Action would assist KIUC in meeting the State of Hawai‘i's mandate to achieve 

100% renewable energy by 2045. In addition, KIUC has a goal of using renewable resources to generate 

70% of Kauaʻi’s power by 2030. The Project would produce over 20% of the total energy requirements for 

Kauaʻi and would provide diversity of renewable energy generation which would stabilize and reduce 

electricity rates over time.  

Repairs and maintenance of the entire length of the Kōke‘e Ditch Irrigation System between the diversions 

and the Pu‘u Moe Divide would be funded and completed by the Applicant as part of the Proposed Action 

to improve water delivery efficiency and infrastructure longevity, as well as would ensure that instream 

flow requirements would remain in the natural stream channels.  

The Proposed Action would provide reliable irrigation water supply through upgrades to the ditch and 

reservoirs and the assumption of long-term operations and maintenance by the Applicant that would 

support diversified agriculture on the mauka lands managed by DHHL and would provide an efficient 

reliable source of irrigation for the ADC agricultural fields on the Mānā Plain, which would increase food 

security and generate employment opportunities for the local community. 

Therefore, the Proposed Action is consistent with the objectives and policies for facility systems. 

Section 226-16. Objective and policies for facility systems – water.  

(a) Planning for the State’s facility systems with regard to water shall be directed towards 

achievement of the objective of the provision of water to adequately accommodate domestic, 

agricultural, commercial, industrial, recreational, and other needs within resource capacities. 

(b) To achieve the facility systems water objective, it shall be the policy of this State to:  

(1) Coordinate development of land use activities with existing and potential water supply.  

(4) Assist in improving the quality, efficiency, service, and storage capabilities of water 

systems for domestic and agricultural use.  

Discussion: The purpose of the Proposed Action is to provide an integrated renewable energy and 

irrigation project designed with the intent of serving four objectives: 

1. Renewable energy production via hydroelectric electric generation 

2. Renewable energy production via solar PV generation 

3. Pumped and battery storage to shift most of the Project’s solar PV energy production for use in 

the evening peak, nighttime, and morning peak hours (as well as during periods of rainy or cloudy 

weather) via the release of water and hydroelectric electric energy generation 

4. Irrigation delivery to support diversified agriculture on lands adjacent to the Project site including 

mauka lands managed by DHHL and ADC, and the agricultural fields on the Mānā Plain that are 

managed by KAA 
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The partnership between the State and the Applicant would enable the State to provide proper 

stewardship for the river and existing State infrastructure, while expanding agriculture, energy 

production, and DHHL’s Kuleana Subsistence Agricultural Lots development on the west side of Kaua‘i.  

The Proposed Action would provide reliable irrigation water supply through upgrades to the ditch and 

reservoirs and the assumption of long-term operations and maintenance by the Applicant that would 

support diversified agriculture on the mauka lands managed by DHHL and would provide an efficient 

reliable source of irrigation for the ADC agricultural fields on the Mānā Plain, which would increase food 

security and generate employment opportunities for the local community. 

Therefore, the Proposed Action is consistent with the objectives and policies for water. 

Section 226-18. Objectives and policies for facility systems – energy. 

(a) Planning for the State’s facility systems with regard to energy shall be directed toward the 

achievement of the following objectives, giving due consideration to all: 

(1) Dependable, efficient, and economical statewide energy systems capable of supporting 

the needs of the people; 

(2) Increased energy security and self-sufficiency through the reduction and ultimate 

elimination of Hawai‘i’s dependence on imported fossil fuels for electrical generation and 

ground transportation; 

(3) Greater diversification of energy generation in the face of threats to Hawai‘i’s energy 

supplies and systems; 

(4) Reduction, avoidance, or sequestration of greenhouse gas emissions from energy supply 

and use; and 

(5) Utility models that make the social and financial interests of Hawai‛i’s utility customers a 

priority. 

(b) To achieve the energy objectives, it shall be the policy of this State to ensure the short- and long-

term provision of adequate, reasonably priced, and dependable energy services to accommodate 

demand. 

(c) To further achieve the energy objectives, it shall be the policy of this State to: 

(1) Support research and development as well as promote the use of renewable energy 

sources. 

(2) Ensure that the combination of energy supplies and energy-saving systems is sufficient to 

support the demands of growth. 

(8) Support actions that reduce, avoid, or sequester greenhouse gases in utility, 

transportation, and industrial sector applications.  

Discussion: The Proposed Action would assist KIUC in meeting the State of Hawai‘i's mandate to achieve 

100% renewable energy by 2045. In addition, KIUC has a goal of using renewable resources to generate 

70% of Kauaʻi’s power by 2030. The Project would produce over 20% of the total energy requirements for 

Kauaʻi. The Proposed Action would directly eliminate the need to import over 8.2 million gallons of oil to 

Kaua‘i every year, which would not only provide significant environmental benefits but also provide lower 

and more stable electric rates. The Proposed Action would also reduce GHG emissions by 70,000 metric 

tons every year. By adding two renewable sources (hydroelectric and solar) to the electric grid, Kaua‘i will 

benefit from increased diversification of renewable resources. In addition, hydroelectric and solar are 
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complementary in that when one is not producing much energy, the other one is. The ability to add more 

low-cost solar to Kaua‘i’s power supply mix, firmed with long-duration storage, complemented with 

hydro, and then delivered to the grid primarily through rotating hydroelectric turbine generators would 

also increase reliability and enable longer periods of 100% renewable operation of the Kaua‘i grid. 

Therefore, the Proposed Action is consistent with the objectives and policies for energy. 

Section 226-23. Objective and policies for socio-cultural advancement – leisure.  

(a) Planning for the State’s socio-cultural advancement with regard to leisure shall be directed 

towards the achievement of the objective of the adequate provision of resources to accommodate 

diverse cultural, artistic, and recreational needs for present and future generations. 

(b) To achieve the leisure objective, it shall be the policy of this State to:  

(3) Enhance the enjoyment of recreational experiences through safety and security measures, 

educational opportunities, and improved facility design and maintenance. 

Discussion: Upon completion of the rehabilitation of the Pu‘u Lua Reservoir, there would be beneficial 

opportunities to the popular trout fishing program as the reservoir would be operating at increased water 

levels which would support increased trout stocking and increased shoreline for fishing access. Public 

safety would be improved through rehabilitation of the Pu‘u Lua Reservoir, which would bring the 

structure into compliance with Hawai‘i State Dam Safety Standards. Rehabilitation of access roads would 

improve safe public access to the area and provide for safer recreational opportunities. Therefore, the 

Proposed Action is consistent with the objective and policies for leisure.  

Section 226-26. Objectives and policies for socio-cultural advancement – public safety. 

(a)  Planning for the State’s socio-cultural advancement with regard to public safety shall be directed 

towards the achievement of the following objectives: 

(1) Assurance of public safety and adequate protection of life and property for all people. 

(2) Optimum organizational readiness and capability in all phases of emergency management 

to maintain the strength, resources, and social and economic well-being in the event of 

civil disruptions, wars, natural disasters, and other major disturbances. 

(d) To further achieve the public safety objectives related to emergency management, it shall be the 

policy of this State to: 

(1) Ensure that responsible organizations are in a proper state of readiness to respond to 

major war-related, natural, or technological disasters and civil disturbances at all times.  

Discussion: The Proposed Action would provide a reliable source of water for fire protection on DLNR, 

DOFAW, and DHHL lands in the Kōke‘e area during drought seasons. It would also rehabilitate and operate 

three state-owned reservoirs in compliance with current Hawai‘i State Dam Safety Standards. 
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Section 226-27. Objectives and policies for sociocultural advancement – government.  

(a) Planning the State’s socio-cultural advancement with regard to government shall be directed 

towards the achievement of the following objectives: 

(1) Efficient, effective, and responsive government services at all levels in the State.  

(2) Fiscal integrity, responsibility, and efficiency in the state government and county 

governments. 

(b) To achieve the government objectives, it shall be the policy of this State to:  

(1) Provide for necessary public goods and services not assumed by the private sector.  

(2) Pursue an openness and responsiveness in government that permits the flow of public 

information, interaction, and response.  

Discussion: The Proposed Action would rehabilitate and maintain existing State-owned irrigation ditch 

features within that are part of the project. Without the Proposed Action, the responsibility for the 

operation and ongoing maintenance of existing reservoirs and the Kōke‘e Ditch Irrigation System would 

remain the responsibility of the State, which requires significant funding that could be used for other 

government services.  

Section 226-103. Economic priority guidelines – water use and development. 

(e) Priority guidelines for water use and development. 

(3) Encourage the improvement of irrigation technology and promote the use of nonpotable 

water for agricultural and landscaping purposes.  

(f) Priority guidelines for energy use and development: 

(1) Encourage the development, demonstration, and commercialization of renewable energy 

sources.  

Discussion: The Proposed Action is an integrated energy and irrigation project that is designed with the 

intent of serving four objectives:  

1. Renewable energy production via hydroelectric electric generation 

2. Renewable energy production via solar PV generation 

3. Pumped and battery storage to shift most of the Project’s solar PV energy production for use in 

the evening peak, nighttime, and morning peak hours (as well as during periods of rainy or cloudy 

weather) via the release of water and hydroelectric electric energy generation 

4. Irrigation delivery to support diversified agriculture on lands adjacent to the Project site including 

mauka lands managed by DHHL and ADC, and the agricultural fields on the Mānā Plain that are 

managed by KAA 

The Project involves utilizing the existing Kōke‘e Ditch Irrigation System and the Pu‘u Lua, Pu‘u ‘Ōpae, and 

Mānā Reservoirs, and includes both rehabilitation of existing State infrastructure and new construction.  
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The partnership between the State and the Applicant would enable the State to provide proper 

stewardship for the river and existing State infrastructure, while expanding agriculture, energy 

production, and DHHL’s Kuleana Subsistence Agricultural Lots development on the west side of Kaua‘i.  

The Proposed Action would provide reliable irrigation water supply through upgrades to the ditch and 

reservoirs and the assumption of long-term operations and maintenance by KIUC that would support 

diversified agriculture on the mauka lands managed by DHHL and would provide an efficient reliable 

source of irrigation for the ADC agricultural fields on the Mānā Plain, which would increase food security 

and generate employment opportunities for the local community. The Proposed Action would incorporate 

a flexible design and modern automation that would actively balance water diversion and storage 

simultaneously with environmental protection, energy production, and irrigation.  

Therefore, the Proposed Action is consistent with the economic priority guidelines for water and energy 

use and development. 

Section 226-108. Sustainability.  

Priority guidelines and principles to promote sustainability shall include:  

(1) Encouraging balanced economic, social, community, and environmental priorities. 

(2) Encourage planning that respects and promotes living within the natural resources and 

limits of the State 

(5) Promoting decisions based on meeting the needs of the present without compromising 

the needs of future generations 

Discussion: The purpose of the Proposed Action is to provide an integrated renewable energy and 

irrigation project designed with the intent of serving four objectives: 

1. Renewable energy production via hydroelectric electric generation 

2. Renewable energy production via solar PV generation 

3. Pumped and battery storage to shift most of the Project’s solar PV energy production for use in 

the evening peak, nighttime, and morning peak hours (as well as during periods of rainy or cloudy 

weather) via the release of water and hydroelectric electric energy generation 

4. Irrigation delivery to support diversified agriculture on lands adjacent to the Project site including 

mauka lands managed by DHHL and ADC, and the agricultural fields on the Mānā Plain that are 

managed by KAA 

The partnership between the State and the Applicant would enable the State to provide proper 

stewardship for the river and existing State infrastructure, while expanding agriculture, energy 

production, and development of  DHHL’s Kuleana Subsistence Agricultural Lots on the west side of Kaua‘i.  

The Proposed Action would provide reliable irrigation water supply through upgrades to the ditch and 

reservoirs and the assumption of long-term operations and maintenance by the Applicant that would 

support diversified agriculture on the mauka lands managed by DHHL and would provide an efficient 

reliable source of irrigation for the ADC agricultural fields on the Mānā Plain, which would increase food 

security and generate employment opportunities for the local community. 

Therefore, the Proposed Action is consistent with the objectives and policies for facility systems in general.   
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Section 226-109. Climate change adaptation priority guidelines.  

Priority guidelines to prepare the State to address the impacts of climate change, including impacts to 

the areas of agriculture; conservation lands; coastal and nearshore marine areas; natural and cultural 

resources; education; energy; higher education; health; historic preservation; water resources; the 

built environment, such as housing, recreation, transportation; and the economy shall: 

(1) Ensure that Hawai‘i’s people are educated, informed, and aware of the impacts climate 

change may have on their communities; 

(2) Encourage community stewardship groups and local stakeholders to participate in 

planning and implementation of climate change policies; 

(3) Invest in continued monitoring and research of Hawai‛i’s climate and the impacts of 

climate change on the State; 

(4) Consider native Hawaiian traditional knowledge and practices in planning for the impacts 

of climate change; 

(5) Encourage the preservation and restoration of natural landscape features, such as coral 

reefs, beaches and dunes, forests, streams, floodplains, and wetlands, that have the 

inherent capacity to avoid, minimize, or mitigate the impacts of climate change;  

(6) Explore adaptation strategies that moderate harm or exploit beneficial opportunities in 

response to actual or expected climate change impacts to the natural and built 

environments;  

(7) Promote sector resilience in areas such as water, roads, airports, and public health, by 

encouraging the identification of climate change threats, assessment of potential 

consequences, and evaluation of adaptation options;  

(8) Foster cross-jurisdictional collaboration between County, State, and Federal agencies and 

partnerships between government and private entities and other nongovernmental 

entities, including nonprofit entities; 

(9) Use management and implementation approaches that encourage the continual 

collection, evaluation, and integration of new information and strategies into new and 

existing practices, policies, and plans; and 

(10) Encourage planning and management of the natural and built environments that 

effectively integrate climate change policy. 

Discussion: Operation of the Proposed Action would not contribute to global GHG emissions and climate 

change. The operation of the Proposed Action would have substantial beneficial impacts by reducing the 

State and Kaua‘i’s reliance on fossil fuels and their contribution to global climate change by helping to 

meet the State of Hawai‘i’s mandate to achieve 100% renewable energy by 2045. The Proposed Action 

would produce renewable energy through the proposed hydroelectric and solar energy generating 

infrastructures and facilities. In addition, the Proposed Action would help KIUC exceed the goal of using 

renewable resources to generate 70% of Kaua‘i’s power by 2030. The Proposed Action would produce 

over 20% of the total energy requirements for Kauaʻi.  

The Proposed Action would directly eliminate the need to import over 8.2 million gallons of oil to Kaua‘i 

every year, which would not only provide significant environmental benefits but also provide lower and 

more stable electric rates. The Proposed Action would also reduce GHG emissions by 70,000 metric tons 

every year. By adding two renewable sources (hydroelectric and solar) to the electric grid, Kaua‘i will 
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benefit from increased diversification of renewable resources. In addition, hydroelectric and solar are 

complementary in that when one is not producing much energy, the other one is. The ability to add more 

low-cost solar to Kaua‘i’s power supply mix, firmed with long-duration storage, complemented with 

hydro, and then delivered to the grid primarily through rotating hydroelectric turbine generators would 

also increase reliability and enable longer periods of 100% renewable operation of the Kaua‘i grid. 

The Proposed Action includes repairs to the existing diversions to allow for instream flow releases and the 

installation of gaging equipment at each diversion location with remote monitoring. Stream gage data 

would be made available to the public through CWRM.  

The following themes of Part I of the Hawai‘i State Plan are not applicable to the Proposed Action for the 

following reasons: 

● Section 226-5. Objective and policies for population: The Proposed Action would not result in 

population growth. 

● Section 226-8. Objective and policies for the economy – visitor industry: The Proposed Action does 

not involve the visitor industry. 

● Section 226-9. Objective and policies for the economy – federal expenditures: The Proposed Action 

does not include the use of federal funds.  

● Section 226-10.5. Objective and policies for the economy – information industry: The Proposed 

Action does not include nor impact telecommunications or information technology resources. 

● Section 226-15. Objective and policies for facility systems – solid and liquid wastes. The Proposed 

Action does not include development of solid or liquid waste facilities.  

● Section 226-17. Objectives and policies for facility systems – transportation. The Proposed Action 

does not include new transportation facilities.  

● Section 226-18.5. Objective and policies for facility systems – telecommunications. The Proposed 

Action does not include new telecommunication facilities.  

● Section 226-20. Objectives and policies for socio-cultural advancement – health. The Proposed 

Action does not include health facilities or services.  

● Section 226-21. Objectives and policies for socio-cultural advancement – education. The Proposed 

Action does not include educational programs or facilities.  

● Section 226-22. Objectives and policies for socio-cultural advancement – social services. The 

Proposed Action does not include social services or activities.  

● Section 226-24. Objectives and policies for socio-cultural advancement – individual rights and 

personal well-being. The Proposed Action would have no impact to personal rights and personal 

well-being.  

● Section 226-25. Objectives and policies for socio-cultural advancement – culture. The Proposed 

Action would have no impacts to cultural identities, traditions, values, customs, and arts of 

Hawaiʻi’s people.  

The themes of Part II of the Hawai‘i State Plan are not applicable to the Proposed Action since the 

Proposed Action does not involve the preparation of planning documents.  

The following themes of Part III of the Hawai‘i State Plan are not applicable to the Proposed Action for the 

following reasons: 
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● Section 226-104. Population growth and land resources priority guidelines. The Proposed Action 

would not result in population growth nor any change in land use.  

● Section 226-105. Crime and criminal justice. The Proposed Action does not involve the criminal 

justice system.  

● Section 226-106. Affordable housing. The Proposed Action would not provide housing.  

● Section 226-107. Quality education. The Proposed Action would have no impact on education 

opportunities or facilities.  

4.2.2 HRS Chapter 205, State Land Use Law 
Hawai‘i was the first of the fifty States to have a State Land Use Law (originally adopted in 1961) and a 

State Plan. Today, Hawai‛i remains unique among the fifty states with respect to the extent of control that 

the State exercises in land use regulation. The State has four classifications: Agricultural, Conservation, 

Rural, and Urban. The State Land Use Law, HRS Chapter 205, initially set the boundaries for the four 

classifications. Changes to boundaries for areas less than 15 acres can be approved at the County level; 

larger modifications must be approved by the Land Use Commission by super-majority vote. Counties 

have full control over the use of urban-designated area. Only the Land Use Commission can take land out 

of the Conservation District. For actions taken on Hawaiian Home Lands, those actions require Hawaiian 

Homes Commission approval. The Applicant has been working cooperatively with the Department of 

Hawaiian Home Lands and the Hawaiian Homes Commission in that regard.  

As shown in Figure 46, the Proposed Action is located within the Conservation and Agricultural State Land 

Use Districts. Specifically, the portion of the project from the intakes to the Pu‘u Lua Reservoir, as well as 

approximately 0.75-mile of the Upper Penstock are located in the Conservation District. All other existing 

and proposed facilities are located within the Agricultural District.  

Permitted uses in the Conservation District are dependent on the Conservation District Subzone. As shown 

in Figure 47, the Proposed Action is located within the Resource subzone of the Conservation District. 

Power generation from renewable sources is an acceptable land use within the Resources subzone of the 

Conservation District. A Conservation District Use Permit from the BLNR is required, and a Management 

Plan must be prepared and approved simultaneously with the permit.  

Permitted uses in the Agricultural land use district is dependent on the agricultural land productivity rating 

as determined by the Land Study Bureau (LSB). The LSB assigns a rating of A to E to agricultural land, with 

A being the most productive land and E being the least productive land. The Proposed Action would be 

located on lands designated B. The Proposed Action would be located in an area that is designated by the 

State of Hawaiʻi for agricultural land use and would be subject to the requirements of HRS Chapter 205, 

which specifies the permitted uses in the various State land use districts. Pursuant to HRS Chapter 205-

2(d), solar energy facilities are a permitted use within the State agricultural district; however, as further 

clarified in HRS Chapter 205-4.5, those facilities in areas with Land Study Bureau (LSB) Class B and C soils 

require a Special Use Permit and must meet certain conditions relating to agricultural activities and 

decommissioning. 
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Figure 46. State Land Use Districts 
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Figure 47. Conservation District Subzones 
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The Proposed Action would benefit agriculture on the west side of Kaua‘i through the rehabilitation and 

addition of irrigation infrastructure. The repairs to and long-term maintenance of all the reservoirs would 

enable an increase in active storage for irrigation users on both ADC and DHHL lands during the drier 

months. The repairs, operation, and maintenance of the Kōke‘e Ditch Irrigation System would provide 

reliable water delivery to DHHL and ADC lands for irrigation use, and the cost would be absorbed by the 

Applicant. In addition, the penstocks, in lieu of open ditch, would provide a more efficient and reliable 

method of irrigation water delivery in sections of ditch currently not operable. Overall, the Proposed 

Action would provide ways to complement and increase existing irrigation infrastructure and enables 

future expansion on lands not currently irrigated.  

The Proposed Action would also provide benefits to DHHL by enabling the utilization of Pu‘u ‘Ōpae mauka 

lands through the delivery of water, access to the KIUC electrical grid, road improvements, reservoir 

storage for irrigation, and repairs to reservoir outlet works that will provide irrigation water releases from 

the reservoir. The repairs to the Pu‘u ‘Ōpae Reservoir would bring the reservoir into compliance with 

Hawai‘i State Dam Safety Standards, offsetting this cost and maintenance from DHHL to KIUC. The 

Applicant would also bear the cost of the long-term operation and maintenance of the reservoir, thus 

improving this asset for future DHHL generations. In addition, as part of the Proposed Action, KIUC would 

install a water storage tank at the upper boundary of DHHL lands and supply the tank from the pressurized 

pipeline for the five pastoral lots in this location.  

The lands proposed for the PV Solar Array are part of a larger segment of land that covers the Mānā Plain 

and were historically used for the cultivation of sugarcane. Prior to development, these lands were 

predominantly swamp and estuarine but were converted to agricultural use by draining water into an 

extensive storm drainage system that ultimately discharges water into the ocean. The land areas identified 

for the solar field location have been selected in cooperation with farmers currently active on lands in the 

immediate area. The selected lands are classified as “B” lands and are not “A” class prime agricultural 

lands. Some of these areas are prone to flooding and water retention that is a result of low elevation, 

current pumping management policies, and a high percentage of clay in the soil. Other areas are not 

preferable for farming because of the soil make-up and drainage issues. Lease rent from the project would 

provide financial resources to ADC in order to further their agricultural goals. 

4.2.3 HRS Chapter 205A, Coastal Zone Management  

The National Coastal Zone Management (CZM) Program was created with the passage of the Coastal Zone 

Management Act of 1972 (CZMA). Hawai‘i’s CZM Program, established pursuant to HRS Chapter 205A, as 

amended, is administered by the State of Hawaiʻi Office of Planning and provides for the beneficial use, 

protection, and development in the State’s coastal zone.  The objectives and policies of the Hawai‘i CZM 

Program encompass a wide array of concerns including impacts to recreational resources, historic and 

archaeological resources, coastal scenic resources and open space, coastal ecosystems, coastal hazards, 

and the management of development. The Hawai‘i CZM area includes all lands within the State and the 

areas seaward to the extent of the State’s management jurisdiction. Therefore, the Proposed Action is 

located within the CZM area.  
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The Proposed Action is consistent with the following objectives and policies of the Hawai‘i CZM Program:  

(1) Recreational resources 

OBJECTIVE: 

Provide coastal recreational opportunities accessible to the public.  

POLICIES:  

(A) Improve coordination and funding of coastal recreational planning and management; and  

(B) Provide adequate, accessible, and diverse recreational opportunities in the coastal zone 

management area by: 

i. Protecting coastal resources uniquely suited for recreational activities that cannot be 

provided in other areas;  

ii. Requiring replacement of coastal resources having significant recreational value, 

including, but not limited to, surfing sites, fishponds, and sand beaches, when such 

resources will be unavoidably damaged by development; or requiring reasonable 

monetary compensation to the State for recreation when replacement is not feasible 

or desirable; 

iii. Providing and managing adequate public access, consistent with conservation of 

natural resources, to and along shorelines with recreational value;  

iv. Providing an adequate supply of shoreline parks and other recreational facilities for 

public recreation;  

v. Ensuring public recreational uses of county, state, and federally owned or controlled 

shoreline lands and waters having recreational value consistent with public safety 

standards and conservation of natural resources; 

vi. Adopting water quality standards and regulating point and nonpoint sources of 

pollution to protect, and where feasible, restore the recreational value of coastal 

waters;  

vii. Developing new shoreline recreational opportunities, where appropriate, such as 

artificial lagoons, artificial beaches, and artificial reefs for surfing and fishing; and 

viii. Encouraging reasonable dedication of shoreline areas with recreational value for 

public use as part of discretionary approvals or permits by the land use commission, 

board of land and natural resources, and county authorities; and crediting such 

dedication against the requirements of section 46-6.  

Discussion: The Proposed Action is not in a coastal area and would have no impacts to coastal recreational 

opportunities. 
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(2) Historic resources 

OBJECTIVE:  

Protect, preserve, and, where desirable, restore those natural and manmade historic and prehistoric 

resources in the coastal zone management area that are significant in Hawaiian and American 

history and culture.  

POLICIES: 

(A) Identify and analyze significant archaeological resources; 

(B) Maximize information retention through preservation of remains and artifacts or salvage 

operations; and 

(C) Support State goals for protection, restoration, interpretation, and display of historic resources.  

Discussion: Operation of the Proposed Action would not affect or impair any traditional and customary 

Native Hawaiian rights exercised in the ahupua‘a in which the project area is located, and that the 

information provided in the CIA demonstrates that the Proposed Action would not have any adverse effect 

on traditional and customary Native Hawaiian rights within the Waimea Ahupua‘a. Operation of the 

Proposed Action is not anticipated to adversely impact any of the known archaeological sites or burial 

sites near the project area. 

 Scenic and open space resources 

OBJECTIVE:  

Protect, preserve, and, where desirable, restore or improve the quality of coastal scenic and open 

space resources. 

POLICIES:   

(A) Identify valued scenic resources in the coastal zone management area;  

(B) Ensure that new developments are compatible with their visual environment by designing and 

locating such developments to minimize the alteration of natural landforms and existing public 

views to and along the shoreline. 

(C) Preserve, maintain, and, where desirable, improve and restore shoreline open space and scenic 

resources. 

(D) Encourage those developments that are not coastal dependent to locate in inland areas.  

Discussion: Under the Proposed Action, operation of the upper portion of the Kōke‘e Ditch Irrigation 

System within Kōke‘e State Park and the Kekaha Game Management Area would be of no substantial 

difference than current operations and would have no impact to the access or the quality of the adjacent 

recreational areas. 

Upon completion of the rehabilitation of the Pu‘u Lua Reservoir, there would be beneficial opportunities 

to the popular trout fishing program as the reservoir would be operating at increased water levels which 

would support increased trout stocking and increased shoreline for fishing access. Public safety would be 

improved through rehabilitation of the Pu‘u Lua Reservoir, which would bring the structure into 

compliance with Hawai‘i State Dam Safety Standards. The improvement of the Pu‘u Lua access road would 

improve public safety and access to the area. 
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Operation of the portion of the Kōke‘e Ditch Irrigation System below Pu‘u Lua and west of the Pu‘u Moe 

Divide would have no impact to recreational areas and trails as there are none in the vicinity of the project 

areas.  

Operation of the upper portion of the project area would have no impact to visual resources as 

rehabilitation of the Kōke‘e Ditch Irrigation System would not involve constructing new facilities. The 

repairs and continued maintenance of the existing reservoirs would be beneficial to the visual 

environment of these areas as the current reservoirs are either operating at lower water levels, or drained 

and unused.  

Construction activities proposed for the upper portions of the Proposed Action up ditch of Pu‘u Lua 

Reservoir and below Pu‘u Lua Reservoir would consist primarily of maintenance and repairs of the existing 

Kōke‘e Ditch Irrigation System and would have negligible visual impacts and would not affect any 

viewplanes. 

Pu‘u Lua Reservoir is currently operating at fractional capacity and is kept partially drained for dam safety 

reasons. Rehabilitation of Pu‘u Lua Reservoir would involve significant earth moving and grading activities 

in the immediate area of the dam and the reservoir. These activities would significantly alter the 

appearance of the reservoir during the six- to twelve-month construction period. This change of 

appearance would be temporary, and the entire reservoir site would be cleaned, graded, and either 

seeded, mulched, or rip-rapped along with other BMPs to restore the ground and protect against erosion. 

The proposed intake structure at Pu‘u Moe Divide would be a compact and largely buried regulating 

structure along the existing ditch path in the woods near Kōke‘e Highway. This new structure would not 

be visible from the public roadway. The new Upper Penstock would generally follow the route of the 

existing Camp 1 access road and the existing open ditch. To facilitate construction, there would be removal 

of some trees along portions of the upper pipeline alignment, Camp 1 road, and the existing ditch. The 

uppermost segment of this vegetation removal may be visible from the public roadway as vehicles pass 

by the Camp 1 road turnoff near Pu‘u Moe Divide. The cleared areas would be restored to graded, grass 

areas which would be kept mown for the life of the Proposed Action to facilitate pipeline inspection and 

serve as a firebreak. The pipeline would be fully buried and not visible once construction is completed. 

The introduction of new facilities into the landscape at the lower portion of the Project area and west of 

the Pu‘u Moe Divide would have no substantial impact to visual resources or to the mauka to makai view 

plane. The proposed Pu‘u ‘Ōpae Powerhouse would be a single-story structure located to the east of the 

existing Pu‘u ‘Ōpae Reservoir that would be similar in size to a large house and have an appearance similar 

to an agricultural storage building. All new generating equipment, switchgear, and ancillary systems would 

be housed within the powerhouse structure. The proposed Mānā Powerhouse located to the southeast 

of the existing Mānā Reservoir would be 50-feet-high and would house the hydroelectric units within the 

powerhouse. The Mānā Powerhouse would be located at the base of Niu Ridge and would be smaller than 

the ridge and as similar height as the existing trees surrounding the reservoir. Both proposed powerhouses 

would not alter natural landforms or significantly block existing mauka to makai view planes.  

Pu‘u ‘Ōpae Powerhouse and Pu‘u ‘Ōpae Reservoir are within a gated DHHL area, and the construction 

activities would not be visible from any non-gated or public areas and would be low profile enough to not 

obstruct the viewplane in the general area. 
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The existing Pu‘u ‘Ōpae Reservoir would be completely rebuilt to Hawai‘i State Dam Safety Standards. 

Similar to construction at Pu‘u Lua Reservoir, there would be significant earth moving and grading 

activities in the immediate area of the dam and the reservoir. These activities would be temporary, and 

the area would be fully restored using appropriate BMPs around the new fully lined and fenced reservoir 

within twelve months of beginning construction. This reservoir is visible from public areas.  

The proposed Lower Penstock would be constructed along an alignment that crosses on fields between 

Pu‘u ‘Ōpae Reservoir and the edge of Niu Ridge bluff. The area is within DHHL’s gated lands at an elevation 

of 750 to 1,500 feet msl and is not visible from non-gated public areas. The segment of proposed pipeline 

that extends from the edge of Niu Ridge to the Mānā Reservoir would be buried down the bluff, under 

the Kekaha ditch, and through scrub vegetation and field to the new Mānā Powerhouse. Construction 

activities on the slope below the bluff would be visible from the highway located two miles to the west 

during the two to three months required to complete this section. Upon completion, this buried pipeline 

segment would be restored in the same manner as the rest of the pipeline and would blend with the 

surrounding terrain. For these reasons, the temporary construction activities would have negligible visual 

impacts to the visual resources or viewplanes in the vicinity. 

The proposed Mānā Powerhouse located at the base of Niu Ridge on the southeast edge of Mānā 

Reservoir within the gated Mānā agricultural area. The powerhouse building would be approximately 70-

feet by 70-feet in plan and 50-feet-tall and would house the hydroelectric units and ancillary equipment. 

Connected to the south of the proposed powerhouse would be a buried structure approximately 150-feet 

by 60-feet in plan that would contain the pumping equipment, the reservoir spillway, and the pipeline 

surge facilities. These structures would not be visible and would have no impact on visual resources. The 

Mānā Powerhouse would be of similar height to the existing trees mauka of the reservoir, would be 

painted a light earth tone color, and would stand out notably from the highway two miles to the west of 

the Mānā Powerhouse location. 

The proposed PV Solar Array would be located on the Mānā Plain on approximately 330 acres of 

agricultural lands. The design of the PV Solar Array and the substation would not obstruct mauka to makai 

viewplanes. Additionally, there would be no new overhead lines mauka of the Mānā Reservoir as the new 

power line would be simultaneously buried alongside the Lower Penstock during construction. 

It is anticipated that the proposed construction of these new facilities into the landscape at the lower 

portion of the project area on the Mānā Plain would have no substantial impact to visual resources or to 

the mauka to makai viewplane.  

(3) Coastal Ecosystems 

OBJECTIVE: 

Protect valuable coastal ecosystems, including reefs, from disruption and minimize adverse impacts 

on all coastal ecosystems. 

POLICIES: 

(A) Exercise an overall conservation ethic, and practice stewardship in the protection, use, and 

development of marine and coastal resources; 

(B) Improve the technical basis for natural resource management;  
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(C) Preserve valuable coastal ecosystems, including reefs, of significant biological or economic 

importance; 

(D) Minimize disruption or degradation of coastal water ecosystems by effective regulation of stream 

diversions, channelization, and similar land and water uses, recognizing competing water needs; 

and 

(E) Promote water quantity and quality planning and management practices that reflect the 

tolerance of fresh water and marine ecosystems and maintain and enhance water quality through 

the development and implementation of point and nonpoint source water pollution control 

measures.  

Discussion: Construction of the Proposed Action may produce sediment from soil erosion during and after 

excavation and construction at the Project areas near several perennial streams, which may impact water 

quality at the construction site as well as adjacent watercourses and coastal areas. Contaminants 

associated with equipment during construction may impact surface water and groundwater. Construction 

plans and specifications would include BMPs to minimize erosion on the project site during and after 

construction, as well as measures to contain runoff on-site during construction. Temporary erosion 

control measures would be used during construction to prevent soil loss and to minimize surface runoff 

into adjacent areas and streams, as well as to minimize the likelihood of spills from construction 

equipment. 

Operation of the Proposed Action would not cause water pollution or subsequent impacts to coastal 

ecosystems as no foreign objects or chemicals are introduced to the water during its passage through the 

penstocks, pumps, or turbines. Additionally, there is no heat removal or addition to the water as it passes 

through the powerhouses. The Applicant has no plans to make any changes or have any operation 

activities that would create a potential for temperature, chemical, or foreign object introduction into the 

natural stream channels and is committed to maintaining that policy for the duration of the project. 

(4) Economic Uses 

OBJECTIVE: 

(A) Provide public or private facilities improvements important to the State’s economy in suitable 

locations.  

POLICIES: 

(A) Concentrate coastal dependent development in appropriate areas; 

(B) Ensure that coastal dependent development such as harbors and ports, and coastal related 

development such as visitor industry facilities and energy generating facilities, are located, 

designed, and constructed to minimize adverse social, visual, and environmental impacts in the 

coastal zone management area; and  

(C) Direct the location and expansion of coastal dependent developments to areas presently 

designated and used for such developments and permit reasonable long-term growth at such 

areas, and permit coastal dependent development outside of presently designated areas when: 

i. Use of presently designated locations is not feasible; 

ii. Adverse environmental effects are minimized; and 

iii. The development is important to the State’s economy. 
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Discussion:  The Proposed Action was designed and the project footprint was determined to avoid impacts 

to natural and cultural resources, including coastal areas. The Proposed Action would generate substantial 

and positive impacts on the Kaua‘i County economy. The construction, long-term O&M expenditures, and 

the savings from the petroleum offset would create a total of 27,320 person-years of employment over 

78 years. The construction and O&M payroll would generate a sum of $788.3 million of earnings in Kaua‘i 

throughout the life of the project.  

The economic impacts spring from construction expenditures, long-term O&M expenditures, and savings 

due to lower fuel costs. Instead of spending millions on offshore fuel costs, the Proposed Action would 

shift resources back to Kaua‘i.  

Overall spending associated with the Proposed Action would have a ripple effect on local industries and 

sectors that propel Kaua‘i’s economy and would offset State expenditures by providing long-term 

maintenance resources in the area. This includes repairing and maintaining the Kōke‘e Ditch Irrigation 

System, bringing the reservoirs into compliance with the Hawai‘i State Dam Safety Standards, supporting 

food sustainability and diversification through the delivery of water for irrigation, and providing a reliable 

source of water for fire protection during drought seasons.  

Most importantly, the Proposed Action would help Kaua‘i become less dependent on fossil fuels and assist 

the County in meeting the State of Hawaii’s mandate of reaching 100 percent renewable generation by 

2045. 

(5) Coastal hazards 

OBJECTIVE: 

(A) Reduce hazard to life and property from tsunami, storm waves, stream flooding, erosion, 

subsidence, and pollution.  

POLICIES:  

(A) Develop and communicate adequate information about storm wave, tsunami, flood, erosion, 

subsidence, and point and nonpoint source pollution hazards; 

(B) Control development in areas subject to storm wave, tsunami, flood, erosion, hurricane, wind, 

subsidence, and point and nonpoint source pollution hazards; 

(C) Ensure that developments comply with requirements of the Federal Flood Insurance Program; 

and 

(D) Prevent coastal flooding from inland projects. 

Discussion: Short-term construction under the Proposed Action would not create conditions that would 

exacerbate coastal hazards. The Kauaʿi Emergency Management Agency coordinates and integrates 

efforts among all levels of government and the private sector to mitigate against, prepare for, respond to, 

and recover from natural disasters, acts of terrorism, and other threats and hazards. Construction 

personnel would respond to any emergency messages or alerts, as appropriate, to ensure their safety 

during construction. The operation of the new proposed solar, hydroelectric, and irrigation infrastructures 

and facilities would be constructed to withstand coastal hazards.  

All existing and proposed facilities are unmanned, and continuous real-time monitoring of the Project 

would be performed by the SCADA system. The only time personnel visit the facilities is for inspections 



  Relationship to  
Pu‘u Opae/West Kaua‘i Energy Project  Land Use Plans and Policies 

 

Draft Environmental Assessment 175 July 2021 
 

and/or maintenance. Personnel would respond to any emergency messages or alerts, as appropriate, to 

ensure their safety during these visits to the facilities.  

(6) Managing development 

OBJECTIVE:  

(A) Improve the development review process, communication, and public participation in the 

management of coastal resources and hazards.  

POLICIES: 

(A) Use, implement, and enforce existing law effectively to the maximum extent possible in managing 

present and future coastal zone development; 

(B) Facilitate timely processing of applications for development permits and resolve overlapping or 

conflicting permit requirements; and 

(C) Communicate the potential short and long-term impacts of proposed significant coastal 

developments early in their life cycle and in terms understandable to the public to facilitate public 

participation in the planning and review process. 

Discussion: The Draft EA is being provided for public comment and review. To facilitate the agency review 

process for the required permits for the Proposed Action, the Applicant will meet with the various 

agencies prior to submitting permit application packages. The permit review process will provide 

additional opportunities for public involvement.  

(7) Public Participation 

OBJECTIVE: 

(A) Stimulate public awareness, education, and participation in coastal management. 

POLICIES:  

(A) Promote public involvement in coastal zone management processes; 

(B) Disseminate information on coastal management issues by means of educational materials, 

published reports, staff contact, and public workshops for persons and organizations concerned 

with coastal issues, developments, and government activities; and 

(C) Organize workshops, policy dialogues, and site-specific mediations to respond to coastal issues 

and conflicts. 

Discussion: Opportunities for public awareness, education, and participation in coastal management are 

provided through Federal, State, and County regulatory review process. The Draft EA is being provided for 

public comment and review. Additional opportunities for review will come during the entitlement process. 
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(9) Beach protection 

OBJECTIVE: 

Protect beaches for public use and recreation. 

POLICIES: 

(C) Minimize the construction of public erosion-protection structures seaward of the shoreline. 

Discussion: The Proposed Action is not in a coastal area and would have no impacts to beaches. 

(10) Marine resources 

OBJECTIVE: 

Promote the protection, use, and development of marine and coastal resources to assure their 

sustainability. 

POLICIES: 

(A) Ensure that the use and development of marine and coastal resources are ecologically and 

environmentally sound and economically beneficial. 

Discussion: The Proposed Action is not in a coastal area and would have no impacts to marine resources. 

4.2.4 Hawai‘i Clean Energy Initiative 

The Hawai‘i Clean Energy Initiative (HCEI) was launched in 2008 when the State and the U.S. Department 

of Energy signed a MOU to establish a long-term partnership to reduce the State’s use and reliance on 

imported fossil fuels. The goal of the HCEI is to achieve 100% clean energy by 2045 by building upon the 

ongoing work of public and private organizations at the State, County, and grassroots level to achieve the 

following objectives: 

• To define the structural transformation that will need to occur to transition the State to a clean 

energy dominated economy 

• To demonstrate and foster innovation in the use of clean energy technologies, financing 

methodologies, and enabling policies designed to accelerate social, economic, and political 

acceptance of a clean energy dominated economy 

• To create opportunity at all levels of society that ensures wide-spread distribution of the benefits 

resulting from the transition to a clean, sustainable energy State  

• To establish an “open source” learning model for others seeking to achieve similar goals 

• To build the workforce with crosscutting skills to enable and support a clean energy economy.  

The Proposed Action is consistent with the HCEI’s objectives as it would demonstrate innovation in the 

use of clean energy technology to provide renewable energy production by way of hydroelectric electric 

generation and PV generation. The Proposed Action would also provide an efficient and reliable source of 

irrigation to support diversified agricultural lands that are managed by DHHL, ADC, and KAA, which would 

increase food security and generate employment opportunities for the local community. In addition, the 

Proposed Action would provide a reliable source of water for fire protection during drought seasons. The 

generation of renewable energy from the project would help to further achieve the State’s goal of 100% 

clean energy by 2045 to lessen the impacts of climate change.  
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4.2.5 Hawai‘i 2050 Sustainability Plan 

Act 8, Special Session Laws of Hawai‘i 2005, established the Hawai‘i Sustainability Task Force to develop a 

Hawai‘i 2050 Sustainability Plan in collaboration with the State auditor. The task force was comprised of 

25 members of the public and private stakeholders, whom together with the State Auditor created the 

Hawai‘i 2050 Sustainability Plan published in 2008. Act 8 also called for the plan to be updated by the 

State Auditor with the assistance of the State Office of Planning every ten years, and as such the Ten Year 

Measurement Update of the Hawai‘i 2050 Sustainability Plan was published in 2018. The Hawai‘i 2050 

Sustainability Plan identified the following five goals as integrated philosophies to indicate where the State 

should be headed.  

• Sustainability as a Way of Life: Living sustainably is part of our daily practice in Hawai‘i.  

• Sustainable Economy: Our diversified and globally competitive economy enables us to live, work, 

and play in Hawai‘i. 

• Sustainable Environment and Natural Resources: Our natural resources are responsibly and 

respectfully used, replenished, and preserved for future generations. 

• Sustainably Community and Social Well Being: Our community is strong, healthy, vibrant and 

nurturing, providing safety nets for those in need. 

• Sustaining Kanaka Maoli Culture and Island Values: Our Kanaka Maoli and island cultures and 

values are thriving and perpetuated.  

The Proposed Action would meet the goals of the Hawai‘i 2050 Sustainability Plan as it would provide 

renewable energy production and resources to support agricultural production, which would benefit the 

surrounding communities, the County, and the State. The Proposed Action would also rehabilitate former 

plantation irrigation ditches and reservoirs improving public safety and increasing the value of State-

owned assets, provide additional water resources for fire suppression in areas where they are not 

currently available, and create jobs through construction and operation of the Proposed Action. Providing 

irrigation to support diversified agricultural lands would increase food security and generate employment 

opportunities for the local community and the County and would also sustain island cultures and values 

as they relate to agriculture. 

4.3 County of Kaua‘i 

4.3.1 County of Kaua‘i General Plan 
The County of Kauaʿi General Plan establishes priorities for managing growth and community 

development over a 20-year planning timeframe. The General Plan designates land uses and provides 

policy goals. As shown in Figure 48, the upper part of the Proposed Action is located in the “Parks and 

Recreation” land use designation. The lower part of the Proposed Action is located in the “Natural” land 

use designation. The Mānā Powerhouse, PV Solar Array, and substation are located in the “Agricultural” 

land use designation. 

Areas designated as “Parks and Recreation” include State parks, regional and district parks, stadiums, 

linear parks, and beach parks. Areas designated as “Natural” have either limited development capacity or 

are not suitable for development due to various reasons. Areas designated as “Agricultural” are to be held 

in reserve for agricultural purposes with little residential development.  
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Figure 48. County of Kaua‘i General Plan Land Use Designations 
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The Proposed Action is consistent with the following policies of the County of Kauaʿi General Plan:  

Policy #11: Help agricultural lands be productive 

Discussion: The Proposed Action would provide reliable water supply for agricultural use through 

upgrades to the ditch and reservoirs and the assumption of long-term operations and maintenance by the 

Applicant that would support diversified agriculture on the mauka lands managed by DHHL and would 

provide an efficient and reliable source of water for irrigation for the ADC mauka lands and agricultural 

fields on the Mānā Plain, which would increase food security and generate employment opportunities for 

the local community. The Proposed Action would utilize non-prime agricultural land for the solar facility, 

which would provide revenue for ADC that would benefit other agricultural activities. Therefore, the 

Proposed Action is consistent with the objectives and policies for agriculture.  

Policy #13: Complete Kaua‘i’s shift to clean energy 

Discussion: The purpose of the Proposed Action is to provide an integrated renewable energy and 

irrigation project designed with the intent of serving four objectives: 

1. Renewable energy production via hydroelectric electric generation 

2. Renewable energy production via solar PV generation 

3. Pumped and battery storage to shift most of the Project’s solar PV energy production for use in 

the evening peak, nighttime, and morning peak hours (as well as during periods of rainy or cloudy 

weather) via the release of water and hydroelectric electric energy generation 

4. Irrigation delivery to support diversified agriculture on lands adjacent to the Project site including 

mauka lands managed by DHHL and ADC, and the agricultural fields on the Mānā Plain that are 

managed by KAA 

The Proposed Action would assist KIUC in meeting the State of Hawai‘i's mandate to achieve 100% 

renewable energy by 2045. In addition, KIUC has a goal of using renewable resources to generate 70% of 

Kauaʻi’s power by 2030. In 2020, Kaua‘i achieved more than 60% renewable energy production. The 

Proposed Action would produce over 20% of the total energy requirements for Kauaʻi, and it would allow 

KIUC to exceed its 2030 goal of 70% renewable energy.  

Policy #14: Prepare for Climate Change 

Discussion: Operation of the Proposed Action would not contribute to global GHG emissions and climate 

change. The operation of the Proposed Action would have substantial beneficial impacts by reducing the 

State and Kaua‘i’s reliance on fossil fuels and their contribution to global climate change by meeting the 

State of Hawai‘i’s mandate to achieve 100% renewable energy by 2045. The Proposed Action would 

produce renewable energy through the proposed hydroelectric and solar energy generating 

infrastructures and facilities. In addition, the Proposed Action would help KIUC exceed is strategic goal of 

using renewable resources to generate 70% of Kaua‘i’s power by 2030.  

Policy #16: Protect access to Kaua‘i’s treasured places 

Discussion: Rehabilitation of access roads would improve safe public access to Pu‘u Lua Reservoir, which 

is a widely known and valued place for the trout fishing program. 
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4.3.2 West Kaua‘i Community Plan 
The West Kaua‘i Community Plan is one of five community plans of the County that addresses land use 

policies at the regional level. The plan was formally adopted on December 3, 2020, and the County’s 

Planning Department is currently working on adopting the Council-approved amendments into the plan. 

Through the public process, six regional policies were identified and prioritized by the community. The 

Proposed Action is consistent with the following policy of the West Kaua‘i Community Plan: 

Resiliency Policy #3: Strengthen the resiliency of the region’s critical infrastructure and public facilities.  

Discussion: The Proposed Action is consistent with this policy as it would provide renewable energy 

production by way of hydroelectric electric generation and PV generation. In addition, the bulk storage 

provided by the pumped storage portion of the Proposed Action helps address intermittency issues with 

solar energy generation. The extra storage capability, plus the ditch-based hydroelectric, provides Kaua‘i 

with a renewable solution during cloudy and rainy periods which can deplete short duration batteries. 

The additional storage also provides support in the event of oil-fired generation outages, allowing repair 

time. The Proposed Action’s capabilities would provide Kaua‘i with an important reliability component as 

the island moves towards 100% renewable generation. 

4.3.3 County of Kaua‘i Zoning 
The County of Kaua‘i Planning Department Regulatory Planning Division administers the zoning and 

subdivision ordinances that control land use in Kaua‘i County. The County of Kaua‘i adopted the 

Comprehensive Zoning Ordinance in 1972 and has approved several amendments to specific provisions 

since its adoption. However, the ordinance has not been updated in a comprehensive manner since its 

adoption. The County of Kaua‘i is currently updating the Comprehensive Zoning Ordinance in two phases. 

In December 2012, the County approved the first phase by adopting Ordinance No. 935, which is the newly 

adopted zoning code for the County of Kaua‘i and will serve as the official zoning code until the County of 

Kaua‘i completes the second phase of the update.  

As shown in Figure 49, the Proposed Action traverses lands designated as Conservation, Open, and 

Agriculture by the County of Kaua‘i. Each zone has a designated purpose and development standards. The 

Applicant would consult with the County of Kaua‘I Planning Department Regulatory Planning Division to 

determine any permit needs for development in these districts.  

4.3.4 Special Management Area 
Pursuant to the Hawai‘i Coastal Zone Management Program, HRS 205A, the counties have enacted 

ordinances establishing Special Management Areas (SMA). Any “development” within the geographically 

defined SMA with a valuation of greater than $500,000 requires an SMA Use Permit issued by the Planning 

Commission. As shown in Figure 50, the Proposed Action would not encroach into the SMA. Therefore, an 

SMA Use Permit would not be required. 
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Figure 49. County of Kaua‘i Zoning 
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Figure 50. Special Management Area 
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5 Findings and Conclusions 
5.1 Significance Criteria 
HAR Chapter 11-200.1 provides significance criteria for which all projects in Hawai‘i are assessed. These 

significance criteria and their relationship to the Proposed Action are as follows: 

(1) Irrevocably commit a natural, cultural resource, or historic resource. 

The Proposed Action was designed and the project footprint was determined to avoid impacts to natural 

and cultural resources to the extent practicable.  

The Proposed Action includes the continued operation of the Kōke‘e Ditch Irrigation System for the 

diversion of water for hydroelectric energy production and irrigation. The water diverted would be stored 

in the reservoirs or made available for irrigation purposes to adjacent agricultural lands. Water not used 

for irrigation would be released into the Mānā storm drain ditch on the south side of Mānā Reservoir as 

discussed in Water Management and Discharge. 

At the end of the project life, the project’s lands and waters would be available to continue as an energy 

and/or irrigation project for other purposes as appropriate. In addition, the IIFS is not a fixed number and 

can be adjusted by CWRM as necessary.  

(2) Curtail the range of beneficial uses of the environment. 

The purpose of the Proposed Action is to provide an integrated renewable energy and irrigation project 

designed with the intent of serving four objectives: 

1. Renewable energy production via hydroelectric electric generation 

2. Renewable energy production via solar PV generation 

3. Pumped and battery storage to shift most of the Project’s solar PV energy production for use in 

the evening peak, nighttime, and morning peak hours (as well as during periods of rainy or cloudy 

weather) via the release of water and hydroelectric electric energy generation 

4. Irrigation delivery to support diversified agriculture on lands adjacent to the Project site including 

mauka lands managed by DHHL and ADC, and the agricultural fields on the Mānā Plain that are 

managed by KAA 

In multiple ways, the Proposed Action would provide beneficial uses of the environment. The Applicant 

would ensure that instream flow requirements would remain in the natural stream channels. The 

compliance with the Phase Two IIFS set by CWRM would be a benefit to all users of water on the system. 

The Proposed Action would provide reliable irrigation water supply through upgrades to the ditch and 

reservoirs and the assumption of long-term operations and maintenance by the Applicant that would 

support diversified agriculture on the mauka lands managed by DHHL and would provide an efficient 

reliable source of irrigation for the ADC agricultural fields on the Mānā Plain, which would increase food 

security and generate employment opportunities for the local community. 

Upon completion of the rehabilitation of the Pu‘u Lua Reservoir, there would be beneficial opportunities 

to the popular trout fishing program as the reservoir would be operating at increased water levels which 

would support increased trout stocking and increased shoreline for fishing access. Public safety would be 
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improved through rehabilitation of the Pu‘u Lua Reservoir, which would bring the structure into 

compliance with Hawai‘i State Dam Safety Standards. The improvement of the Pu‘u Lua Access Road 

would improve public safety and access to the area. 

The Proposed Action would further the purposes of the HHCA.  

The Proposed Action would not curtail other beneficial uses of the environment.  

(3) Conflict with the State’s environmental policies or long-term environmental goals established by law. 

HRS 344 states that “It shall be the policy of the State, through its programs, authorities, and resources 

to:  

(1) Conserve the natural resources, so that land, water, mineral, visual, air and other natural 

resources are protected by controlling pollution, by preserving or augmenting natural resources, 

and by safeguarding the State’s unique natural environmental characteristics in a manner which 

will foster and promote the general welfare, create and maintain conditions under which 

humanity and nature can exist in productive harmony, and fulfill the social, economic, and other 

requirements of the people of Hawaii. 

(2) Enhance the quality of life by:  

(A) Setting population limits so that the interaction between the natural and artificial 

environments and the population is mutually beneficial;  

(B) Creating opportunities for the residents of Hawaiʿi to improve their quality of life through 

diverse economic activities which are stable and in balance with the physical and social 

environments;  

(C) Establishing communities which provide a sense of identity, wise use of land, efficient 

transportation, and aesthetic and social satisfaction in harmony with the natural environment 

which is uniquely Hawaiian; and 

(D) Establishing a commitment on the part of each person to protect and enhance Hawai‘i’s 

environment and reduce the drain on nonrenewable resources.” 

As discussed in Chapter 3, the Proposed Action would have no significant impact on environmental 

resources. Avoidance and minimization measures would be implemented to further reduce impacts. By 

displacing fossil fuel power generation, the Proposed Action is consistent with both the long-term 

environmental policies and goals of the state. 

The Proposed Action would assist KIUC in meeting the State of Hawai‘i's mandate to achieve 100% 

renewable energy by 2045. In addition, KIUC has a goal of using renewable resources to generate 70% of 

Kauaʻi’s power by 2030. The Project would produce over 20% of the total energy requirements for Kauaʻi 

and increase Kaua‘i’s total energy generated from renewable resources to 80%, exceeding KIUC’s goals. 

The Proposed Action has characteristics which would make it a unique and valuable part of KIUC’s 

generation portfolio. It would provide significant energy storage (as much as 1,500 MWh) and has the 

ability to generate energy both day and night and during all weather conditions. 

The Proposed Action would provide reliable irrigation water supply through upgrades to the ditch and 

reservoirs and the assumption of long-term operations and maintenance by the Applicant that would 

support diversified agriculture on the mauka lands managed by DHHL and would provide an efficient 
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reliable source of irrigation for the ADC agricultural fields on the Mānā Plain, which would increase food 

security and generate employment opportunities for the local community. 

(4) Have a substantial adverse effect on the economic welfare, social welfare, or cultural practices of the 

community or State. 

As discussed in Section 3.8.2, overall project spending would have a positive ripple effect on local 

industries and sectors that propel Kaua‘i’s economy. It also offsets State expenditures by providing long-

term maintenance resources in the area. In addition, it would bring the reservoirs into compliance with 

the Hawai‘i State Dam Safety Standards, diversify and increase agricultural activities and products through 

irrigation delivery, and provide a reliable source of water for fire protection during drought seasons. Most 

importantly, the Proposed Action would help Kaua‘i become less reliant on fossil fuels, which is an 

important milestone to reaching the State of Hawai‘i mandate of 100% of renewable energy by 2045. In 

addition, the partnership between the State and the Applicant would enable the State to provide proper 

stewardship for the river and existing State infrastructure, while expanding agriculture opportunities, 

energy production, DHHL’s Kuleana Subsistence Agricultural Lots development on the west side of Kaua‘i, 

and furthering the purposes of the HHCA. 

(5) Have a substantial adverse effect on public health. 

The Proposed Action would have some temporary, minor impacts on air, noise, and water quality during 

construction (see Sections 3.10.2, 3.9.2, and 3.1.2, respectively); however, these impacts would be 

minimized to the extent practicable by the employment of BMPs and compliance with permit conditions. 

The Proposed Action would not result in any post-construction or long-term effects on public health. In 

fact, operation of the Proposed Action would have a beneficial impact on air quality by the reduction of 

fossil-fueled energy generation and the associated air emissions, expected to result in health benefits 

from the positive impact on air quality. 

(6) Involve adverse secondary impacts, such as population changes or effects on public facilities. 

The partnership between the State and the Applicant would enable the State to provide for proper 

stewardship for the river and existing State infrastructure, while expanding agriculture, energy 

production, and DHHL’s Kuleana Subsistence Agricultural Lots development on the west side of Kaua‘i. 

The Proposed Action would utilize non-prime agricultural land for the solar facility, which would provide 

revenue for ADC that would benefit other agricultural activities. Therefore, the Proposed Action would 

have potential beneficial secondary impacts in terms of the potential expansion of agricultural 

opportunities and DHHL’s Kuleana Subsistence Agricultural Lots development due to irrigation water 

delivery to ADC and DHHL lands.  

Under the Proposed Action, operation of the upper portion of the Kōke‘e Ditch Irrigation System within 

Kōke‘e State Park and the Kekaha Game Management Area would be of no substantial difference than 

current operations and would have no impact to the access or the quality of the adjacent recreational 

areas (e.g., public facilities). Upon completion of the rehabilitation of the Pu‘u Lua Reservoir, there would 

be beneficial opportunities to the popular trout fishing program as the reservoir would be operating at 

increased water levels which would support increased trout stocking and increased shoreline for fishing 

access. Public safety would be improved through rehabilitation of the Pu‘u Lua Reservoir, which would 
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bring the structure into compliance with Hawai‘i State Dam Safety Standards. The improvement of the 

Pu‘u Lua Access Road would improve public safety and access to the area. 

(7) Involve a substantial degradation of environmental quality. 

As discussed in Chapter 3, the Proposed Action would have no significant impacts to environmental 

quality. Avoidance and minimization measures would be implemented to further reduce impacts. By 

displacing up to 25% of KIUC’s current fossil fuel power generation and bringing Kaua‘i to more than 80% 

renewable generation, the Proposed Action would have significant beneficial impacts to air quality and 

climate change. 

(8) Be individually limited but cumulatively have substantial adverse effect upon the environment or 

involves a commitment for larger actions. 

As discussed in Section 3.13, construction of the Proposed Action would not result in negative cumulative 

impacts. Operation of the Proposed Action could result in beneficial cumulative impacts from improved 

air quality associated with the reduction of the use of fossil fuels, increased stream health from 

compliance with the IIFS set by CWRM, and expanded agricultural production leading to greater food self-

sufficiency. The Proposed Action would assist KIUC in meeting the State of Hawai‘i's mandate to achieve 

100% renewable energy by 2045. In addition, KIUC has a goal of using renewable resources to generate 

70% of Kauaʻi’s power by 2030. Under the Proposed Action, water would be retained in the streams and 

diversions as required by the IFS set by CWRM. 

(9) Have a substantial adverse effect on a rare, threatened, or endangered species, or its habitat. 

There were no special-status plant species found during ground surveys of the study area even though 

some facilities are located within critical habitat designated for those flora species. 

Four special-status fauna species—ʻiʻiwi, Hawaiian duck, Hawaiian goose, and Hawaiian moorhen—were 

detected during the field surveys. Additionally, there is suitable habitat for the Hawaiian hoary bat. 

Construction of the Proposed Action could have short-term impacts to special status species, which would 

be minimized or negated through the implementation of minimization and mitigation measures as 

discussed in Section 3.3.3.  

As discussed in Section 3.3.2, the operation of the proposed PV Solar Array would have minimal impact 

to forest birds due to the location of the facility in agricultural lands away from natural and forested 

habitats. The proposed PV Solar Array location is identified as emergent wetlands and is adjacent to fallow 

agricultural fields prone to flooding. Waterbirds are generally attracted to areas with standing water and 

have been seen in fields near the project area. In addition, the DOFAW managed Mānā Waterbird Refuge 

is located approximately 1.75 miles away from the proposed PV Solar Array location. There is no evidence 

to date to indicate any impacts from PV Solar Array to waterbirds in Hawai‘i including at KIUC’s existing 

solar facilities. Therefore, there are no anticipated impacts to waterbirds.  
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(10)  Have a substantial adverse effect on air and water quality or ambient noise levels. 

Short-term construction-related impacts would occur to air quality, noise, and water quality (see Sections 

3.10.2, 3.9.2, and 3.1.2. Avoidance and minimization measures would be implemented to further reduce 

impacts. By displacing fossil fuel power generation, the Proposed Action would have beneficial impacts to 

air quality, noise, and climate change. 

(11)  Have a substantial adverse effect on or be likely to suffer damage by being located in an 

environmentally sensitive area such as a flood plain, tsunami zone, sea level rise exposure area, beach, 

erosion-prone area, geologically hazardous land, estuary, fresh water, or coastal waters. 

As discussed in Section 3.11, all of the proposed facilities, except a portion of the PV Solar Array, are 

located in Flood Zone X, which is not considered a flood hazard area, and outside of the tsunami 

evacuation zone. The existing upper Kōke‘e Ditch Irrigation System, reservoirs, and access roads have 

been operational for decades, without significant damage from natural hazards. These facilities were built 

to withstand their natural environment, and it is expected that they would continue to do so. The 

rehabilitation of this existing infrastructure would increase the stability and integrity of the structures for 

the long-term against future natural hazards. A portion of the PV Solar Array is located on the Mānā Plain 

in Flood Hazard Zone A, which is an area subject to inundation by the 1% annual chance flood event, and 

the tsunami evacuation zone; however, the PV Solar Array would be designed to be compatible with being 

located in this Flood Hazard Zone. The operation of the new proposed solar, hydroelectric, and irrigation 

infrastructure and facilities would be compatible with its location.  

(12)  Have a substantial adverse effect on scenic vistas and view planes, day or night, identified in county 

of State plans or studies. 

During construction, there would be minimal impacts to the existing scenic and visual resources. Short-

term construction impacts to visual resources include the presence and staging of construction equipment 

within the Project areas. However, the construction sites are primarily located in gated areas or areas that 

are not visible from public viewpoints. Therefore, the impacts would not substantially impact visual 

resources or viewplanes. 

Operation of the upper portion of the project area would have no impact to visual resources as 

rehabilitation of the Kōke‘e Ditch Irrigation System would not involve constructing new facilities. The 

repairs and rehabilitation of the existing diversions would not result in a change in appearance of the 

structures. The repairs and continued maintenance of the existing reservoirs would be beneficial to the 

visual environment of these areas as the current reservoirs are either operating at lower water levels or 

are drained and unused.  

The Upper and Lower Penstock alignments would be maintained by cutting of vegetation and would not 

blend into natural surroundings. The Upper Penstock would be visible from the Pu‘u ‘Ōpae Reservoir and 

Powerhouse, which are located on gated lands. Therefore, the Upper Penstock alignment would be visible 

to tenants and guests of tenants but would not block any viewplanes. The Lower Penstock alignment 

would be visible from the gated Mānā agricultural area and would be visible to tenants and guests of 

tenants. The Lower Penstock alignment may also be visible from Kaumuali’i Highway but would not block 

any viewplanes. 
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The Mānā Powerhouse building would be approximately 70-feet by 70-feet in plan and 50-feet-tall and 

would house the hydroelectric units and ancillary equipment. The Mānā Powerhouse would be of similar 

height to the existing trees mauka of the reservoir, would be painted a light earth tone color, and would 

not stand out notably from Kaumuali’i Highway two miles to the west of the Mānā Powerhouse location. 

The PV Solar Array would maintain a low profile of only approximately 15-feet-tall but may be visible when 

panels are at a certain angle. However, generally the PV Solar Array is not expected to be visible from 

public areas because it would be blocked by existing surrounding vegetation. The PV Solar Array and the 

substation would not obstruct mauka to makai viewplanes. Additionally, there would be no new overhead 

power lines mauka of the Mānā Reservoir as the new power line would be simultaneously buried 

alongside the Lower Penstock during construction. 

(13)  Requires substantial energy consumption or emit greenhouse gases. 

Operation of the Proposed Action would not contribute to global GHG emissions and climate change. The 

operation of the Proposed Action would have substantial beneficial impacts by reducing the State and 

Kaua‘i’s reliance on fossil fuels and their contribution to global climate change by meeting the State of 

Hawai‘i’s mandate to achieve 100% renewable energy by 2045. The Proposed Action would produce 

renewable energy through the proposed hydroelectric and solar energy generating infrastructures and 

facilities. In addition, the Proposed Action would help KIUC exceed its strategic goal of using renewable 

resources to generate 70% of Kaua‘i’s power by 2030. The Proposed Action would produce up to 110,000 

MWh of renewable energy, which would reduce the need for fossil fuels that would equate to the 

reduction of 80,000 metric tons of GHG emissions (CO2 equivalent) each year. The Proposed Action would 

result in a 62% reduction in the use of fossil fuels and save over nine million gallons per year.  

5.2 Anticipated Finding of No Significant Impact 
Based on the significance criteria set forth in HAR Chapter 11-200.1 and discussed in Section 5.1, it is 

anticipated that the Proposed Action would not have a significant effect on the environment and that a 

Finding of No Significant Impact (FONSI) would be filed with the State of Hawai‘i Office of Environmental 

Quality Control following the public comment period. 

 

 

 



Pu‘u Opae/West Kaua‘i Energy Project  Agencies and Organizations Consulted 

 

Draft Environmental Assessment 189 July 2021 
 

6 Agencies and Organizations Consulted 
6.1 Pre-Assessment Consultation 
The following agencies and organizations were consulted during the preparation of the Draft EA and will 

receive notice of availability of the publication of the Draft EA. Those who formally replied are indicated 

by an asterisk (*). All written comments received during the early consultation period of the Draft EA and 

responses are included in Appendix I. 

6.1.1 Federal 
● U.S. Army Corps of Engineers * 

● U.S. Fish and Wildlife Service * 

6.1.2 State of Hawai‘i 
● Department of Agriculture * 

● Agribusiness Development Corporation * 

● Department of Accounting and General Services * 

● Department of Business, Economic Development & Tourism 

● Hawaiʿi State Energy Office 

● Office of Planning * 

● Department of Hawaiian Home Lands 

● Department of Health (DOH), Clean Water Branch 

● DOH, Clean Air Branch 

● DOH, Indoor and Radiological Health Branch * 

● DOH, Environmental Planning Office 

● Department of Land and Natural Resources (DLNR), Land Division   

o Division of Forestry and Wildlife * 

o Engineering Division * 

o Commission on Water Resource Management * 

o Division of State Parks * 

● DLNR, State Historic Preservation Division 

● Department of Transportation * 

● Office of Hawaiian Affairs   

● Senator Ronald D. Kouchi, Senate District 8 

● Representative Dee Morikawa, House District 16 

● Representative James Kunane Tokioka, House District 15 

● Representative Nadine K. Nakamura, House District 14 

6.1.3 County of Kaua‘i 
● Mayor Derek S.K. Kawakami 

● Council Chair Arryl Kaneshiro 

● Former Council Vice Chair Ross Kagawa 

● Councilmember Luke Evslin 

● Councilmember Felicia Cowden 

● Councilmember Kipu Kai Kualii 
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● Councilmember Mason K. Chock 

● Office of Economic Development 

● Department of Parks and Recreation 

● Planning Department 

● Public Works Department * 

6.1.4 Non-Governmental Organizations and Landowners 
● Kaua‘i County Farm Bureau 

● Grove Farm Company 

● General Dynamics Mission Systems 

● Pacific Missile Range Facility 

● Kaua‘i Visitors Bureau 

● Kaua‘i Economic Development Board 

● Kaua‘i Chamber of Commerce 

● Kekaha Hawaiian Homestead Association 

● West Kaua‘i Business and Professional Organization 

● E Ola Mau Nā Leo O Kekaha 

● Kaua‘i Planning and Action Alliance 

● Kekaha Agricultural Association 

● Earthjustice * 

● Kōke‘e Lodge 

● Contractors Association of Kaua‘i * 

● West Kaua‘i Homestead Association 

● Anahola Hawaiian Homes Association 

● Kalalea Anahola Farmer’s Hui 

● Pi‘ilani Mai Ke Kai Community Association 

● Kūkulu Kumuhana o Anahola 

● Kekaha Host Community – Citizens Advisory Committee 

6.2 Virtual Community Meeting and Online Open House 
A virtual community meeting and online open house was held by KIUC to inform the public of the Project’s 

uses, purpose, size, location, and requirements; and to collect input from the public to be included into 

the Draft EA. The outreach effort was intended to fulfill commitments made to the public by KIUC to 

conduct outreach prior to the publication of the Draft EA. The virtual community meeting was held on 

March 31, 2021 at 6:00 p.m. via Zoom web conference. The interactive online open house website 

(www.westkauaienergyproject.com) was launched on March 30, 2021 to provide information presented 

at the virtual community meeting and provide an additional opportunity for the public to submit 

comments on the project.  The virtual open house comment period closed on April 21, 2021; however, 

the website will remain active through the EA process and be available to the public to receive updates 

and provide input on the Draft EA. 

A copy of the meeting attendance sheet for the virtual community meeting is provided in Appendix J 

along with a summary of the meeting. Two-hundred and seventy-three (273) individuals pre-registered 

for the meeting and 154 people attended. The online open house was open for public comment for 22 

days and was visited by 172 unique visitors resulting in 701 page views with five (5) written comments 

http://www.westkauaienergyproject.com/
http://www.westkauaienergyproject.com/
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submitted. In total, 131 individual comments or questions were submitted by the public through 

participating at the virtual community meeting or online open house. Major topics of discussion and 

comments submitted are provided in the list below and detailed comments and responses for each are 

provided in the meeting summary in Appendix J. Major discussion topics included: 

1. Project funding, development costs, and timeline 

2. Impacts on electricity rates, profits, and savings 

3. Environmental impacts on water resources (e.g., stream flow, discharges and sedimentation, 

water diversions), Agricultural resources and farming, Biological resources, Archaeological and 

Historic resources, Cultural practices and burials, Use of conservation Lands and DHHL lands 

4. Socioeconomic impacts on the West Side communities, benefits to Hawaiians and DHHL 

Beneficiaries, State and KIUC energy goals, workforce, Environmental Justice (EJ) 

5. Proposed Action elements including operations, alternatives, construction impacts, water 

diversions 

6. Community Engagement Process 

7. Applicability of Environmental Assessment vs. Environmental Impact Statement 

8. Mediated Water Agreement and Power Purchase Agreements 

9. Community access and safety considerations 
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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/
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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 

y = 0.1013x + 0.8519
R² = 0.7484

0

20

40

60

80

100

120

140

160

180

200

0 500 1000 1500 2000

Ka
ua

ik
in

an
a 

m
df

 (m
gd

)

Kawaikoi mdf (mgd)

y = 0.3767x0.8359

R² = 0.8067
0

50

100

150

200

250

0 500 1000 1500 2000

W
ai

ak
oa

li 
m

df
 (m

gd
)

Kawaikoi mdf (mgd)



Puu Opae / West Kauai Energy Project Hydrology Report 

McMillen Jacobs Associates 6 March 2021 

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 
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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 
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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



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 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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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
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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
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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
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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

11/15/04 20:00 11/15/04 20:00 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 20:15 11/15/04 20:15 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 20:30 11/15/04 20:30 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 20:45 11/15/04 20:45 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 21:00 11/15/04 21:00 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 21:15 11/15/04 21:15 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 21:30 11/15/04 21:30 16.2 12.2 3.9 3.1 2.5 1.9 3.1 1.9 25.6 19.0

11/15/04 21:45 11/15/04 21:45 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 22:00 11/15/04 22:00 16.8 12.8 4.0 3.2 2.6 2.0 3.2 2.0 26.6 19.9

11/15/04 22:15 11/15/04 22:15 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 22:30 11/15/04 22:30 17.5 13.5 4.1 3.3 2.6 2.0 3.3 2.1 27.5 20.9

11/15/04 22:45 11/15/04 22:45 18.1 14.1 4.2 3.4 2.7 2.1 3.5 2.2 28.5 21.9

11/15/04 23:00 11/15/04 23:00 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 23:15 11/15/04 23:15 18.7 14.7 4.4 3.6 2.8 2.2 3.6 2.4 29.4 22.8

11/15/04 23:30 11/15/04 23:30 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8

11/15/04 23:45 11/15/04 23:45 19.4 15.4 4.5 3.7 2.8 2.2 3.7 2.5 30.4 23.8
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Terrestrial Flora and Fauna Technical Report for the Proposed Pu‘u Opae Water/West Kauaʻi Energy Project, Kauaʻi, 
Hawai‘i  

i 

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 study 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 968-acre study area in western Kauaʻi. The surveys took place on August 20–22, 

September 18, and October 1, 2018.  

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.  

In all, 34 bird species were documented during the survey, including 16 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.  

Thirteen 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 moorhen (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); 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 study 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 instead 

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 from August 2018 to October 2018, and focused on an 

approximately 968-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 avoidance and minimization 

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 (Figure C-1 through C-11) of the study area and its features. 

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, as 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 Study Area Section 

Rehabilitation work at the diversions to repair damaged areas and 
leaks for both operational and safety reasons and installation of 
some supplementing flow monitoring equipment. 

Repairs to the existing diversion intakes to allow for instream flow 
releases, the installation of gauging equipment, and remote 
monitoring equipment at each diversion intake location completed 
by KIUC through a separate project 

Kauaikinana Intake: Approximately 0.17 acre (7,500 square 
feet); no ground disturbance outside the existing ditch and 
structure footprint. 

Waiakoali Intake: Approximately 500 square feet area 
adjacent to the east abutment that will be disturbed for 
repairs, and approximately 0.25 acre (11,000 square feet) for 
construction laydown area. Both areas are previously 
disturbed ground and have been historically used for ditch 
repairs and maintenance. 

Kawaikōī Intake: Approximately 0.34 acre (15,000 square 
feet) or less on both the ditch side and camping area for 
working and laydown areas. 

Kōkeʻe Intake: Approximately 0.16 acre (6,800 square feet) 
or less adjacent to the existing structure. 

Combined, a total of 0.92 acre would be affected by diversion 
intake repairs. 

Replacement of the gate structure at Puʻu Moe Divide with a new 
gate structure and intake for the project 

5.7 acres 
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Project Action Study Area Section 

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 

Puʻu Lua Reservoir: 80 acres (dam 640 feet in length, intake 
ditch, bypass ditch) 

Puʻu Opae Reservoir: 40 acres (dam 1,000 feet in length, 
new intake location) 

Mānā Reservoir: 35 acres (dam 1,600 feet in length, new 
embankment)  

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  

Approximately 23,400 feet, or 4.5 miles long; no more than 
500 feet wide, totaling 270 acres. 

Lower Penstock: New construction of a new 36- to 54-inch-
diameter pressurized pipeline running between Puʻu Opae 
Reservoir and Mānā Reservoir  

Approximately 11,500 feet, or 2.2 miles long; no more than 
300 feet wide, totaling 80 acres. 

New construction of two hydroelectric facilities with a combined 
capacity of 25 megawatts (MW) and a 37,800 horsepower 
pumping station 

Puʻu Opae powerhouse (42 × 54 feet); Mānā powerhouse 
and pump facility (75 × 70 feet). Access to both Mānā 
powerhouses is from existing gravel roads. Included in 
associated reservoir study area sections. 

New construction of outfall from Mānā Reservoir to the existing 
field drain ditch infrastructure 

Included in associated reservoir study area section. 

New construction of transmission and buried distribution lines 
(combined) 

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.  

New 250- to 300-acre solar photovoltaic footprint and buried 
feeder lines 

Fully contained within a 500-acre area. 

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 
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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 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. Furthermore, a 

recent memorandum from the Department of the Interior (M-37050, December 22, 2017) concludes that 

the MBTA does not prohibit the incidental taking of migratory birds. Regardless, incidental take of 

individual MBTA-protected species is unlikely to adversely affect the 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 Division of Forestry and Wildlife (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 due to 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. 
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3 LITERATURE REVIEW 

Before the field survey, SWCA conducted a literature review of published articles, government reports, 

and scholarly reports in preparation for the survey. 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 instead 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 (State of Hawaii, 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 (State of Hawaii, 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. 

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 (State of 
Hawaii, 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. 

Draft Revised Recovery Plan for Hawaiian Forest Birds 
(USFWS 2003) 

Describes federally listed forest birds in the study area. 

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. 

4 FIELD METHODS 

4.1 Flora 

Flora surveys comprised both meandering pedestrian (foot) and reconnaissance-level (automobile) ground 

surveys of the study area. Areas inaccessible by foot were viewed through binoculars. Flora surveys took 

place on August 20–22, September 18, and October 1, 2018, 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 were noted and are 

discussed in Section 5.1.3. 
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Plants recorded during the surveys are indicative of the season (rainy versus dry) and the environmental 

conditions at the time of the surveys. The surveys were conducted during the rainy time of year. August 

precipitation was at normal levels until Hurricane Lane made landfall on Kauai on August 28, bringing 

monthly totals from 2.52 to 4.65 inches of water. There was also greater than average precipitation for the 

months of September and October (NOAA 2018). 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. Ground surveys were conducted on August 20–22, September 18, and 

October 1, 2018, 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 (Lasiurus cinereus semotus), were conducted by noting areas of suitable foraging 

and roosting habitat as indicators of potential presence; acoustic surveys were not conducted. 

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 (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) % of Total 

Agriculture 488 50% 

Alien Forest 124 13% 

Alien Shrubland 119 12% 

Very Sparse Vegetation to Unvegetated 92 10% 

Closed Koa-ʻŌhiʻa Forest 48 5% 

Water 33 3% 

Open/Closed ʻŌhiʻa Forest 22 2% 

Native Mesic to Dry Forest and Shrubland 16 2% 

Koa Haole Shrubland 11 1% 
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Vegetation Cover Type Area (acres) % of Total 

Kiawe Forest and Shrubland 7 < 1% 

Alien Grassland 7 < 1% 

Low-Intensity Developed 2 < 1% 

Total 969 100% 

5.1.1.1 AGRICULTURE 

According to the HIGAP vegetation layer, the Agriculture vegetation type makes up 50% (80% in the 

solar footprint and 20% in Pu‘u Opae Lower Penstock and Mānā Reservoir) of the study area (see Table 

3). Photographs of this vegetation type are provided in Figures C-4, C-5, and C-7 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), Macroptilium 

atropurpureum, and little bell (Ipomoea triloba) can be seen scattered throughout (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.  

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). 
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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-9, 

and C-10 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 a little more than 7% 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-6, and 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 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 

Meyen's 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 (Hyptis pectinata) 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-9 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 
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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 less than 2% 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 less than 1% of the vegetation in the study area (see 

Table 3). Nonnative grasses such as swollen fingergrass (Chloris barbata), 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 (Appendix C, 

Figure C-6).  

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 that falls within 

the study area and indicates which vegetation types (taken from the HIGAP vegetation layer) are found 

within each critical habitat unit. See Figure A-3 in Appendix A for the locations of the critical habitat 

units. The DLNR Division of Forestry and Wildlife (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.  
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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 (critically endangered) 

Solanum sandwicense (endangered) 

Xylosma crenatum (critically 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 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 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 (Heteropogon 
contortus) 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. 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 



Terrestrial Flora and Fauna Technical Report for the Proposed Pu‘u Opae Water/West Kauaʻi Energy Project, Kauaʻi, 
Hawai‘i  

12 

At its upper reaches, the study area appears to rest within what would traditionally 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 
(Cibotium sp.) 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 (Ilex 
anomala) 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 further 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 489 Low Intensity Developed 

Agriculture 

Forest 210 Closed Koa-ʻŌhiʻa Forest 

Closed ʻŌhiʻa Forest 

Open ʻŌhiʻa Forest 

Alien Forest 

Native Mesic to Dry Forest and Shrubland 

Shrubland 137 Kiawe Forest and Shrubland 

Alien Shrubland 

Koa Haole Shrubland 

Rocky 92 Very Sparse Vegetation to Unvegetated 

Wetland 33 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 8 to 3,500 feet (2.4 to 1,067.8 meters[m]) above sea level in 

northwestern Kauaʻi.  

In all, 34 bird species were documented, 16 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 moorhen (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 moorhen 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 moorhen† Gallinula galeata 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 X 

Melodious laughingthrush Garrulax canorus KKW, MR, 

PL, PO, K 

NN  

Hawaiian goose
‡
 Branta sandvicensis MR E X 

Northern cardinal Cardinalis 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  
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Common Name Scientific Name Study Area 

Section* 

Status† MBTA 

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 species  34 16 

* 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 

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 210 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. Of these, two 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 

Special-status fauna refers to wildlife species listed by the USFWS and the State of Hawaiʻi as threatened, 

endangered, or candidate. The study area does not encompass any designated or proposed critical habitat 

for threatened or endangered fauna species. 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 2018). 

The USFWS and DOFAW list 13 special-status species that may occur in the study area (see Appendix 

D):  

• Twelve endangered species: 

o ʻIʻiwi, Kaua‘i thrush (Myadestes palmeri), Kaua‘i akepa (Loxops caeruleirostris), and Kaua‘i 
creeper (Oreomystis bairdi) (collectively referred to as special-status forest birds) 

o Hawaiian coot (Fulica alai), Hawaiian duck, Hawaiian moorhen, and Hawaiian stilt 

(Himantopus mexicanus knudseni) (collectively referred to as Hawaiian waterbirds) 

o Hawaiian goose 

o Hawaiian petrel (Pterodroma sandwichensis)  

o Band-rumped storm-petrel (Oceanodroma castro)  

o Hawaiian hoary bat (Lasiurus cinereus semotus) 

• One threatened species: Newell’s shearwater (Puffinus auricularis newelli)  

Four special-status species—ʻiʻiwi, Hawaiian duck, Hawaiian goose, and Hawaiian moorhen—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 moorhen 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). 

Thirteen special-status species could occur in the study area based on the wildlife habitat present. These 

consist of the four special-status forest birds; the four Hawaiian waterbirds; Hawaiian goose; Hawaiian 

petrel, Newell’s shearwater, and band-rumped storm-petrel (collectively referred to as seabirds); and 

Hawaiian hoary bat. 

The potential for the presence of Hawaiian hoary bat was assessed based on the presence of suitable 

habitat. The Hawaiian hoary bat has been documented roosting in forested habitat and could roost in trees 

similar in structure in the forest wildlife habitat type (Table 8). In addition, the Hawaiian hoary bat could 

forage over all the vegetation types throughout the study area. 

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 the 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, and band-rumped storm-petrel 

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 moorhen, 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 

 

Approximate elevation ranges of where special-status fauna are known to occur in Hawai‘i and where 

they may occur within the study area are provided in Table 9. Special-status fauna life history information 

is provided in Table 10. 

Table 9. Elevation Ranges of Special-Status Fauna with Potential to Occur in the Study Area 

Species Elevation Source 

ʻIʻiwi Above 3,300 feet Mitchell et al. (2005) 

Kaua‘i thrush Above 3,400 feet USFWS (2003) 

Kaua‘i akepa Above 3,280 Mitchell et al. (2005) 

Kaua‘i creeper 2,000 to 5,300 feet USFWS (2003) 

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 moorhen 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 Baldwin (1950); Fujioka and Gon (1988); Kepler 
and Scott (1990); Tomich (1974); USFWS (1998)  
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Table 10. Life History Information of Special-Status Fauna with Potential to Occur in the Study 
Area 

Species Breeding Season Incubation Fledgling Incubation + 
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 No data No data USFWS (2003) 

Kaua‘i akepa Unknown Unknown Unknown Unknown Mitchell et al. 
(2005) 

Kaua‘i creeper March to July Unknown Unknown Unknown USFWS (2003) 

Hawaiian duck Year-round, 
mostly from March 
to June 

26–30 days After 65 days After 90 days Engilis et al. 
(2002) 

Hawaiian moorhen Year-round, 
mostly from March 
to August 

19–22 days Several weeks Unknown Mitchell et al. 
(2005); Bannor 
and Kiviat (2002) 

Hawaiian coot Year-round, peaks 
in March and 
September 

25 days 75 days 100 days Prat 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) 
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6 AVOIDANCE AND MINIMIZATION MEASURES 

6.1 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, either a 

pre-construction survey should be performed by a botanist within the critical habitat units mapped in 

Appendix A, Figure A-3 prior to any construction activities in the affected area, or a botanical monitor 

should be present during construction activities. 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 

To avoid the unintentional introduction or transport of new invasive plant species into more pristine 

portions of the study area, all equipment and vehicles arriving from outside the study area that will be 

taken to the designated critical habitat should be washed at a baseyard or other site equipped with a 

washing station and then visually inspected on-site prior to any construction activities. In addition, 

construction materials arriving from outside Kaua‘i should be washed and/or visually inspected (as 

appropriate) for excessive 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. Invasive species that should 

be checked for during inspections can be found at the following online locations: 

• U.S. Department of Agriculture, Hawai‘i State-listed Noxious Weeds: 

http://plants.usda.gov/java/noxious?rptType=State&statefips=15  

• Kaua‘i Invasive Species Committee Target Pests: http://www.kauaiisc.org/kiscpests/  

6.2 Fauna 

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 (DOFAW 2018). All sick, injured, or dead 

species-status wildlife should be reported to DOFAW Kaua‘i office. To minimize potential impacts to 

fauna, measures should be followed, as detailed in the following sections. 

  

http://plants.usda.gov/java/noxious?rptType=State&statefips=15
http://www.kauaiisc.org/kiscpests/
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6.2.1 Waterbirds 

• In areas where special status waterbirds are known to occur, construction should occur during the 

non-nesting season from late September to March. 

• In areas where special status waterbirds are known to occur, post and implement reduced speed 

limits, and notify project personnel of their presence.  

• When working within or adjacent to water resources, incorporate the best management practices 

regarding working around aquatic environments into the project design. 

• A qualified biological monitor should conduct special-status waterbird nest surveys where 

suitable habitat occurs near the study 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 three or 

more days.  

• If an active nest and/or brood is found, 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 study 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. 

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 study area during the Hawaiian 

geese breeding season (September through April), a qualified biologist should survey for nests in 

and around the study 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 study 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 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 begins, all work should cease immediately and the 

USFWS should be contacted for further guidance. 

• In areas where Hawaiian geese are known to occur, post and implement reduced speed limits, and 

notify project personnel of their presence. 

6.2.3 Hawaiian Hoary Bat 

• If felling of standing trees occurs during the bat breeding season, 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 between June 1 and 

September 15. 

• The use of barbless wire is recommended for all fence construction to avoid entanglement of 

Hawaiian hoary bat. 
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6.2.4 Seabirds 

• Construction activity should be restricted to daylight hours as much as practicable 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 Other Birds 

• If tree trimming occurs between February and July in the elevation range where special-status 

forest birds may be present, a qualified biologist should survey trees for active nests. 

• Construction and installation phases should occur during the special-status forest bird non-

nesting season. 

• A qualified wildlife biologist and botanist knowledgeable in Hawaiian flora and fauna should be 

present to monitor the construction phase. 

• 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 nest of an MBTA-protected species, that 

may have been present prior to the tree falling. If an active nest is found, it should be protected in 

place until the chicks fledge. 
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Figure A-1. Study area location.  
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Figure A-2. HIGAP vegetation classes in the study area.   
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Figure A-3. Critical habitat units.  
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Figure A-4. Wildlife habitat classes in the study area.  
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Figure A-5. Critical habitat ecosystems.  
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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 



 

B-2 

Family Scientific Name and Authorship Status Common Name 

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 

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 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   

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 



 

B-3 

Family Scientific Name and Authorship Status Common Name 

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-3. 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 



 

B-4 

Family Scientific Name and Authorship Status Common Name 

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 

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-4. 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 



 

B-5 

Family Scientific Name and Authorship Status Common Name 

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 

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-5. Checklist of Plants Observed at Mana 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 

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 



 

B-6 

Family Scientific Name and Authorship Status Common Name 

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-6. Checklist of Plants Observed at 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 

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 



 

B-7 

Family Scientific Name and Authorship Status Common Name 

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 

Table B-7. 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 

Myrtaceae Eucalyptus robusta Sm. X swamp mahogany 

Myrtaceae Metrosideros polymorpha E ‘ōhi‘a, ‘ōhi‘a lehua 

Myrtaceae Psidium cattleianum Sabine X strawberry guava 



 

B-8 

Family Scientific Name and Authorship Status Common Name 

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 ` 



 

B-9 

Table B-8. 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-9. 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 

Fabaceae Desmodium triflorum (L.) DC. X tick trefoil, tick clover 



 

B-10 

Family Scientific Name and Authorship Status Common Name 

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-10. 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   



 

B-11 

Family Scientific Name and Authorship Status Common Name 

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 

Table B-11. 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 



 

B-12 

Family Scientific Name and Authorship Status Common Name 

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 ` 
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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. Māna 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 and silk 
oak (Grevillea robusta) co-dominate with koa in the reservoir area, with the native 
shrubs pukiawe and a‘ali‘i 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. 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 (Leucaena leucocephala), 
buffel grass (Cenchrus ciliaris), Guinea grass, and various herbaceous ruderal 
species. 

 

Figure C-8. Vegetation around Pu‘u Opae Reservoir. 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. 
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Figure C-9. 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 
(Acacia confusa), 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. 

 

Figure C-10. Vegetation around the Kōkeʻe Intake. Although this area consists primarily 
of the Alien Shrubland vegetation type, likely spread to this location through ongoing 
maintenance work, it is in designated critical habitat. Vegetation shown here includes a 
large patch of white ginger (Hedychium coronarium), lantana (Lantana camara), and 
Mexican elder (Sambucus mexicana), surrounded by the Closed ʻŌhiʻa Forest 
vegetation type.  
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Figure C-11. Water vegetation type. Hydrophytic species such as California grass (Urochloa 
mutica) and Indian fleabane (Pluchea indica) can be seen in at the margin of the waterbody.  
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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 

  
 United States Department of the Interior 
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 Pacific Islands Fish and Wildlife Office 
300 Ala Moana Boulevard, Room 3-122 

Honolulu, Hawaii  96850 
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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 



 

 

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. 

http://www.haccp-nrm.org/Wizard/default.asp
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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) 
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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 
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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. 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            22 

 

 

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 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            27 

 

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. 
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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 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            32 

 

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. 
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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. 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            56 

 

 

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 
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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 
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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 
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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. 

 

0.08 
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Kokee Ditch 
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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. 

4.97 

 

7.86 

 

5e 

 

5f

 

 

5a 

 



Puu Opae/West Kauai Energy Project Assessment Using HSHEP Model 

 

Trutta Environmental Solutions, LLC                                                                                            69 

 

 

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. 
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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 
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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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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 
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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 



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  

22 

 

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: 



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  

23 

 

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 



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  

24 

 

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. 



Cultural Surveys Hawai‘i Job Code: WAIMEA 22  Ka‘ao and Mo‘olelo (Legends and Stories)  

CIA for KIUC’s Pu‘u Ōpae/West Kauai Energy Project, Waimea, Kaua‘i  

TMKs: various  

38 

 

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 
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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. 



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  

66 

 

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 
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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. 
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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 
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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) 



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  

123  

 

• 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. 



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Management Summary 

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  

ii 

 

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 



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Introduction 

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  

8 

 

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 



Cultural Surveys Hawai‘i Job Code: WAIMEA 21  Introduction 

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  

9 

 

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 
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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.  
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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)
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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
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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 
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 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



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  

93 

 

 

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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ECONOMIC IMPACT ASSESSMENT FOR THE 
WEST KAUA‘I ENERGY PROJECT 

 
 

BACKGROUND 
 
 
Kaua‘i Island Utility Cooperative (KIUC) is planning to invest in a hydroelectric renewable energy 
and irrigation Project that serves multiple functions in West Kaua‘i. These functions include 
renewable energy production via solar photovoltaic (PV) and hydroelectric generation, pumped 
storage and load shifting capability, store and release hydro energy generation, and irrigation 
delivery to lands adjacent to the Project. KIUC has finalized the Project from self-development to 
partnering with an experienced renewable energy project developer for the design and 
construction of the facility. KIUC expects to spend tens of millions of dollars on repairing and 
upgrading the existing ditch system and reservoirs, as well as constructing new pressurized 
pipelines and hydroelectric facilities. 
 
KIUC supplies electricity to people on the Island of Kauai. The electricity is generated either 
through burning fossil fuels (ex. petroleum) or renewable energy such as solar, hydro, and 
biomass. Because Hawai‘i has no proved petroleum reserves, crude oil, or natural gas reserve, 
Kaua‘i and all other islands must import petroleum from elsewhere.1 Before renewable energy 
options, Hawai‘i was heavily dependent on imported petroleum. Moreover, each island had to 
build its power plants and grids to generate electricity to meet local demand since there are no 
transmission lines between islands. Research has shown that the consistently high price of oil 
combined with the high fixed price on infrastructure has led to record high electricity prices in 
Hawai‘i.2  
 
KIUC strives to transform Kauai from a heavily petroleum-dependent to a renewable energy-
based island by investing in different types of renewable energy projects. Kaua‘i has gradually 
become less dependent on imported petroleum over the years. KIUC has successfully pushed to 
increase renewable production from 9 percent in 2009 to 56 percent in 2019.  Under the Hawai‘i 
Clean Energy Initiative (HCEI), KIUC is targeting to achieve 70 percent and 100 percent of 
renewable energy production by 2030 and 2045, respectively.  
 
The West Kauai Energy Project, formerly known as the Pu‘u ‘Ōpae Project, is the fifth renewable 
energy Project undertaken by KIUC. The Project, once completed, could provide as much as 107 
GWh of electricity on average and up to 300 MWh of daily storage plus 1,250 MWh of bulk energy 
storage. The 107 GWh of electricity will amount to over 20 percent of KIUC’s annual generation 
and is a substantial investment for KIUC. To lower the risk of the Project and optimize the use of 
tax credits, KIUC has signed a long-term Purchasing Power Agreement (PPA) with the developer. 
Under the PPA, KIUC will purchase electricity from the developer at a levelized cost per kWh.   
 
This Economic Impact Assessment estimates the economic effects on jobs, earnings, and 
contributions to the local tax base that are attributable to this Project. These effects will be 
expressed in terms of direct, indirect, and induced economic outputs.   
 

 
1  U.S. Energy Information Administration, Hawai‘i State Profile and Energy Estimates. 
2  Michael Robert. “Why are Hawaii’s electricity prices so high?”, 2014. 
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APPROACH AND TERMINOLOGY 
 
This section will review the approach used to estimate the economic impacts that the Project will 
have on the Island of Kaua‘i. We begin by introducing some technical terms that distinguish the 
different types of effects.  
 
Primary effect: 

➢ Direct jobs/earnings/taxes are created in industries that are directly associated with the 
construction Project.   

 
Secondary effect: 

➢ Indirect jobs/earnings/taxes are created in businesses that supply goods and services to 
industries that directly associate with the construction Project. 
 

➢ Induced jobs/earnings/taxes are created as workers re-spend their income on goods and 
services due to the change in jobs and earnings induced by the direct and indirect effects 
of the new construction Project. 

 
In this analysis, the 2012 Hawai‘i Inter-County Input-Output (I-O) model was used to estimate the 
economic impacts of the Project. The model was developed by the State of Hawai‘i Department 
of Business, Economic Development & Tourism (DBEDT). The Inter-County I-O model has all the 
necessary components needed for estimating the impacts of the Project and is county-specific, 
which is the main reason why it was chosen over the state I-O model. The Inter-County I-O model 
shows how the patterns of goods and services are flowing among different sectors within the 
county. It also accounts for flows among different sectors that take place between different 
counties. These two specifications enable a more accurate economic assessment for a specific 
county. 
 
The Inter-County I-O model can show that if a new project increases industries’ final demand 
(values of goods and services) in Kaua‘i county, the increased demand from those industries will 
generate increased output in Kaua‘i. It follows that the increased output on Kaua‘i will draw an 
increase of flows of goods and services from O‘ahu, Maui, and Hawai‘i Counties, resulting in 
increased output in those counties. These effects are referred to as spillover effects. To meet the 
increased demand from Kaua‘i, industries in O‘ahu, Maui, and Hawai‘i county will have to expand 
their production. This will, in turn, create new demand for goods and services on Kaua‘i in addition 
to the first round of output increase due to the Project. The latter effects are referred to as 
feedback effects. The Inter-County I-O model was also a more appropriate framework for long-
range economic and population forecasts specifically for counties compared to the state I-O 
model.3  
 
 

  

 
3  DBEDT, “The 2012 Hawai‘i Inter-County Input-Output Study. 2012” (Revised August 2016).  
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ASSUMPTIONS AND CAVEATS 
 
The economic impact analysis requires basic assumptions. These assumptions represent what 
we know about the Project and how that will affect the model. This section will lay out the 
assumptions we made before estimating the impacts. 
 

(1) The selected development partner will construct and operate the West Kaua‘i Energy 
Project for KIUC. Under the PPA, the developer will take on the responsibilities of all 
expenditures related to the Project. These expenditures include soft costs, construction 
costs, operation and maintenance costs (O&M), interest, and lease payments.  KIUC will 
purchase electricity from the development partner at a firm levelized cost per kWh when 
the Project goes online starting in January 2024. Instead of paying the actual expenditures 
for the construction Project, KIUC is paying the levelized cost times the average Project 
output each year. Currently, the length of PPA is tentatively set for 40 years, with cost 
reductions at 25 and 40 years. The length of PPA is crucial because it changes the level 
of KIUC’s savings. Specifically, the savings for KIUC are two-fold: 
 
With PPA: 
 

➢ Savings = (Fossil fuel expenditures offset) – (Expenditures for purchasing 
electricity)  

 
When PPA ends: 
 

➢ Savings = (Fossil fuel expenditures offset) – (Operation and maintenance 
expenditures) – (lease payments) 

 
With PPA, the savings for KIUC are simply the fossil fuel expenditures offset due to the 
Project minus the expenditures for purchasing electricity.4 When the PPA ends, KIUC will 
be responsible for the O&M expenditures and lease payments. The savings then become 
the fossil fuel expenditures offset minus the O&M expenditures and the lease payments. 
 

(2) The West Kaua‘i Energy Project is a legacy project. Estimating the savings and fossil fuel 
expenditures offset due to the Project requires forecasting the future prices of diesel fuel 
and naphtha. Diesel fuel and naphtha are the two fuel types used by KIUC’s fossil fuel 
generators. We used the future diesel fuel and naphtha prices from a fuel forecast report 
prepared for KIUC.5 According to the fuel report, the prices of diesel and naphtha will reach 
$593.6 and $507.3 in 2040, respectively. We retained all future expectations mentioned 
in the fuel report and extended their forecast up to 2088 for our analysis (see Figure 1). 
Commonly, fuel prices are volatile in response to the fast-changing economic and 
geopolitical forces. They are cyclical with history showing an overall upward trend. While 
the linear escalation is a reasonable approach to forecast the long-term fuel prices, the 
escalation tends to be more aggressive and outlying over years. For the sake of being 
conservative, we extended the fuel prices with constant values equal to the last predicted 
prices in 2051. This approach will allow us to estimate the savings from a more practical 
standpoint.  

 
4  Under the PPA, the expenditures for purchasing electricity are calculated as the Project’s average output multiplied by the 

levelized cost.  
5  Fuel Price Forecast 2019. Stillwater Associates LLC. 
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Figure 1.  Historical and Forecast Diesel Fuel and Naphtha Prices, 2019 to 2088 

 
Source: Fuel Price Forecast 2019, Stillwater Associates, LLC; SMS Estimates 

 
 
(3) KIUC’s future usage of diesel fuel and naphtha are dependent upon which fossil units are 

retained and which are retired, therefore the future ratio of fuel type use is unknown. We 
assumed a 1:1 ratio for diesel fuel and naphtha. Utilizing the system heat rate6 and low 
heating value7 for diesel fuel and naphtha, we converted the Project output into gallons 
and expenditures of fossil fuel offset per year. 
 

(4) Project life is expected to be 63 years. It poses a problem for the analysis of a project that 
runs over a long period because the job multipliers in the I-O model change every year to 
reflect changes in labor productivity and technological advancement. Job multipliers will 
gradually decrease over time, which implies that the same construction, operations, and 
maintenance will not require as many workers as time goes by. The 2012 interisland I-O 
model provides job multipliers through 2022. Estimating job counts beyond 2022 will 
require an update of the I-O model. In addition to that, the job multipliers will eventually 
become negative after 63 years. We solved this issue by adopting the 2022 multipliers as 
surrogates for the rest of 63 years. It may slightly overestimate the number of jobs, but it 
is also a reasonable assumption that skilled workers will not be replaced entirely by 
technological advancement or mechanization. 

 
Based on all these assumptions, our model estimates are based on current dollars. To fully 
capture the direct, indirect, and induced effects, Type II multipliers for jobs, earnings, and taxes 

 
6  Heat rate is a measure of the efficiency with which generators convert fuel into electricity. 
7  According to the Pacific Northwest National Laboratory, the low heating value of a fuel is defined as the amount of heat released 

by combusting a specific quantity and returning the temperature of the combustion products to 150°C, which assumes the latent 
heat of vaporization of water in the reaction products is not recovered. 
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were used. Although the construction expenditures were estimated at $230 million, only a portion 
of spending will be retained on Kaua‘i. The expenditures for off-island construction materials, 
machinery, and specialized labor are considered as leakage from Kaua‘i's economy. Those 
expenditures were excluded from the analysis. 
 
 

EMPLOYMENT AND EARNINGS 
 

Employment 
 
Exhibit 1.  Economic Impacts on Jobs 

 
Note: 1 The fuel offset was estimated using an average of $6.47 for diesel fuel and $5.56 for naphtha between 2024 and 2064. 
2 For 2065 to 2088, the fuel offset was estimated using an average of $8.35 for diesel fuel and $7.23 for naphtha. The project output 
is 107GWh annually. 

 
Exhibit 1 shows the number of (direct, indirect, and induced) jobs created by the West Kaua‘i 
Energy Project. The total impact on jobs can be separated into three parts: (1) construction, (2) 
long-term O&M, and (3) savings, during and after the PPA. The PPA will cover the expenditures 
from 2010 through end of PPA term and will be effective in the beginning of 2024.  
 
First, under the PPA, the Project-related expenditures (construction, O&M, least payment, and 
interest) will produce 1,867 person-years8 of employment. The construction will be completed by 
2023, but the long-term O&M will remain for as long as the Project life. The construction and O&M 
expenditures will be borne by the development partner and will eventually be covered by KIUC 
when it purchases electricity from the development partner. 
 
Second, the savings derived from the Project are equivalent to 12,350 person-years of 
employment. The savings were estimated by using the fuel expenditures offset due to the Project 
minus the expenditures of purchasing electricity from the development partner. We estimated the 
fuel expenditures offset by first taking the average Project output and dividing it by the conversion 
rates between electricity, diesel fuel, and naphtha. Next, we multiplied it by the average future 
prices of diesel fuel and naphtha together with the duration of PPA. The total fuel expenditures 
offset amounts to $2 billion between 2024 and 2064. The expenditures of purchasing electricity, 
on the other hand, were estimated by multiplying the levelized cost by the average Project output 
and the duration of PPA. It amounts to $599.2 million between 2024 and 2064. Subtracting the 
$599.2 million from $2 billion, we obtained the savings at $1.4 billion under the PPA. Finally, we 
estimated the value of savings using the I-O model multiplier for personal consumption 

 
8  Person years of employment is the number of full-time equivalent jobs required to complete the work during a specific period. 

Period

Funding 

Mechanism Description Amount

Amount 

Adjusted for 

Local Spending

Total

(Direct + Indirect + 

Induced) Jobs 

Created

Cost of project (construction, O&M, Lease 

payment, Interest) 355,175,587$     193,175,587$     1,867$                    

KIUC's savings 1,394,021,298$ 1,394,021,298$ 12,350$                  

Subtotal 1,749,196,885$ 1,587,196,885$ 14,217$                  

KIUC's O&M costs & Lease payment 45,167,169$       38,267,169$       355$                       

KIUC's savings 1,439,035,671$ 1,439,035,671$ 12,748$                  

Subtotal  $ 1,484,202,840 1,477,302,840$ 13,103$                  

3,233,399,725$ 3,064,499,725$ 27,320$                  

2010 to 

2064
With PPA

2065 to 

2088
End of PPA

Total
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expenditures (household spending), then estimated the number of jobs that would be created if 
the savings were added to the consumer expenditure account each year. 
 
When the PPA ends in 2064, KIUC will take on the responsibilities of O&M from the development 
partner. The O&M expenditures, lease payment, and savings together will produce 13,103 
person-years of employment. The Project, during and after the PPA, will create a total of 27,320 
person-years of employment or 350 jobs per year between 2010 and 2088.  
 
Jobs will be of different types. Jobs created by construction will be mostly confined to the 
construction trades and will be short term, existing only for the duration of the construction phase.  
Jobs created by O&M expenditures and lease payments will vary but concentrated in the utilities, 
engineering, and public administration fields. These will likely be long-term jobs.  
 
The types of jobs created from savings may vary as the value of savings is spread across Kauai’s 
economy. In our model, the economic value of fuel cost savings was treated as increased 
disposable income and estimated using the multipliers for personal consumption expenditures.  It 
may also result in applying savings value to additional infrastructure or customer service. At the 
current stage, it is not clear how the value of savings will be used.    
 

Earnings 
 
Exhibit 2.  Economic Impacts on Earnings 

 
Note: 1 The fuel offset was estimated using an average of $6.47 for diesel fuel and $5.56 for naphtha between 2024 and 2064. 
2 For 2065 to 2088, the fuel offset was estimated using an average of $8.35 for diesel fuel and $7.23 for naphtha. The project output 
is 107GWh annually. 

 
Exhibit 2 shows the total (direct, indirect, and induced) earnings created by the Project. The total 
earnings are created through payroll from construction, long-term O&M, and savings during and 
after the PPA. The proportion of payroll to overall Project expenditures was assumed at 44 percent 
for construction, 80 percent for O&M and lease payment, and 60 percent for savings. 
 
Under the PPA, the construction, long-term O&M, and lease payments associated with the Project 
will amount to positive personal consumption expenditure earnings of $58.9 million. The value of 
savings, on the other hand, amounts to $347.7 million in personal consumption expenditures 
earnings. The estimated total earnings created by the Project was, therefore, estimated at $406.7 
million between 2010 and 2064. 
 
When the PPA ends in 2064, KIUC will be taking over the responsibilities of O&M by hiring labor 
from the local market to manage and operate the facilities. The O&M payroll will generate $27.4 
million of earnings. The savings will generate another $354.2 million of earnings due to the 

Period

Funding 

Mechanism Description Amount

Amount 

Adjusted for 

Local Spending

Total (Direct + 

Indirect + 

Induced) 

Earnings Created

Cost of project (construction, O&M, Lease 

payment, Interest) - Construction payroll 211,690,469$     125,740,469$     58,919,993$          

KIUC's savings 830,859,535$     830,859,535$     347,746,985$        

Subtotal 1,042,550,005$ 956,600,005$     406,666,979$        

KIUC's O&M costs & Lease payment 38,267,169$       30,613,735$       27,415,208$          

KIUC's savings 846,342,043$     846,342,043$     354,227,016$        

Subtotal  $    884,609,212 876,955,778$     381,642,225$        

1,927,159,216$ 1,833,555,782$ 788,309,203$        

2010 to 

2064
With PPA

2065 to 

2088
End of PPA

Total
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Project. Altogether, the total earnings generated by the payroll of the Project will amount to $788.3 
million over 78 years or $10.1 million per year.  
 
As was the case with job impacts, the direct, indirect, and induced earnings derived from savings 
will be felt across the economy with some concentration in the retail-related sector. This assumes 
that savings from the Project will result in reduced rates and increase members’ and customers’ 
disposable income. If KIUC decides to use the savings on the future development of renewable 
energy projects, then part of the earnings created will be leaning towards the construction-related 
sectors.      
 

Fiscal Impacts 
 
Exhibit 3.  Economic Impacts on State and County Taxes 

 
Note: 1 The fuel offset was estimated using an average of $6.47 for diesel fuel and $5.56 for naphtha between 2024 and 2064. 
2 For 2065 to 2088, the fuel offset was estimated using an average of $8.35 for diesel fuel and $7.23 for naphtha. The project output 
is 107GWh annually. 

 
The fiscal impacts generated by the Project are presented in Exhibit 3. Based on the I-O model, 
the Project will have a positive impact on State and County taxes. Under the PPA, the Project-
related expenditures will add an estimate of $13.3 million to State tax revenues and $314,481 to 
County tax revenues between 2010 and 2064. These tax revenues include the State income tax, 
GET tax, TAT tax, and other taxes not fitted in any of the previous categories. During the same 
period, the savings will generate $94 million in State tax revenues and $2.2 million in County tax 
revenues. The fiscal impacts will amount to $107.3 million and $2.5 million for State and County 
tax revenues, respectively.  
    
When the PPA ends 40 years later in 2064, KIUC will perform all the necessary O&M. Part of the 
savings will be used to pay for the Project O&M. The O&M expenditures and savings will create 
an additional $100.1 million in State tax revenues and $2.4 million in County tax revenues in 23 
years. Together, the Project will contribute to the State and County tax base at $207.4 million and 
$4.9 million, respectively. This is equivalent to adding $2.7 million to State tax revenues and 
$62,989 to County tax revenues annually. Again, the estimated tax creation from savings was 
derived by using the personal consumption expenditures multiplier. This is assuming that the 
savings will become part of the members’ disposable income due to stabilized and reduced 
electricity prices because of the renewable energy Project.  
 
It is also worth noting that the I-O model provides State tax multipliers but not County tax 
multipliers. We took the average ratio of Kaua‘i tax collections to State tax collections over the 
last decade and applied it to the State tax revenues to estimate County tax revenues. The ratio 

Period

Funding 

Mechanism Description Amount

Amount 

Adjusted for 

Local Spending

Total (Direct + 

Indirect + 

Induced) State 

Tax Created

Total (Direct 

+ Indirect + 

Induced) 

County Tax 

Created

Cost of project (construction, O&M, Lease 

payment, Interest) 355,175,587$     193,175,587$     13,275,399$          314,481$       

KIUC's savings 1,394,021,298$ 1,394,021,298$ 94,002,263$          2,226,823$   

Subtotal 1,749,196,885$ 1,587,196,885$ 107,277,663$        2,541,304$   

KIUC's O&M costs & Lease payment 45,167,169$       38,267,169$       3,086,801$            73,123$         
KIUC's savings 1,439,035,671$ 1,439,035,671$ 97,037,692$          2,298,729$   

Subtotal 1,484,202,840$ 1,477,302,840$ 100,124,493$        2,371,852$   

3,233,399,725$ 3,064,499,725$ 207,402,156$        4,913,156$   

2010 to 

2064
With PPA

2065 to 

2088
End of PPA

Total
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was approximately 2.4 percent. That is, for every dollar of tax collected at the State level, 
approximately $0.024 will be added to Kaua‘i’s annual tax revenues. 
 

OTHER NON-MONETIZED BENEFITS 
 
Thus far, the economic analysis has focused on quantifiable economic impacts -- direct, indirect, 
and induced impacts measured in employment, earnings, and tax revenues attributable to the 
Project. There are also non-monetized benefits that the Project will contribute to the State of 
Hawai‘i and communities on Kaua‘i.  
 
First, upon completion of the Project construction, the Project will hire/employ people and maintain 
the infrastructure. The Project footprint spans lands owned and managed by the Department of 
Land and Natural Resources (DLNR), Department of Hawaiian Homelands (DHHL), and 
Agribusiness Development Corporation (ADC). The development partner (and KIUC) will be 
maintaining all this infrastructure for the State.  In doing so, KIUC will be providing a benefit to the 
State by offsetting the long-term cost of infrastructure maintenance and improvement. Moreover, 
repairs and upgrades to Pu‘u ‘Ōpae  Reservoirs will bring the reservoirs into compliance with the 
Hawai‘i State Dam Safety Requirement, offsetting the long-term operation and maintenance cost 
borne by DHHL. Meeting the Dam Safety Requirement will ensure that communities near that 
area are protected from dangers caused by aging and unsafe dams. 
 
Another significant non-monetized benefit is the irrigation delivery to lands adjacent to the Project. 
The irrigation delivery will provide support to agriculture on the west side of Kaua‘i. Having access 
to an ongoing supply of irrigation water has been one of the largest costs associated with 
developing or reusing farmlands on Kaua‘i. Without the Project, delivering irrigation water would 
require significant infrastructure expenditures. The cost of this effort poses financial challenges to 
the State and individual farmers. With the Project, KIUC can offer the State and farmers an 
infrastructure system that provides ongoing water supply for irrigation to support diversified 
agriculture. 
 
With the repairs and rehabilitation of the three reservoirs, KIUC is providing a total of 428 million 
gallons of water storage capacity. The reservoirs can provide reliable sources of water to control 
forest fires, thus improving fire protection on the west side of Kaua‘i during drought seasons. 
 

SUMMARY 
 
In summary, the West Kaua‘i Energy Project will generate substantial and positive impacts on the 
Kaua‘i County economy. The construction, long-term operation and maintenance expenditures, 
and the savings from the petroleum offset will create a total of 27,320 person-years of employment 
over 78 years. The construction and O&M payroll will generate a sum of $788.3 million of earnings 
in Kaua‘i throughout the Project. The Project will also add an estimated $207.4 million and $4.9 
million to the State and County tax base, respectively. The economic impacts spring from 
construction expenditures, long-term operations and maintenance expenditures, and savings due 
to lower fuel costs. Instead of spending millions on offshore fuel costs, the Project will shift 
resources back to Kaua‘i. The overall Project spending will have a ripple effect on local industries 
and sectors that propel Kaua‘i’s economy. It also offsets State expenditures by providing long-
term maintenance resources in the area. Also, it will bring the reservoirs into compliance with the 
Hawai‘i State Dam Safety Requirement, diversify agricultural products through irrigation delivery, 
and provide a reliable source of water for fire protection during drought seasons. Most importantly, 
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the Project will help Kaua‘i become less dependent on fossil fuels and assist the County in  
reaching its goal of 100 percent of renewable energy by 2045. 
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 Project Background 
The Kaua‘i Island Utility Cooperative (KIUC) is partnering with the AES Corporation (AES) on the West 
Kaua’i Energy Project (WKEP), a groundbreaking solar and pumped storage hydro project located on 
Kaua‘i’s west side. The project will enable Kaua‘i to move beyond 80% renewable energy generation 
and meet more than 25% of the County’s electricity needs. The WKEP demonstrates the effectiveness 
of pairing an existing hydropower facility with solar photovoltaic (PV) and battery energy storage to 
improve grid performance with long-duration storage capability, stabilize and lower energy rates, 
rehabilitate area reservoirs, and deliver irrigation to adjacent agricultural lands. It will be the first 
project of its kind in the world and is a critical component of Kaua‘i’s renewable energy future. 

 

Figure 1:  Rendering of Pu‘u ‘Ōpae Reservoir Refurbished 

Preparation of a Draft Environmental Assessment (Draft EA) is currently underway for the project and 
KIUC developed a public engagement plan to inform and consult with the public and island 
stakeholders. This engagement effort was intended to fulfill commitments made to the public by KIUC 
to conduct outreach prior to the publication of the project’s Draft Environmental Assessment (DEA). 

Outreach efforts occurred during the COVID-19 global pandemic thus requiring 100% “virtual” 
engagement and meeting participation to comply with social distancing and public safety measures. 
The engagement plan included an informational web conference hosted on the Zoom platform coupled 
with the launch of a virtual open house website for public review and comment submission. The 
community outreach objectives, activities, and results from this outreach efforts are detailed in this 
report. 
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 Approach & Objectives 
The primary objectives of this engagement effort were to communicate the project’s uses, purpose, 
size, location, and requirements to the public; and to collect input from the public to be included into 
the Draft EA. Outreach efforts for the WKEP involved three primary phases of activity:  

1. Public Notification and Promotional Materials to inform the community about the project, 
invite the public to register for the Virtual Community Meeting, and promote the public to visit 
the Virtual Open House. 

2. Virtual Community Meeting to provide information on the project, environmental review 
process, and facilitate questions and comments. Coop members and the general public were 
invited by email notice, social media, and a news release. Approximately 3,500 coop members 
in the communities immediately surrounding the project were notified via a flyer sent by 
USPS. 

3. Virtual Open House website was established to share the project’s scope, location and 
components, as well as the potential impacts and community benefits that will be discussed in 
the Draft EA. The open house also included a recording of the virtual community meeting and 
comment form to gather input. 

Due to CDC, State, and County guidance recommending against large gatherings, the outreach efforts 
included virtual engagement tools that were used in place of in-person events. The virtual tools and 
approach used were designed to allow for meaningful public engagement while ensuring the health 
and safety of the project team and the community. The following is a list of Interim Guidance for NEPA 
Processes, released by the federal Office of Environmental Policy and Compliance in April 2020, which 
served to guide the approach: 

• Make all pertinent documents available to the community.  

• For those unable to access documents or meeting materials electronically, provide the public 
with the opportunity to receive meeting materials by the U.S. Postal Service mail, an express 
delivery service, or other physical access that meets the CDC guidelines for social distancing. 

• In advance of a livestream or teleconference, provide the meeting presentation on the project 
website. During a livestream and teleconference, presenters will note which slide they are on 
so that those only able to call in may follow along. 

• In advance of a livestream or teleconference, notify the public whether comments will be 
accepted as part of the meeting, with reiteration at the meeting. 

• To promote public outreach, consider recording the livestream and providing the recording on 
the project website throughout the scoping or public comment period. Note in meeting 
materials if the livestreams and teleconferences will be recorded. 
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 Community Engagement Activities 
1. Public Notification and Promotional Materials 
Promotional materials were developed and distributed to the 
public in advance of the virtual community meeting. The 
materials were designed to drive the public to the virtual 
open house website where they could register for the 
meeting. 

An initial press release announcing the Virtual Community 
Meeting was published by KIUC on March 17, 2021. The press 
release was covered by The Garden Island newspaper in a 
front-page article in the March 21st Sunday edition. Other 
media coverage included an announcement by KITV during 
the evening news cycle on March 17. 

In addition to the press release, KIUC also sent a mass email 
to 17,000 individuals, the majority of which are cooperative 
members, through the cooperative’s Constant Contact email 
account. 

The meeting was also promoted on KIUC’s Facebook, 
Instagram and Twitter social media profiles. Three (3) posts 
were published inviting the public to register for the March 
31st Virtual Community Meeting on March 18, March 24, and 
March 30. A fourth Facebook post was published on April 5th, 
reminding the public to visit the Virtual Open House website. 

Approximately 3,500 coop members in the communities 
immediately surrounding the project were notified via a flyer 
sent by USPS.  

All promotional materials are included in Appendix A. 

Figure 2: Example of Social Media Post Promoting the 
Virtual Community Meeting 

Figure 3: KIUC Facebook Post Promoting Virtual Open 
House 
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2. Virtual Community Meeting  
The Virtual Community Meeting 
was held to kick-off the open 
comment period for this 
engagement effort. As discussed in 
the previous section, the meeting 
was widely promoted through 
KIUC’s existing communication 
channels and picked up by local 
news sources. The goal of the 
meeting was to inform the public 
about the project and share 
preliminary information from the 
Draft EA regarding project impacts and community benefits. The meeting outreach approach provided 
ample opportunities for questions and comments to be submitted prior to- and during the meeting. 

Meeting Registration 
Meeting attendees were asked to pre-register for the meeting via a Zoom registration form embedded 
on the Virtual Open House website homepage. The registration form asked for the registrant’s name, 
zip code, and whether they are a KIUC co-op member. The form also provided an opportunity for 
registrants to submit questions or comments and make requests for auxiliary aids or services such as 
interpreters or other accessibility needs. A summary of the meeting registration observations is 
provided in the bulleted list below. 

• In total, 273 people registered for the meeting.  
• Of those registered, 205 or 75% responded that they are current KIUC members.  
• 71% of registrants were from zip codes within the County of Kaua‘i; 12% were from other 

Hawaiian Islands; 7% were from the continental US; and 10% did not respond to the question. 
• 45 people submitted questions with their registration.  

Figure 4: Front page story on The Garden Island Newspaper, 3/21/2021 
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Figure 5: Location of Virtual Meeting Registrants 

The questions submitted with registrations were considered and addressed to the extent possible in 
the development of the meeting presentation. The three most common topics of questions were 
related to project cost, the impact WKEP would have co-op member rates, and impacts on the 
residential roof top solar participation program. Questions submitted for these three topics were 
addressed in the presentation prior to the open question and answer session.  

Presentation Development 
A comprehensive PowerPoint slide presentation was developed for the virtual meeting. The 
presentation covered the following content: 

1. Introductions 
a. KIUC (David Bissell, CEO & 

President) 
b. DHHL (William Aila, Chair)  
c. AES (Rob Cooper, CEO) 

2. Project Overview 
3. Project Components  
4. Project Impacts, Benefits and 

Mitigations 
5. Project Timeline & Next Steps 
6. Q&A 
 
Content for the presentation was adapted from a previous presentation by KIUC to the Līhu‘e 

Business Association and informed by content which would be included in the Draft EA. The 
presentation slides are included in Appendix B.  

71%

12%

7% 10%

Location of Registrants

Kaua'I County Other County in Hawai‘i US Continent Not Specified

Figure 6: Cover Slide of Virtual Community Meeting Presentation 
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Meeting Facilitation 

The Virtual Community Meeting was hosted on the Zoom web conferencing platform and facilitated by 
Jared Chang (SSFM). The presentation portion of the meeting lasted approximately one hour and 20 
minutes. The Q&A portion was approximately one hour and five minutes. The meeting was recorded 
and published to the Virtual Open House website on April 5 along with a PDF of the presentation slide 
deck, which had accompanying audio, using the script from the virtual meeting. 

Of the 273 people registered for the meeting, 154 people attended (not including project team 
members and staff from KIUC, AES and SSFM). In total, 177 people participated in the Zoom 
videoconference, with some people dropping in and out of the meeting.  

Meeting attendees were invited to submit questions via the chat function in Zoom. A total of 81 
questions were submitted during the course of the meeting. Although the meeting was originally 
scheduled for two hours, it was extended due to the volume of questions raised during the meeting 
and to allow for additional time to interface and respond to questions during the question and answer 
period. As the questions came in, the project team worked to prepare responses to each question, 
which were shared by the facilitator to the extent that time allowed. Live questions were also posed 
and answered during the meeting. 

Though the project was not able to provide answers to all questions during the time allotted, the 
meeting was recorded, and all questions submitted through the chat were compiled and responded to 
in writing. These responses were published to the Virtual Open House website on April 14.  

A full meeting summary, including participant name and discussion items, is included in Appendix C. 

Figure 7: Screenshot of the Meeting Recording, Presentation Slides, and Q&A Document on the Virtual Open House Website 
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3. Virtual Open House  
The project team developed an interactive Virtual Open House website with information about WKEP 
covering the same content provided in the Virtual Community Meeting presentation. The website 
included a project overview, project components, potential impacts and minimization measures, 
community benefits, project timeline and next steps, and a form for visitors to submit comments. Each 
section included the presentation slides with voice over narration; and additional resources and 
information from the Draft EA not covered in the meeting presentation. The Virtual Open House was 
launched on April 30 with the comment period ending on April 21, 2021. The Virtual Open House 
website was promoted prior to the Virtual Community Meeting, during the Virtual Community 
Meeting, and following the Virtual Community Meeting. On April 5, KIUC published a Facebook post 
encouraging the public to visit the Virtual Open House website. On April 12, an email was sent to all 
273 people who registered for the Virtual Community Meeting, directing them to the Virtual Open 
House website and encouraging them to submit questions or comments prior to April 21. 

 

 

Figure 8: Screenshot of Virtual Open House webpage heading 
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Website Domain 
The virtual open house website domain name (www.westkauaienergyproject.com) was secured to host 
the Virtual Open House website and will remain open through the EA process to share information and 
collect comments during subsequent comment periods. The website is currently being hosted by 
Konveio, the content engagement platform used to build the website.  

March 31st Virtual Community Meeting Material 
A recording of the March 31, 2021 Virtual Community Meeting is embedded in the first section of the 
open house along with links to view and/or download the presentation slides and the chat questions 
and responses. See Figure 7. 

The meeting recording is hosted on SSFM’s YouTube channel and viewable to the public. As of May 7, 
2021 the meeting recording has 48 views. 

Project Overview 
The project overview includes information about how WKEP has been discussed for over a decade, 
highlighting key events, meetings, and studies between 2005 and 2020. The section also includes facts 
about how WKEP would help KIUC and Kaua‘i meet its renewable energy goals for 2030, improve 
renewable energy storage capacity, and benefit agricultural lands on the west side of Kaua‘i. A 
summary of the proposed action, project location and project partners are also featured. 

Project Components 
WKEP components are detailed in an interactive map with clickable icons, which will open a pop-up 
window containing additional information about each component. The information for each 
component was accompanied by images or rendering where available. Figure 9 shows an example of 
the map with pop-up content.  

http://www.westkauaienergyproject.com/
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Figure 9: Interactive Project Components Map 
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Potential Impacts & Minimization Measures 
Potential impacts and minimization measures were discussed during the March 31st Virtual Community 
Meeting and were included in a section of the virtual open house. Each of the impact topics discussed 
is given an icon, which pops-up the related slide in a separate window.  

 

Figure 10: Impacts & Minimization Measures Icons 

 
Community Benefits 
Community benefits were summarized in this section and accessible by clicking on each icon.  

This section also includes a summary of the 2017 Mediation Agreement for the Waimea Watershed 
Area, with reference to the parties involved in the mediation and a link to the Mediation Agreement 
document approved by the Commission on Water Resource Management.  

Project Timeline & Next Steps 
A simplified graphic timeline showing the approximate timeframes for the environmental review 
process, permit application submittals and construction of the project was included in this section. The 
necessary permits and approval anticipated for WKEP were also listed.   

Comment Form 
After scrolling through the open house sections summarized above, visitors were invited to submit 
comments through an embedded comment form. See Figure 11. The form was removed at the close of 
the public comment period on April 21, 2021.  
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Figure 11: WKEP Virtual Open House Comment Form 

The Virtual Open House was open for public comment for 22 days. Between the launch of the webpage 
on March 31, 2021 to the close of the public comment period on April 21, 2021, the virtual open house 
web traffic was tracked using Google Analytics. A summary of the Google Analytics data is provided 
below: 

• 172 unique visitors; avg. 8 new visitors per day 
• 701 total pageviews; avg. 32 page views per day 
• 5 comments submitted 

 
Google Analytics allows collection of demographic and 
georeferenced data of users who visited the virtual open 
house website. Google Analytics tracks user data based on 
user accounts and through third-party cookies, when 
available. The figures below break down select points of 
data for individuals who visited the virtual open house 
website. A full Google Analytics report is included as 
Appendix D. 

Figure 12: New Website Users per day 
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Figure 13: Location of Open House Website Users, Google Analytics 

 

 

Figure 14: Open House Website User Acquisition, Google Analytics 
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 Community Engagement Results 
The majority of comments and questions received from the public were submitted prior to and during 
the March 31st Virtual Community Meeting. All questions and comments that were submitted were 
recorded and documented. The overall breakdown of comments received at each phase follows: 

Table 1: Question & Comments Received by Outreach Activity 

Outreach Activity Number of Questions/Comments 
Meeting Registration 45 
Virtual Community Meeting  81 
Virtual Open House 5 

TOTAL: 131 
  

 

Figure 15: Screenshot of March 31st Virtual Community Meeting Q&A Session 

 
Common Topics & Themes 
The questions and comments received touch on some common themes. For this report, all questions 
and comments were compiled into a single table and each question was coded based on the topics or 
themes it covered. These themes were then used to breakdown the compiled comments to based on 
theme and each grouping tallied.  
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The five most referenced themes were:  

1. Stream flow, diversion & water use (23) 
Questions and comments regarding the amount of water being diverted, concerns about 
maintaining stream flow standards, and how the water will be used (e.g., agriculture and 
priority uses).  

 
2. Environmental Impact Statement (20) 

Questions and comments regarding the need for an Environmental Impact Statement (EIS). 
These included questions asking for clarification why an EIS is not being done in place of an EA 
as well as comments explicitly calling for a full EIS to be completed. Of the 20 questions and 
comments received related to this topic, 12 specifically requested a full EIS.  
 

3. Project Cost (15) 
Questions and comments regarding the total project cost as well as questions about how the 
project will be funded. These questions were addressed in slide 53 of the Virtual Community 
Meeting presentation.  
 

4. Impact on co-op Member Rates (10) 
Questions and comments regarding the impact the project will have on electricity bills. These 
questions were addressed in slide 54 of the Virtual Community Meeting presentation.  
 

5. Tied – Benefits/Impacts to Farmers/Agriculture (8) 
Questions and comments regarding benefits to farmers and impacts the project will have on 
food production in the region. Questions asked for clarity on who the farmers are that will be 
benefiting, how many, and how food produced will support food security.  
 

6. Tied – Benefits/Impacts to West Side Community (8) 
Questions and comments regarding the impacts and benefits to Kaua‘i's West Side Community. 
These questions were related to benefits directly to West Side residents aside from large 
landowners and farmers. 
 

Below is a list of all of the themes that the qualitative analysis identified along with the tallied number 
of questions related to each (note some questions cover multiple topics and themes). The full table of 
compiled questions and comments is included in Appendix E. 
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Table 2: Question & Comment Themes 

Question/Comment Theme Number of 
Questions/Comments 

ADC role & concerns about on-going lawsuit 5 
AES role  3 
Alternatives suggested – more solar or wind investment rather than WKEP 6 
Benefits/Impacts to farmers 8 
Benefits to Native Hawaiians and DHHL Beneficiaries  5 
Benefits/Impacts to West Side community 8 
Benefits – profits 3 
Benefits – job creation 2 
Burials 2 
Community Engagement Process 5 
Conservation plan 1 
Construction impacts – hours, access, and location 4 
Correcting information in presentation 1 
EIS should be required 20 
Energy goals 1 
Environmental justice 1 
Environmental permits 1 
Fishing  1 
General interest in project  1 
Historic resources 4 
Impacts - biology (aquatic species and mammals) 7 
Impacts - co-op rates 10 
Impacts - natural hazards 1 
Impacts - residential PV 5 
Impacts – Waimea Valley 3 
Impacts - water discharge 2 
Job inquiry 1 
Land ownership 3 
Mediation Agreement for the Waimea Watershed Area 4 
Power Purchase Agreement 2 
Project cost & funding 15 
Project location 2 
Project operations & management 7 
Project scope 2 
Project timeline 3 
Pumped storage technology 2 
Relationship to other projects 2 
Safety 2 
Stream flow/diversion & Water use 23 
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 Lessons Learned 
Due to the statewide COVID-19 restrictions on gatherings, the community outreach activities required 
use of virtual tools to reach and engage the community. Although communities, organizations and 
professionals have had to adapt and learn how to continue to connect and work together during these 
times, there are always lessons to be learned in each process. Each project has its own dynamics, 
history and conditions which drive, or hinder outreach process and every community has its own 
history to take into consideration as well. This section looks at the engagement process and tools used 
and offers some preliminary lessons learned for WKEP virtual outreach.  

1. Public Notification and Promotional Materials  
Public notification and promotional materials were distributed via three main media outlets – press 
release, email blast, and social media. The distribution in all three areas was through established KIUC 
communication channels. Public notification of KIUC members in communities immediately 
surrounding the project area was made via a flyer sent by USPS. 

The first media push promoting the Virtual Community Meeting was highly successful and led to 273 
people registering for the meeting. The email blast proved most successful in driving registration. A 
benefit of email blasts is that the link to register can be embedded allowing for people to click through 
to the website where they could directly register for the meeting.  

Pre-registration for the meeting and collecting questions through the registration is a practice that 
should be continued. Tracking the questions helped with developing a presentation that was 
responsive to the community’s questions and concerns. Additionally, keeping track of those who 
registered allowed for KIUC to monitor for special guests to acknowledge and other familiar 
participants.  

The second round of promotion for the Virtual Open House following the March 31st meeting, used 
Facebook and Constant Contact email, which went out to all Virtual Meeting registrants on April 12. 
Google analytics show that 13 people accessed the website through the Facebook link. The Constant 
resulted in an 35 new open house users over a two day period. In the future, a second round of 
promotion for the Virtual Open House website utilizing the same media channels (press release, email 
blast and social media) may lead to more engagement with the website.  

2. Virtual Community Meeting 
The Virtual Community Meeting was hosted via Zoom meetings and had 177 people (including project 
team members) in attendance. The meeting was facilitated by SSFM with in-meeting support from 
KIUC, AES and the Chairman of Department of Hawaiian Homelands, Mr. William Aila. 
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The development of meeting materials was completed primarily through Google Drive where files were 
uploaded and team members were able to collaboratively make suggestions and edits. Google drive 
was used for both the presentation script (Google Docs) and presentation (Google Slides). Google Docs 
proved to be a user-friendly interface where multiple people were able to work simultaneously, seeing 
live edits. Google Slides was not as conducive to collaborative editing due to the fact that changes are 
not easily tracked – we found that it shows the slides where changes were made but does not track the 
specific changes (e.g., strike-through and replacement text are not highlighted). The changes to slides 
were manually transferred back into PowerPoint for the final presentation.  

During the meeting, the live chat function was turned off to limit distractions and sidebar 
conversations. All chat communication was sent to the host, SSFM, then copied the questions over to 
a shared platform in Google Docs. Project team members worked together to draft responses to the 
questions and comments, which were then read by the facilitator during the Q&A session. Overall, this 
strategy worked and helped to keep the Q&A session on course. However, the volume of questions 
became close to overwhelming and not all questions received responses during the allotted meeting 
time. The project team was able to collaborate following the meeting to draft responses to each 
question, which was then posted to the Virtual Open House.  

Overall, there were pros and cons to the strategy of turning off the chat function, which should be 
considered for future meetings:  

Table 3: Pros & Cons of Turning off Public Chat Function in Zoom Meeting 

Pros Cons 
+ limits sidebar conversations  

+ heads-off the spread of misinformation 

+ gives the project team time to formulate 
responses collaboratively  

+ allows for similar questions to be responded to 
together  

- can be challenging to track and stay on top of 
when a lot of questions are coming through 

- may frustrate meeting attendees who are 
submitting questions but not seeing responses 

- may cause more repeat questions since meeting 
attendees do not see what others have asked 

 

Overall, the use of Google Drive to collaborate provided a positive benefit. Some best practices to 
consider include: 

• Ensuring all team members have Google accounts so they can access share documents  
• Creating a shared folder where all documents added are automatically shared to those with 

access – this limits the admin having to select and send out new sharing permissions each time.  
• Maintaining a system that makes clear which version collaborators should be working on – 

having an archive folder, developing a file naming system, and notifying collaborators with a 
link to the correct file.  
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3. Virtual Open House 
A Virtual Open House was developed to share the WKEP’s scope, location and components, as well as 
the potential impacts and community benefits that are discussed in the DEA. The open house also 
provided an embedded form for users to submit questions and comments. The website comment 
period was open for 22 days, but the content and information remain publicly viewable.  

The Virtual Open House utilized a combination of tools to create an interactive website: 

• Konveio - an online website development platform was used to create website layout, embed 
interactive PDFs and collect comments. 

• PowerPoint (MS 365 hosted online) – embedded presentation to allow website users to scroll 
through slides at their own pace. 

• YouTube – embedded recorded meeting video to allow users to watch the video from the 
Virtual Open House website.  

• Google Analytics – publicly available dashboard to track website traffic and user data. 

The virtual open house was visually simple and easy to navigate. A single-webpage layout encouraged 
visitors to scroll through all of the informational material prior to submitting comments at the bottom 
of the page. Given that the Virtual Community Meeting was so well attended, some website visitors 
may have only wanted to submit a comment – although there was header menu, making a more 
prominent button toward the top of the webpage may have encouraged more people to leave 
comments. 

In addition to the meeting recording, inclusion of a welcome video by KIUC and other project partners 
such as DHHL could provide a more personal touch for visitors. 

Interactive features on the open house such as the embedded slides and embedded Project 
Components map with clickable icons helped to showcase the information in a visually engaging 
manner. 

Overall, no negative feedback was received on the Virtual Open House, however as discussed in the 
Public Notification and Promotional Materials lessons learned, a more concerted effort to drive traffic 
to the Virtual Open House after the March 31st meeting may have resulted in more participation.  
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WKEP is a pumped 
storage hydro project 
on Kaua‘i’s west side 
coupled with Solar + 

BESS.

JOIN US FOR A VIRTUAL 
COMMUNITY MEETING

DATE: Wednesday, March 31, 2021
TIME: 6 PM - 8 PM
HOW TO JOIN: This meeting will be held on Zoom.

SCAN THE QR CODE OR REGISTER ONLINE AT: 
www.westkauaienergyproject.com   

PROJECT 
SNAPSHOT

 > Will bring KIUC to more than 80% renewable generation and reduce greenhouse gas 
emissions by 80,000 tons annually.

 > Rehabilitation of three state-owned reservoirs along with ditch system.
 > Will provide irrigation water to Department of Hawaiian Home Lands pastoral and 

homestead lots.
 > Modification of stream diversions will ensure instream flow standards for tributaries 

to the Waimea River are met.
 > 35 Megawatt (MW) ac + 70 MW hour (MWh) Battery Energy Storage System (BESS).
 > 25-year power purchase agreement (PPA) for energy produced by Solar + BESS.
 > 50-year capacity PPA for hydropower. 

Community members are also invited to provide input through an 
online Virtual Open House which will be open to the public 
March 31-April 15.
 

 > Learn more about the project, its scope and location, and the 
potential impacts and benefits.

 > Provide input and comment on the project.

4463 Pahe‘e Street, Suite 1, 
Līhu‘e, HI 96766-2000 

808.246.4300 
www.kiuc.coop

www.aes.com

SCAN ME!

VISIT THE WEBSITE LINKED ABOVE TO ACCESS THE OPEN HOUSE

http://www.westkauaienergyproject.com 
http://www.kiuc.coop
http://www.aes.com










 

FOR IMMEDIATE RELEASE 
03/17/2021 

Contact: Beth Tokioka  
808.246.4348 

btokioka@kiuc.coop 
 

4463 Pahe‘e Street • Līhu‘e, Kaua‘i, HI 96766-2000 • (808)246-4300 • www.kiuc.coop 
 

KIUC is an equal opportunity provider and employer. 

Virtual Meeting Scheduled to Discuss West Kauaʻi Energy Project  
 

Līhu‘e, Kaua‘i, HI – 03/17/2021 – Members of the public are encouraged to participate in an 
informational webinar to discuss the West Kauaʻi Energy Project; an innovative pumped-storage 
hydro project coupled with solar and battery storage begin undertaken by KIUC and its renewable 
energy partner, AES.  
 
The webinar will be held on Wednesday, March 31 starting at 6:00 pm via Zoom. Attendees can 
register to participate at www.westkauaienergyproject.com.  
 
The focus of the webinar will be on environmental studies that have been conducted, to be submitted 
as a draft environmental assessment to the Department of Land and Natural Resources later this 
spring. KIUC’s consultant, SSFM, will facilitate the event, during which public comments will be 
taken. The public will also have the opportunity to comment on the project via the website listed 
above. 
 
“WKEP will be a ‘legacy’ generation facility: expected to serve Kauaʻi’s energy needs for 100 years 
or more while stabilizing rates over time,” said KIUC’s President and Chief Executive Officer, David 
Bissell. “The unique topography of the area coupled with the existing plantation ditch and reservoir 
infrastructure offer the opportunity to create a renewable energy generation project that is unique in 
the world.”  
 
In addition to providing up to 25% of Kauai’s power supply and bringing KIUC to more than 80% 
renewable generation, the project will create economic development and agricultural opportunities for 
Native Hawaiians and the west side communities of Waimea and Kekaha by delivering irrigation 
water to lands owned by the Department of Hawaiian Homelands and the Agribusiness Development 
Corporation. 
 
“The benefits of this project to KIUC and the community at-large are tremendous, and we hope our 
members will take the time to participate in the virtual meeting and visit the project website once it 
goes live on March 31,” said Bissell.  
 
For individuals unable to participate in the meeting, a recording will be shown on Hōʻike Community 
Television and will be available on the project website. 
 

### 

http://www.kiuc.coop/
http://www.westkauaienergyproject.com/
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VIRTUAL COMMUNITY MEETING
March 31, 2021



1. Introductions & Housekeeping

2. Project Overview

3. Project Components

4. Project Impacts, Benefits and Mitigations

5. Project Timeline & Next Steps

6. Q&A
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• Mute yourself when not speaking

• Raise your hand or use the chat to request to speak or ask questions, 
and wait for facilitator to call on you

• Be brief and on topic with comments and questions

• Show aloha and be respectful of others’ views

• Limit sidebar conversations in chat

• Note that repeatedly disruptive participants can be muted or removed 
from the meeting
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Use the Microphone 
(mute/unmute button to 

speak)

Use Chat to type your question or indicate if you would 
like to voice your question or comment.

ZOOM 

MEETING:

Use the Raise Hand 
Function to request to 

speak or ask 
questions. 
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Online Open House: https://westkauaienergyproject.com

• Recorded Presentation

• Draft EA (when 

published)

• Interactive PDFs

• Online Comment Forms
Online participants will be asked to 

register in order to leave comments.

All personal information will be kept 

confidential.

6
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The West Kauaʻi Energy Project demonstrates the effectiveness of pairing a
hydropower facility with solar PV and battery energy storage to improve grid
performance with long-duration storage capability, stabilize and lower energy
rates, rehabilitate area reservoirs, and deliver irrigation to adjacent lands. It will be
the first project of its kind in the world and is a critical component of Kaua‘i’s
renewable energy future.



2009 2020

9

2025
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• 2005: KIUC investigates hydroelectric potential. 

• 2010: KIUC conducts feasibility studies and identifies six viable sites 
around the island.

• 2015: WKEP selected as the most beneficial renewable energy 
project available to KIUC.

• 2015 – 2017: Initiation of engineering and environmental surveys.

• April 2017: Mediation Agreement for the Waimea Watershed Area 
is approved by Commission on Water Resource Management 
(CWRM).
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• June 2017: DHHL, with KIUC, conducted two (2) beneficiary consultation 
meetings on the proposed WKEP project.

• August 2017: Hawaiian Homes Commission (HHC) holds a public hearing 
on Kaua‘i to review and accept Beneficiary Consultation Report for 
WKEP project.

• 2015 - 2021: KIUC conducts community outreach.

• 2018 – 2020: Design and engineering and environmental studies.

• 2020: Completion of 60% engineering.

• 2020: KIUC signs development agreement with AES and files Power 
Purchase Agreement with Public Utilities Commission.



• Project is following HRS 343 process, 
which starts with Environmental 
Assessment (EA)

• Draft EA intended to provide 
regulatory agencies information to 
determine if EA is sufficient or if EIS is 
necessary. 

• EA process has included extensive 
public outreach to maximize 
opportunities for community input.

• The Draft Environmental Assessment 
publication date is expected to be 
available later this spring.
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1. Support KIUC renewable energy generation goals on 
Kaua‘i (hydroelectric and photovoltaic).

• State of Hawai‘i’s mandate to achieve 100% 
renewable energy by 2045 (HRS Chapter 269-92)

• KIUC’s goal is to generate 70% of Kauaʻi’s power by 
renewable resources by 2030.

• This project would fulfill up to 25% of the total 
electrical energy requirements for Kauaʻi’s grid, and is 
an important step towards meeting the 100% 
renewable energy goal.

2. Irrigation delivery to support the project and diversified 
agriculture on lands managed by DHHL and ADC.
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1. KIUC routinely reaches 100% renewable generation 
during the daytime hours due to plentiful solar 
resources but needs to enable nighttime energy 
production to reach 100% renewable, 24/7.

2. Solar plus storage technology provides short-
duration dispatch - 4 to 5 hours maximum.

3. The project is needed to store dispatchable 
renewable energy that can be used overnight and 
over longer periods when there is no sunlight.

4. The project is needed to ensure grid reliability in 
the event of oil-fired generation outages, 
intermittent renewables, and other factors.

2020 Energy Generation
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1. Provide reliable delivery of irrigation water to support diversified agriculture, which 
would increase food security and generate employment opportunities for the local 
community.

2. Benefits to DHHL: water delivery to site, electricity to site, improved roads. 

3. Rehabilitate three State-owned reservoirs in accordance with current Hawai‘i State 
Dam Safety Standards.

4. Enhance public access and recreational opportunities (trout fishing) at Pu‘u Lua 
Reservoir.

5. Supports firefighting capabilities on the west side and in Kōke‘e.

6. Rehabilitate access roads to the various facilities during construction and maintenance 
of some roads throughout the life of the project.
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The Proposed Action (the “project”) is a 
renewable energy generation and irrigation 
project. 

The project involves:

1. Rehabilitation of the existing Kōke‘e
Ditch Irrigation System

2. Rehabilitation of Pu‘u Lua, Pu‘u ‘Ōpae, 
and Mānā Reservoirs

3. Construction of new storage tank for 
DHHL

4. Construction of new renewable energy 
facilities for hydroelectric and 
photovoltaic (PV) electricity generation

5. Improvement of access roads

6. Use of State-Owned Lands and water, 
and Conservation Lands

16

Kauaikinana Diversion 



• Waimea Ahupua‘a, Waimea District, 
Kaua‘i

• Starts at about 3,400 feet above 
mean sea level (MSL) down to 
approximately 10 feet above MSL

• The major landowners include DHHL, 
DLNR DOFAW, DLNR Division of State 
Parks, DLNR Land Division, and ADC.
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1. Members of KIUC

2. DHHL and DHHL Beneficiaries

3. Trout fishermen and recreational 
users at Pu‘u Lua

4. Famers on ADC mauka lands and 
Mānā Plain

5. State of Hawai‘i DLNR and ADC

6. Emergency fire responders

19

Source: Department of Hawaiian Home Lands
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• Existing Kōkeʻe Ditch Irrigation System 
repairs and upgrades

• Existing reservoirs rehabilitation

• New storage tank at DHHL Pu‘u ‘Ōpae
pastoral lots

• Two (2) new sections of buried pipeline

• Two (2) new hydroelectric powerhouses

• New Pu‘u Moe regulating structure

• New solar array and battery

• New electric substations

• Improved access roads
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• Waiakōali, Kawaikoi, Kaua‘ikinana, 
and Kōke‘e Streams

• Ensure instream flow requirements 
remain in natural channels.

• Ditch system inspection, cleaning, 
repair, and improvements.

• New flow measurement points and 
recording devices.

Kōke‘e Stream Ditch and Diversion 

22



Puʻu Moe Regulating Structure

• Replace the existing gate structure 
with new regulating structure that 
would deliver water for project west 
to Pu‘u ‘Ōpae and deliver water 
south to ADC mauka lands.

• 40 feet long, 10 feet wide, and 10 
feet deep

New Storage Tank

• DHHL Pastoral lots

• Tap from penstock

23

Regulating 
Structure

DHHL Tank



• New buried steel penstock to 
replace western ditch 
historically used to transport 
water to Puʻu ʻŌpae Reservoir.

• New buried steel penstock 
conveying water from Puʻu  
ʻŌpae Reservoir to the New 
Mānā Powerhouse. 

• Buried pipeline provides 
increased system efficiency 
through elimination of 
saturation losses that occur in 
the earthen ditches.
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• Rehabilitation of Puʻu Lua, Puʻu ʻŌpae, 
and Mānā reservoirs to bring them into 
compliance with current Hawai‘i State 
Dam Safety Standards.

• Includes repairs and upgrades necessary 
for safe storage and operations and 
maintenance for the life of the project.

• Provides storage for irrigation water for 
irrigation use on adjacent lands.

• Supports the continuation, potential 
expansion and longevity of the trout 
fishing program at Pu‘u Lua.

Puʻu Lua Reservoir

Puʻu Lua

Puʻu ʻŌpae
Mānā 

Mānā Reservoir

25

Puʻu ʻŌpae Reservoir



Puʻu ʻŌpae Powerhouse

• 4-megawatt turbine

• Provides flow-through power generation

• Roughly 40’ x 55’ in size

Mānā Powerhouse

• 20-megawatt turbine

• 35 MW pumping capacity

• Generates additional flow-through 
hydropower and recovers stored solar 
energy for delivery to the grid

• Roughly 75’ x 70’ in size

Puʻu ʻŌpae 
Mānā
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• 35-megawatt photovoltaic (PV) 
solar array.

• 70 MWh battery storage.

• 350 acres of lands selected in 
coordination with local farmers 
on the Mānā plain.

• New substation and buried power 
lines to connect the project with 
KIUC’s grid.

Schematic of proposed solar array + Battery Energy Storage on ADC land.

27



• Over 9 miles of state-owned unpaved 
access roads will be repaired for 
construction activities and 
maintained post-construction.

• The Kōke‘e Ditch system and 
diversions would be accessed by 
existing state-owned unpaved roads 
that would be upgraded as needed 
for the construction activities.

• Access road to Pu‘u Lua reservoir will 
be improved and available for 
recreational access.

• Improved DHHL access roads to Pu‘u 
‘Ōpae including current licensed 
areas and Kuleana Subsistence 
Agricultural Lots"

Pu‘u Lua Access Rd.

Kōke‘e Ditch Access

Pu‘u ʻŌpae Access Rd.
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Surface Waters

• The Waimea basin drains an area of 
approximately 84 square miles.

• Four (4) primary contributing 
streams to the Kōke‘e Ditch System 
(Waiakōali, Kawaikoi, Kaua‘ikinana, 
and Kōke‘e)

Groundwater

• Waimea and Kekaha Aquifer 
Systems

Pu‘u Lua Reservoir

Pu‘u ʻŌpae Reservoir
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Project Discharge

• Water not used for agriculture will be 
conveyed to the existing Mānā storm 
drain ditch south of Mānā Reservoir.

• Kawaiele pumping station located at 
PMRF pumps to ocean.

• Mānā storm drain system is actively 
used to capture storm run off during 
high rain flow events and from other 
discharge from users on the system, 
project discharge will not exceed 
capacity of the system.

• This discharge point will also be used in 
the case of an emergency need to drain 
Mānā Reservoir.
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• Agreement between Pō‘ai Wai Ola/West 
Kaua‘i Watershed Alliance represented by 
Earth Justice, ADC, KAA, DHHL, and KIUC

• Approved by CWRM on April 18, 2017.

• DHHL water reservation 0f 6.903 MGD.

• Addressed Kōke‘e and Kekaha Ditch Systems.

• Established the Interim Instream Flow 
Standard (IIFS) volume for Kōke‘e Stream to 
be 1.2 MGD.

32
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Stream
Established 

value
(in MGD)

IIFS if flow is below or equal 
to stablished value (in MGD)

IIFS if flow is above 
Established value

(in MGD)

Waikoali 1.3 2/3 of stream flow 0.8

Kawaikoi 6.4 2/3 of stream flow 4.0

Kauaikinana 1.2 2/3 of stream flow 0.6



Key Guiding Principles in the Agreement:

• All streams allowed to run from mountain to sea and no total diversions of water allowed 
again.

• Agriculture and renewable energy are beneficial uses of water.

• All parties acknowledge DHHL rights to water.

• ADC-owned ditch systems, operated by KAA will continue and be maintained.

• KIUC may proceed with the WKEP and will receive an annual rolling average of 11 MGD to 
support energy generation and DHHL’s water reservation needs. 

• IIFS must be maintained and any flows above the IIFS may be used by the project.

• If WKEP is built, KIUC will assume responsibility for Kōke‘e Ditch System.
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• All water diverted will be made 
available for irrigation purposes.

• Includes non-potable water for DAR, 
State Parks, DHHL, ADC and KAA.

• Project supports agriculture and 
integrates with renewable energy 
generation. 

• Lessees on DHHL lands will benefit

• Water from reservoirs will be 
available for fire fighting.
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Potential Impacts Minimization Measures

Short-Term Construction
- Erosion
- Sediment deposition
- Storm water run off

✔Best Management Practices (BMPs) for Erosion 
Control measures for construction activities

✔Secure all necessary permits and comply with permit 
conditions

Long-Term Operations
+ Overall positive impacts to improve water 

delivery efficiency and infrastructure longevity
+ Instream flow standards compliance
+ Reservoir rehabilitation increases ag and energy 

benefits as well as fishing resources at Pu‘u Lua

✔No introduction of temperature, chemical or foreign 
object changes to natural streams.

36

- (minus) indicates a negative impact

+ (plus) indicates a positive



• A flora survey in 2018 documented plant species, 
including the potential for special-status plant 
species; areas designated as critical habitat; and 
plants traditionally gathered for cultural use.

• A fauna survey in 2018 documented all birds, 
mammals, reptiles, amphibians, fish, and 
invertebrate species seen or heard; including 
endangered Hawaiian hoary bat foraging and 
roosting habitat.

• A stream habitat assessment was conducted at the 
upper Waimea River and its tributaries in 2018 to 
assess the environmental impacts on the native 
stream animals and their habitats.
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Potential Impacts Minimization Measures

Short-Term Construction
- Erosion
- Noise
- Air quality – exhaust and dust
- Vegetation removal
- Critical habitat for flora species
- Endangered, Threatened or 

Candidate species
- Hawaiian hoary bat habitat

✔Best Management Practices (BMPs) for Erosion Control 
measures and construction activities

✔Secure all necessary permits and comply with permit 
conditions

✔Biological monitoring during construction activities to identify, 
minimize, and mitigate impacts to endangered or threatened 
plant species that may be present

✔Protocols for prevention of Rapid ‘Ohi‘a Death spread
✔Minimization measures from US Fish and Wildlife Service (FWS) 

and DOFAW for Hawaiian goose, Hawaiian waterbirds, 
Hawaiian seabirds, and Hawaiian hoary bat

Long-Term Operations
+ Consistent mauka to makai flow for 

healthier stream systems to support 
stream biota.

✔Automated intakes and flow measurement points to comply 
with instream flow standards.
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- (minus) indicates a negative impact

+ (plus) indicates a positive



• Archaeological Literature Review and 
Field Inspection (LRFI) completed to 
determine the likelihood that cultural 
resources/historic properties may be 
affected by the project and based on 
findings, consider cultural resource 
management recommendations.

• Cultural Impact Assessment (CIA) 
completed to identify traditional and 
cultural practices in the project 
vicinity, and to assess the Proposed 
Action's potential impacts on the 
traditional and cultural practices and 
historical resources.
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• Fourteen (14) potential historic properties and 
features were documented including historic 
ranching walls, possible hearths, ditches and 
associated infrastructure including reservoirs, 
ditch intakes, diversions, and concrete 
structures. 

• The identified resources were in the vicinity of 
the project but not within the project 
footprint.
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The following traditional and cultural practices were identified within the project 
vicinity and the Waimea Ahupuaʿa:  

• Wai: Without wai or water no traditional practices could exist in the past, present, 
and future.

• Gathering of Plant and Forest Resources: There is an abundance of plant and forest 
resources in Waimea used for cultural practices.

• Marine and Aquatic Resources: In the coastal zones of Waimea, fishponds and 
fishing grounds were utilized by residents of the ahupuaʿa.

• Wahi Pana: These are legendary or storied places important to the Hawaiian 
culture.

• Trails: There are numerous trails throughout the project vicinity that were 
historically and currently used.
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Potential Impacts Minimization Measures

Short-term Construction
- Subsurface excavation activities
- Construction activities for the project will 

temporarily limit some access (e.g. Pu‘u Lua)

✔BMPs to minimize potential impacts to unidentified 
human remains, burials, or historic properties will be 
followed prior and during construction activities.

✔KIUC/AES would consult with State Historic 
Preservation Division (SHPD) to determine additional 
historic preservation requirements.

✔SHPD protocols for inadvertent discoveries

Long-Term Operations
+ Operations are not anticipated to interfere with 

or impair any traditional and customary Native 
Hawaiian rights, prohibit any land access, and 
would increase access to Pu‘u Lua Reservoir. 

None
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- (minus) indicates a negative impact

+ (plus) indicates a positive



• Rainbow Trout fishing at Pu‘u Lua Reservoir 
expected to be improved by increased 
storage capacity of the reservoir and 
improved access.

• Upper Penstock is located within the Kekaha
Game Management Area, which is located 
on DHHL land and is Managed by DOFAW.  
This area is open for hunting feral pigs, feral 
goats, and black-tailed deer during specific 
seasons.

• The Upper Penstock would be completely 
buried and would not interfere with the 
movement of game or any of the permitted 
hunting activities.
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Potential Impacts Minimization Measures

Construction
‐ Sugi Grove Campground and Waiakōali

Campground closure 8-10 weeks
‐ Temporary closure of Pu'u Lua reservoir for 

reconstruction for one season

✔The construction scheduling and execution will be 
coordinated with DLNR and DAR to minimize the 
impacts to the trout management and public fishing as 
much as possible.

✔The scheduling of work in the Kekaha Game 
Management Area would be coordinated with DHHL 
and DOFAW to ensure construction worker safety.

✔Water will be available to downstream users of the 
Kōke‘e system during Pu‘u Lua construction.

Long-Term Operations
+ No negative impacts over current uses
+ Improved access and trout fishing at Pu'u Lua 

Reservoir
+ No negative impacts to trails or recreational 

areas

None
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• The construction and rehabilitation utilizes funds for immediate employment and local spending. 

• Short-term employment and earnings through professional and construction trades; up to 200 jobs 
projected. 

• Reduces financial and liability burden on State by making lease payments and/or assuming financial 
costs of rehabilitation/long term maintenance of state-owned infrastructure.

▪ Kōke‘e Ditch System

▪ Three reservoirs

• Economic benefit to Kōke‘e ditch system users and irrigation users from receiving water through 
infrastructure upgrades.

• Significantly reduce Kaua‘i’s reliance on fossil fuels.
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• Climate change is a long-term shift in patterns of 
temperature, precipitation, humidity, wind, and 
seasons due to human input of GHG into the 
atmosphere.

• The State and Kaua‘i County have relied heavily on 
fossil fuels for energy production.

• Over the past 10 years, Kaua‘i has reduced its GHG 
emission more than 50% through new renewable 
energy generation.

• The project will reduce greenhouse gas emissions by 
80,000 tons per year.

• New stream flow gaging will provide data collection 
and help understand any changes in streamflow as 
it may related to climate change.
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Coastal Erosion along Kaumuali‘i Hwy. Source: Ruby Pap



• The DHHL West Kaua‘i Regional Plan identifies 
development of the Pu‘u ʻŌpae area as a priority 
project. This includes provided agricultural 
leases, maintaining/rehabilitating the existing 
reservoir and irrigation system, and 
improvement of access roads.  WKEP is financing 
and delivering on many aspects identified by 
DHHL’s regional plan.

• State Planning – Hawai‘i State Plan, Hawai‘i Land 
Use Law, Coastal Zone Management

• County Planning – County General Plan, West 
Kaua‘i Community Plan, County Zoning, Special 
Management Area
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• The Draft Environmental Assessment 
publication date remains to-be-
determined but is expected to be 
available later this spring.

• It is expected that the HRS Chapter 343 
process will be completed by the end of 
2021. 

• Upon completion of the HRS Chapter 343 
process, permit applications will be 
submitted.

• Construction of the Proposed Action is 
expected to begin in the first quarter of 
2023 and be completed by mid-2025. 

Permits and Approvals Anticipated

• Lease for water diversion

• Special Use Permit for solar array on Class B Lands

• National Pollutant Discharge Elimination System (NPDES) Permit

• NPDES, Dewatering Permit

• Community Noise Permit/Community Noise Variance

• Conservation District Use Permit

• National Historic Preservation Act (NHPA) Section 106 

• HRS 6E Compliance

• Section 404 Individual Permit

• Section 401 Water Quality Certification

• Endangered Species Review – Section 7 Consultation 

• Stream Channel Alteration Permit

• Stream Diversion Works Permit

• Certificate of Approval to Impound

• Use Permit/Zoning Permit

• Grading, Grubbing, and Stockpiling Permit

• Building Permit
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Online Open House: https://westkauaienergyproject.com

• Recorded Presentation

• Draft EA (when published)

• Interactive PDFs

• Online Comment Forms

Online participants will be asked to 
register in order to leave comments.

All personal information will be kept 
confidential.
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1. Will solar from Kekaha rooftops be used for the project? Is KIUC 
purchasing solar from these homes? Will they be affected by the 
project?

2. Wouldn’t it be more efficient to just use the solar PV energy 
directly?

3. Will the project lead to increased curtailment of my residential 
PV system? Why doesn’t KIUC invest in battery farms to store 
excess residential solar?

4. Is it true that if we add more PV panels we can’t sell back to 
KIUC?



Total Cost = $200 million

Cost to KIUC Members = 15 cents per kilowatt hour
• 7.1 cents per kilowatt hour for solar
• $8.9 million annual for capacity charge
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What will the project cost and who will pay for it? How 
much debt will KIUC accrue because of the project?



Cost of power from WKEP = 15 cents per kilowatt hour

Current cost of purchased renewable power= 16.6 cents per kilowatt hour

Estimated savings versus purchase of fossil fuel = $157 to $172 million

Debt and risk shifted to AES via development agreement
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• Will it reduce electric bills?
• Will the local community have lower rates (Kekaha/Waimea) since 

this is affecting them more than other parts of the island?
• What is the cost of not doing the project?



Use the Microphone 
(mute/unmute button to 

speak)

Use Chat to type your question or indicate if you would 
like to voice your question or comment.

Use the Raise Hand 
Function to request to 

speak or ask 
questions. 
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MAHALO

VISIT THE PROJECT WEBSITE & ONLINE OPEN HOUSE
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West Kaua‘i Energy Project 
Virtual Community Meeting Summary  

March 31, 2021, 6:00-8:30 PM 
ZOOM video-conference 

 

Project Team Attendance 

Kaua‘i Island Utilities Cooperative (KIUC): 

• David Bissell  

• Beth Tokioka  

• Brad Rockwell  

• Brandee Holt  

• Brooks Braun 

• Cameron Kruse  

• Dave Hanashiro 

• John Cox 

• Karissa Jonas 

• Lisa Ubay 

• Royce Ramos 

• Shelley Paik 

• Tracie Jacintho  

 

AES Corporation (AES): 

• Rob Cooper 

• Ben Burroughs 

• Cameron Haughley 

• Kirstin Punu 

• Nick Molinari 

• Sandra Larsen 

 

JOULE Group (JOULE): 

• Dawn Huff 

• Jason Hines 

 

SSFM International (SSFM): 

• Jared Chang 

• Malachi Krishok 

 

Community Attendance 

1) Ali’i Nui Aleka Aipoalani 

2) Allan Smith 

3) Allyn Tam 

4) Anna MacKenzie 

5) Arlene Yamada 

6) Ashley Griffin 

7) Ashley Gutierrez 

8) Ayron Strauch 

9) Bernard Markowicz 

10) Bill DeCosta 

11) Blisse Lester 

12) Bob Lehardy 

13) Brittny Perez 

14) Brooks Braun 

15) Calvin Murashige 

16) Carla Bissell 

17) Carol Williams 

18) Cedric Duarte 

19) Chanel Chandler 

20) Chelsie Ruiz 

21) Chlorie Igne 

22) Christopher Kaiakapu 

23) Claire Tonry 

24) Clarice Schafer 

25) Cody Brooks 

26) Cynthia Horton 

27) Dan Giovanni 

28) Darri Peleras 

29) Darrick Nordmeier 

30) David Iha 

31) Dawn F 

32) Dawn Wooten 

33) Debbie Santiago 

34) Dee Crowell 

35) Dee Morikawa 

36) DON CUNNINGHAM 

37) Donna Aana 

38) Douglas Kagawa 

39) Edward Matsukawa 

40) Elena Bryant 

41) Elizabeth Okinaka 

42) Enoka Karratti 

43) Eric Barlettani 

44) Frank O. HAY 

45) Gary Newman 

46) Gregory Swett 

47) Heather Ylitalo-Ward 

48) Ian Tierney 

49) Ikaika Rosa 

50) Jack Relf 

51) Jackie Hanberg 

52) Jacob Gandeza 

53) Jade Moss 

54) James Mayfield 

55) Jan TenBruggencate 

56) Janet Kass 

57) Jeff Akamine 



58) Jennifer Heu 

59) Jennifer Yoshimura 

60) Jeri Di Pietro 

61) JoAnn Yukimura 

62) Joanne Watanabe 

63) Jon Winsley 

64) Josh Mori 

65) Juan Gomez 

66) Julie Hong 

67) kaina makua 

68) Kaiwi Eisenhour 

69) Kapua Janai 

70) Karissa Jonas 

71) KAUAKEA MATA 

72) Kayla 

73) Keith Castaneda 

74) Ken Tubman 

75) Kirsten Kagimoto 

76) Klayton Kubo 

77) Kris Dela Cruz 

78) Kurt Neswald 

79) Kyle Cremer 

80) L Osterer 

81) Larry Rush 

82) Laura & Lynch 

83) Laurel Loo 

84) Layla Kilolu 

85) Lee Younglove 

86) Leona Chandler 

87) Leslie Frank 

88) Lillian Sarmiento 

89) Linda Rosehill 

90) Lloyd Pinnock 

91) Lloyd Rita 

92) lyle bargamento 

93) Maile Alfiler 

94) Maile Moriguchi Castillo 

95) Malia Chun 

96) Malie Beach-Smith 

97) Mapuana Makia 

98) Mark Sueyasu 

99) Mark Ulanday 

100) Maximina M Carveiro 

101) Michael Contrades 

102) Michael Faye 

103) Michael Leibbrandt 

104) Michael Moule 

105) Natasha Baldauf 

106) Ned Dana 

107) NEIL BROSNAHAN 

108) Nelson Butay 

109) Niki Kunioka-Volz 

110) Nikki Morimoto 

111) Nohili Doria 

112) Patrick Ono 

113) Paula Alquiza 

114) Peter Yukimura 

115) Phoebe Eng 

116) Raymon Miller 

117) Rich Gioscia 

118) Richard De Mille 

119) Richard Foyston 

120) Richard Vetter 

121) Rick Baker 

122) Robert Carlson 

123) Robert Gunter 

124) Roger Erickson 

125) Rosemary K Smythe 

126) Roslyn Nicole 

Manawaiakea Malama 

Cummings 

127) Ryan Char 

128) Sabra Kauka 

129) Scott Glenn 

130) Sean Andrade 

131) Shanna Rivera 

132) SHERI KUNIOKA-VOLZ 

133) Stacia Ahina 

134) Stephanie Iona 

135) Steven Karratti 

136) Stevenette Lee 

137) SueLyn Tran 

138) Tara Hancock 

139) Teddy Perreira 

140) Teofilo Tacbian 

141) Thayne Taylor 

142) Thomas Lovas 

143) tiani kajiwara 

144) Tom Price 

145) Tracy Camuso 

146) Turners 

147) U’ilani Albarado 

148) van warren 

149) Wai Mata 

150) William J. Aila 

151) William Pope 

152) Winona Mitchell 

153) Phone: (510) 917-0981 

154) Phone: (808) 635-6689 



Agenda 

1. Introductions 

a. KIUC (David Bissell) 

b. DHHL (William Aila)  

c. AES (Rob Cooper) 

2. Project Overview 

3. Project Components  

4. Project Impacts, Benefits and Mitigations 

5. Project Timeline & Next Steps 

6. Q&A 

 

Meeting Notes 

The following notes summarize the questions and comments that were recorded during the Q&A 

portion of the meeting. A total of 81 questions were submitted via chat during the meeting, thus a 

portion of these questions were not able to be addressed during the time allotted. The project team 

recorded all questions and published responses to the WKEP Virtual Open House website following the 

meeting. The compiled questions with responses can be found in Appendix A.  

Q: Very impressive show, but not impressed that we are not using the existing resident solar in 

Kekaha that is generating energy and connected to the grid but are building a new solar farm on 

agricultural land that should be used to grow food. Is this because there are tax credits for building a 

new solar farm?  

A: Tax credits are a part of this – to maintain and protect tax credits for the project, KIUC cannot tax or 

use power from the grid for the first five years (safe harbor period for taxes). After 5 years, the project 

could take grid power to run the pumps but first call would be PV systems near them. As the load 

changes we may take from the grid.  

Scale of project is 125,000 solar panels go into this, which would be about 14-15,000 typical 4kW home 

solar systems – project is a huge amount relative to what would be in a residential community.  

Q: Seems like our co-op  kW rate is highest in the nation – when will we see a reduction in our bill? 

Another $200 million project over 50 years – a lot of people today will not be on the island; we’ve had 

many new solar farms put in; Robinsons put in hydro but have yet to see reduction in our electric bill. 

Can you tell the consumers who own KIUC as a co-op, when can we see a reduction in our bill? 

A: Good question. The renewable project we have been putting in have stabilized rate at about 30 cents 

– there was a time when we were as high as .50 cents per kilowatt when we were fluctuating with oil. As 

oil prices fluctuate our rates stay pretty much the same. We also have some upward pressure in terms 

of inflation and costs of keeping the business going. Unfortunately not going to see much of a reduction 

in KIUC. If you look at the other islands and places like west coast of continent, they are actually getting 

closer to our rates – lower or about the same as Big Island, Maui is similar and KIUC is gaining on O‘ahu 



and West Coast because their rates are increasing while KIUC is staying about the same. There is not 

way to put downward pressure on the rates - decrease will be longer more steady trend as we phase out 

older more expensive renewables and bring on newer less expensive ones.  

Q: In the future, no matter who puts a solar panel out their home KIUC will not be purchasing the 

power they produce?  

A: KIUC has a right-sizing program – in my (David’s) home almost all of my system goes to offset my use 

during the day and maybe sell a very small amount back to KIUC. But the days of  having large oversized 

systems and counting on selling back energy for the retail price and it’s gone down to the cost of oil – 

those days are pretty much done, not any load to take it. The right sizing program is available to anyone 

to offset their own usage but selling to the co-op not likely to be option for a long-time. However, there 

may be changes that come one from things like electric vehicles, which have potential to change load 

tremendously depending on how soon implemented.  

Q: As non-profit, which KIUC is – every year we have a profit, so what do we do with those profits?  

A: It’s a number of things. KIUC started off with zero-equity and was entirely debt-financed and over 

time we have built up our balance sheet to be stronger financially. Part of the profits go directly to 

members as refunds – about $34 million has been refunded to customers as patronage capital and the 

rest is added to accounts as credits. But a lot of the profits have gone towards building up the credit 

profile of KIUC up from zero – having 30% equity allows for KIUC to finance these types of large capital 

intensive projects. Ideally we don’t want to get to the point where not making profits and having no 

need to build equity would allow KIUC to put downward pressure on rates.  

Q: Wainiha river was dry which means AES has diverted and or piped water too much go in behind 

closed doors. 

A: There is no water currently being diverted for this project by AES or KIUC. The Wainiha River is a 

different watershed and is not involved with this project. 

Q: Why was the Wainiha river above the managers house dry up until the 1mile half marker? Full 

disclosure please. Thank you. 

A: The Wainiha River is not involved with this project in any way. 

Q: Some hydroelectric power station failures may go beyond the immediate loss of generation 

capacity, including destruction of the turbine itself, reservoir breach and significant destruction of 

national grid infrastructure downstream. These can take years to remedy in some cases. 

A: These facilities will be insured and have the most modern safety standards involved. Certainly, KIUC 

will maintain the facilities to avoid that but any power facility could potentially experience a significant 

event like that which is all the more reason to have diversified power sources around the island, which 

WKEP will be an integral part of.  

Q:  AES is owned and managed by McBryde is there a full disclosure on a benefit that A&B got a fair 

bid? Meaning was there a bidding for this project and why A&B? 

A: AES Clean Energy is a renewable energy company that is a subsidiary of The AES Corporation and is 

not affiliated with Alexander & Baldwin. 



Q: Seems like timing for the military extension of 100 acres? 

A: The project does not include lands under the authority of the Pacific Missile Range Facility. 

Q: A North Shore non-profit group plans to sue AES, the company building the Na Pua Makani wind 

farm in Kahuku. 

A: AES Clean Energy has developed two solar and storage project on Kaua‘i in partnership with KIUC as 

well as the Na Pua Makani project on O‘ahu. The team that worked on the project in 2016 on Kaua‘i is 

largely the same team that will be working on the WKEP with KIUC.  

Q: DC is withdrawing so how is it a part of this project? They also face lawsuits for their lack of 

management. Hawai‘i’s Agribusiness Development Corporation (ADC) has violated the federal Clean 

Water Act by polluting ocean waters along Kauaʻi’s West Side without a permit, a federal court ruled 

yesterday. Community groups Na Kia‘i Kai, Surfrider Foundation, and Pesticide Action Network — 

represented by Earthjustice —sued the state agency for each day discharging millions of gallons of 

waters contaminated with pesticides, sediment, and heavy metals from the drainage ditch system it 

operates on the Mānā Plain. 

A: We are aware of the issues surrounding the recent audit of ADC. However, ADC is still the landowner 

over portions of land utilized by the project, and we continue to work with them on the use of those 

lands. 

Q: There has to be an EIS due to burials and LCA awards in the area. 

A: Believe this was answered in the presentation but the start of the process will be submitting an EA to 

determine if it’s sufficient or if need to move into an EIS 

Q: Explain food security please? Irrigation to farm livestock and produce?  

A: Water for irrigation will be supplied to DHHL and ADC agricultural lands. The reliable delivery of water 

for irrigation will allow DHHL to expand agricultural use on lands not currently used, and provide reliable 

long-term access to water by both DHHL and ADC for the furtherance of agricultural development on 

their prospective lands. The ability to cultivate food sources locally is necessary for food security, and 

water is an essential component for food cultivation. It will be up to DHHL and ADC to determine the 

type of agriculture that would be grown on their lands. 

Q: It is in the Kona district, not Waimea.  

A: You are correct that the project is in the Moku of Kona. 

Q: Will the mammals have access to consume water without traveling miles? 

A: Most of the open ditch will remain open and provide ready access to water for mammals within the 

project vicinity for the life of the project. The rehabilitated reservoirs will also be a source of water for 

some wildlife, specifically birds. 

Q: Whose gonna upkeep the new piping? Pipes aren’t lifetime guarantee.  

A: The new piping will be maintained by the Project and is included as part of the cost of the energy 

generated. 



Q: Does piping the water change ownership/management?  

A: No, nothing changes with ownership or the rules and regulations that apply to the water if a pipeline 

is used. However, KIUC will need a nonexclusive easement to construct and maintain the pipeline. 

Q: If KIUC cannot comply with agreements made previously about water management? How do you 

expect us to trust them to do it now?  

A: KIUC is in compliance with all current agreements with the state for use of water and is in compliance 

with reporting requirements. KIUC has no past or present water use agreements for west side systems. 

Q: Thanks for the presentation but there is WESTSIDE residents who are KIUC members who have 

questions that they want addressed and a request for an EIS!  

A: We want to encourage you to review the open house. Questions can and should be posed during the 

Draft EA review process. If an EA is found to be insufficient, then an EIS may be required. 

Q: Can we create a fishing reservoir for anglers? New opportunities for more trout or bass fishing? 

A: That would be a question for DLNR. KIUC will not be creating new reservoirs as part of this project. 

However, the project does include major rehabilitation of the Pu‘u Lua Reservoir and will improve public 

access to Pu‘u Lua and improve trout habitat for the existing state managed trout fishing program. 

Q: Who will insure the safety of the release in that project in case of heavy rains? What happens when 

flood and or overflow into the DHHL beneficiaries ? 

A: All of the reservoirs involved with the project will be rehabilitated to current dam safety standards 

and will include features and designs approved by the state to safely pass maximum flood flows. These 

features include ample freeboard and spillway capacity, water level monitoring and leakage monitoring. 

Additionally, the ditch intakes, which divert water from the streams to the reservoirs and across lands, 

including DHHL lands, will automatically restrict flows during floods to prevent too much water from 

entering the system. These will be major safety improvements beyond what is currently in place. 

Q: Was Wainuenue located between Makaweli and Olokele depleted for this project?  

A: No 

Q: How can we trust that you will maintain the stream flow standards if it’s not being done currently 

up at blue hole?  

A: CWRM staff-recommended instream flow standards are currently being maintained at North Fork 

River and Waikoko Stream (Blue Hole) and have been for several years now. CWRM has a public stream 

gage in place that monitors this and can confirm KIUC’s compliance with their instream flow 

recommendations. 

Q: How do you know how much water is flowing if gauges that were supposed to be put in place have 

not yet been placed? 

A: New gaging installations that are part of this project will be covered in the EA and require permits. 

Installation of these new monitoring systems is not possible until permits are received. 



Q: You cannot determine any of this long-term impacts without a full EIS. 

A: This is noted.  

Q: Pu’u Opae - Opae needs clean water they are the filters this place was a place that was abundant. 

It’s the filter. Our kupuna would never let this happen that area was where we would pray.  

A: Water delivered to Pu‘u ‘Ōpae will be clean stream water from the Kōke‘e streams. Maintenance of 

instream flow standards in the streams will provide mauka to makai flow. 

Q: Just have to say something right now – very hard to go against the lessees of DHHL lands, I’m not 

going against them. I’m not against the project because of the DHHL lessees, but I have to question 

some of this because I live very close to the Waimea River and pretty sure from the meetings in the 

past I’ve seen 30 MG on Mana reservoir and now tonight I see 200 MG Pu‘u Lua, 100 MG Pu‘u ‘Ōpae 

and 80 MG in the Mana one – is that true? Did I miss something in the other meetings – you guys are 

going up 50 million on the Mana one from what I heard.  

A: You did hear the numbers correctly – Pu‘u Lua will be 200 MG, which is a little less than it was 

historicallym Pu‘u ‘Ōpae would be 100 MG where historically it was 88 MG, and Mana has been 

designed to be larger – I believe historically it was about 47 MG and being increased to 80 MG. These 

changes are to build capacity for the energy. They will be slightly larger but about the same footprint but 

will be up dam standards so re-done to be more safe as well as a little larger. 

Q: Also heard that give ADC and KAA water from this system also – don’t they have enough water 

from the existing Kōke‘e water system and also the Kekaha ditch system? Because I seen one major 

decline in the water decline in Waimea River – I’m a long lifetime resident of Waimea and the river is 

supposed to be first and then down the chain.  

A: Understand the points about the river being first. No matter what the instream flows need to be 

there. The water can only be diverted to tributaries after the instream flows have been met. As far as 

irrigation and downstream users – WKEP would be delivering to DHHL and then at the tail end of the 

project we would be tying into the Kekaha system at the bottom – a dual feed system so more reliability 

and efficiency for the ag needs on the Mana plain. Not like being twice as much water, but more 

reliability.  

Q: The areas that are going to be closed – us as residents are gonna be impacted because of the 

construction.  

A: Not responded to in meeting  

Q: Agree with what others were saying – seems like the solar panel guys are getting pushed aside. I’m 

not against the project because the benefits to DHHL but somewhat of a good presentation – not 

going say awesomeness, but somewhat… 

A: Not responded to in meeting  

[Above questions come from Clayton Kubo who requested David Bissell call to provide answers] 

Q: You shared the pie charts with energy production through 2025 which showed only 2% increase in 

hydro power but a 14% in solar from the 2020 pie chart, however the project supposed to be 



completed mid-2025. Do increased numbers shared reflect a partial year and for the EA will you 

provide energy production estimates beyond 2025? Because right now it looks more like a solar 

project. 

A: I think what your pointing out is that the solar panels are the ultimate source of most energy for this 

project. Combination of solar panels and incremental hydro, but hydro is a relatively small part – water 

helps make up for losses of efficiencies in running pumps vs. running battery. The water is necessary to 

make the solar power work and have the storage capacity to make the project economical for KIUC. 

Otherwise cannot do a storage project because battery technology is too expensive.  

The second part of the question is being captured for the draft EA. 

Q: My name is Elena Bryant, an attorney for Earth Justice. Want to make clarification about the 

Mediated Agreement because I don’t feel it was clear in the presentation: the agree allowed KIUC to 

pursue due diligence for the project but in no way did the commission give a green light for the 

project and the agreement contains a re-opener specifically to avoid doubling up on diversions 

between Kōke‘e and Kekaha. I think Mr. Kubo made a good point – If ADC is going to continue using 

the Kekaha ditch system, then that needs to be addressed in the EA. There was no info in the 

presentation about how much of the contemplated flow diverted would used for generating hydro 

power, how much would be used for actual needs of agriculture, how much would be lost through 

evaporation and seepage and how much would not be used for consumptive uses like ag and be 

dumped and discharged.  

Another question that remains unanswered is how the project will be integrated and coordinated 

with ADC and KAA to ensure maximum reasonable beneficial use for actual bonified agriculture.  

I think it is important that these values are addressed [in the environmental review]. 

A:  Thank you and thank for the clarification on the Mediated Agreement.  

Q: Comment from a 30 year career in the water and electric industry – think overall as an energy 

source this is the most effective source of energy we can get on this island. Think of pumped storage 

as a 100 year battery. I’ve worked on hydro units that have been running for 100 years with routine 

maintenance. I think overall this doesn’t take water from the system – the water comes down the hill 

to generated electricity and is pumped back up again. Biggest issue is that solar is generated during 

middle of the day times when we use less electricity – we use our energy between 6-9 pm when no 

solar. This give us ability to store solar and use more renewable energy and less fossil fuel like at Port 

Allen.  

A: Thank you for the comment 

Q: My name is Van Kawai Warren, I am a HHL beneficiary and have been involved with the project 

from the inception – part of the Kekaha homestead association and also member of [?] so I have been 

involved from the get-go of the project and some of the things have been addressed in the EA but 

there are some that have not been addressed in the EA. Also some misconceptions of pumped 

storage. First thing I will say is that this needs full EIS not just EA.  

First thing, water settlement agreement KAA upgraded their Waiawa hydro – they are able to keep 

that hydro operation according to agreement. They are entitled to 6 MG on Mana plains but they are 



lucky if it’s 2 MG. Now trying to put another hydro of 11 MG tank to supply ag needs doesn’t make 

sense.  

Second thing is the environmental impact on the upstream intake. Hard time understanding that 

there can be an accurate environmental impact when all of the divergences are still in tact and not 

recovered fully from the plantation systems. 

Next point, Kinikini or Waiele discharge – according to Kūpuna that was a spawning ground for our 

fisheries and also where they used to grow a limu ‘ele‘ele, which is very rare and was never able to 

recover from the constant discharge from the plantation. Now with the added discharge from two 

hydro plants, putting 15 MG out there – sediment, nutrients and other contaminants on our coral reef 

system. The reef systems feed much of our west side community but has been desecrated. Until you 

can do a study on the impact on that, I feel that’s why need a full EIS.  

Also, the need at the Pu‘u moe ditch system – hunters said wanted a ditch system to provide water 

for the animals. At one point talked about adding ponds for animals to drink but has not materialized. 

DHHL has two lessees up there and one is Kekaha Hawaiian Homes Association with 200 acre leas for 

farming and they rely on the ditch system for water because above Pu‘u ‘Ōpae reservoir. DHHL will 

have to upgrade their infrastructure system.  

Years ago felt this was a great legacy project but now having more second thoughts. LED and energy 

efficiency is more common and not much demand for energy on West Side – no mill and businesses 

mainly operate during daytime.  

Several times we have had dead fish caused by algae bloom coming into our spawning ground. We 

have so much opportunity for solar power and battery technology is improving. Already have 3 hydro 

power projects – olokele, camp one and waiawa. Waiawa getting taken out of service would have 

been opportunity for KIUC to build pumped storage between two reservoirs and no dumping in ocean 

– that would have been a win-win environmentally and for everybody. Now, I don’t know, it might be 

time to look at other technologies or maybe the project needs to be scaled down and west side 

doesn’t need to take entire burden of whole island getting off fossil fuel.  

The only question I have is if this is going to be a completely closed system and the only other water 

use will be for agriculture or evaporation or if there are no agriculture needs to use the amount of 

water being pumped (11 MG), will that water end up in the ocean? 

A: It is not a completely closed system – the pumped storage system between Pu‘u ‘Ōpae and Mana 

reservoir is a closed loop system, however the is in addition the storm release component, which is the 

rolling annual average of 11 MG that will be available for irrigation use and other uses on the system. 

What isn’t used, particularly during rainy periods when not needed for irrigation, it will be discharged.  

Can’t speak to Waiawa – not part of this project and no relationship. But when water is available in the 

streams above the instream flow standards. We would be diverting that water to Pu‘u Lua and storing it 

to release it during off peak solar times and what isn’t used for irrigation at either DHHL or ADC lands 

would be discharged.  

Q: My name is Roslyn Nicole Manawaiakea Malama Cummings, I am a mother of nine children and 

the reason I am joining the meeting is because I am a Native Hawaiian, Wahine Maoli, and have 



cultural ties to this ‘āina through my mālama naumu  ‘ohana who have burials up at Pu‘u ‘Ōpae. You 

did mention the cultural significance and idea a little about the EIS. I will be submitting what is called 

a lineal descendency application and burial registry for these burials so there is going to be a request 

of an EIS because of this.  

When you speak about the plantation remnants and how damage has already been there – a lot of 

time seems like a pointing fingers and excuse back to plantation which are still tied to these project. 

AES is A&B who was part of the big 5  and responsible for the overthrow of our Hawaiian Kingdom – 

they are the one funding this. I can see how KIUC is buying back this power through  them but A&B is 

a for profit company and not a non-profit and involved in many water issues.  

Also, trying to figure out why such a large project is coming around right when the US Navy is 

requesting 100 acres of land – that land was once our bread basket. These water come from Alaka‘i... 

ADC also has a huge lawsuit going on and a bill against them – this goes back to the trust issue and 

what I call the web of lies…As Native Hawaiian with children – I can tie myself back 87 generations to 

this ‘āina, what I know is that Hartung brothers bought out Sygenta and they are a corn seed company 

who are poisoning waters…. 

I think an EIS is 100% required for this project.  

Can you answer how do we truly benefit us? 

A: The AES and E&B discussion – they are totally different and not connected companies. Their names 

sound similar but A&B has nothing to do with this company.  

There is also no land that the military base is taking or related to this project. There are no contractual 

agreements for this project.  

Q: Can I get contact for the communications at KIUC? I am going to use a nonprofit Aea lokaku Hawai‘i 

so full disclosure of community concerns.  

Q: Did you mention the size of the water storage tanks?  

A: I think the presentation mentioned only one tank – DHHL tank.  

There are three earthen reservoirs being rebuilt for project storage. The storage tank is replacing an old 

tank on DHHL lands to serve the pastoral lots. It will be a new concrete tank for about 10,000 gallons. 

That tank is only if WKEP needs to take an outage for maintenance but normally will be able to take 

water directly from tank.  

Q: More of a solution based guy – sorry if came out strong against KIUC, really proud to have manage 

our corporation. I would like to suggest that if we do this project, how about we buy our power from 

the homes already generating solar power. That way we create own power, support local people and 

that way we can put money back into our community. People are upset because putting another solar 

farm on land that should be used to grow food – think we would have more happy constituents.  

Just a thought and solution – if we postpone this project and save our profits, maybe we can fund this 

alternative projects ourselves.  

A:  Thank you  



Q: In Jan 2019 a Draft EISPN for this project was produced for KIUC. Why and when did KIUC decide 

that an EA (vs. EIS) was the better way to go? Since a preliminary draft EIS was nearly ready for 

submission, why not just continue with the EIS process, rather than "wait to see" whether an EIS will 

ultimately be required, if an EA is insufficient? Was this a cost saving decision? A logistics decision? Or 

something else? When I learned it was going to be an EA submission, I was a little surprised given the 

EIS process was already in the making. 

Also has DHHL concurred that EA is sufficient since they are also a stakeholder? 

A: We did start the EIS project and produce a draft EISPN but no final EISPN. We were assessing both 

options and decided to follow the standard Environmental Review process which starts with the EA. This 

allows agencies to review just the EA.  

Q: Just trying to piggy back – what is the difference between an EA and EIS? 

A: EA is generally less restrictive. EIS is generally required if signicantly adverse impact you need to go to 

an EIS. EAs are usually for findings of no significant impact and also used to figure out if need to do an 

EIS. 

Q: Seems like EA is super basic and general – EIS for this type of project, in my mind a big project 

which will affect or ocean (kai) and water. Why are we not doing an EIS if such a magnitude that will 

affect our environment? Water is very important – Ma uka to ma kai.  

A: The EA process – we’ve tried to conduct studies for the EA to and EIS standard. Ultimately the move 

to an EA was because we didn’t have any significant impacts from those studies. If we do end up finding 

significant impacts through the review process, which is why we are having meetings like this, then we 

will move to an EIS, which will add about another year. We don’t see a point in adding a year if not any 

significant impact.  

Q: There are plans to develop Kekaha more – plans for old sugar mill. This looks like more 

gentrification, green environmental racism. We already have three hydro plants have the waste being 

dumped here on werst side. Not exclusive to Kaua‘I, happening on O‘ahu as well. We have the most 

Hawaiians on our west side of Kaua‘i as well as O‘ahu. Want that to addressed.  

We are also having issues with affordable housing and Hawaiians are being pushed out – don’t see 

how we are benefitting because average Hawaiian cannot afford.  

Also what is the lease agreement with DHHL?  

A: We will make sure these comments are addressed in the EA. I don’t believe these have any relation to 

other developments on the west side.  

Q: Who do we contact at DHHL about allowing KIUC to do this on DHHL lands? 

A:  Chair William Aila: if you have questions related to the DHHL portion of the project you can call me at 

808-620-9501  

 

 



FULL CHAT QUESTIONS WITH RESPONSES FROM PROJECT TEAM 

This transcript was posted to the virtual open house website. Project Team responses are in red. 

1. Wainiha river was dry which means AES has diverted and or piped water too much go in behind 

closed doors. There is no water currently being diverted for this project by AES or KIUC. The 

Wainiha River is a different watershed and is not involved with this project.   

2. Why was the Wainiha river above the managers house dry up until the 1mile half marker? Full 

disclosure please. Thank you.  The Wainiha River is not involved with this project in any way. 

3. Some hydroelectric power station failures may go beyond the immediate loss of generation 

capacity, including destruction of the turbine itself, reservoir breach and significant destruction 

of national grid infrastructure downstream. These can take years to remedy in some cases. 

Hydropower is a proven long-term technology that has shown itself to be among the most 

reliable generation technology available. The project’s hydropower facilities will be designed 

and constructed according to the most modern standards. Numerous measures including round 

the clock monitoring and control will help ensure that the facilities operate reliably and safely. 

4. What is the lease rent? Lease rent ranges from roughly $130,000 to $150,000 annually and will 

be paid to landowners, ADC and DHHL over the term of the agreement. Overall project costs are 

covered on slides 53 and 54 of the PowerPoint. 

5. AES is owned and managed by McBryde is there a full disclosure on a benefit that A&B got a fair 

bid? Meaning was there a bidding for this project and why A&B? AES Clean Energy is a 

renewable energy company that is a subsidiary of The AES Corporation and is not affiliated with 

A&B. For more information, visit www.aes.com.  

6. Seems like timing for the military extension of 100 acres? The project does not include lands 

under the authority of the Pacific Missile Range Facility.  

 

7.  A North Shore non-profit group plans to sue AES, the company building the Na Pua Makani 

wind farm in Kahuku. This AES Clean Energy Team on Kauai is not the same group who worked 

on the wind farm. AES Clean Energy has successfully developed two solar + storage projects on 

Kaua‘i in partnership with KIUC and the team that has worked on those projects since 2016 is 

largely the same team who will be working on WKEP.  

8. ADC is withdrawing so how is it a part of this project? They also face lawsuits for their lack of 

management. Hawai‘i’s Agribusiness Development Corporation (ADC) has violated the federal 

Clean Water Act by polluting ocean waters along Kauaʻi’s West Side without a permit, a federal 

court ruled yesterday. Community groups Na Kia‘i Kai, Surfrider Foundation, and Pesticide 

Action Network — represented by Earthjustice — sued the state agency for each day discharging 

millions of gallons of waters contaminated with pesticides, sediment, and heavy metals from the 

drainage ditch system it operates on the Mānā Plain. We are aware of the issues surrounding 

http://www.aes.com/


the recent audit of ADC.  However, ADC is still the landowner over portions of land utilized by 

the project, and we continue to work with them on the use of those lands.  

9. Can we use the existing solar panels on the homes of the Westside to power this project instead 

of building more solar farms? KIUC already uses the solar power from the homes in Kekaha and 

throughout Kauai to power the grid. That power won’t be used for this project. KIUC will 

continue to honor interconnection agreements for solar export that have been executed with 

members: paying for that power per the agreement. This project won’t affect those agreements. 

10.  There has to be an EIS due to burials and LCA awards in the area. Following the standard HRS 

343 process, KIUC will be submitting an EA for agency and public review. If during the review 

process the EA is found to be insufficient, an EIS may be required. Cultural Surveys Hawaii 

conducted a Literature Review and Field Inspection as well as a Cultural Impact Assessment for 

this project.  Both reports will be included in the draft EA.  There were no LCA awards or known 

burial sites identified in the project footprint.  However, we will be consulting with SHPD for this 

project through both the State 6E process and Section 106, and complying with SHPD protocols 

during construction. 

11. Explain food security please? Irrigation to farm livestock and produce? Water for irrigation will 

be supplied to DHHL and ADC agricultural lands. The reliable delivery of water for irrigation will 

allow DHHL to expand agricultural use on lands not currently used, and provide reliable long-

term access to water by both DHHL and ADC for the furtherance of agricultural development on 

their prospective lands.  The ability to cultivate food sources locally is necessary for food 

security, and water is an essential component for food cultivation.  It will be up to DHHL and 

ADC to determine the type of agriculture that would be grown on their lands.  

12. It is in the Kona district, not waimea.  You are correct that the project is in the Moku of Kona.  

13. Will the mammals have access to consume water without traveling miles? Most of the open 

ditch will remain open and provide ready access to water for mammals within the project 

vicinity for the life of the project. The rehabilitated reservoirs will also be a source of water for 

some wildlife, specifically birds.   

14. Whose gonna upkeep the new piping? Pipes aren’t lifetime guarantee. The new piping will be 

maintained by the Project and is included as part of the cost of the energy generated.  

15. Does piping the water change ownership/management? No, nothing changes with ownership or 

the rules and regulations that apply to the water if a pipeline is used.  However, KIUC will need a 

nonexclusive easement to construct and maintain the pipeline. It should be noted that this 

Project does not in any way convey “ownership” of the water to either KIUC, AES or any other 

entity.  

  



16. If KIUC cannot comply with agreements made previously about water management?  How do 

you expect us to trust them to do it now?  KIUC is in compliance with all current agreements 

with the state for use of water and is in compliance with reporting requirements. KIUC has no 

past or present water use agreements for west side systems.  

 

17. Thanks for the presentation but there is WESTSIDE residents who are KIUC members who have 

questions that they want addressed and a request for an EIS! Questions can and should be 

posed during the Draft EA review process. If an EA is found to be insufficient, then an EIS may be 

required.  

18. Can we create a fishing reservoir for anglers? New opportunities for more trout or bass fishing? 

That would be a question for DLNR. KIUC will not be creating new reservoirs as part of this 

project.  However, the project does include major rehabilitation of the Puu Lua Reservoir and 

will improve public access to Puu Lua and improve trout habitat for the existing state managed 

trout fishing program. 

19. Who will insure the safety of the release in that project in case of heavy rains? What happens 

when flood and or overflow into the DHHL beneficiaries All of the reservoirs involved with the 

project will be rehabilitated to current dam safety standards and will include features and 

designs approved by the state to safely pass maximum flood flows. These features include 

ample freeboard and spillway capacity, water level monitoring and leakage monitoring. 

Additionally, the ditch intakes, which divert water from the streams to the reservoirs and across 

lands, including DHHL lands, will automatically restrict flows during floods to prevent too much 

water from entering the system. These will be major safety improvements beyond what is 

currently in place. 

20. Was Wainuenue located between Makaweli and Olokele depleted for this project? No, 

Waianuenue originates from Kalauanahelehele and is a tributary to the Olokele River.  It is 

separate and is not connected to any of the streams diverted into the Kokee Ditch System and 

related to this project (Waiakoali, Kawaikoi, Kauaikinana, and Kokee Streams). While 

Waianuenue and the four streams related to the project all are tributaries to the Waimea River, 

however they originate from different areas and have no impact on each other. 

21. How can we trust that you will maintain the stream flow standards if it’s not being done 

currently up at blue hole? CWRM staff-recommended instream flow standards are currently 

being maintained at North Fork River and Waikoko Stream (Blue Hole) and have been for several 

years now. CWRM has a public stream gage in place that monitors this and can confirm KIUC’s 

compliance with their instream flow recommendations.  In addition, the BLNR capped KIUC’s 

diversion volume at North Fork River and Waikoko Stream (Blue Hole) to be consistent with 

CWRM staff’s recommended instream flow standards, and KIUC modified intakes and is in 

compliance with this change. 



22. How do you know how much water is flowing if gauges that were supposed to be put in place 

have not yet been placed? Historic USGS gaging information is available for all the streams 

diverted into the Kokee Ditch System except Kokee Stream.  Current gaging data is available for 

Kawaikoi Stream, which is the largest stream diverted into the Kokee Ditch System.  All the 

hydrology work in support of this project has used the available USGS historic and current flow 

data. New gaging installations that are part of this project will be covered in the EA and require 

permits.  Installation of these new monitoring systems is not possible until permits are received.  

23. You cannot determine any of this long-term impacts without a full EIS. Following the standard 

HRS 343 process, KIUC will be submitting an EA for agency and public review. If during the 

review process the EA is found to be insufficient, an EIS may be required. Cultural Surveys 

Hawaii conducted a Literature Review and Field Inspection as well as a Cultural Impact 

Assessment for this project.  Both reports will be included in the draft EA.  There were no LCA 

awards or known burial sites identified in the project footprint.  However, we will be consulting 

with SHPD for this project through both the State 6E process and Section 106, and complying 

with SHPD protocols during construction. 

24. Pu’u Opae - Opae needs clean water they are the filters this place was a place that was 

abundant. It’s the filter. Our kupuna would never let this happen that area was where we would 

pray. Water delivered to Puu Opae will be clean stream water from the Kokee streams.  

Maintenance of instream flow standards in the streams will provide mauka to makai flow.   

25. Can we expect a similar water protection laws compliance record, on part of KIUC and or AES 

A&B to what we’ve seen in wailua watershed in the past thirty years? KIUC has and will continue 

to comply with all laws and regulations related to its projects. As previously mentioned, AES is 

not affiliated with A&B. A&B has no part of the project. 

26. Four miles of pipe. So animals must find another water source? The entire ditch system 

upstream of Puu Moe Divide would remain an open ditch system and would provide access to 

water  for wildlife. Animals would also have access to Puu Lua  Reservoir as well. 

27. Is it called Pu’u Opae Ahupua’a you can still see remnants of an old village. Waimea Ahupua’a. 

Pu’u Opae ili. Kona Moku was the bread basket. Historical resources are identified in the 

Literature Review and Field Inspection Report and the Cultural Impact Assessment, both of 

which will be included in the EA. 

28. How does that happen when the water is poisoned?! ADC lawsuit? The lawsuit with ADC is on 

Mana Plain and does not involve the project. 

  



29. We already have too much solar power on our grid, especially summer time so KIUC already 

knocks off power.  What will happen with more solar power now from this new farm affecting 

our current home owners who already have solar panels who are selling power back to our grid? 

This won’t affect customers with current agreements for export of solar, because the solar 

energy produced will be used to power the pumps that move water uphill. 

30. How does this benefit Hawaiians when Hawaiians are being priced out of the west side and we 

see more foreign and haole mainlanders buying up the homes here? There will be benefits to 

DHHL and beneficiaries through receipt of income through lease rent payments and the delivery 

of water and power and improvement of roads to the Puu Opae area, which will allow DHHL to 

open these lands through the Kuleana Subsistence Agricultural Lots. 

31. Close of camp 10 road? No, camp 10 road will not be closed, only short term closures of the Sugi 

Grove and the Waiakoali campgrounds are anticipated. 

32. By using the existing diversions and Koke'e ditch system which was historically constructed for 

the destructive sugar plantation companies, won't this project be continuing the decline of 

endangered Native O'opu populations in the Waimea watershed area? Maintenance of instream 

flow standards through the life of the project will ensure mauka to makai flow in the streams, 

which was not the case during plantation times, especially during drier periods when stream 

flows are low.  A stream flow study and habitat assessment report will be included in the EA. 

33. Was there any type of streams being depleted for this project like- Wainuenue? Is there an 

agreement with the Navy of United States of America and or Robinson who works with the 

military? Just curious on the connection between this the 400 Waimea plan the general plan 

which you answered and the radar coming up. There is no relationship between this project and 

the Navy project or the Robinsons.  This project does not impact Waianuenue Stream.  

34. Who did the section 106? Section 106 will be initiated after the environmental review document 

is completed and accepted by the Board of Land and Natural Resources. However, KIUC has had 

informal discussions with the State Historic Preservation Division regarding this project. 

35. Delays - when the project hits delays, who is financially be responsible? KIUC? AES? Most 

projects in Hawaii are delayed by various factors by years. AES bears the risk of development of 

the project, and seeks to work together with the community and the many parties involved to 

ensure the project is responsibly developed on time and can start providing the numerous benefits 

delivered by the project. 

  



36. How much would extra battery storage cost in comparison to the cost of this entire hydro 

project? The cost of batteries that would provide a similar amount of storage would be vastly 

more expensive than the pumped storage. Doing this would increase electric rates. Batteries are 

great for short duration, but very expensive for bulk or long duration storage. And, when 

installed by themselves, batteries are very expensive because there is not tax credit on stand-

alone energy storage. 

37. Who’s really benefiting from this besides KIUC?  AES? All of KIUC’s members will benefit by 

having rates remain stable and possibly even lowered in the coming decades. The agreement 

with AES brings many financial advantages to the project that will help lower the cost of the 

project and keep these rates stable. KIUC is a not-for-profit cooperative that returns any excess 

earnings to its members in the form of Patronage Capital.   Additionally, everyone who works on 

building or operating the project will benefit through short-term job creation and construction 

activity. There will be many opportunities for local businesses, tradespeople and material 

suppliers. As mentioned in the PPT, DHHL and other agricultural interests on the west side will 

benefit from this project. Users of Puu Lua Reservoir will also benefit from an enhanced fishing 

and recreational resource. Firefighting capabilities on the west side will be supplemented by the 

availability of reservoir water for fire suppression. 

38. Please address ADC link due to their lawsuit of mismanagement and lack of respect for 

community due to allowing poison into our waterways. ADC is one of three landowners involved 

with the project.  Their management and community interactions is a separate topic.  If the 

project is constructed, KIUC would assume management of the Kokee Ditch System and 

compliance requirements associated with water use and water management. 

39. What are the mechanisms for ensuring proper performance and maintenance of the system by 

AES?     AES will perform on-island and remote monitoring and guarantees the upkeep of the 

system as part of the project. AES has significant experience with ensuring proper performance 

and maintenance of large power facilities across the globe.  The Power Purchase Agreement 

between KIUC and AES has many binding requirements of AES to ensure optimal performance 

and maintenance and requires Good Engineering and Operating Practices, a common industry 

standard. AES has been operating the Lawai solar+storage facility on Kauai since 2019 and last 

year completed a similar facility at PMRF which they also operate. 

40. So what is the point of this whole project if not to help the owners (us)? This project does help 

the owner-members of KIUC.  It provides stable and lower electric rates, increased renewable 

power / less reliance on volatile fossil fuel, and provides significant community benefits. 

  



41. With solar panel cell absorption getting so much better and efficient lately. Why mortgage such 

a large project that will probably be obsolete a few years after its completion? This is a project 

that has been in development for a decade and there are many reasons why it’s important to 

move forward now. Acting now versus waiting allows the project to benefit from existing federal 

tax incentives that are set to decline and be eliminated in the future. KIUC’s practice has been to 

continually develop a portfolio of projects that ensures we make progress toward renewable 

goals, while also taking advantage of evolving technology. Technology may improve in later 

years, and if it becomes beneficial to upgrade or replace certain components over time, it would 

be considered. Pumped storage is a proven technology that has been utilized since the early 

1900’s. It is a technology considered by many around the world as essential to shifting energy 

generation significantly away from fossil fuels.   

42. Wouldn't we just be better off putting that money towards putting solar panels and batteries on 

existing structures/homes rather than building a whole new facility. No, because using the same 

amount of money toward installing solar and batteries on existing structures/homes would 

produce much less energy, resulting in an increase to the electric rate instead of a decrease.  In 

addition, more solar panels and batteries will not provide the long-term storage and store and 

release hydro that the project is providing through use of the Kokee Ditch System and the three 

reservoirs.  Long duration storage using batteries is cost prohibitive and it is important to have a 

mix of different types of renewables to insure that KIUC can provide reliable power regardless of 

variables such as weather. 

43. What native plants or species are being directly affected by construction? Native plants and 

species and potential impacts in the project vicinity will be covered in the flora fauna study 

report and in the draft EA.  They are also discussed on slides 37 and 38 of the PowerPoint. 

44. Is wind an option to provide electricity at night instead of pumping water up and down? Wind is 

not a viable option on Kauai due to potential impacts to endangered seabirds. The pumped 

storage is dispatchable where wind and solar are intermittent resources. 

45. Will water be taken from Black Pipe from Waimea River to supplement the reservoirs with water 

during dry seasons? No. 

  



46. Who are the farmers that will benefit? please name them. are they native Hawaiian? Will all the 

food produced on these lands stay in Hawaii? How many DHHL lessees are there currently in this 

area? What is the total length of the new pipe lines? The project will deliver water for irrigation 

to land owned by DHHL and ADC and will provide a revenue stream in the form of lease rent, 

which will help to support the goals and mandates of both DHHL and ADC. Decisions regarding 

who will farm and what will be farmed will be up to the landowners: DHHL and ADC. There is 

currently one lessee in the DHHL pastoral lots and Kekaha Hawaiian Homestead Association has 

a license for a farm plan on the lands around Puu Opae Reservoir. The total length of the 

pipelines is 6 ½ miles. 

47. Will KIUC reach out to Hawaiian Homestead Associations to replicate the successful benefits 

agreements achieved at the Anahola Solar Facility? KIUC has met with various Hawaiian 

Homestead Associations over the last several years about this project.  It is KIUC’s understanding 

that the agreements with DHHL include benefits to beneficiaries.   

48. What food do the farmers of ADC provide to the westside community? This would be a question 

for ADC. 

49. AES has a power purchase agreement with KIUC, correct? Term and rate? Correct. The Power 
Purchase Agreement for the project between AES and KIUC is currently before the Public 
Utilities Commission pending approval. The overall cost of the project to KIUC is roughly 15 
cents per kilowatt hour. There are two components that roll up into that overall cost:  

• The purchase of solar at 7.1 cents per kilowatt hour, which is at least 30% lower than 
any of KIUC’s existing solar facilities 

• A capacity charge which will be paid for maintaining firm renewable capacity, including 
the upkeep of the various elements of the system, including reservoirs, ditches, roads 
and diversion structures  
 

There are multiple terms associated with the useful life of each system component: 25-years for 
the solar energy; 40-years for the pumped storage hydro; 50-years for the Hydropower-only. 

 

 

50. Honoring the reality that HHCA Beneficiary resources, native Hawaiian resources, are being 

tapped for the project.  The significant benefits provided to DHHL and beneficiaries at Puu Opae 

include infrastructure improvements, reliable water delivery of DHHL’s water reservation, road 

improvements, water storage for irrigation, electrical access at Puu Opae, and lease rents. 

51. How does his project benefit Native Hawaiians or HHL?  Through lease rent, infrastructure 

investment, delivery of DHHL’s water reservation to the Puu Opae area, access to electricity at 

Puu Opae, and improved roads, all of which will allow for increased development of those lands.  

  



52. Has KIUC considered using green banking as a non-profit coop rather than going through AES for 

federal tax credits for this project?  The capital investment for a project this size would amount 

to significant risk for KIUC.  Using AES to capture tax credits is only part of the benefit - shifting 

the risk of the large capital investment away from KIUC is another benefit.   

53. How will hurricanes impact the solar panels?  That depends on the strength of the hurricane 

when it impacts the solar array.  The array will be designed to withstand at least a CAT1 

hurricane, but stronger ones could cause significant damage.  The plant will be insured against 

such events, and will be repaired if such damage occurs.  

54. AGAIN...what exactly is the major benefit to the westside community? we have been hearing 

DHHL, ADC, AES A LOT...It will NOT bring our current electric bills down, it takes away farm lands 

to house solar panels, so please share so our friends and KIUC coop members are clear prior to a 

special project like this one.  The project will lower electric rates, and just as important, will 

stabilize rates because we are moving away from volatile oil to fixed price renewables.  

Thousands of acres of available farmland are fallow on Kauai, and the land that will be used for 

the panels is a very small portion of the land available for farming. In addition, the location was 

selected in coordination with local farmers as land not best suited for farming due to high clay 

content and water retention issues. 

55. Why is this happening on the west side and not areas that consume most of the electricity this 

seems more of the same environmental racism we see happening on other islands. This type of 

project requires steep topography that is unique to the west side of the island in combination 

with the existing reservoirs and ditch system, which are not available in the same layout 

anywhere else on Kauai. We have already developed large solar projects on the north shore, 

near Lihue, and on the south shore.  Like all of KIUC’s generation, the project will provide 

electricity directly into KIUC’s transmission system that provides electricity to everyone on the 

island.  Getting to 100% renewables requires projects across the island. 

56. How is it being increased? Who is on the bottom? ADC, Hartung Brothers benefit? If the 

question is about who is the landowner of the downstream end of the project, ADC owns the 

land where the Mana Powerhouse, Mana Reservoir and solar array would be located.  ADC owns 

the agricultural fields adjacent to the project, and Kekaha Agriculture Association manages 

those lands.  Water for irrigation will be delivered to Kekaha Agriculture Association’s 

pressurized irrigation system for farmers on those adjacent lands.  

  



57. You guys sure paint a pretty picture.  Bottom line…KIUC has been a horrible steward of wai.  All 

false promises here.  You can’t even maintain and produce justifiable energy for the Waiʻahi 

diversion and pump.  Stop diverting WAI.  We do not trust KIUC or AES.  We demand a full EIS.  

What will be the environmental ramifications of dumping such an amount onto reef systems?  

Why would this water flow straight into the hands of ADC…an entity that has FAILED to created 

sustainable farming opportunities for our island and has only succeeded in poisoning it.  We 

need answers now, before this project is even considered.  Water is a public trust and should 

not be controlled by foreign entities like AES or even a co-op like KIUC.  KIUC is in compliance for 

water use for the Waiahi Hydro facilities, and has been in compliance throughout their 

management of those facilities. CWRM approved instream flow standards for the four streams 

diverted into the Kokee Ditch System as part of the Waimea Mediation Agreement. The project 

includes modifications to the diversions and automation to ensure reliable implementation of 

those instream flow standards. Through the project, multiple users on the Kokee Ditch System 

will receive water including the delivery of DHHL’s water reservation of 6.903 MGD to the Puu 

Opae area. 

58. if the energy mostly from the solar, why don’t you use the $200 MILLION to install solar all every 

single westside home then build the battery farm? seems like a terrible use of money to build 

the hydro if most of the energy is indeed from the solar, as you said yourself.  It is important to 

note that the net cost of the project will be much less than $200 million due to tax credits that 

are captured by AES and passed on to KIUC through the energy purchase rate.  That said, the 

same amount of solar on rooftops would cost well over $200 million - just for the solar, with no 

battery and no pumped storage hydro.  And KIUC would not be able to capture any tax credits 

on that investment.  Since KIUC cannot take all that solar energy to the grid when it is produced 

during the daytime, we would also need a battery large enough to store all that solar energy so 

that it can be dispatched to the grid at night.  A battery alone that was equal to WKEP’s storage 

capacity would cost over $300 million.  So, the total cost would be much more, and would 

increase the electric rate to KIUC members instead of reducing it. 

59. You specifically said that the ag lands are class B and not desirable for growing food etc so why is 

that a benefit listed if it actually won’t benefit food security for the community? The lands 

where the solar facility will be located are Class B lands. They were chosen because they are less 

desirable for agricultural production due to heavy clay content and water retention and the 

Project will be required to still maintain a dual agricultural use on the lands. However, there are 

several hundreds of acres adjacent to the solar field location that are good, viable lands for 

farming, some of which are currently being farmed. The project will provide reliable water 

delivery for current farming use and for future farming development of viable lands.  These 

were the least desirable ag lands in the area due to flooding. 

  



60. Size of water storage tanks?  The storage tank at the DHHL mauka boundary will be 10,000 

gallons. The earthen reservoirs will be 200,000,000 gallons, 100,000,000 gallons, and 80,000,000 

gallons after rehabilitation work is completed. 

61. What happens with the project if the ADC is abolished? They are currently in a lawsuit. 

Ultimately, it is state of Hawaii land, so any leases with ADC would likely revert to another State 

agency. 

62. I've heard a few community members request a full EIS versus an EA.  Can KIUC explain its 

thought process regarding the choice to proceed with an EA first, and an EIS if the EA is deemed 

insufficient.  It seems like it would streamline things to proceed with an EIS first and remove the 

risk of delaying things further if an EIS is going to be required.  The project will comply with HRS 

343.  If an EIS is required, an EIS will be completed.  For now, KIUC is following the standard HRS 

343 process, which starts with an EA. 

63. In Jan 2019 a Draft EISPN for this project was produced for KIUC.  Why and when did KIUC 

decide that an EA (vs. EIS) was the better way to go?  Since a preliminary draft EIS was nearly 

ready for submission, why not just continue with the EIS process, rather than "wait to see" 

whether an EIS will ultimately be required, if an EA is insufficient? Was this a cost saving 

decision? A logistics decision? Or something else? A draft Environmental Impact Statement 

Public Notice (EISPN) was prepared but not published, but a draft Environmental Impact 

Statement (EIS) was not prepared.  The environmental and cultural surveys and studies were 

scoped for an EIS.  However, results of those studies did not identify significant adverse impacts 

associated with the project and typically an EIS is used to analyze and address adverse 

significant impacts. Based on the results of the studies, in the latter half of 2019 KIUC 

determined the best course of action was to follow the standard HRS 343 process and start with 

a draft EA.     The draft EA being prepared for this project will be more comprehensive than a 

standard EA, and copies of the environmental and cultural study reports will be included in the 

draft EA. HRS 343 is a process, and if the EA is deemed insufficient or significant adverse impacts 

are identified through the review 
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Appendix E – Compiled Community Questions & Comments 

 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED WITH MEETING REGISTRATION 
# Name Question/Comment Topic/Theme 

1 Kaiwi Eisenhour What is the total cost of the project?  
 

Project cost 

What are the funding sources and what are the terms? 
 

Project cost 

What is the lifetime of this project?  

2 Carol Williams Will this new project bring our electric cost down per kWh? Impact on rates 

3 William 
Peterson 

How much debt will KIUC accrue for the project,  if any? 
Thank you for pursuing a continuing path to energy independence. 

Project cost 

4 Thayne Taylor How is WKEP going to help bring down electrical rates? Impact on rates 

5 Kurt Neswald How will project costs affect my bill? Impact on rates 

What indebtedness will members be responsible for? Project Cost 

6 Art Bradbury How is KIUC funding this project? Project cost 

How will is directly reduce the electric rates? Impact on rates 

Is this the only pump back project planned by KIUC on Kauai? Pumped storage  

7 Steve Parsons Stoked on this! Support 

8 Kyle Kagimoto How much water will be taken from the streams and what percent is this of each stream’s 
base flow? 

Stream flow 

Water for farming and livestock,  however we have all heard of the issues with DHHL and the 
ADC,  how do we know that there will be changes to actually get farmers and ranchers on 
the land? 

Farming  

10 Don 
Cunningham 

I spoke with David Bissell about this concept several years ago,  and I am delighted that it is 
going forward. 

Support 

11 Maria Robinson Most pumped storage projects pumps water at night and produce hydroelectric energy 
during the day. Why do it the opposite way? 

Pumped storage 

Wouldn’t it be more efficient to just use the solar PV energy directly? Project PV 

Does the project have all environmental approvals? Environmental 

12 Lee Younglove  I’m a mainlander interested in Kauai’s sustainable energy projects. How’s the best way to 
keep informed about this innovative project? 

General interest 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED WITH MEETING REGISTRATION 
# Name Question/Comment Topic/Theme 

13 Lloyd Rita Will WKEP lead to increased curtailment of my residential PV system? I'm frustrated with the 
increased curtailment of my PV system as these LARGE projects come online. 

Impacts on 
residential PV 

KIUC should instead invest in "battery storage farms" and store OUR excess energy. Battery storage for 
residential PV 

14 Michael Smith It is great to see KIUC thinking “outside the box” and striving for clean energy! Support 

15 Michael 
Lebrandt 

What benefit is this project to Native Hawaiians....Big N Benefits to 
Hawaiians 

What benefit is this project to native hawaiians.....small (n) Benefits to 
Hawaiians  

16 Edward 
Matsukawa 

What will it cost to construct & how long? Project cost 
Project timeline 

How much would our rates be when completed? Impact on rates  

17 Devin Duey How long will the project last? Project timeline 

Will the local community have lower rates (Kekaha/Waimea) since this is affecting them 
more than other parts of the island? 

Impact on rates 
Lower rates for 
West Side 

What is the cost of not doing this project? Project cost 

18 Steven Karratti Will this help to reduce consumer costs? Impact on rates 

What percentage RE are we (Kaua’i) at now? Energy Goals 

Is it true that if we add more PV panels we cannot sell back to KIUC? Impacts on 
residential PV 

19 Sean Andrade FYI,  I am the current Kekaha Hawaiian Homesteads Association (KHHA) Chairperson for Puu 
Opae Farm and Irrigation Project (POFIB) 

 

20 Elizabeth 
Okinaka 

Has a proper EIS been done for the proposed site? EIS 

KIUC needs to return streamflows this will last longer then much of my lifetime Stream flow 

Any known burials on proposed site? Burials 

21 Karissa Jonas This is an amazing project with a lot of community benefits.  I fully support this project. Support 

22 Jade Moss How much water will be used daily? Is any of it consumption use? Water use 

How long will it take to recover the cost of the project? Project cost 

23 Rick Gioscia What will be the size of the workforce? Workforce 

What will the construction work hours be? Construction impact 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED WITH MEETING REGISTRATION 
# Name Question/Comment Topic/Theme 

24 Shelene Aker How can we propose solar for kauai housing tenant? Would we need signatures besides the 
property owner?  
Will it help if the site is very large and many residents of low income? Are you aware of 
federal grants available for this purpose? 

Unrelated PV 

25 Stevenette Lee What happens to our native aquatic species,  especially the o'opu? Biological impacts 

Who is making money locally from this project? Project benefits - 
profits 

Who makes the bulk of the profits for the first 10 years? Project benefits - 
profits 

26 Blisse Lester What does the environmental impact study say about this project? EIS 

What are the benefits that will directly impact the west side community? Project benefits – 
west side  

What are the costs that will directly impact the west side community? Community impacts 
– west side 

27 Byron Vea how does this affect Waimea Valley population? Community impacts 
– Waimea Valley  

28 Donna Aana Why is an Environmental Impact Statement (EIS) not being done on the Pu’u Opae Solar 
Pumped Hydro project? 

EIS 

Why is KIUC contracting AES and will pay them almost $9, 000, 000 per year for 50 years to 
run this project? 

Project costs  

What are the benefits for the Westside community? Community benefits 
– west side 

29 Phoebe Eng Request that KIUC's mtg time allocation ensures that all attendees will have their questions 
voiced during the actual meeting. 

Community 
engagement process 

Request that KIUC Zoom-record all questions & responses (including pre-mtg Q's) & provide 
a link to them right after the mtg. 

Community 
engagement process 

Requesting that KIUC hold a face to face community mtg on westside. (Adequate westside 
input cannot be gathered thru internet) 

Community 
engagement process 

30 Stacia Ahina How do you plan to integrate the communities need for water with this project? Water use 

Where can we access the conservation plan for this project? Conservation 

How big is the construction of this generator? (Top to absolute bottom) Project scope 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED WITH MEETING REGISTRATION 
# Name Question/Comment Topic/Theme 

31 Van Warren KIUC needs to do a full EIS before getting approval from any state agency. EIS 

KIUC needs to do a Face to Face meeting on the Westside,  Zoom meetings would be 
dishonorable to our community. 

Community 
engagement process 

What are KIUC's plans to manage added stress to our westside reefs from the,  sediment,  
nutrients and other contaminants. 

Impact mitigation 

32 Ikaika Rosa  If this project is approved,  How much total flow will the project take,  and what will be the 
impacts to Waimea River? 

Stream flow 

If approved,  Will the River be diverted twice,  by KIUC and by Kekaha Ag. Ass’n/ADC? Stream flow 

When will KIUC honor their 2017 community settlement? And until then,  why are we even 
entertaining any future plans from you? 

Mediated 
agreement  

33 Raenette Lopez Where exactly is this project taking place? Project location 

Because there’s a lot of vacant lands right now,  in the future would it affect farmers? Project impacts – 
agriculture 

34 Dave Haneshiro Why only one penstock? Project scope 

Who has priority for water,  agriculture or power? Water use 

Will kiuc own and operate or ppa? Project operations 

35 Rosemary 
Smythe 

I like to have a in -person  community  meeting Community 
engagement process 

36 Kaina Mākua I want a full transparent EIS done before any hydro project is approved  EIS 

37 Charlie Kahepuu What are the costs and impact of the kids water diversion. Water use 

What will the west side community benefit from this hydro project Community benefits 
– west side 

What is the total flow that this project will take from Waimea ? What about our farmers? 
Food? 

Stream flow 
Project impacts – 
Waimea 
Project impacts - 
agriculture 

38 Brittny Perez What lands would the project be on? Project location 

Is the lands expected to  be built  on Hawaiian home lands or in crown lands? Land ownership 

Will you be taking water from the supply to Hawaiians and has any environmental study or 
assessment been conducted? 

Water use 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED WITH MEETING REGISTRATION 
# Name Question/Comment Topic/Theme 

39 John Aana For a project of this magnitude,  why are you not doing an EIS,  when it is required by law? EIS 

40 Kayla How much total flow of water will this project take and what are the impacts to Waimea 
River? 

Project impacts – 
Waimea 
 

Why are you not doing an EIS? There should be transparency with the community. EIS 

Will this project actually help with food security for Kaua’i? Benefits - 
agriculture 

41 Kaimana 
Alexander 

Will Farms below be able to utilize the water without pollutants and continue with the same 
water pressure? 

Water use 

Is the money generated from this project solely Hawaii? Project benefits - 
profits 

42 Wesley Yadao Kiuc  needs to  do environmental impact  statement EIS 

43 Lilian Sarmiento RETURN the water (wai) to Poe Kanaka. Stop the theft,  greed,  and genocide of the Native 
Hawaiians. I appose of the diversions. 

Water use 

Provide a full EIS,  it's the law! This is a must to the public. How much total flow will the 
project take. The impacts,  it's effects [cut-off] 

EIS 

Why contract a private developer AES? Why should the ratepayers pay these private 
developers? 

Project operation 

44 Lyle 
Bargamento 

What is the anticipated construction start date on the pump project? Project timeline 

Will khha have complete access to pu'u o'pae during the construction phase? Construction 
impacts – access to 
pu‘u ‘ōpae  

Will the construction destroy any existing ditch water systems during construction? Construction 
impacts – interim 
water use 

45 Roslyn 
Cummings 

Where is the water coming from? Water use 

What laws permits KIUC to divert water Water use 

Who owns the lands? Land ownership 

 

  



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED DURING 3/31 MEETING 

# Name Question Topic/Theme Response 

1 
Roslyn 

Cummings 

Wainiha river was dry which means 

AES has diverted and or piped 

water too much go in behind 

closed doors. 

Water 

diversion 

There is no water currently being diverted for this project by 

AES or KIUC. The Wainiha River is a different watershed and 

is not involved with this project.   

2 
Roslyn 

Cummings 

Why was the Wainiha river above 

the managers house dry up until 

the 1mile half marker? Full 

disclosure please. Thank you 

Stream flow 
The Wainiha River is not involved with this project in any 

way. 

 

3 
Roslyn 

Cummings 

Some hydroelectric power station 

failures may go beyond the 

immediate loss of generation 

capacity, including destruction of 

the turbine itself, reservoir breach 

and significant destruction of 

national grid infrastructure 

downstream. These can take years 

to remedy in some cases. 

Safety  

Hydropower is a proven long-term technology that has 

shown itself to be among the most reliable generation 

technology available. The project’s hydropower facilities will 

be designed and constructed according to the most modern 

standards. Numerous measures including round the clock 

monitoring and control will help ensure that the facilities 

operate reliably and safely. 

 

4 Brittny Perez what is the lease rent? Project cost 

Lease rent ranges from roughly $130,000 to $150,000 

annually and will be paid to landowners, ADC and DHHL over 

the term of the agreement. Overall project costs are covered 

on slides 53 and 54 of the PowerPoint. 

 

5 
Roslyn 

Cummings 

AES is owned and managed by 

McBryde is there a full disclosure 

on a benefit that A&B got a fair 

AES 

AES Clean Energy is a renewable energy company that is a 

subsidiary of The AES Corporation and is not affiliated with 

A&B. For more information, visit www.aes.com.  

 

 

http://www.aes.com/
http://www.aes.com/
http://www.aes.com/


WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED DURING 3/31 MEETING 

# Name Question Topic/Theme Response 

bid? Meaning was their a bidding 

for this project and why A&B? 

6 Bill DeCosta 
Will this project reduce the cost of 

our people electric bills? 

Impact on 

rates 
   

7 
Roslyn 

Cummings 

Seems like timing for the military 

extension of 100 acres? 

Relationship to 

other projects  

The project does not include lands under the authority of the 

Pacific Missile Range Facility. 
 

8 
Roslyn 

Cummings 

A North Shore non-profit group 

plans to sue AES, the company 

building the Na Pua Makani wind 

farm in Kahuku. 

AES 

This AES Clean Energy Team on Kauai is not the same group 

who worked on the wind farm. AES Clean Energy has 

successfully developed two solar + storage projects on Kaua‘i 

in partnership with KIUC and the team that has worked on 

those projects since 2016 is largely the same team who will 

be working on WKEP. 

 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED DURING 3/31 MEETING 

# Name Question Topic/Theme Response 

10 
Roslyn 

Cummings 

ADC is withdrawaing so how is it a 

part of this project? They also face 

lawsuits for their lack of 

management. Hawai‘i’s 

Agribusiness Development 

Corporation (ADC) has violated the 

federal Clean Water Act by 

polluting ocean waters along 

Kauaʻi’s West Side without a 

permit, a federal court ruled 

yesterday. Community groups Na 

Kia‘i Kai, Surfrider Foundation, and 

Pesticide Action Network — 

represented by Earthjustice — 

sued the state agency for each day 

discharging millions of gallons of 

waters contaminated with 

pesticides, sediment, and heavy 

metals from the drainage ditch 

system it operates on the Mānā 

Plain. 

ADC 

We are aware of the issues surrounding the recent audit of 

ADC.  However, ADC is still the landowner over portions of 

land utilized by the project, and we continue to work with 

them on the use of those lands. 

 

11 Bill DeCosta 

Can we use the existing solar 

panels on the homes of the 

Westside to power this project 

instead of building more solar 

farms? 

Impacts on 

residential PV 

KIUC already uses the solar power from the homes in Kekaha 

and throughout Kauai to power the grid. That power won’t 

be used for this project. KIUC will continue to honor 

interconnection agreements for solar export that have been 

executed with members: paying for that power per the 

agreement. This project won’t affect those agreements. 

 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED DURING 3/31 MEETING 

# Name Question Topic/Theme Response 

12 
Roslyn 

Cummings 

There has to be an EIS due to 

burials and LCA awards in the area. 

EIS 

Burials 

Following the standard HRS 343 process, KIUC will be 

submitting an EA for agency and public review. If during the 

review process the EA is found to be insufficient, an EIS may 

be required. Cultural Surveys Hawaii conducted a Literature 

Review and Field Inspection as well as a Cultural Impact 

Assessment for this project.  Both reports will be included in 

the draft EA.  There were no LCA awards or known burial 

sites identified in the project footprint.  However, we will be 

consulting with SHPD for this project through both the State 

6E process and Section 106, and complying with SHPD 

protocols during construction. 

 

13 Bill DeCosta 

How will this new hydro project 

powered by your new solar farm 

affect the future of new home 

owners who want to install solar 

and want to sell power back to our 

grid? 

Impacts on 

residential PV 
Addressed in presentation  

14 Bill DeCosta 

Explain food security please? 

Irrigation to farm livestock and 

produce? 

Farming 

Water for irrigation will be supplied to DHHL and ADC 

agricultural lands. The reliable delivery of water for irrigation 

will allow DHHL to expand agricultural use on lands not 

currently used, and provide reliable long-term access to 

water by both DHHL and ADC for the furtherance of 

agricultural development on their prospective lands.  The 

ability to cultivate food sources locally is necessary for food 

security, and water is an essential component for food 

 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED DURING 3/31 MEETING 

# Name Question Topic/Theme Response 

cultivation.  It will be up to DHHL and ADC to determine the 

type of agriculture that would be grown on their lands. 

15 Tiani Kajiwara 
It is in the Kona district, not 

Waimea. 

Correcting 

information  
You are correct that the project is in the Moku of Kona.  

16 Bill DeCosta 

Will the mammals have access to 

consume water without traveling 

miles? 

Impacts on 

biology 

Most of the open ditch will remain open and provide ready 

access to water for mammals within the project vicinity for 

the life of the project. The rehabilitated reservoirs will also be 

a source of water for some wildlife, specifically birds.   

 

17 
Roslyn 

Cummings 

Whose gonna upkeep the new 

piping? Pipes aren’t lifetime 

guarantee. 

Project 

operations 

The new piping will be maintained by the Project and is 

included as part of the cost of the energy generated. 
 

18 
Roslyn 

Cummings 

Does piping the water change 

ownership management? 

Project 

operations 

No, nothing changes with ownership or the rules and 

regulations that apply to the water if a pipeline is used.  

However, KIUC will need a nonexclusive easement to 

construct and maintain the pipeline. It should be noted that 

this Project does not in any way convey “ownership” of the 

water to either KIUC, AES or any other entity. 
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19 Tiani Kajiwara 

If KIUC cannot comply with 

agreements made previously about 

water management?  How do you 

expect us to trust them to do it 

now? 

Mediated 

agreement 

KIUC is in compliance with all current agreements with the 

state for use of water and is in compliance with reporting 

requirements. KIUC has no past or present water use 

agreements for west side systems. 

 

20 
Kauakea 

Mata 

Thanks for the presentation but 

there is WESTSIDE residents who 

are KIUC members who have 

questions that they want 

addressed and a request for an EIS! 

EIS 

Questions can and should be posed during the Draft EA 

review process. If an EA is found to be insufficient, then an 

EIS may be required. 

 

21 Bill DeCosta 

Can we create a fishing reservoir 

for anglers? New opportunities for 

more trout or bass fishing? 

Fishing 

That would be a question for DLNR. KIUC will not be creating 

new reservoirs as part of this project.  However, the project 

does include major rehabilitation of the Puu Lua Reservoir 

and will improve public access to Puu Lua and improve trout 

habitat for the existing state managed trout fishing program. 

 

22 
Roslyn 

Cummings 

Who will insure the safety of the 

release in that project in case of 

heavy rains? What happens when 

flood and or overflow into the 

DHHL beneficiaries 

Project 

operations 

Flood safety 

All of the reservoirs involved with the project will be 

rehabilitated to current dam safety standards and will include 

features and designs approved by the state to safely pass 

maximum flood flows. These features include ample 

freeboard and spillway capacity, water level monitoring and 

leakage monitoring. Additionally, the ditch intakes, which 

divert water from the streams to the reservoirs and across 

lands, including DHHL lands, will automatically restrict flows 

during floods to prevent too much water from entering the 
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system. These will be major safety improvements beyond 

what is currently in place. 

23 
Roslyn 

Cummings 

Was Wainuenue located between 

Makaweli and Olokele depleted for 

this project? 

Stream flow 

No, Waianuenue originates from Kalauanahelehele and is a 

tributary to the Olokele River.  It is separate and is not 

connected to any of the streams diverted into the Kokee 

Ditch System and related to this project (Waiakoali, Kawaikoi, 

Kauaikinana, and Kokee Streams). While Waianuenue and the 

four streams related to the project all are tributaries to the 

Waimea River, however they originate from different areas 

and have no impact on each other. 

 

24 Kayla 

How can we trust that you will 

maintain the stream flow 

standards if it’s not being done 

currently up at blue hole? 

Stream flow 

CWRM staff-recommended instream flow standards are 

currently being maintained at North Fork River and Waikoko 

Stream (Blue Hole) and have been for several years now. 

CWRM has a public stream gage in place that monitors this 

and can confirm KIUC’s compliance with their instream flow 

recommendations.  In addition, the BLNR capped KIUC’s 

diversion volume at North Fork River and Waikoko Stream 

(Blue Hole) to be consistent with CWRM staff’s 

recommended instream flow standards, and KIUC modified 

intakes and is in compliance with this change. 

 

25 Tiani Kajiwara How do you know how much 

water is flowing if gauges that 
Stream flow Historic USGS gaging information is available for all the 

streams diverted into the Kokee Ditch System except Kokee 
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were supposed to be put in place 

have not yet been placed? 

Stream.  Current gaging data is available for Kawaikoi Stream, 

which is the largest stream diverted into the Kokee Ditch 

System.  All the hydrology work in support of this project has 

used the available USGS historic and current flow data. New 

gaging installations that are part of this project will be 

covered in the EA and require permits.  Installation of these 

new monitoring systems is not possible until permits are 

received. 

26 Tiani Kajiwara 

You cannot determine any of this 

long term impacts without a full 

EIS 

EIS 

Following the standard HRS 343 process, KIUC will be 

submitting an EA for agency and public review. If during the 

review process the EA is found to be insufficient, an EIS may 

be required. Cultural Surveys Hawaii conducted a Literature 

Review and Field Inspection as well as a Cultural Impact 

Assessment for this project.  Both reports will be included in 

the draft EA.  There were no LCA awards or known burial 

sites identified in the project footprint.  However, we will be 

consulting with SHPD for this project through both the State 

6E process and Section 106, and complying with SHPD 

protocols during construction. 

 

27 
Roslyn 

Cummings 

Pu’u Opae - Opae needs clean 

water they are the filters this place 

was a place that was abundant. It’s 

the filter. Our kupuna would never 

let this happen that area was 

where we would pray 

Stream flow 

Water delivered to Puu Opae will be clean stream water from 

the Kokee streams.  Maintenance of instream flow standards 

in the streams will provide mauka to makai flow.   

 

 



WKEP Outreach Summary 
All Questions & Comments Received  

SUBMITTED DURING 3/31 MEETING 

# Name Question Topic/Theme Response 

28 
Roslyn 

Cummings 

Can we expect a similar water 

protection laws compliance record, 

on part of KIUC and or AES A&B to 

what we’ve seen in wailua 

watershed in the past thirty years? 

Mediated 

agreement 

KIUC has and will continue to comply with all laws and 

regulations related to its projects. As previously mentioned, 

AES is not affiliated with A&B. A&B has no part of the project. 

 

29 Klayton Kubo 
4 miles of pipe. So animals must 

find another water source? 

Impacts on 

biology 

The entire ditch system upstream of Puu Moe Divide would 

remain an open ditch system and would provide access to 

water  for wildlife. Animals would also have access to Puu Lua  

Reservoir as well. 

 

30 Bill DeCosta 

Why not provide several watering 

areas coming off of the main 

pipeline for our mammals? That is 

good game management ethics 

Impacts on 

biology 
   

31 Sean Andrade 

SHOOTS, COMPUTER FROZE, 

WHAT DID HE SAY ABOUT THE 

OPEN DITCH? 

     

32 
Roslyn 

Cummings 

Is it called Pu’u Opae Ahupua’a you 

can still see remnants of an old 

village 

Historic 

resources 

Historical resources are identified in the Literature Review 

and Field Inspection Report and the Cultural Impact 

Assessment, both of which will be included in the EA. 

 

Waimea Ahupua’a  

Pu’u Opae ili  

Kona Moku was the bread basket  
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33 
Roslyn 

Cummings 

How does that happen when the 

water is poisoned?! ADC lawsuit 
ADC 

The lawsuit with ADC is on Mana Plain and does not involve 

the project. 
 

34 Bill DeCosta 

We already have too much solar 

power on our grid, especially 

summer time so KIUC already 

knocks off power.  What will 

happen with more solar power 

now from this new farm affecting 

our current home owners who 

already have solar panels who are 

selling power back to our grid? 

Impacts on 

residential PV 

This won’t affect customers with current agreements for 

export of solar, because the solar energy produced will be 

used to power the pumps that move water uphill. 

 

35 
Roslyn 

Cumming 
Wahi Pana - Puʻuʻopae 

Historic 

resources 
   

36 Brittny Perez 

How does this benefit Hawaiians 

when Hawaiians are being priced 

out of the west side and we see 

more foreign and haole mainlaners 

buying up the homes here 

Commuity 

Benefits 

There will be benefits to DHHL and beneficiaries through 

receipt of income through lease rent payments and the 

delivery of water and power and improvement of roads to 

the Puu Opae area, which will allow DHHL to open these 

lands through the Kuleana Subsistence Agricultural Lots. 

 

37 Klayton Kubo Close of camp 10 road??? Road Access 

No, camp 10 road will not be closed, only short term closures 

of the Sugi Grove and the Waiakoali campgrounds are 

anticipated. 

 

38 
Christopher 

Ka'iakapu 
By using the existing diversions and 

Koke'e ditch system which was 
Stream flow Maintenance of instream flow standards through the life of 

the project will ensure mauka to makai flow in the streams, 
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historically constructed for the 

destructive sugar plantation 

companies, won't this project be 

continuing the decline of 

endangered Native O'opu 

populations in the Waimea 

watershed area? 

which was not the case during plantation times, especially 

during drier periods when stream flows are low.  A stream 

flow study and habitat assessment report will be included in 

the EA. 

39 Klayton Kubo 
Animals is very important to US 

hunter/gathers 

Impacts on 

biology 
   

40 Chelsie Ruiz 

Example of how much KIUC 

members will save on electric? 2. 

Exactly where do the funds come 

from for initial construction and 

employment of the project?  3. 

About how many farmers is this 

positively impacting? 

Project cost 

Impact on 

rates 

Community 

Benefits - 

Farmers 
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41 
Roslyn 

Cummings 

Was there any type of streams 

being depleted for this project like- 

wainuenue? Is there an agreement 

with the Navy of United States of 

America and or Robinson who 

works with the military. Just 

curious on the connection 

between this the 400 Waimea plan 

the general plan which you 

answered and the radar coming 

up. 

Relationship to 

other projects  

There is no relationship between this project and the Navy 

project or the Robinsons.  This project does not impact 

Waianuenue Stream. 

 

42 
Roslyn 

Cummings 
Who did the section 106? 

Historic 

resources 

Section 106 will be initiated after the environmental review 

document is completed and accepted by the Board of Land 

and Natural Resources. However, KIUC has had informal 

discussions with the State Historic Preservation Division 

regarding this project. 

 

43 Ian Tierney 

Delays - when the project hits 

delays, who is financially be 

responsible? KIUC? AES? Most 

projects in Hawaii are delayed by 

various factors by years… 

Project cost 

AES bears the risk of development of the project, and seeks to 

work together with the community and the many parties 

involved to ensure the project is responsibly developed on time 

and can start providing the numerous benefits delivered by the 

project. 

 

44 Tiani Kajiwara 
Will any of this bring down the 

prices of our electricity on Kauai? 

Impact on 

rates 
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45 Kayla 

how much would extra battery 

storage cost in comparison to the 

cost of this entire hydro project? 

Project cost 

The cost of batteries that would provide a similar amount of 

storage would be vastly more expensive than the pumped 

storage. Doing this would increase electric rates. Batteries 

are great for short duration, but very expensive for bulk or 

long duration storage. And, when installed by themselves, 

batteries are very expensive because there is not tax credit 

on stand-alone energy storage. 

 

46 Tiani Kajiwara 
Whoʻs really benefiting from this 

besides KIUC?  AES? 

Commuity 

Benefits 

All of KIUC’s members will benefit by having rates remain 

stable and possibly even lowered in the coming decades. The 

agreement with AES brings many financial advantages to the 

project that will help lower the cost of the project and keep 

these rates stable. KIUC is a not-for-profit cooperative that 

returns any excess earnings to its members in the form of 

Patronage Capital.   Additionally, everyone who works on 

building or operating the project will benefit through short-

term job creation and construction activity. There will be 

many opportunities for local businesses, tradespeople and 

material suppliers. As mentioned in the PPT, DHHL and other 

agricultural interests on the west side will benefit from this 

project. Users of Puu Lua Reservoir will also benefit from an 

enhanced fishing and recreational resource. Firefighting 

capabilities on the west side will be supplemented by the 

availability of reservoir water for fire suppression. 
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47 
Roslyn 

Cummings 

Please address ADC link due to 

their lawsuit of mismanagement 

and lack of respect for community 

due to allowing poison into our 

waterways 

ADC 

ADC is one of three landowners involved with the project.  

Their management and community interactions is a separate 

topic.  If the project is constructed, KIUC would assume 

management of the Kokee Ditch System and compliance 

requirements associated with water use and water 

management. 

 

48 Bill DeCosta 

200 million over 50 yrs.  We will 

never see a reduction in our 

electric bills 

Project cost    

49 
JoAnn 

Yukimura 

How long is AES bound to operate 

the project? 

Project 

operations 
   

50 Tom Price 
What happens if AES goes 

bankrupt? 
AES    

51 
JoAnn 

Yukimura 

What are the mechanisms for 

ensuring proper performance and 

maintenance of the system by 

AES? 

Project 

operations 

AES will perform on-island and remote monitoring and 

guarantees the upkeep of the system as part of the project. 

AES has significant experience with ensuring proper 

performance and maintenance of large power facilities across 

the globe.  The Power Purchase Agreement between KIUC 

and AES has many binding requirements of AES to ensure 

optimal performance and maintenance and requires Good 

Engineering and Operating Practices, a common industry 

standard. AES has been operating the Lawai solar+storage 

facility on Kauai since 2019 and last year completed a similar 

facility at PMRF which they also operate. 
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52 Ikaika Rosa 
What happens when/if costs drop 

below 15 cents ph? 

Impact on 

rates 
   

53 
Elizabeth 

Okinaka 

Are any known burials on site? Any 

LCA kuleana land claims on the 

proposed land? 

Historic 

resources 
   

54 Tiani Kajiwara 

So what is the point of this whole 

project if not to help the owners 

(us)? 

Commuity 

Benefits 

This project does help the owner-members of KIUC.  It 

provides stable and lower electric rates, increased renewable 

power / less reliance on volatile fossil fuel, and provides 

significant community benefits. 

 

55 Ikaika Rosa 

With solar panel cell absorption 

getting so much better and 

efficient lately. Why mortgage such 

a large project that will probably 

be obsolete a few years after its 

completion? 

Alternativess - 

more solar 

investment 

This is a project that has been in development for a decade 

and there are many reasons why it’s important to move 

forward now. Acting now versus waiting allows the project to 

benefit from existing federal tax incentives that are set to 

decline and be eliminated in the future. KIUC’s practice has 

been to continually develop a portfolio of projects that 

ensures we make progress toward renewable goals, while 

also taking advantage of evolving technology. Technology 

may improve in later years, and if it becomes beneficial to 

upgrade or replace certain components over time, it would 

be considered. Pumped storage is a proven technology that 

has been utilized since the early 1900’s. It is a technology 

considered by many around the world as essential to shifting 

energy generation significantly away from fossil fuels.   
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56 BIrttny Perez 

Wouldn't we just be better off 

putting that money towards 

putting solar panels and batteries 

on existing structures/homes 

rather than building a whole new 

facility 

Alternativess - 

more solar 

investment 

No, because using the same amount of money toward 

installing solar and batteries on existing structures/homes 

would produce much less energy, resulting in an increase to 

the electric rate instead of a decrease.  In addition, more 

solar panels and batteries will not provide the long-term 

storage and store and release hydro that the project is 

providing through use of the Kokee Ditch System and the 

three reservoirs.  Long duration storage using batteries is 

cost prohibitive and it is important to have a mix of different 

types of renewables to insure that KIUC can provide reliable 

power regardless of variables such as weather. 

 

57 Stacia Ahina 

What native plants or species are 

being directly affected by 

construction? 

Impacts on 

biology 

Native plants and species and potential impacts in the project 

vicinity will be covered in the flora fauna study report and in 

the draft EA.  They are also discussed on slides 37 and 38 of 

the PowerPoint. 

 

58 
Bernard 

Markowicz 

Is wind an option to provide 

electricity at night instead of 

pumping water up and down? 

Alternatives - 

more wind 

investment  

Wind is not a viable option on Kauai due to potential impacts 

to endangered seabirds. The pumped storage is dispatchable 

where wind and solar are intermittent resources 

 

59 
Mark 

Ulanday 

Will water be taken from Black 

Pipe from Waimea river to 

supliment the resovoirs with water 

during dry seasons 

Water 

diversion 
No.  
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60 Kayla 

Who are the farmers that will 

benefit? please name them. are 

they native hawaiian? will all the 

food produced on these lands stay 

in hawaii? how many dhhl lesses 

are there currently in this area? 

what is the total length of the new 

pipe lines? 

Community 

Benefits - 

farmers 

The project will deliver water for irrigation to land owned by 

DHHL and ADC and will provide a revenue stream in the form 

of lease rent, which will help to support the goals and 

mandates of both DHHL and ADC. Decisions regarding who 

will farm and what will be farmed will be up to the 

landowners: DHHL and ADC. There is currently one lessee in 

the DHHL pastoral lots and Kekaha Hawaiian Homestead 

Association has a license for a farm plan on the lands around 

Puu Opae Reservoir. The total length of the pipelines is 6 ½ 

miles. 

 

61 
Kaiwi 

Eisenhour 

Will KIUC reach out to Hawaiian 

Homestead Associations to 

replicate the successful benefits 

agreements achieved at the 

Anahola Solar Facility? 

Community 

benefits - 

DHHL 

beneficiaries 

KIUC has met with various Hawaiian Homestead Associations 

over the last several years about this project.  It is KIUC’s 

understanding that the agreements with DHHL include 

benefits to beneficiaries.   

 

62 Chelsie Ruiz 

What food do the farmers of ADC 

provide to the westside 

community? 

ADC This would be a question for ADC.  

63 
Thayne 

Taylor 

AES has a power purchase 

agreement with KIUC, correct? 

Term and rate? 

Power 

purchase 

agreement 

Correct. The Power Purchase Agreement for the project 

between AES and KIUC is currently before the Public Utilities 

Commission pending approval. The overall cost of the project 

to KIUC is roughly 15 cents per kilowatt hour. There are two 

components that roll up into that overall cost:  

 

The purchase of solar at 7.1 cents per kilowatt hour, which 

is at least 30% lower than any of KIUC’s existing solar facilities 
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A capacity charge which will be paid for maintaining firm 

renewable capacity, including the upkeep of the various 

elements of the system, including reservoirs, ditches, roads 

and diversion structures  

 

   

There are multiple terms associated with the useful life of 

each system component: 25-years for the solar energy; 40-

years for the pumped storage hydro; 50-years for the 

Hydropower-only. 

 

   

64 
Kaiwi 

Eisenhour 

Honoring the reality that HHCA 

Beneficiary resources, native 

Hawaiian resources, are being 

tapped for the project. 

Community 

benefits - 

DHHL 

beneficiaries 

The significant benefits provided to DHHL and beneficiaries at 

Puu Opae include infrastructure improvements, reliable 

water delivery of DHHL’s water reservation, road 

improvements, water storage for irrigation, electrical access 

at Puu Opae, and lease rents. 

 

 
65 Kaina Mākua EIS IS REQUIRED EIS    

66 
Michale 

Leibbrandt 

How does his project benefit 

Native Hawaiians or HHL? 

Community 

benefits - 

DHHL 

beneficiaries 

Through lease rent, infrastructure investment, delivery of 

DHHL’s water reservation to the Puu Opae area, access to 

electricity at Puu Opae, and improved roads, all of which will 

allow for increased development of those lands. 
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67 
Jennifer 

Yoshimura 

Has KIUC considered using green 

banking as a non-profit coop rather 

than going through AES for federal 

tax credits for this project? 

Project funding 

The capital investment for a project this size would amount 

to significant risk for KIUC.  Using AES to capture tax credits is 

only part of the benefit - shifting the risk of the large capital 

investment away from KIUC is another benefit.   

 

68 Turners 
How will hurricanes impact the 

solar panels? 

Impacts of 

natural 

hazards 

That depends on the strength of the hurricane when it 

impacts the solar array.  The array will be designed to 

withstand at least a CAT1 hurricane, but stronger ones could 

cause significant damage.  The plant will be insured against 

such events, and will be repaired if such damage occurs. 

 

69 Chelsie Ruiz 

AGAIN...what exactly is the major 

benefit to the westside 

community? we have been hearing 

DHHL, ADC, AES A LOT...It will NOT 

bring our current electric bills 

down, it takes away farm lands to 

house solar panels, so please share 

so our friends and KIUC coop 

members are clear prior to a 

special project like this one. 

Community 

Benefits - west 

side 

community  

The project will lower electric rates, and just as important, 

will stabilize rates because we are moving away from volatile 

oil to fixed price renewables.  Thousands of acres of available 

farmland are fallow on Kauai, and the land that will be used 

for the panels is a very small portion of the land available for 

farming. In addition, the location was selected in 

coordination with local farmers as land not best suited for 

farming due to high clay content and water retention issues. 

 

70 Birttny Perez 

Why is this happening on the west 

side and not areas that consume 

most of the electricity this seems 

more of the same environmental 

racism we see happening on other 

islands 

Enviornmental 

justice  

This type of project requires steep topography that is unique 

to the west side of the island in combination with the existing 

reservoirs and ditch system, which are not available in the 

same layout anywhere else on Kauai. We have already 

developed large solar projects on the north shore, near 

Lihue, and on the south shore.  Like all of KIUC’s generation, 

the project will provide electricity directly into KIUC’s 
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transmission system that provides electricity to everyone on 

the island.  Getting to 100% renewables requires projects 

across the island. 

71 

Roslyn Nicole 

Manawaiakea 

Malama 

Cummings 

How is it being increased? Who is 

on the bottom? ADC, Hartung 

brothers benefit? 

Land 

ownership 

If the question is about who is the landowner of the 

downstream end of the project, ADC owns the land where 

the Mana Powerhouse, Mana Reservoir and solar array 

would be located.  ADC owns the agricultural fields adjacent 

to the project, and Kekaha Agriculture Association manages 

those lands.  Water for irrigation will be delivered to Kekaha 

Agriculture Association’s pressurized irrigation system for 

farmers on those adjacent lands. 
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72 Malia Chun 

You guys sure paint a pretty 

picture.  Bottom line…KIUC has 

been a horrible steward of wai.  All 

false promises here.  You can’t 

even maintain and produce 

justifiable energy for the Waiʻahi 

diversion and pump.  Stop 

diverting WAI.  We do not trust 

KIUC or AES.  We demand a full EIS.  

What will be the environmental 

ramifications of dumping such an 

amount onto reef systems?  Why 

would this water flow straight into 

the hands of ADC…an entity that 

has FAILED to created sustainable 

farming opportunities for our 

island and has only succeeded in 

poisoning it.  We need answers 

now, before this project is even 

considered.  Water is a public trust 

and should not be controlled by 

foreign entities like AES or even a 

co-op like KIUC. 

EIS 

Stream Flow 

KIUC is in compliance for water use for the Waiahi Hydro 

facilities, and has been in compliance throughout their 

management of those facilities. CWRM approved instream 

flow standards for the four streams diverted into the Kokee 

Ditch System as part of the Waimea Mediation Agreement. 

The project includes modifications to the diversions and 

automation to ensure reliable implementation of those 

instream flow standards. Through the project, multiple users 

on the Kokee Ditch System will receive water including the 

delivery of DHHL’s water reservation of 6.903 MGD to the 

Puu Opae area. 
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73 Josh Mori 

if the energy mostly from the solar, 

why don’t you use the $200 

MILLION to install solar all every 

single westside home then build 

the battery farm? seems like a 

terrible use of money to build the 

hydro if most of the energy is 

indeed from the solar, as you said 

yourself. 

Alternatives - 

more solar 

investment 

It is important to note that the net cost of the project will be 

much less than $200 million due to tax credits that are 

captured by AES and passed on to KIUC through the energy 

purchase rate.  That said, the same amount of solar on 

rooftops would cost well over $200 million - just for the solar, 

with no battery and no pumped storage hydro.  And KIUC 

would not be able to capture any tax credits on that 

investment.  Since KIUC cannot take all that solar energy to 

the grid when it is produced during the daytime, we would 

also need a battery large enough to store all that solar energy 

so that it can be dispatched to the grid at night.  A battery 

alone that was equal to WKEP’s storage capacity would cost 

over $300 million.  So, the total cost would be much more, 

and would increase the electric rate to KIUC members 

instead of reducing it. 

 

74 Josh Mori 

You specifically said that the ag 

lands are class B and not desirable 

for growing food etc so why is that 

a benefit listed if it actually won’t 

benefit food security for the 

community 

Community 

Benefits - 

farmers 

The lands where the solar facility will be located are Class B 

lands. They were chosen because they are less desirable for 

agricultural production due to heavy clay content and water 

retention and the Project will be required to still maintain a 

dual agricultural use on the lands. However, there are several 

hundreds of acres adjacent to the solar field location that are 

good, viable lands for farming, some of which are currently 

being farmed. The project will provide reliable water delivery 

for current farming use and for future farming development 

of viable lands.  These were the least desirable ag lands in the 

area due to flooding. 
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# Name Question Topic/Theme Response 

75 Phoebe Eng 
Can you answer Elena Bryant's 

(EarthJustice) question? 
EIS    

76 Jade Moss Size of water storage tanks? 

Community 

benefits - 

water storage 

The storage tank at the DHHL mauka boundary will be 10,000 

gallons. The earthen reservoirs will be 200,000,000 gallons, 

100,000,000 gallons, and 80,000,000 gallons after 

rehabilitation work is completed. 

 

77 Elena Bryant 

I've heard a few community 

members request a full EIS versus 

an EA.  Can KIUC explain its 

thought process regarding the 

choice to proceed with an EA first, 

and an EIS if the EA is deemed 

insufficient.  It seems like it would 

streamline things to proceed with 

an EIS first and remove the risk of 

delaying things further if an EIS is 

going to be required. 

EIS 

The project will comply with HRS 343.  If an EIS is required, an 

EIS will be completed.  For now, KIUC is following the 

standard HRS 343 process, which starts with an EA. 

 

78 
Ashley 

Guttierez 

What happens with the project if 

the ADC is abolished? They are 

currently in a law suit. 

ADC 
Ultimately, it is state of Hawaii land, so any leases with ADC 

would likely revert to another State agency. 
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# Name Question Topic/Theme Response 

79 Phoebe Eng 

In Jan 2019 a Draft EISPN for this 

project was produced for KIUC.  

Why and when did KIUC decide 

that an EA (vs. EIS) was the better 

way to go?  Since a preliminary 

draft EIS was nearly ready for 

submission, why not just continue 

with the EIS process, rather than 

"wait to see" whether an EIS will 

ultimately be required, if an EA is 

insufficient? Was this a cost saving 

decision? A logistics decision? Or 

something else? 

EIS 

A draft Environmental Impact Statement Public Notice 

(EISPN) was prepared but not published, but a draft 

Environmental Impact Statement (EIS) was not prepared.  

The environmental and cultural surveys and studies were 

scoped for an EIS.  However, results of those studies did not 

identify significant adverse impacts associated with the 

project and typically an EIS is used to analyze and address 

adverse significant impacts. Based on the results of the 

studies, in the latter half of 2019 KIUC determined the best 

course of action was to follow the standard HRS 343 process 

and start with a draft EA.     The draft EA being prepared for 

this project will be more comprehensive than a standard EA, 

and copies of the environmental and cultural study reports 

will be included in the draft EA. HRS 343 is a process, and if 

the EA is deemed insufficient or significant adverse impacts 

are identified through the review process, an EIS may be 

required. 

 

80 Elena Bryant 

Can Dawn speak to the amounts of 

water that will ultimately be 

dumped/discharged? 

Water 

discharge 
   

81 Tiani Kajiwara What is the point of any of this? 
Community 

benefits 
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SUBMITTED THROUGH ONLINE OPEN HOUSE 
# Name Question Topic/Theme 

1 Tiani Kajiwara I am requesting an EIS be done instead of an EA EIS 

2 Thayne Taylor I asked a question at the meeting which never got answered: 
AES has a power purchase agreement with KIUC, correct? What is the rate and term? 
What happens after the end of the term. Will KIUC have an opportunity to buy AES out of 
the PPA? 

Power Purchase 
Agreement 

3 Christopher 
Kaiakapu 

Aloha mai kakou, 

My name is Chris Ka'iakapu. I am a native Hawaiian, a life-long west Kaua'i resident, and 
rate-payer of KIUC. The entire mauka area of Koke'e and Pu'u Opae is a place dear to my 
heart, a place from which I hunt and gather cultural materials. I utilize the Mana coastline 
for fishing, diving, and recreation, as well as the Mana plains to observe endangered 
wetland bird populations and restore their habitat. I consider myself a prime and direct 
stakeholder in this project whose opinion deserves intentful consideration.  With a 
background in Energy and Earth Resources as a focus of an environmental science degree, 
and possessing experience working in Kauai's renewable industry with Green Energy 
Team, I also believe I have an above-average understanding of the scope and function of 
this project after following it's development over the past five years. After sitting in on 
last night's public presentation (March 31st, 2021) I have conflicting feelings about the 
necessity of this project. Generally, I am an all-around sustainability advocate and support 
the worldwide movement towards renewable energy and applaud KIUC's role as a leader 
in this effort. However, the purpose of renewables needs to be reiterated as focusing on 
being less impactful on the environment, and not simply something to be forced through 
in the name of progress or the achievement of standards and accolades. The improved 
grid-mix statistics that are projected and the cheaper electricity rate estimates are all 
bright and shiny, sure, yet there are many concerning questions in my mind as to the 
environmental impact this will either cause or continue to perpetuate as a plantation era 
legacy. 

First and foremost, I don't see how a project of this scope in relation to the size and 
resources of Kaua'i could even consider not conducting a full EIS. I demand this process be 
upheld with complete scrutiny. 

Second, I saw absolutely no mention of how this project plans to monitor and address the 
issue of sedimentation within the utilized reservoirs. What happens when 10 years into 

EIS; 
Impacts -sedimentation;  
 
Impacts on residential 
PV; 
 
Water diversion; 
 
Impacts on biology; 
 
Community benefits - 
jobs 
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operation sediment accumulation has decreased reservoir capacity to a point that 
requires dredging, increasing size, or worse increasing diversion to compensate? What is 
the solution/mitigation for sedimentation and who is responsible? 

Third, this is yet another development on Agricultural lands, 250 acres! To be nothing but 
solar panels. This seems like an inefficient waste of space. I understand it was deemed a 
low-grade zone due to soil characteristics, however, as an agricultural enthusiast and 
aspiring farmer I know that all soil can be amended with the right methods and all soil has 
something that would grow well in it. Maybe the project simply is not feasible without the 
incentives coming from new solar development? But I believe a more land-efficient 
solution would be working with existing roof structures and launching something like a 
roof-leasing program for those residents in Kekaha/Waimea without PV panels on their 
roofs yet. Similar roof-renting programs have been successful in other places across the 
nation and may prove a cheaper alternative than the 250 acre waste-of-growing-space 
that is proposed. 

Fourth, my largest concern of this project is that it will effectively be perpetuating a 
legacy of excessive water diversion that was established by the Sugar Plantation 
companies. The project anticipates that it will restore some stream flow to the Waimea 
river, yet is it enough?  Saying the damage is already done and establishing baseline flow 
values long after the plantation era diversions were put in place is flawed logic. The 
Waimea watershed ecology and traditional beneficiaries have suffered from decreased 
flow for over a century and now we want to sign up for at least another 65 years? What 
about our endemic species of O'opu which have tags as "Threatened", "Special Concern", 
or "Red-listed" species?  The most important factor for the existence of endemic 'o'opu in 
streams is that access to and from the ocean is maintained. Stream channelization and 
diversions can eliminate or significantly limit native fish populations within a stream, 
which has most obviously occurred to o'opu in the Waimea watershed when you talk to 
the long-time residents of the area. Prior to the arrival of the Sugar Cane industry, o'opu 
were abundant and arguably the most important freshwater food resource across 
Hawai'i. Now their populations are threatened and eating them is rare, this is largely due 
to stream-flow reductions due to water diversions. Diversions which this project plans to 
keep alive and with it the destructive legacy of the Sugar Plantation will be KIUC's 
inheritance. One solution in my opinion would be to instead support the 
decommissioning or severe reduction of all diversions of the Waimea watershed to 



WKEP Outreach Summary 
All Questions & Comments Received  

restore natural flow levels and propose the pump hydro project for development in the 
actual Waimea valley so that water flows where it is meant to. Another solution would be 
to divert only during "High level" flow events, instead of diverting during normal or 
otherwise baseline flow times and closing off during floods. This would ensure that 
maximal baseline flow is allowed for the benefit of the Waimea aquatic ecosystem 
majority of the time and diversions could then help alleviate potentially damaging high 
flows during flood events (i.e. normal operation is gates closed, flood event gates open). I 
am not completely clear about the project diversion needs but I am almost certain that 
adequate water could be captured solely during high flow events. 

Fifth, How many permanent full-time jobs will this project directly create for local 
residents? 

Please consider my questions and opinions carefully. I absolutely urge the conducting of a 
full EIS. 

Mahalo, 

Chris Ka'iakapu. 

4 Odette Alsen I am interested in working with you in supporting this project as Environmental or Project 
Engineer,. 

job inquiry 

5 Sierra Club – 
Kaua‘i Group 

Kauaʻi Island Utilities Cooperative 

West Kauaʻi Energy Project - Virtual Open House Comments 

April 21, 2021 

Aloha Kauaʻi Island Utilities Cooperative, 

The Sierra Club of Hawai‘i and its members have a longstanding investment in protecting 
our natural and cultural resources, access to clean water systems, and the health and 
welfare of community residents. We commend the Kauaʻi Island Utilities Cooperative for 
its work at the forefront of Hawaiʻi’s transition to 100% renewable energy and offer the 
following comments regarding the West Kauaʻi Energy Project: 

Given the scope and magnitude of the West Kauaʻi Energy Project, the Sierra Club Kauaʻi 
Group urges the Kauaʻi Island Utilities Cooperative to undergo an Environmental Impact 
Statement process rather than an Environmental Assessment. As a “legacy project” that is 
the first of its kind, KIUC should do its due diligence to better understand the long-term 

EIS; 

Stream Flow; 

Mediated Agreement;  

Community 

engagement process 
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impacts of the West Kauaʻi Energy Project on stream ecosystems, the surrounding 
environment and the cultural and subsistence practices that rely on the impacted 
environments. 

KIUC must uphold its obligations under the 2017 Waimea Watershed Mediation 
settlement and do better than previous water diverters. It is vital that KIUC abide by the 
interim instream flow standards established in the 2017 settlement and uphold other 
conditions—including the installation and maintenance of stream flow monitoring 
systems. Water is a public trust resource in Hawaiʻi, meaning that the needs of the 
stream, its downstream users and cultural and traditional practices must be prioritized 
over other uses. At a minimum, KIUC should disclose exactly how much water is required 
to solely feed the proposed hydropower plant and should take no more water than is 
needed to run and maintain the system—unlike previous water diverters that have used 
this infrastructure.  

Consistent communication, transparency and consultation with the West Kauaʻi 
community must be a priority. For far too long, the West Kauai community has been 
burdened with detrimental and hazardous developments with little community input, 
including the Kekaha landfill, the Pacific Missile Range Facility, and agrochemical and 
monocrop installations. Given the long timeframe of the proposed West Kauaʻi Energy 
Project, frequent community consultation should be conducted, including revisiting 
stakeholder groups and other public meetings that were conducted in previous iterations 
of the project.  

Thank you for your time and consideration of this important matter.  

Sincerely,  

Jade Moss  

Sierra Club Kauaʻi Executive Committee 
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