
J Yoshimoto
Chair & Presiding Officer
Council District 2

Re: Request for County Consultation on the Kaloko-Honoköhau National Park Service
Petition to Designate Keauhou Aquifer System Area (North Kona), Hawai’i as a
Ground Water Management Area

Dear Chairperson Aila:

I am in receipt ofyour transmittal regarding the Commission’s request, for review and comment on the above
referenced Petition.

VV

The Hawalei County Council appreciates the opportunity to provide comment in this matter However, the timing
is not practicable. Our next noticed meeting is October 16, 2013, and the deadline for matters to be placed on that
agenda has passed. I respectfully request that we be granted an extension of time in order for our Council to
review the petition and to discuss this matter. A review of our upcoming meetings indicates that we will be able
to allot sufficient time at the November 19,2013 Committee day. V

Also, given the complexity of this matter, may we request the presence of one ‘of your staff members at the
meeting to provide information and other guidance in order that our Council may make properly
informed comment?

V , “ ‘V V

Again, we appreciate the opportunity to comment in this matter, and for honoring our request for an extension of
time to fully participate: Pleasç feel free to call me if you would like to discuss this matter further, or you may
contact my legislative assistant, Amy Miwa (808-961-8015 or email at amiwa@co.liawaii.hi.us).

Veiy truly yours,

J Yoshimóto, Chair
HawaPi County Council

Cc: Mayor William P. Kenoi
V V ‘‘

Quirino Antonio, DWS V

Arthur Taniguchi, Chair BWS
‘V

Hawai ‘i County is An Equal Opportunity Provider And Employer
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HAWAI’I COUNTY COUNCIL
V

V

•V

V Office ofthe County Clerk
V V,, County ofHawai ‘I

25Aupuni Street V V

V Flilo, Hawaii 96720 V

Telephone: (808)961-8272
Facsimile: (808) 961-8912
Email: jyoshimotoco.hawaii.hi.us

V William 3. Aila, Jr., Chairperson
V

Commission on Water Resource Management
V

P.O.Box 621
Honolulu, HI 96809

October 2, 2013
• V

V

V
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DEPARTMENT OF WATER SUPPLY • COUNTY OF HAWAI’I
345 KEKUANAOA STREET, SUITE 20 • HILO, HAWAII 96720

TELEPHONE (808) 961-8050 • FAX (808) 961-8657

October 4, 2013

Mr. William J. Aila, Jr., Chairperson
Commission on Water Resource Management
P.O. Box 621
Honolulu, HI 96809

REQUEST FOR COUNTY CONSULTATION ON THE KALOKO-HONOKRAU
NATIONAL PARK SERVICE PETITION TO DESIGNATE KEAUHOU AQUIFER SYSTEM
AREA (NORTH KONA), HAWAI’I AS A GROUND WATER MANAGEMENT AREA

We received your letter of September 20, 2013, requesting the Water Board’s review and comments on
the petition referenced in the subject heading.

Unfortunately, the submittal was received too late to be agendized for the September 24, 2013, Water
Board meeting. The next meeting is scheduled for October 22, 2013. We understand your 60-day
deadline to make a recommendation for or against the petition’s request is November 12, 2013. You
requested review and comments on the petition prior to the Commission on Water Resource
Management’s (CWRM) next meeting of October 16, 2013. Because the Water Board will not meet
again until after the CWRM’s next meeting, the Water Board does not have sufficient time to submit
its recommendation.

Therefore, on behalf of the Water Board and the Department of Water Supply, it is requested that a
time extension to submit comments to a date after October 22, 2013 be granted.

Please respond to this request for additional time as our review of the petition is extremely important to
the County of Hawai’i.

Should there be any questions, please do not hesitate to contact me by phone at (808) 961-8050 or
email, qantoniohawaiidws.org.

cD

QA:jms

copy — Honorable William P. Kenoi, Mayor, Hawai’i County
Honorable J Yoshimoto, Chairman, Hawai’i County Council
Honorable Arthur Taniguchi, Chairperson, Water Board

Water, Our 7v1ost Precious Re.cource . . . Ra Wa-i
The Department of Water Supply is an Equal Opportunity provider and employer.



CWilliam P. Kenoi
!vfayor

West Hawai’i Office
74-5044 Me Keohokalole Hwy
Kailua-Kona, Hawaii 96740
Phone (808) 323-4770
Fax (808) 327-3563

County of Hawai’i
PLANNING DEPARTMENT

0 Duane Kanuha
Director

Bobby Command
Deputy Director

East Hawai’i Office
101 Pauahi Street, Suite 3

Nib, Hawai’i 96720
Phone (808) 961-8288

Fax (808)961-8742

Mr. William J. Aila, Jr., Chairperson
Commission on Water Resource Management
Department of Land and Natural Resources
P.O. Box 621

Thank you for your letter dated September 24, 2013 requesting comments from this
office regarding the subject Petition. We understand that the National Park Service
(NPS), through the Superintendent of Kaloko-Honoköhau National Park, has filed the
Petition to designate the Keauhou Aquifer System Area in North Kona as a Ground
Water Management Area.

The Kona Community Development Plan (KCDP) was adopted by Ordinance
No. 08-131, effective as of September 25, 2008. As requested, a copy of the KCPD has
been enclosed for your convenience. The Kona Urban Area, an area designated for future
growth in the KCDP, is located entirely within the subject Keauhôu Aquifer System.
Within the Kona Urban Area, growth will be directed to compact villages located along
proposed transit routes or to infihl areas within, or adjacent to, existing development. The
general locations of these villages are within the Transit-Oriented Developments (TODs).

In addition, please note that one of the relevant policies of the KCDP is to support TOD
development with water infrastructure: (PUB-4.1) A priority shall be to provide an
appropriately sized water transmission line within the Keohokalole Highway Corridor,
and to flexibly enable water allocation policies to support the Kona CDP land use policy
to concentrate growth within TODs, in lieu ofsprawl.

October 8, 2013

Honolulu, HI

Dear

SUBJECT:

C:)

C.)
1

of Petition to Designate the Keauhou Aquifer System as a
Ground Water Management Area: North Kona. IJawai’i

wv,pjndet.qj liawai’i County is an Equal Opportunity Provider and Employer a,nico.hawaii.hi,us
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Mr. William J. Aila, Jr., Chairperson
Commission on Water Resource Management
Department of Land and Natural Resources
October 8, 2013
Page 2

Due to the large area of the Keauhou Aquifer System, it will require more time for our
office to research and provide the additional information requested by your agency,
including the list of planned or proposed developments and the status of approvals for
those developments.

Please extend the investigation and consultation period for an additional 30-day period to
allow us sufficient time to prepare the requested information and finalize our comments
on the petition.

In the meantime, if you have additional questions or if you need further assistance, please
feel free to contact Bethany Morrison of this office at (808) 961-8138.

Sincerely,

‘‘ DUANE KANUHA
Planning Director

BJM:cs
P:\wpwin6O\Bethany\General Zoning lnquüies\CWRM-Petition to designate Keauhou Aquifer.doc

Enclosure: Kona Community Development Plan (KCDP) CD

cc ltr. only: Planning Department- Kona Office

Mr. William P. Kenoi, Mayor
Mr. Wally Lau, Managing Director
Mr. Randall M. Kurohara, Deputy Managing Director
Mr. Quirino Antonio, Jr., P.E., Manager-Chief Engineer,
Department of Water Supply



DEPARTMENT OF WATER SUPPLY • COUNTY OF HAWAI’I
345 KEKUANAOA STREET, SUITE 20 • HILO, HAWAII 96720

TELEPHONE (808) 961-8050 • FAX (808) 961-8657

October 16, 2013

Mr. William J. Aila, Jr., Chairperson
Commission on Water Resource Management
P.O. Box 621
Honolulu, HI 96809

U.S. DEPARTMENT OF INTERIOR - NATIONAL PARK SERVICE - KALOKO
HONOKOHAU NATIONAL HISTORIC PARK
PETITION FOR GROUNDWATER MANAGEMENT AREA DESIGNATION - KEAUHOU
AQUIFER SYSTEM AREA (NORTH KONA), HAWAI’I

Dear Mr. Chairman and Members of the Commission:

Thank you for the opportunity to provide testimony on the subject matter, Item F, on your agenda
today.

I am Quirino Antonio, Jr., Manager-Chief Engineer of the Department of Water Supply of the County
of Hawai’i.

First of all, I would like to note that on behalf of the Water Board of the County of Hawai’i, our letter
of October 4, 2013, requests additional time to submit comments to the subject petition. The
Commission received similar requests from J Yoshimoto, Chair of the Hawai’i County Council,
William P. Kenoi, Mayor of the County of Hawai’i, and Duane Kanuha, Planning Director of the
County of Hawai’i Planning Department. The matter is of utmost importance to the County of Hawai’i
and affected stakeholders, including landowners, residents, and any individual or entity that rely on the
area’s groundwater resource. Any information that will or will not support the petition should be
submitted in a timely and orderly manner that will allow the Commission and its staff the diligent
consideration the matter and its stakeholders deserve. The current time constraints do not allow this.

Secondly, the Commission’s staff submittal noted four (4) important studies that are due to be
completed within a year’s time. The studies include an “Evapo-transpiration Study” by Tom
Giambelluca, “Ground-Water Recharge Update” by USGS, “Isotope Study,” and “Three-D
Groundwater Modeling.” These studies will assist the Commission in formulating an informed
decision on the matter.

Thirdly, over the past several years, through the Kona Water Round Table, Hawai ‘ i Water Works
Association, and American Water Works Association — Hawai’i Section Conferences, and other
meetings attended by stakeholders and interested parties, numerous data and information were

Water, Our 9vlost Precious 2e.cource . . . Ra Wai L1(ane
The Department of Water Supply is an Equal Opportunity provider and employer.



Mr. William J. Aila, Jr., Chairperson
Commission on Water Resource Management
Page 2
October 16, 2013

presented that indicates the Keauhou Aquifer is far from meeting the criteria set by the State Water
Code for designation of an aquifer as a groundwater management area.

Therefore, on behalf of the Water Board and the Department of Water Supply, it is requested that the
subject petition be denied at this time. We sincerely believe that the State Water Code is clear in the
designation requirements; and to consider approving the petition, or even deferring a decision at this
time, would be inconsistent with the statute.

Thank you for your time. I will be happy to respond to any questions that you may have.

Antonio, Jr., P.E.
-Chief Engineer

QA:dmj
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Presenter
Presentation Notes
Red area highlights Keauhou Aquifer System Area.  2008 WRPP Sustainable Yield = 38 mgd
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Presenter
Presentation Notes
District 7 Council Member: Dru Mamo Kanuha 
 







District 8 Council Member: Karen Eoff
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Kaloko-
Honokōhau 
National Park 
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On September 13, 2013, the National Park Service 
at the Kaloko-Honokōhau National Historical Park 
submitted a petition to the Commission requesting 
that the Keauhou Aquifer System Area be 
designated as a Ground Water Management Area. 
 

Department of Land and Natural Resources 

Commission on Water Resource Management 

5 Hawaii County Council Meeting - February 4, 2014 



Ground Water Management Areas require 
additional regulation through Commission-
approved ground water use permits. 
 

Department of Land and Natural Resources 

Commission on Water Resource Management 
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Department of Land and Natural Resources 

Commission on Water Resource Management 

Designation Process  
(HRS 174C-41 to 46, HAR 13-171-3 to 9) 

Initiation 

Consult w/ County 

CWRM  Decides Whether to Continue Designation Process 

Public Hearing 

YES 

Findings of Fact 

CWRM – Final Decision 

(Council,  Mayor,  BWS) 

Chairperson or Written Petition    

NO Process Ends 

NO 
Process Ends 

YES 

Public Notice  / Begin  Water Use Permit Process  

60 days 
OR  

Extend 

Public Notice  (3 weeks & hearing date ) 

Ground water Designation – 8 Criteria 
Surface water Designation – 3 Criteria 

90 days 

Investigations 

• Studies & Water Use Reports 
• Federal Water Agencies Input 
• DOH Input 
• Public Hearings (optional) 
• Chair’s Recommendation 
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On October 16, 2013 the Commission 
choose to extend the review period through 
December 2014 to allow: 
• more consultation with affected parties 
• ongoing studies in area to be completed 
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Commission on Water Resource Management 

Designation Process  
(HRS 174C-41 to 46, HAR 13-171-3 to 9) 

Initiation 

Consult w/ County 

CWRM  Decides Whether to Continue Designation Process 

Public Hearing 

YES 

Findings of Fact 

CWRM – Final Decision 

(Council,  Mayor,  BWS) 

Chairperson or Written Petition    

NO Process Ends 

NO 
Process Ends 

YES 

Public Notice  / Begin  Water Use Permit Process  

60 days 
OR  

Extend 

Public Notice  (3 weeks & hearing date ) 

Ground water Designation – 8 Criteria 
Surface water Designation – 3 Criteria 

90 days 

Investigations 

• Studies & Water Use Reports 
• Federal Water Agencies Input 
• DOH Input 
• Public Hearings (optional) 
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Department of Land and Natural Resources 

Commission on Water Resource Management 

Ground Water Criteria Commission shall Consider (§174C-44 ): 
 
(1)Whether an increase in water use or authorized planned use may 

cause the maximum rate of withdrawal from the ground water 
source to reach 90% of the sustainable yield; 

 

(2)There is an actual or threatened water quality degradation as 
determined by DOH; 

 

(3)Whether regulation is necessary to preserve the diminishing ground 
water supply for future needs, as evidenced by excessively 
declining ground water levels; 

 

(4)Whether the rates, times, spatial patterns, or depths of existing 
withdrawals of ground water are endangering the stability or 
optimum development of the ground water body due to upconing or 
encroachment of salt water; 
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Presenter
Presentation Notes
§174C-44  Ground water criteria for designation.  In designating an area for water use regulation, the commission shall consider the following:
(1)  Whether an increase in water use or authorized planned use may cause the maximum rate of withdrawal from the ground water source to reach ninety per cent of the sustainable yield of the proposed ground water management area;
(2)  There is an actual or threatened water quality degradation as determined by the department of health;
(3)  Whether regulation is necessary to preserve the diminishing ground water supply for future needs, as evidenced by excessively declining ground water levels;
(4)  Whether the rates, times, spatial patterns, or depths of existing withdrawals of ground water are endangering the stability or optimum development of the ground water body due to upconing or encroachment of salt water;
(5)  Whether the chloride contents of existing wells are increasing to levels which materially reduce the value of their existing uses;
(6)  Whether excessive preventable waste of ground water is occurring;
(7)  Serious disputes respecting the use of ground water resources are occurring; or
(8)  Whether water development projects that have received any federal, state, or county approval may result, in the opinion of the commission, in one of the above conditions.
Notwithstanding an imminent designation of a ground water management area conditioned on a rise in the rate of ground water withdrawal to a level of ninety per cent of the area's sustainable yield, the commission, when such level reaches the eighty per cent level of the sustainable yield, may invite the participation of water users in the affected area to an informational hearing for the purposes of assessing the ground water situation and devising mitigative measures.  [L 1987, c 45, pt of §2; am L 1999, c 197 §6]



Department of Land and Natural Resources 

Commission on Water Resource Management 

Ground Water Criteria Commission shall Consider (§174C-44 ): 
 
(5)Whether the chloride contents of existing wells are increasing to 

levels which materially reduce the value of their existing uses; 
 

(6)Excessive preventable waste of ground water is occurring; 
 

(7)Serious disputes respecting the use of ground water; or 
 

(8)Whether water development projects that have received any 
federal, state, or county approval may result, in the opinion of the 
commission, in one of the above conditions. 
 

12 Hawaii County Council Meeting - February 4, 2014 
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NPS 
Petition 
Details 

Presenter
Presentation Notes
Yellow highlights proposed developments around perimeter of park



Department of Land and Natural Resources 

Commission on Water Resource Management 

2013 Petition from National Parks Service to 
designate the Keauhou Aquifer System Area (ASA) 
 

5 of 8 criteria the Commission shall consider were raised: 
 

• Sustainable Yield approach to groundwater management is not adequate to 
address 1) potential harm to the biota and potential for limiting the practice of 
Traditional and Customary Rights caused by the reduction of shoreline 
discharge from pumping, 2) projected water demands that will exceed SY, or       
3) rising sea-level and declining rainfall 
 

• Documented Saltwater Encroachment:  Kahaluu Area 
 

• Waste:  Kona water use is “2.5 higher than other areas of the county” 
 

• Serious Disputes: 1) effects of cumulative future pumping on NPS resources, 
2) conceptual models of the hydrogeologic structure of the Keauhou ASA 
 

• Potential development projects will contribute to cumulative withdrawals that 
will exceed the Keauhou Aquifer System Area sustainable yield 
 

14 



Recharge = 152 mgd  
= 4x SY, leaving 114 mgd 
to discharge to ocean 

SY = 38 mgd 
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Presenter
Presentation Notes
For Keauhou ASA

2008 WRPP SY = 38 mgd based on  recharge = 86 mgd  (SY=44% Recharge)
2011 USGS Update recharge = 152 mgd, which would raise SY range to 67 mgd
2014 USGS preliminary update has updated recharge to  106 mgd or SY = 47 mgd.
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105 total wells 
  39 major pumping 

Presenter
Presentation Notes
Have contacted all well owners and have them reporting.  We are comfortable with 12-month moving average around 1/3 of sustainable yield.



 
§174C-41  Designation of water management area.  (a)  When it can 
be reasonably determined, after conducting scientific investigations 
and research, that the water resources in an area may be threatened by 
existing or proposed withdrawals or diversions of water, the 
commission shall designate the area for the purpose of establishing 
administrative control over the withdrawals and diversions of ground 
and surface waters in the area to ensure reasonable-beneficial use of 
the water resources in the public interest. 
 

Pumpage of 175 Mgal/d will serve > 1 million people.  
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Presenter
Presentation Notes
This is where we need the counties guidance.   Authorized planned use needs better determination.  DPs & CP don’t identify specific projects like they used to when the Code was passed and zoning is one perspective that has not been explicitly used by Commission to date.

§174C-44  Ground water criteria for designation.  In designating an area for water use regulation, the commission shall consider the following:
(1)  Whether an increase in water use or authorized planned use may cause the maximum rate of withdrawal from the ground water source to reach ninety per cent of the sustainable yield of the proposed ground water management area;
 
§174C-3  Definitions. "Authorized planned use" means the use or projected use of water by a development that has received the proper state land use designation and county development plan/community plan approvals.
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Kaloko-
Honokōhau 
National Park 

Presenter
Presentation Notes
Blue line generally follows the upper highway and is the demarcation between the blue high-level & red basal well sources.   An chemical isotope study by the USGS is due in Sept 2014 to help determine the connectivity between the two types of aquifers in the area.  Waiting for this study is one of the reasons for the extension by the Commission through December 2014 to make a decision on designation continuance.
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Salt Water 

20 ft. +- 
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Thin Basal High-Level 

Presenter
Presentation Notes
Salt water underlies upper brackish basal water aquifer portions of the Keauhou Aquifer System Area.  Scientists are not certain if the high-level water predominanately spills over the top, leaks through, by-passes under the high-level barrier. The connectivity between the high-level, basal, and coastal leakage is in question.  Isotope study by the USGS is due in Sept 2014.



Department of Land and Natural Resources 

Commission on Water Resource Management 

Significant collaboration since 2007: 
• Working group (NPS) 

• Round Table (HDWS) 

• Professionals Group – 2008 WRPP (CWRM) 

 
Outcomes of these collaborations: 
• Increased monitoring (increase to quarterly monitoring, 2013 online water use 

reporting, additional monitor wells: Komo, Kainaliu, Kamakana, Keopu, Kohanaiki, etc.) 

• Current ongoing studies (WRPP, Evapotranspiration, Recharge, & data 
trends updates; USGS-High-Level/Basal Isotope Study & 3D Numerical Model) 

• Extensive bibliographies of completed studies (2011 Big Island 
Recharge, 2012 Rainfall Atlas, NELHA, NPS, others) 

20 Hawaii County Council Meeting - February 4, 2014 

Presenter
Presentation Notes
History of past efforts by various groups to understand  the hydrology and issues in the Keauhou ASA.



Department of Land and Natural Resources 

Commission on Water Resource Management 

Summary of Petition from NPS to designate the 
Keauhou Aquifer System Area (ASA) 
 

 Major Concerns: 
 

• Sustainable Yield approach to groundwater management is not adequate to 
address 1) potential harm to the biota and potential for limiting the practice of 
Traditional and Customary Rights caused by the reduction of shoreline 
discharge from pumping, 2) projected water demands that exceed SY, or        
3) rising sea-level and declining rainfall 

  
•  Documented Saltwater Encroachment:  Kahaluu Area 

 
• Serious Disputes: 1) effects of cumulative future pumping on NPS resources, 

2) conceptual models of hydrogeologic structure of the Keauhou ASA  
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Department of Land and Natural Resources 

Commission on Water Resource Management 

Preliminary Conclusions 

• NPS case rests on potential harm to near shore biology and harm to the 
practice of Traditional and Customary Rights & future pumpage demands. 
 

• Commission needs help from the County to determine what constitutes future 
authorized planned ground water use for Keauhou ASA. 

 

• Increased studies and monitoring of the Keauhou ASA have improved and 
will continue to improve our understanding of the resource. 

 

• Ongoing studies will better quantify the hydrology of the area. These studies 
will be completed in late 2014. 
 

• October 16, 2013 Commission approved extending investigation phase of 
initial designation proceedings through December 2014 to allow: 

• - more consultation with affected parties 
• - ongoing studies in area to be completed 
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Department of Land and Natural Resources 

Commission on Water Resource Management 

Designation Process  
(HRS 174C-41 to 46, HAR 13-171-3 to 9) 

Initiation 

Consult w/ County 

CWRM  Decides Whether to Continue Designation Process 

Public Hearing 

YES 

Findings of Fact 

CWRM – Final Decision 

(Council,  Mayor,  BWS) 

Chairperson or Written Petition    

NO Process Ends 

NO 
Process Ends 

YES 

Public Notice  / Begin  Water Use Permit Process  

60 days 
OR  

Extend 

Public Notice  (3 weeks & hearing date ) 

Ground water Designation – 8 Criteria 
Surface water Designation – 3 Criteria 

90 days 

Investigations 

• Studies & Water Use Reports 
• Federal Water Agencies Input 
• DOH Input 
• Public Hearings (optional) 
• Chair’s Recommendation 
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Presenter
Presentation Notes
Next milestone is Dec 2014 CWRM decision on whether to continue designation



Department of Land and Natural Resources 

Commission on Water Resource Management 

If Keauhou ASA is Designated: 

• Public Notice.  All owners of wells that use ground water have 1 year 
to apply for existing ground water use permit from published notice 
date. 
 

•  Existing uses at the time of designation are determined before future 
uses are considered. 
 

• Public & agency review of all ground water use permit applications 
(GWUPA) that includes Mayor, Board of Water Supply, Public, 
registered mailing list & HDWS and County Council comments.  
 

• Individual domestic users and catchment systems are exempted. 
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Flow diagram of 
GWUPA Process 
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• GWUPA: Existing Use & New Use forms.  $25 application fee 

(government agencies are exempted). Applications available on 
website: http://www.state.hi.us/dlnr/cwrm/forms.htm 

 
• Well operator and well landowner must sign. 
• 8 criteria applicant must address: 

a) Can be accommodated with the available water source. 
b) Is a reasonable-beneficial use. 
c) Will not interfere with any existing legal use. 
d) Is consistent with the public interest. 
e) Is consistent with state and county general plans and land 

use designations. 
f) Is consistent with county land use plans and general 

policies.  
g) Will not interfere with the rights of the Department of 

Hawaiian Home Lands.  

County 
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• GWUPA (continued) 

 
• Completed application timelines 

 
• 90-day decision deadline for action on applications with no 

objections 
 

• 180-day decision deadline for action on applications with 
objections (public hearings required to be held in management 
area.  Uses <25,000 gals/month do not require public hearings 
even if objections) 
 

• Unknown case-by-case:  All applications subject to contested 
case hearings if requested at the appropriate time. 
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• GWUPA (continued) 

 
The Commission: 

 
• Relies heavily on the County Water Use and Development Plan 

(part of Hawaii Water Plan) for guidance 
 

• Uses County Water System Standards to estimate daily demand 
 

• Uses an irrigation model (IWREDSS - ver 2.0) to estimate average 
daily demands for 5-year drought. 
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• QUESTIONS?  / THOUGHTS? 
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William J. Aila, Jr., Chairperson 
State ofHawai'i 
Department of Land and Natural Resources 
Commission on Water Resource Management 
P.O. Box 621 
Honolulu, Hi 96809 

June 18,2014 

REQUEST FOR COUNTY CONSULTATION ON THE KALOKO-HONOKOHAU NATIONAL PARK 
SERVICE PETITION TO DESIGNATE KEAUHOU AQUIFER SYSTEM AREA AS A GROUND 
WATER MANAGEMENT AREA 

The Water Board of the County of Hawai' i ("Board") is in the process of developing a comprehensive 
commentary on the Petition to Designate the Keauhou Aquifer System ("North Kona") as a Groundwater Water 
Management Area, which was filed on September 13,2013, by the Kaloko-Honokohau National Park Service 
("Petitioner"). 

However, at this stage, the Board wanted to inform you that it is extremely disappointed in the Petitioner's 
initiation of the Petition. Their aggressive action and relentless and patronizing politicking have angered the 
Board and many in our community. 

Since the petition was filed, the Board has heard presentations and received testimony (written and/or oral) from 
the Petitioner, Commission on Water Resource Management ("CWRM") staff, and numerous other stakeholders, 
as well as the Department of Water Supply's ("DWS") staff. Since 2008, DWS has also been closely involved 
in participating and facilitating the Kona Water Round Table ("KWRT") meetings to address the water concerns 
in the region and specifically within the Keauhou Aquifer system. At these KWRT meetings, presentations were 
made by the Petitioner as well as technical professionals in the area of groundwater hydrology, anchialine ponds 
or pools, groundwater quality management, and other practitioners. At each of these meetings 1, numerous 
people attended, including members of the Board, the CWRM, United States Geological Survey ("USGS") staff, 
the Petitioner, as well as many stakeholders of North Kona. 

The Board finds it alarming in the Petitioner's proclamation that if a water management area is not designated, 
"new wells will be sited near sensitive habitat for culturally important and rare native species, thereby imperiling 
traditional and customary Native Hawaii rights and practices." This is grossly overreaching, and is an attack on 
the integrity of the stakeholders, public policies, and public agencies at the State and County levels that are 
charged to protect all resources. 

The Board heard testimony from various landowners, some of whom are adjacent to the Petitioner's property, 
about the implementation of various management practices that have protected and allowed various habitats, 
native plants, animals, and biota to thrive within the proposed management area. It is ironic that the Petitioner 

I KWRT Agendas [05-14-08, 7-23-14, 11-3-08,7-22-09,9-23-10,3-29-12,7-11,12, 1-17-13,5-21 ,14] are attached for your 
reference. 

. . . Water; Our !Most Precious 1(esource ... 1(a Wai 51 1@ne .. . 
The Department of Water Supply is an Equal Opportunity provider and employer. 
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has cited the protection of cultural resources as one of the primary motives for the designation of a management 
area; however, at a community presentation, the Petitioner admitted to suspending various traditional and 
customary Native Hawaiian rights and practices at the Kaloko-Honokohau National Park with no foreseeable 
date for restoring them. As of this writing, the Board has not seen any baseline information, evidence, or studies 
that support the Petitioner's claims of endangerment as outlined within their Petition, nor the necessity to 
suspend customary Native Hawaiian rights. 

The Board also takes exception to the Petitioner's nonchalant assertion that the water management designation 
would simply mean another penn it. The Board heard overwhelming testimony from CWRM showing that is 
simply not the case. Members of the community, specifically the Kona Community Development Plan Action 
Committee, heard numerous members of the community speak in strong opposition to the designation and to the 
submission of critical concerns that the management designation would delay, halt, and increase the costs for 
much-needed community projects. Among the community projects at risk are the West Hawaii Community 
College, West Hawaii judiciary complex, the Natural Energy Laboratory of Hawai'i Authority (NELHA), Kona 
International Airport, and affordable housing projects planned for the area. 

As mentioned above, the Board plans to submit comprehensive commentary on the Petition. However, this 
process has stirred passionate discussion, divided our community, and the Board feels it important to frame and 
reflect the community sentiments and the extensive efforts from all stakeholders on the enormous value placed 
on the management and protection of groundwater and the sustainability of our resources. 

Based on the information received, the Board recognizes and believes that a strong and valid effort is in place to 
protect the groundwater sustainability, which includes discharge into the near-shore waters, and that the 
scientific investigation and research that we have reviewed thus far do not justify designation. We are hopeful 
the CWRM will do the right thing and deny the petition to designate the Keauhou Aquifer System as a managed 
area. 

Sin~ 

~Shiro, Chairperson 
Water Board 

KK:jms 

Encs. 

copy: Honorable William P. Kenoi, Mayor, Hawai'i County 
Honorable Neil Abercrombie, Governor of the State ofHawai'i Hawai'i County Council 
Kona Community Development Action Committee 
Kamehameha Schools 
Queen Lili'uokalani Trust 
Palamanui Global Holdings, LLC 
Kohanaiki Shores LLC 
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State of Hawai'i, Department of Hawaiian Home Lands 
Natural Energy Laboratory of Hawaii Authority 
State of Hawai'i, Department of Transportation 
National Park Service 
Forest City Hawaii Kona, LLC 
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Mr. Riley Smith, P.E.
President/Chief Executive Officer
Lanihau Properties, LLC
P.O. Box 9032
Kailua-Kona, HI 96745

REQUEST FOR CLARIFICATION FROM DWS ON IMPACTS IF KEAUHOU AQUIFER
IS DESIGNATED

In response to your inquiry, if the Keauhou aquifer is designated a ground water management area,
based on our current understanding of the process, the Department of Water Supply (DWS) will
postpone installation of new water services.

Lacking any specific conditions or exemptions from the Commission on Water Resource Management
(CWRM), all new water services will require a new Water Use Permit approved by CWRM thus, DWS
feels this would be the prudent and equitable option.

Should you have any questions, please call Mr. Keith Okamoto at 961-8050.

KKO:dmj

Sincerely yours,

• * . 14”ate, Our 7v1ost Precious Rgsource.. . 1(a Wai !J(ane.
The Department of Water Supply is an Equal Opportunity provider and employer.

July 10, 2014

Jr., P.E.



/

NEIL ABERCROMBIE WILLIAM J. AILA, JR.
GOVEENOR OF HAWAII

—

CHAIRPEESON

KAMANABEAMER
MICHAEL 0. BUCK
MILTON 0. PAVAO

LINDA ROSEN, M.D., MPH.
JONATHAN STARR

WILLIAM M. TAM
DEPUTY GRECTOR

STATE OF HAWAII
DEPARTMENT OF LAND AND NATURAL RESOURCES

COMMISSION ON WATER RESOURCE MANAGEMENT
P.O. BOX 621

HONOLULU, HAWAII 96809

September 22, 2014

Mr. Duane Kanuha, Director
Planning Department
County of Hawaii
Aupuni Center
101 Pauahi Street, Suite 3
Hilo, HI 96720

Aloha Mr. Kanuha,

We are writing to follow up the Commission on Water Resource Management (“Commission”)
September 24, 2013 letter (attached) to you requesting information about land use plans and
entitlements in the Kona Community Development Plan district.

As you know, the United States National Park Service petition to designate the Keauhou Aquifer
System Area (“ASA”) (North Kona) as a Ground Water Management Area requires the
Commission to analyze land uses. One of the criteria the Commission must consider in deciding
whether to designate a water management area under the State Water Code is authorized planned
uses by the county.

Specifically, Haw. Rev. Stat. § 174C-44 Ground Water Criteria for Designation provides, in part,

(1) Whether an increase in water use or authorized planned use may
cause the maximum rate of withdrawal from the ground water source to
reach ninety per cent of the sustainable yield of the proposed ground water
management area. [emphasis added]

Haw. Rev. Stat. § 174C-3 Definitions, defines “authorized planned use.”

‘Authorized planned use” means the use or projected use of water by a
development that has received the proper state land use designation and
county development plan/community plan approvals. [emphasis added]

The County makes decisions about land uses and, in particular, county development
plan/community plan approvals. The Hawaii County Planning Department is the repository of
those decisions and that information.
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Therefore, the Commission requests that the Hawaii County Planning Department provide the
Commission with a list of:

A) All county development planlcommunity plan approvals, including all
zoning and proposed land developments for the Kona Community Development
Plan district as outlined in the attached September 24, 2013 letter.

B) All county building permits issued or applied for new developments, and whether any
of these have been approved in the Kona Community Development Plan.

We have also been in contact with the Hawaii County Department of Water Supply which is
compiling a list of current and future water users.

On October 9, 2014, the Commission will conduct a second field investigation and site visit in
the Keauhou Aquifer System Area. As part of this site visit and investigation, the Commission
requests that the Hawaii Planning Department make a presentation to the Commission describing
the Department’s role in coordinating land use and water planning. At the presentation, it would
be useful if the Commissioners could have hard copies of the information requested above. We
will let you know the location and time of the briefing. Currently, we expect to meet at the King
Kamehameha Hotel beginning about 2:00 pm on October 9, 2014.

After the October 9, 2014 investigation and site visit, the Commission anticipates returning to
Kona on December 10, 2014 to decide whether or not to continue the designation process into
the next (“public hearing”) phase. if the Commission decides to continue the process, then a
public hearing will be scheduled sometime in January or February 2015.

After the public hearing is concluded, the Commission will set a time in early March to return to
Kona to decide on the petition itself.

Therefore, we request yourformal response to the Commission’s September 24, 2013 letter no
later than October 30, 2014, so that the Commission may analyze the land use data in detail and
include it in the Commission’s preliminary findings of fact. These findings need to be completed
and made available to the public for review well in advance of the December 10, 2014 meeting
in Kona.

If you have any questions, please contact either Roy Hardy (808-587-0274) or me (808-587-
0214). Thank you.

Very truly yours,

WILLIAM M. TAM
Deputy Director
Attachment

C: Ouirino Antonio Jr.. PE. Hawaii Denartmnt nf Wt.r Sunrh,
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October 29, 2014

Mr. William J. Aila, Jr., Chairperson
Commission on Water Resource Management
Department of Land and Natural Resources
P.O. Box 621
Honolulu, HI

Dear

SUBJECT: Review of Petition to Designate the Keauhou Aquifer System as a
Ground Water Management Area; North Kona Hawai’i

We are in receipt of your letter dated September 22, 2014 requesting comments from this office
regarding the subject Petition. We understand that the National Park Service (NPS), through the
Superintendent of Kaloko-Honoköhau National Park (KHNP), has filed the Petition to designate
the Keauhou Aquifer System Area in North Kona as a Ground Water Management Area.

Requested Information:

The previous correspondence from your office dated September 24, 2013, requested a number of
items, some of which were already provided. HOwever, in our letter dated October 8, 2013 we
requested more time to provide the following:

1. A list of planned or proposed land developments that our Department is aware of along
with details such as county zoning designation, number of proposed housing units, tax
map key numbers, and the proposed water source and projected water use.

2. Whether any of these developments have received county development plan or
community plan approvals and the status of any county permits applied for,

In addition, your most recent letter requested the following additional information:
3. All county development plan! community plan approvals, including all zoning and

proposed land developments for the Kona Community Development Plan district as
outlined in the previous correspondence.

4. All county building permits issued or applied for new developments, and whether any of
these developments have been approved in the Kona Community Development Plan.
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Additional Information and Clarifications:

In addition to the requested data, we would like to provide supplemental infonnation to clarify
our understanding of the authorized planned use (APU) defmition and how we apply it to land
use consideration in Hawai’i County.

According to Hawai’i Revised Statutes, Section l74C-3, “Authorized planned use” means the
use or projected use of water by a development that has received the proper state land use
designation and county development plan/community plan approvals [emphasis added]. We are
assuming the reference to “proper state land use designation” is to the State Land Use (SLU)
Urban designation. Both the County of Hawai’i General Plan 2005 (as amended) and the Kona
Community Development Plan (Kona CDP) were adopted by ordinance, and the policies therein
are considered during review of all land use applications. There are no separate CDP approval
requirements as suggested by the definition of APU.

The General Plan includes a Land Use Pattern Allocation Guide (LUPAG). As noted in Section
14.1.1 of the General Plan, the methodology used to develop the LUPAG reflects estimates of
future population based on economic and employment evaluations, existing land uses and zoned
areas, determination of community facility needs, and transportation demands for the entire
island. The topography and other physical features of each area were also analyzed, and other
factors, particularly economic, social, and physical characteristics, were noted. The LUPAG
map is not to be used as a definitive map but as a broad, flexible design intended to guide the
directions and quality of future developments.

Although the General Plan is adopted by ordinance, the LUPAG is not considered “authorized
planned use” as defined in HRS Section 1 74C-3, as these designations are not grants of
development rights. However, it appears that NPS assumed that the LUPAG is APU, as their
petition noted the density allowed by the LUPAG would exceed Sustainable Yield of the
Keauhou Aquifer System by 600%; such extrapolation is not reflective of the multitude of
factors that guide land use decisions in Hawai’i County.

The Land Use Commission (LUC) authorizes SLU district boundary amendments among the
four recognized SLU categories of Urban, Rural, Agricultural and Conservation. Within the
Urban, Rural and Agricultural districts, the County has land use jurisdiction through the County
zoning code. The County will not support any district boundary amendments to an Urban
classification if it is not consistent with the LUPAG, the Kona CDP, and if County water is not
available as detennined by the Department of Water Supply (DWS). Available water is defined
as “water commitments” and executed “developer agreements.” Additionally, projects must
have the appropriate SLU designation before they receive a change of zone as approved by
County Council. The concurrency for a change of zone requires that any project be adequately
supported by a county water system or private water system of equivalent design and capacity.
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Authorized Planned Use Proposed Projects:

The proposed development projects on the following page have been updated from the October
9, 2014, PowerPoint presentation and are considered to be APU with DWS water commitments
or development agreements. As requested, we have provided the county zoning designation,
number of proposed housing units, tax map key numbers, the proposed water source, and the
status of permits. The allocation of water can be more accurately provided by the Department of
Water Supply under separate cover.

We hope you find this information useful in your deliberations. If you have additional questions,
or if you need further assistance, please feel free to contact me or April Surprenant at (808) 961-
8 125.

Sincerely,

/ DUANE KANUHA
Planning Director

BJM:AJS:cs
P:\April S\Water-CWRM\CWRM-Petition to designate Keauhou Aquifer 1028 14-6.doc

cc: Mr. William P. Kenoi, Mayor
Mr. Wally Lau, Managing Director
Mr. Randall M. Kurohara, Deputy Managing Director
Water Board ofthe County of Hawai’i
Karen Eoff, Hawai’i County Council
Drew Kanuha, Hawai’i County Council
Mr. Quirino Antonio, Jr., P.E., Manager-Chief Engineer, Department of Water Supply
Planning Department- Kona Office
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Authorized Planned Use Proposed Project List:

Applicant TMK SLU Zoning Units Status Water
Palamanui 7-2-005:001 U PD, MCX-20 845 Tentative DWS Devel

subdivision Agint
approval

William & Dixie 7-3-051:065 U MCX-la 2 Plan Approval DWS
Minson Commitment

Kohanaiki 7-3-009:003 U RM-3, V-i .25, 1,850 Final subdivision DWS Devel
(Waiaha S.) RS-10, CV-10, approval Agmt

Open

Kaloko Heights — 7-3-009:062, U RS-15, .RS-l0, 813 LUC, rezone DWS
phase 1 061, 060, 059, RS-7.5, RM-3, Commitment

058, 057, 032 CN-20, Open
Lanihau 7-4-008:013, U MG-la, MXC 20 TBD Rezone DWS Devel
Properties 76-79 -______________ -______ Agmt
QLT 7-4-020:0 10 U CG-l0 TBD Master planning DWS Devel

phase Agmt

Laiopua Village 4 7-4-021:010, U RS-7.5 259 Tentative DWS Devel
012, subdivision Agmt

approval

Forest City 7-4-021:020, U A-5a 2,330 Final subdivision DWS Devel
024, 025, 026, approval, Phase I Agmt
027

SCD Kona 108 7-5-003:007, U RM-3i, RA-la 73 Rezone with time DWS
008, 009 extension - needs Commitment

subdivision/plan
approval

Komo Brothers/ 7-5-003:024 U, Ag A-5a, CN-20 72 Rezone - needs DWS
Lahaina subdivision! plan Commitment
Petroleum approval
Hu-Ko-Pa LLC 7-5-017:042 U RS-10 53 Planned Unit DWS

Devel Commitment

Millicent Towata 7-6-004:0 18 U RS-20 2 Subdivision DWS
Grand Commitment
Kona Vista LLC 7-6-021:004, U RM-5 256 Rezone - needs DWS

009-013, 015, subdivision/plan Commitment
017 approval

Parcel 26 at 7-8-010:004 U RM-3.5, V-1.25 338 Draft LA DWS
Kahaluu/ Towne Commitment
Development
Kona Country 7-8-010:101 U RM-30 60 Plan Approval for DWS
Club, Inc. 29 Units Commitment

Total 6,953
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November 3. 2014

The Honorable William Ada, Chairman
Department of Land and Natural Resources
State of Hawai’i
P.O. Box 621
Honolulu. HI 96809

The Honorable William Tam, Deputy Director
Commission on Water Resource Management
State of Hawai’ i
P.O. Box 621
Honolulu, HI 96809

r—. H-•’

i’

REQUEST TO PROVIDE CWRM WITH CRITICAL WATER CALCULATION INFORMATION
RELATED TO THE PETITiON TO SEEK DESIGNATION OF THE KEAUHOU AQUIFER SYSTEM
AREA AS A GROUND WATER MANAGEMENT AREA

Dear Chairman Aila and Dcputy Director Tarn:

The County of Hawai’i, Waler Board (“Board”), strongly urges the Commission on Water Resource
Management (“CWRM”) to schedule a special fact-finding meeting on or before November 30, 2014, on the
Big Island, to allow accurate information from the County of Hawaii (“County”) to be included within the
CWRM’S staff reports and recommendations (“Report”) that are to be reviewed by CWRM Commissioners
related to the petition to seek designation of the Keauhon Aquifer System Area as a Ground Water Management
Area (“Keauhou Aquifer”).

The Board observed CWRM’s meetings on September 17, 2014, and October 9, 2014 (“Meetings’). and asserts
that the Meetings failed to provide the County ample opportunity to educate CWRM on all of the technical and
scientific information gathered by the County that would be critical to the development of the Report.

The Board further recognizes that to have a comprehensive Report. it should also seek direction and input of
various stakehoiders and lineal descendents of the area. Again, the Meetings failed at securing this type of
input.

The Board also reviewed a complaint to the Office of Information Practices (“OIP”) regarding possible
Sunshine Law violations by CWRM. Under separate letter, the Board will be asking OIP to direct its findings
and background analysis of this complaint to the Board to ensure any and all information related to the Keauhou
Aquifer is available with the County of Hawai’ i Department of Water Supply.

- l I zter, Our Wost Precious esource . Wai 5 ne,
The Department of Water Supo is sri Equa’ 0porturidy provider and emp’oyer
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Simply put, much of what has transpired has fostered and created an unfair advantage to the National Park
Service, the petitioner in this request, and it would be appropriate to schedule another meeting regarding the
Keauhou Aquifer on or before November 30. 2014 on the BI Island.

The primary goal of any assembled body is to allow for “opening up the governmental processes to public
scrutiny and participation which is the only viable and reasonable method of protecting the public’s interest.”
With this in mind, it appears warranted that CWRM entertain action to defer any decision-making scheduled for
December 10, 2014, until all information is appropriately received and vetted.

SL/KAG:jms

G. Rick Robinson
Vice-Chairperson, Water Board, County of Hawai’i

cc: Mr. Kainana Beamer, Commissioner, Commission on Water Resource Management
Mr. Michael G. Buck, Commissioner, Commission on Water Resource Management
Mr. Milton D. Pavao, Commissioner, Commission on Water Resource Management
Dr. Linda Rosen, Commissioner, Commission on Water Resource Management
Mr. Jonathan Starr, Commissioner, Commission on Water Resource Management
Honorable Neil Abercrornbie, Governor, State of Hawaii
Honorable William Kenoi, Mayor, County of HawaN
Mr. Duane Kanuha, Planning Director
Honorable 3. Yoshimoto, Chairperson, Hawai’i County Council
Honorable Karen Eoff, Council Member, Hawaii County Council
Honorable Dru Kanuha, Council Member, Hawaii County Council
U.S. Senator Brian Schatz
U.S. Senator Mazie Hirono
U.S. Representative Colleen Hanabusa
U.S. Representative Tulsi Gabbard
State Senator Joshua Green, State of Hawai’i
State Representative Cindy Evans, State of Hawai’i
State Representative Nicole Lowen, State of Hawaii
Editor, West Hawai’i Today
Editor. Hawaii TribuneHerald
Editor. Honolulu Star Advertiser

Sincerely yours,
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Ms. Cheryl Kakazu Park. Direcror
Office of Information Practices, State of Hawai’i
No. I Capitol District Building
250 South Hotel Street. Suite 107
Honolulu, Hi 96813

=

C;’

S APPEAL 15-5: REQUEST FOR DECISION AND FINDINGS RELATED TO THE COMMISSION
ON WATER RESOURCE MANAGMENT’S FAILURE TO COMPLY WITH PART I OF
CHAPTER 92, HAWAII REVISED STATUTES

The County of l-iawai’i Water Board, hereinafter (“Water Board”), rcqucsts a copy of any and all information
including any decision or opinion by the Office of Information Practices (“01?”) regarding the above-referenced
matter, hereinafter, S APPEAL 15-8.

The Board has authority over, and plays a critical role, regarding water and water issues in Hawaii County.
Therefore, S APPEAL 15-8 and its findings are essential to future discussions and decisions made by the Water
Board.

S APPEAL 15-8 will also have an impact on the future progress of the matter in question (National Park Service
Petition). it is pTudent for the Water Board to assess the findings of 01?, and any impacts the findings would
have on water issues in Hawaii County, and to ensure that any and all information related to the Keauhou
Aquifer is made available to the County of i-lawai i. Department of Water Supply.

We look forward to the information and your findings.

SL KAG.ims

G. Rick Robinson, Vice-Chairperson
Warer Board, County of Hawaii

- :i I czte1. Our 4’tost ecious !souie - !At i-i ! %!r.
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Sincerely yours,
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cc Mr. Kamana Seamer, Commissioner, Commission on Water Resource Management
Mr. Michael 0. Buck, Commissioner, Comm,ssmn on Water Resource .vlanagement

/ Mr. Milton D. Pavao, Commissioner, Commission on Water Resource Management
Dr. Linda Rosen, Commissioner, Commission on Water Resource Management
Mr. Jonathan Starr, Commissioner. Commission on Water Resource Management
1-lonorable Neil Ahercrombie, Governor, State of Hawaii
Honorable William Kenoi, Mayor, County of l-lawai’ i
Mr. Duane Kanuha, Planning Director, County of Hawaii
Honorable 3. Yoshimoto, Council Member, Hawaii County Council
Honorable Karen Hoff, Council Member. Hawaii County Council
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DEPARTMENT OF WATER SUPPLY • COUNTY OF HAWAI’I

345 KEKUANAO’A STREET, SUITE 20 • HILO, HAWAII 96720

TELEPHONE (808) 961-8050 • FAX (808) 961-8657

November 28, 2014

Mr. William J. Aila, Jr., Chairperson and Commissioners -

Commission on Water Resource Management
Department of Land and Natural Resources
P.O. Box 621
Honolulu, Hawai’i 96809

Re: Water Board and Department of Water Supply ofthe County ofHawai ‘i Response to
Kaloko-HonokOhau National Park Service Petition to Designate Keauhou Aquifer
System Area (North Kona), Hawai ‘i as a Ground Water Management Area

Dear Mr. Aila and Commissioners:

Thank you for allowing the Water Board of the County of Hawai’i (“Board”) to comment on
the Petition to Designate the Keauhou Aquifer System (“Petition”) as a Ground Water Management
Area, which was filed on September 13, 2013, by the National Park Service (“NPS”). The Board
respectfully opposes the Petition, as designation of the aquifer is not warranted. We therefore
urge you to NOT pursue the designation process.

I. INTRODUCTION

Since the Petition was filed, the Board has heard presentations and received testimony (written
and/or oral) from the NPS, Commission on Water Resource Management (“Commission”) staff,
numerous representatives of stakeholders in the Kona community (public, private, and cultural),
scientists in the fields of hydrology, hydrogeology, geochemistry, and biology as well as engineers,
among others, as well as the Department of Water Supply’s (“DWS”) staff. Since 2008, the DWS has
also been closely involved in formulating and continuing the Kona Water Round Table (“KWRT”)
meetings to address the water concerns in the region and specifically within the Keauhou Aquifer
system. At these KWRT meetings, presentations were made by the NPS as well as professionals in the
area of ground water hydrology, anchialine ponds or pools, ground water quality management and
other pertinent professions and practitioners. At each of these meetings, numerous people have
attended, including members of the Board, the Commission, United States Geological Survey
(“USGS”) staff, the NPS, as well as many stakeholders of North Kona. Based on the information
received, the Board recognizes and believes that a strong and valid effort is in place to protect the
ground water sustainability, which includes discharge into the near-shore waters, and that the scientific
investigation and research does not justify designation.
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Numerous scientists1,including petitioner’s own hydrologist, Paula Cutillo2,stated there is
no evidence that current pumping has adversely impacted resources at the park or along the
coast. In fact, data from monitoring wells near or within the park indicate no increase in salinity and
in some cases a decrease in salinity over the past 19 years. Rising sea level has an impact of shifting
the basal lens inland; however, that does not equate to a threat to fresh water supply. It should also be
noted that consumptive uses are also a public trust use of water.

The following are facts regarding why each of the criteria for designation is NOT MET.

II. CRITERIA NECESSARY FOR DESIGNATION TO PROCEED

1. Whether an increase in water use or authorizedplanned use may cause the maximum
rate of withdrawalfrom the ground water source to reach ninety percent of the
sustainable yield of the proposed water management area. [Hawai’i Revised Statutes
(“HRS’9 §1 74C-44(1)1

Conclusion:

CRITERIA 1 IS NOT MET. Not only is the “authorized plan use” nowhere near the
ninety percent mentioned in the statutes, but there is scientific evidence that the sustainable
yield number utilized by the Commission is far less than the actual sustainable yield.

Discussion:

A. Water Use and Development Plan

Petitioner relies heavily on a misinterpretation of the Water Use and Development Plan of
the County of Hawai’i (“WUDP”). The WUDP addresses a theoretical potential full build
out based on the Land Use Pattern Allocation Guide (“LUPAG”) map, which only
considers theoretical full build out of the entire area without regard to time. The medium
growth rate projections show that in 2025, it is estimated that the water use, including
agricultural use, will be approximately 18.6 million gallons per day, or about 48.9% of the
sustainable yield (“SY”), even if the SY of 38 million gallons per day (“mgd”) is used.3

‘See Summary ofScientflc Research on the Northern Section ofthe Keauhou Aquifer System, prepared by Steve Bowles,
Ph.D, Tom Nance, P.E., and . Richard Brock, Ph.D, presented to the Kona Water Roundtable on July 30, 2014 attached as
Exhibit “A”.
2 National Park Service, U.S. Department of the Interior, Water Resources Division presentation: NPS Petitionfor Water
Management Area Action: ScientifIc Overview, presentation by Paula A. Cutillo, Ph.D, at the Kona Water Roundtable on
August27, 2014.

See Hawai ‘i County Water Use and Development Plan Update (August 2010) available at:
http://www.hawaiidws.org/7%20the%2owater/wudp.htm
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B. Sustainable Yield

The current SY of 38 mgd was based on a total estimated ground water recharge of 87 mgd,
while recent studies by USGS4,reported to the Commission has shown that actual ground
water recharge is estimated to be approximately 77% greater or approximately 154 mgd —

four times the amount of the current SY.

As our consultant for the WUDP, Jon Nishimura, explained at the Commission on Water
Resource Management meeting on November 19, 2014, the use of LUPAG and associated
water demand was based on a theoretical full build-out scenario where every single square
foot of area was developed to its theoretical maximum extent, was never intended to be a
projection of actual water use. Growth projections were also made in the WUDP to use as a
guide for future planning; and based upon the medium growth rate as the most likely to
occur, it is estimated that in 2025, the water demand, including all agricultural use, will
reach approximately 18.6 mgd (or 49% of SY) and further projecting that number out, it
would be 25.2 mgd in 2045 (or 66% of SY), again assuming that SY is 38 mgd.

C. Authorized Planned Use

“Authorized Planned Use’ means the use or projected use of water by a development that
has received the proper state land use designation and county development planlcommunity
plan approvals.” HRS § 1 74C-3.

While the Commission has requested an abundance of data from the DWS, the statutory
definition of Authorized Planned Use must be adhered to by the Commission. The
following is the “Authorized Planned Use” as of writing this letter:

Water Commitments that have land use approvals 1.14 mgd
from the County (i.e., zoning, subdivision, etc,)

Developer Agreements that have land use 1.21 mgd
approvals from the County
Vacant Service Laterals that have been paid for and 1.10 mgd
installed by previous developments but are not in
use because a meter has not been installed, or in
some cases because development plans have
changed
Open Building Permits that fall outside of the .09 mgd
above categories
TOTAL 3.54 mgd

During the DWS’ truncated presentation after the October 9, 2014 site visits on the Big
Island, the DWS included 1.99 mgd for “other private wells.” However, the Water Board
and the DWS have no jurisdiction over private wells. The only non-DWS municipal wells

“See excerpts from USGS Scientific Investigations Report 2011-5078, “A Water-Budget Model and Assessment of
Groundwater Recharge for the Island of Hawai’ i, attached as Exhibit “B” hereto (hereinafter “2011 USGS Groundwater
Recharge Study”). A complete copy of the study is available at: http://pubs.usgs.gov/sir!2011/5078/sir2Ol l-5078.pdf
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whose developments have all land use authority for full build-out are at Kukio. At full
build-out Kukio’s use will be approximately 0.4533 more than its existing use (this number
was calculated from information obtained from an employee of Kukio). The remainder of
the 1.99 mgd was given to DWS staff by Commission staff. DWS has questioned this
number. DWS does not have information on the location of these irrigation wells. Whether
these wells are or would be considered for a development’s “authorized plan use” is highly
questionable. Additionally, the Commission should NOT calculate “authorized planned
use” based upon pump capacity, because: (1) there are redundant sources within the system;
(2) no well would be pumped 24 hours a day; and (3) the design of the pump capacity
would be much greater than actual planned use.

D. Permitted Wells

Petitioner is attempting to alarm the Commission by claiming that there are 51 permitted
wells for production and that less than one third are reporting pumpage to the Commission.
However, what Petitioner fails to understand is that some permitted wells are not in
production. DWS knows that at least 26 of the 51 permitted wells not owned by them are
also not in production. DWS has 14 of the listed wells, is reporting pumpage on 12 of the
wells and 2 of the wells cannot be reported because the wells are not in production yet.
Additionally, as a practical matter, wells are generally not pumped to their capacity, and
back-up wells are standard practice as the equipment requires quite a bit of maintenance
and often requires replacement which could take several months to accomplish. Therefore,
total pumping capacity is always significantly higher than what is actually being used.

E. Protecting Native Hawaiian Rights and Practices

Petitioner accuses both the Commission and DWS of not considering the supply of water
necessary to protect the traditional and customary Native Hawaiian rights and practices.
This is simply not true.

The SY determination considers many factors, including ground water discharge that may
affect recreational as well as aquatic and wildlife habitat (USGS Circular 1186). Though
the original model may not have accounted explicitly for these issues, the recent studies that
are resulting in much higher SY numbers do.

2. There is an actual or threatened water quality degradation as determined by the
department ofhealth. [HRS 1 74C-44(2)1

Conclusion:

CRITERIA 2 Is NOT MET. To the Board’s knowledge, the Department of Health has
not made any finding that there is an actual or threatened water quality degradation. See
also discussion under Criteria 4.
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3. Whether regulation is necessary to preserve the diminishing ground water supplyfor
future needs, as evidenced by excessively declining ground water levels. [HRS 1 74C-
44(3)J

Conclusion:

CRITERIA 3 IS NOT MET. Overall recharge is 77% higher than what was used to
determine the currently used SY of 38 mgd.

Discussion:

The Petition references the 2011 USGS Groundwater Recharge Study that addresses
climate change and refers to Timm and others (2009) and their study on rainfall estimates
for the late 21st century on the Big Island.

The 2011 USGS Groundwater Recharge Study projects a slight increase in precipitation for
most of the Big Island, including Kona. This study also addresses the ground water
recharge and estimates that the overall recharge is approximately 77% higher than what was
used to determine the SY of 38 mgd. See Exhibit “B”. This section also states that the
RAM methodology for determining SY did not consider these trends in rainfall and sea
level. It should be pointed out that the 2011 USGS Groundwater Recharge Study does
consider the climate change in determining overall recharge. Finally, the SY is not the only
criteria that is being looked at by the many scientists who have come forth and shared
information in determining potential impacts based on the ground water withdrawal.

4. Whether the rates, times, spatialpatterns, or depths ofexisting withdrawals ofground
water are endangering the stability or optimum development ofthe ground water body
due to upconing or encroachment ofsalt water. [HRS 1 74C-44(4)J

Conclusion:

CRITERIA 4 Is NOT MET. There is no evidence of any danger to the aquifer due to the
existing withdrawals. As the Commission witnessed and heard at the site visit at the
Kahalu’u Shaft on October 9, 2014, shaft pumpage is being reduced and will be relegated to
use as a back-up source in the near future.

Discussion:

The Petition is inaccurate and misleading. Paragraph 4 on page 33 of the Petition states that
“In 2011, sodium levels in drinking water from Kahalu’u well field were as high as 185
milligrams per liter (mg!L)...” and “As of January 2013, chloride levels in Kahalu’u well
field remained as high as 410 mg/L...” THESE STATEMENTS ARE INCORRECT AND
MISLEADING.

In 2011, the average sodium level in the Kahalu’u well field (Kahalu’u Wells A, B, C, and
D) was approximately 80 mg/L (ppm). The report presumably extracted the 185 mg/L
sodium result from the DWS’ 2011 Consumer Confidence Report (aka Water Quality
Report). This 185 mg/L result is actually a Kahalu’u Shaft sample, and not from the
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Kahalu’u well field. Also, the average chloride concentration from the Kahalu’u Wells A,
B, C, and D between January 2012 and December 2012 was approximately 138 mg/L
(ppm) (See http ://www. hawaiidws.org/7%20the%20water/ccrpage.htm). The Petition
appears to total the chloride concentrations from the Kahalu’u wells, which is incorrect.
DWS has already begun the process of reducing the pumpage of the Kahalu’u Shaft, as
explained at the site visit on October 9, 2014, and the Kahalu’u Shaft will be relegated as a
back-up source.

There is simply no evidence that any increase in the number of pumping wells located in
the vicinity of Kaloko-Honoköhau would have an effect on freshwater discharge to coastal
ecosystems within the Park. In fact, in the graphic shown below, which is from Paula
Cutillo’s presentation to the Commission on September 17, 2014, shows conductivity (an
indication of salinity) at a stable level from 2007 through 2011.
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5. Whether the chloride contents ofexisting wells are increasing to levels which materially
reduce the value of their existing uses. [HRS 1 74C-44(5)J

Conclusion:

CRITERIA 5 Is NOT MET. The DWS typically attempts to blend the Kahalu’u Shaft
and Kahalu’u Well water sources with each other in order to dilute the chloride
concentrations. In addition, where it is physically and hydraulically possible, the higher
elevationllower-chloride sources are blended with the Kahalu’u Shaft and Kahalu’u Well
water sources. The blending of water sources reduces the chloride levels in the water
system and is done for the benefit of the community and water users, and the blending
inherently increases the “value” of the water. The DWS has invested time and monies to
develop additional higher-elevationllower-chloride water sources in order to reduce the
daily pumpage from the Kahalu’u Shaft and Kahaluu Wells.
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Discussion:

As documented, in the early 1990’s Keauhou-Kamehameha Well 2 and Kalaoa Well were
drilled at higher elevations, and a high-elevation water sources was discovered with
significantly lower chlorides. As additional high-elevation water sources were developed,
the DWS would pump and transmit the lower-chloride water to customers in the vicinity of
the high-elevation sources. Recently, due to the completion of new transmission
waterlines, the DWS blends the Kahalu’u Shaft and the Kahalu’u Wells’ water with these
higher-elevation water sources in order to dilute and decrease the chloride concentrations,
thereby increasing the aesthetic and overall “value” of the water. Recent water quality
analyses for chlorides in the North Kona water system has shown that this high
elevationllower chloride water is flowing to portions of the water system that were
previously served by the Kahalu’u Shaft and Kahalu’u Wells. Thus, the “value” of the
water has increased in these areas that now receive waters with lower chloride levels.

6. Whether excessive preventable waste ofground water is occurring.
[HRS 1 74C-44(6)J

Conclusion:

CRITERIA 6 Is NOT MET. The Petition inaccurately states the amount of single-family
use. In addition, the DWS is a statewide leader in leak detection.

Discussion:

The Petition inaccurately states: “According to the County of Hawaii 2010 WLTDP, water
consumption in North Kona is 1000 gallons per day per single-family residential unit — 2.5
times higher than other areas of the county (Fukunaga & Associates, Inc. 2010).” The 1000
gallons per day (gpd) is per connection, which includes larger meters. The DWS has
performed a recent assessment of average residential use rates in the area and has
determined that accounts in typical residential subdivisions use an average of
approximately 410 gpd. This is in line with what the DWS uses island-wide at 400 gpd
average. See Rules and Regulations ofthe Department of Water Supply, County of
Hawai ‘i, effective October 21, 2004 (as revised) (“DWS’ Rules”) available at:
http ://www.hawaiidws.org/3%20about%20water/3d%20rules/Rules%20and%20Regulation
s%20Effective%20 10-21 -04.pdf

The DWS also aggressively addresses waste and conservation.

An unaccounted water program has been in place at the DWS for over 20 years, and our
leak detection program has been a statewide leader as evidenced by our participation with
assisting the Honolulu Board of Water Supply in establishing its program. To date, DWS
has installed thousands of data loggers which help to detect leaks, whether in the public
water system or through customers’ piping. Also, more reliable and accurate meters have
been installed at our sources so that we can compare pumping and consumption more
dependably. Telemetering equipment was also installed/replaced to ensure that pumps shut
off when the tanks are full and do not overflow the tanks. The DWS has put in a substantial
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effort in determining and minimizing unaccounted water, as we realize that reducing waste
is important in keeping our resources sustainable in the long run.

Additionally, the DWS regularly collaborates with elementary through high school teachers
to educate their students about water conservation and stewardship, both in the classroom
and at our facilities. We also participate regularly in the annual statewide “Detect-a-Leak
Week” campaign, where we work with local hardware stores to hand out free toilet tank
leak detection tablets to customers island-wide.

7. Serious disputes respecting the use ofground water resources are occurring. [HRS
1 74C-44(7)J

Conclusion:

CRITERIA 7 Is NOT MET. There are no disputes regarding the use of ground water
resources except for this disputed Petition, which is unsupported by scientific facts.

Discussion:

NPS claims that it has commented on numerous “issues” with respect to ground water in
the area, making it clear that NPS is the only entity which, irrespective of scientific data, is
creating these “disputes”.

We believe that NPS’ “issues” are being addressed and that real efforts are being made,
including the addition of monitoring wells to obtain additional information within the
aquifer. In fact, the DWS is currently working on a monitoring plan for its high level
sources, including a component to concurrently monitor a down gradient basal source. We
intend to share this information with the Commission as it becomes available.

8. Whether water development projects that have received anyfrderal, state, or county
approval may result, in the opinion ofthe commission, in one of the above conditions.
[HRS §1 74C-44(8)J

Conclusion:

CRITERIA 8 Is NOT MET. See discussions above.

III. OTHER IMPORTANT CON5IDERATIONS

1. No Adverse Effects on the NPS

NPS relies on a ground water model and analysis done in 1999 and states: “... that if all
permitted wells were pumped at their maximum rate, ground water discharge at the coastline in the
Park would be reduced to 47% of the 1978 rate and water levels would decline by about 0.6 ft. (Oki et
al. l999)(Figure 9).”

There are more recent models and analyses done, and the results referred to in the above
paragraph are no longer valid. The Board was not presented with any evidence that freshwater
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discharge to the National Park was diminished or would be diminished in the foreseeable future as
described in the 1999 study. As a matter of fact, a review of the conductivity data from 2008 to 2012
from two observation wells, KAHO 2 and KAHO 3, indicated conductivity levels have dropped
slightly, indicating a slight increase of freshwater
(https://irma.nps.gov/App/Reference/Profile/2 193295)

NPS makes repeated references to the EA for the Palani Ranch Well (Geometrician Associates
LLC 2009). The EA addresses the cumulative pumping effects on salinity increase and thermal change
at the NPS inland ponds as well as coastal waters. The EA specifically addresses the orange-black
damselfly, and the one completed lab test (a total of 3 were to be done) showed that the predicted
salinity increase and thermal change was insignificant to the habitat of the studied damselfly. The EA
also addressed mullet and other native fish that have a wide range of tolerance for salinity and will not
be impacted.

2. Protecting Public Trust Resources

The NPS vastly overstated the precautionary principle and omitted an essential part of the
code. The Petition provides: “Pursuant to the precautionary principle, when ‘the water resources in an
area may be threatened by existing or proposed withdrawals or diversion of water’ the Commission has
a duty to designate a water management area [HRS § 174C-41]”. What the Petition fails to include in
its quotation is the following: “When it can be reasonably determined, after conducting scientific
investigations and research that the water resources in an area may be threatened by existing or
proposed withdrawals or diversions of water, the commission shall designate the area. . .“ The
Petition’s omission is not only glaring, but an indication of the Petitioner’s lack of any scientific proof
that ground water withdrawals or proposed withdrawals from the Keauhou Aquifer are affecting or will
affect the Kaloko-Honokohau National Historical Park. As a political subdivision of the State, DWS
recognizes its duty to conserve and protect Hawai’ i’s natural resources. We further understand our
obligation to promote the development and utilization of these resources in a manner consistent with
their conservation and in furtherance of the self-sufficiency of the State. With this in mind, we also
recognize that the waters of the State are held for the benefit of the citizens of the State, and that the
people of the State are beneficiaries and have a right to have the waters protected for their use. The
policies set forth in the Hawai’i State Constitution and in the State Water Code are what guide DWS
when implementing its programs and policies concerning water resources within the County of
Hawai’i. In furtherance of these policies, DWS remains active in its conservation efforts. To address
the problems of supply and conservation of water, DWS has a rigorous leak detection program, and an
active conservation education program, and also has dedicated $150,000 of its budget for its
unaccounted water program for equipment maintenance and replacement.

Although the DWS only provides potable water, if a customer wants a meter for
irrigationllandscaping use, the DWS requires the customer execute an Irrigation Agreement/Master
Landscape Water Meter Agreement, which, amongst other terms, authorizes the DWS to terminate or
restrict the meters in its sole discretion. DWS may also limit or restrict water flow to all agricultural
water uses in the event water service to domestic water uses is detrimentally impacted due to
agricultural water use or a water shortage. See DWS’ Rules.

Per DWS’ Rules, water commitments are based on the availability of water. In determining the
availability of water, DWS considers population, projections, environmental constraints, past water
usage, zoning, land use districting, water system constraints, outstanding water commitments, capital
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improvement program scheduling, undeveloped available water resources, regulatory requirements of
ground water control areas, and any other significant factor, including public trust principles. See Rule
5, DWS’ Rules.

DWS recognizes that adequate provision of water resources shall be made for the objectives set
forth in the State Water Code. Although the priority of water uses has not been an issue, DWS is
prepared and understands the State’s policy to prioritize the provision of water resources for the
“protection of traditional and customary Hawaiian rights”, the “protection and procreation of fish and
wildlife, the maintenance of proper ecological balance and scenic beauty, and the preservation and
enhancement of waters of the State for municipal uses, public recreation, public water supply,
agriculture, and navigation.”

DWS continues to work to protect and improve the quality of the waters within the County of
Hawai’i, and through continual monitoring and maintenance of operations strives to protect existing
water from contamination and to maintain a high standard of water quality. DWS works closely with
the Commission in monitoring the pumpage of its wells, and voluntarily adjusts pumpage when
prudent.

3. Designation is not Necessary

Petitioner’s Petition centers around the premise that without designation, the Commission has
no tools to manage the aquifer. This is simply not true. The Commission already has the tools and
does not need to rely on a water management area. Some of the greatest tools are the components of
the Hawai’i Water Plan, which includes the Commission’s Water Resource Protection Plan, the State’s
Water Quality Plan, the State Water Projects Plan, the Agricultural Water Use and Development Plan,
and the Counties WUDPs. The Board would also like to take this opportunity to point out that the
County of Hawai’i was the first to update its W1JDP and is currently in the process of updating it once
more, including the section on the Keauhou Aquifer System area.

Additionally, designation is NOT necessary for the Commission to regulate the location and
pumpage of wells in the Keauhou Aquifer System. Existing well construction and pump installation
permit processes allow opportunities for input. See Figure 1 attached hereto. In fact, through
discussions with Commission staff regarding a well in Ka’ü, the DWS has limited the pumping from
that source.

The Board is convinced that water resources are protected by multiple layers of review and
enforcement currently in place at the county, state and federal levels. The Board acknowledges the
successes at nearby Kohanaiki and NELHA as primary examples of this. They have not only complied
with laws and regulations, but have collaboratively worked with the community and area stakeholders
to create successful ecosystems balanced with successful financial ventures.

The Board believes there is and will continue to be an abundance of fresh ground water
adequate to meet the needs of public trust resources for the foreseeable future. The Board echoes
frustration heard within the community about the actual ability to perform Native Hawaiian practices
within the Kaloko HonokOhau National Park (“Park”) since it was established 36 years ago. The
abundance of fresh ground water is likely to be more apparent with the proper maintenance and
removal of invasive plant species within the Park. Perhaps the NPS should focus more effort and
resources within the Park’s boundaries prior to an exterior focus.
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IV. CONCLUSION

The Board, after a comprehensive assessment of the information available, finds that the Board
must continue to work collaboratively with private entities, federal, state and county agencies, as well
as the local community, in managing the development of the North Kona water system for the benefit
of the community while collectively working to protect the Keauhou Aquifer as a public trust resource.
Mr. William Tam, Water Commission Director, addressed designating all of Hawai ‘ i as a water
management area by warning against letting isolated conflicts drive designation. He states: “In areas
not under stress, you don’t need to permit everything right now because of a conflict. There’s always
the danger of the tail wagging the dog, of using a water conflict to get the zoning.”5 It would appear to
the Water Board that this particular petition could become an isolated conflict and designation would
not be necessary to address the concerns of the NPS.

We propose to continue to work with the Commission, NPS and community stakeholders in
making sound decisions that will be in the best interests of the community, county, and state, as well as
help keep our natural public trust resources protected. We would not support a decision to designate
the Keauhou Aquifer System, and therefore request again that you deny the petition.

Sincerely,

L2

Water B rd hairman

Quirino t nio, Jr., Manager-Chief Engineer

c: Honorable William P. Kenoi, Mayor, aw i’i County
Honorable David Ige, Governor-Elec oft State of Hawai’i
Hawai’i County Council Chairperson, shimoto
Hawai’i County Council Chairperson-Elect, Dru Kanuha
Hawai’i County Council members (elect)
Senator Josh Green
Senator Mazie Hirono
Senator Lorraine Inouye
Senator Gilbert Kahele
Senator Russell Ruderman
Senator Brian Schatz
Representative Richard Creagan
Representative Tulsi Gabbard
Representative Nicole Lowen
Representative Mark Nakashima
Representative Richard Onishi
Representative Joy San Buenaventura
Representative Mark Takai
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Preface

In response to the September 13, 2013 petition filed by the Kaloko-Honoköhau
National Historical Park to designate the Keauhou Aquifer System as a
Groundwater Management Area, four professionals prepared summaries of their
ongoing work in the region.

The findings of these studies come to a consistent conclusion: no evidence
collected to date indicates that withdrawals of groundwater resources from the
high-level and basal aquifers in the northern section of the ICeauhou Aquifer
System have negatively impacted basal groundwater, the ponds, and the
nearshore marine waters.

This document summarizes their decades of work in and around the lCeauhou
Aquifer System area. These collective scientific investigations and research
address the issues from several perspectives: looking at the area’s quantity and
quality of water in the subsurface, in anchialine pools, in fish ponds and in the
nearshore marine environment. This document contains all four reports.

The reports are presented to the Kona Water Roundtab)e, a cooperative
assembly of government representatives, professionals, landowners, consultants
and others who share an interest and concern for the condition of the aquifer.
The Roundtable is a venue to share information. The reports provide a
comprehensive look at respective findings and conclusions of their ongoing
research.

Following are highlights of their respective findings. This is followed by a map
of the region, Executive Summaries of each report and each of the full reports.
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Summary of Findings:

Steve Bowles, Groundwater Geologist
“Cumulative hydro-geologic data and

field observations of the Keauhou Aquifer
System obtained during the past half
century support the conclusion that
declaration of the Keauhou Aquifer
System is not necessary at this time.”

“The discovery of high-level ground
water by Kamehameha Schools/KSBE in
1990 set the precedent for the
subsequent development of high level
ground-water by the DWS and others.”

“The high level ground-water system is
complex with various water levels and
has numerous compartments. Large
quantities of high level ground-water in
the south sector remain undeveloped.”

“Sustainable yield assumptions based
upon only a basal lens inaccurately
describe the complexity of ground-water
occurrence in the Keauhou Aquifer
System. The recharge estimates by the
USGS further reduce the present accuracy
of sustainable yield estimates.”

Steve Dollar PhD, Coastal Zone Specialist
“Repetitive analyses of water chemistry
in the two large fishponds in KAHO reveal
no negative impacts were detected in
nutrient dynamics over the last 12 years.
In fact, time-course data indicate a
potential reversal of pond metabolism
toward a less senescent (biological aging)
stage.”

“Based on the results, it appears that the
existing development upsiope of KAHO is
not causing detectable input of nutrient
subsidies, or reduction in groundwater
flux to the ponds.”

Tom Nance, PE, Hydrologist
“High level pumpage began in 1994 and
is now at about 4.0 to 4.5 MGD ... The
TNWRE monitoring data (of continuous
water level recording in the Kamakana
well and time series salinity profiles in
three others in the immediate vicinity of
the National Park) establish that no
impact to basal groundwater as a result
of high level groundwater pumpage has
been identified to date.”

“The discovery of fresh water under
artesian pressure at depth below the
basal lens in the KeOpü and Kamakana
deep monitor wells suggest that some or
possibly even most of the high level
groundwater actually flows beneath the
nominally downgradient basal lens
rather than into it. If discharge of high
level groundwater into the basal lens is
only occurring in limited amounts, then
foreseeable future increases in pumpage
of high level groundwater will have little
or no impact on the basal lens.”

Richard Brock PhD,
Aquatic Resource Specialist

“Despite the fluctuations in
concentrations of some nutrients in
anchialine pools, there is no evidence of
decline to pond biota connected to
changes in water quality.”

“In the Ocean: No evidence of increased
nutrients due to development when
compared to adjacent control areas.”

“On Land: Transitory increases seen in
anchialine pools but the signature is lost
at the shoreline. No decline found in the
pond biota connected to changes in water
quality.”
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Steve Bowles
Groundwater Geologist

Findings and Conclusions

Cumulative hydrogeologic data and field observations of the Keauhou Aquifer System (KAS)
obtained during the past half century support the conclusion that declaration of the Keauhou
Aquifer System (KAS) is not necessary at this time. The KAS as a whole is underdeveloped at this
date.

Early work in preparing estimates of sustainable yield is inadequate. Many of the descriptions of
the hydrogeology have oversimplified the actual occurrence of the local ground-water. Further
deep core drilling is needed to better under-stand the geologic elements which make up the
working components of the KAS. A comprehensive water resource management plan must also be
prepared and modified as knowledge through exploration continues.

Findings:
Our work, covering 40 years of investigation, has led us to create the findings listed in the first
four items below.

1) The Keauhou Aquifer System Consists of four basic units:
a) North sector — high level and basal
b) South sector — high level and basal

2) Likely causes of high level ground-water occurrence:
a) Fault scarps covered by younger lavas
b) Trachyte lava flows
c) Combinations of a and b

3) Multiple water levels in the high level aquifer region of KAS indicate a complex of aquifer
compartments.

4) Cold water shoreline basal springs between Keahole Point and Kaiwi Point result from:
a) Deep ocean temperature intrusion
b) Highly permeable shallow lavas
c) Tide fluctuations and their efficiency

The bullet points listed below best describe the present operating status of the KAS.
• The management programs of well spacing and pumping at the Huehue Ranch and

Kohanaiki well fields have had no significant direct impact on the basal lens quality at the
shoreline.

• The high level well pumping has had no direct impact on the basal lens in the north sector
to date.

• Over pumping of the Kahaluu shaft and the Kahaluu wells in the south sector has resulted
in dynamic salt water encroachment which is reversible when pumping is reduced.

• Water development in the north sector does not impact the south sector ground-water
flow or quality. Efforts to provide a model simulation of the entire KAS are futile.

• The specific migration of high level ground-water flow to the ocean is not yet defined.
Evidence from the Kamakana Bore (well 3959-01) and from well 3858-01, (thick, dense
lavas, combined with artesian flow) provides some explanation (see Tom Nance
presentation). Similar evidence is also found in the Huehue wells and in wells on the north
slope of Hualalai.
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• The high level ground-water system is complex with various water levels and has
numerous compartments. Large quantities of high level ground-water in the south sector
remain undeveloped.

• Sustainable yield assumptions based upon only a basal lens inaccurately describe the
complexity of ground-water occurrence in the Keauhou Aquifer System. The recharge
estimates by the USGS (l.A. Engott 2013) further reduce the present accuracy of
sustainable yield estimates. The actual sustainable yield most probably lies between the
two estimates.

• It is important to note that all pumped water is either discharged to the atmosphere by
o evapo-transpiration;
o infiltration from irrigation; or
o shallow disposal of storm water and wastewater.

There is no discharge or runoff directly to sea in the north sector. Some extreme storm runoff does
occur in the south sector.

Tom Nance, PE
Hydrologist/Water Resource Engineer

Findings and Conclusions

Using monitoring data of North Kona groundwater that TNWRE has compiled, this report
addresses whether or not impacts to basal groundwater have occurred as a result of pumping the
six high level groundwater wells located above Mamalahoa Highway from Kalaoa to Walaha. High
level pumpage began in 1994 and is now at about 4.0 to 4.5 MGD (Figures 2 and 3 in the report).

The TNWRE monitoring data that addresses this question consists of continuous water level
recording in the Kamakana well and time series salinity profiles in the Kamakana, Kaloko-2, Ooma
Mauka, and Ooma Makai wells. The report presents and evaluates this data. The water levels at
Kamakana and the salinity profiles at all four wells establish that no impact to basal groundwater
as a result of high level groundwater pumpage has been identified to date.

A key unresolved issue is whether or not the high level groundwater actually drains into the
nominally downgradient basal lens in the area between Keahole Point and Kailua Town. Evidence
gathered to date suggests that at least some, if not most, of the high level groundwater actually
flows at depth beneath the basal lens to discharge into the marine environment offshore.

The anomalous characteristics of the basal lens suggest this: very low water levels relative to the
actual ocean level; very high salinity; temperatures significantly lower than the high level
groundwater; and increasing salinity in wells under modest pumping rates.

The more compelling evidence is provided by the discovery of fresh water under artesian
pressure at depth below the basal lens in the Keopu and Kamakana deep monitor wells. If leakage
of high level groundwater into the basal lens is limited or only occurring in modest amounts, then
foreseeable future increases in pumpage of high level groundwater will have little or no impact on
the basal lens.

With this unresolved issue, monitoring for potential impacts to basal groundwater going forward
should be continued and even expanded. This expansion should include deepening the Kaloko-2
well so that possible changes to the thickness of the basal lens at this location can be tracked.

5



Dr Steve Dollar, Ph.D.
Coastal Zone & Coral Reef Specialist

Findings and Conclusions

This report has been prepared in response to a petition by the National Park Service (NPS) to the
State Commission on Water Resource Management to designate the Keauhou Aquifer as a
Groundwater Management Area. The petition asserts that present or planned future use of
groundwater from the Keauhou Aquifer will reduce the flow of basal groundwater through Kaloko
Honokohau (KAHO) National Historical Park, thereby causing harm to KAHOs anchialine ponds
and its nearshore marine environment.

This report summarizes data collected by Marine Research Consultants, Inc. during four field
surveys between 2000-2012 for the purpose of evaluating the composition of waters within two
large fishponds within KAHO(Aimakapa and Kaloko) and the coastal ocean offshore of these
fishponds, with particular emphasis on evaluating the contribution and fate of groundwater input.

In the earlier studies (2000, 2007) Aimakapa Pond exhibited little vertical and horizontal
stratification, appearing as a uniformly well-mixed system with long residence time. These
conditions were characterized by near complete uptake of all inorganic nutrients entering the
ponds through groundwater flux, and elevated values of organic nutrients that are the product of
decomposition of organic material. This condition indicated the pond was progressing toward a
terminal successional stage where the pond becomes a sediment-filled wetland. More recent
studies in 2012 reveal consistent input of groundwater along the landward shoreline of the pond,
resulting in steep gradients of salinity and inorganic nutrients found in groundwater. These
results suggest that there has not been a detectable decrease in basal groundwater to the ponds;
in fact the opposite appears to be the case. While the differences in groundwater dynamics within
the ponds over the 12-year interval of studies may reflect the relationship between sampling and
tidal state, results of these studies indicate that at a minimum the fishponds are not in a cycle of
uninterrupted progression toward a more senescent state.

Scaling nutrients concentrations to salinity indicate that there are no nutrient subsidies to the
ponds from sources other than naturally occurring groundwater. None of the data scaling
inorganic nutrients to salinity within the ponds or nearshore ocean indicate substantial nutrient
subsidies to groundwater that could be a result of human activities in upland areas. These results
indicate that under the present scenario, the existing development upslope of KAHO is not causing
detectable input of nutrient subsidies, or reduction in groundwater flux to the ponds. Rather,
recent conditions in the ponds appear to represent a more open system with respect to hydraulic
and nutrient fluxes.

In a companion report TNWRE found no impacts to basal groundwater have been identified to
date as a result of high level groundwater pumpage. While it is not resolved whether high level
groundwater actually drains into the nominally downgradient basal lens, evidence gathered to
date suggests that at least some, if not most, of the high level groundwater actually flows at depth
beneath the basal lens to discharge into the marine environment offshore. If leakage of high level
groundwater into the basal lens is limited to the modest amounts that evidence collected to date
suggests, then the foreseeable future increases in pumpage of high level groundwater will have
little or no impact on the basal lens.
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if indeed pumping of high level groundwater has minimal effects on basal groundwater, then it is
clear that pumping high level groundwater will also have no effect on nearshore processes
influenced by basal groundwater. The results summarized in this report correspond to such a
conclusion, as no negative impacts were detected in nutrient dynamics of the KAHO fishponds
over the last 12 years.

Dr Richard Brock, Ph.D.
Aquatic Resource Specialist
Findings and Conclusions

As part of the permitting process allowing the Kohanaiki development to occur, the County of
Hawai’i imposed a requirement for a water quality monitoring program to insure that the quality
of the ground and nearshore marine waters are not degraded as the development proceeds.

This monitoring program was reviewed by federal and approved by state and county agencies.
The methods follow the Hawai’i State Department of Health (DOH) Regional water quality
monitoring protocols. Sampling is carried out six times a year during dry periods as well as
following high rainfall events where the “trigger” initiating sampling is 1.5 inches or more of
rainfall falling within a 24-hour period. In each survey between 105 to 110 samples are collected.

Samples are collected from the ocean, in brackish anchialine ponds present on the project site and
from wells present in the project area. Ocean samples are collected fronting the project site as well
as at control sites. Sampling commenced in 2005 and up to present there have been 57 monitoring
surveys collecting and reporting on 5,683 samples making this monitoring program the most
stringent of all such non-potable monitoring programs in West Hawai’i.

Findings:
1. Non-compliance with state water quality standards among parameters measured in the

ocean occurs on a coast-wide basis and is not differentially greater at sample sites fronting
the Kohanaiki development. Indeed, highest parameter means are found at control
locations which is related to greater groundwater flow at those locations.

2. In natural undisturbed West Flawai’i environments, nutrient concentrations (which is what
we measure) in the seaward flowing coastal groundwater vary tremendously through both
time and space. At some locations concentrations are naturally elevated and at others they
are low, but all of them have high variability in concentrations through time. However as
groundwater approaches the ocean these high concentrations decrease tremendously
primarily due to dilution.

3. With development the same facts hold but coastal development will usually cause
increases in some nutrient concentrations and these are seen at sample points makai of the
development (primarily in anchialine pools) but again the signature continues to be lost at
the shoreline. Increases in concentrations are transitory and are usually seen during the
period of golf course turf establishment and once completed, concentrations decrease.
Despite the fluctuations in concentrations of some nutrients in anchialine pools, there is no
evidence of decline to pond biota connected to changes in water quality. This is due to: (1)
these increases are usually less than the concentrations found at some completely
undisturbed sites, (2) the anchialine biota have evolved in a system with this high natural
variability in concentrations and are completely insensitive to it and (3) if a nutrient is in
excess, adding more will not have an impact at the concentrations measured in this study.
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Keauhou Aquifer System
Summary of Hydrogeology Findings

By Stephen P. Bowles and Waimea Water Services

A rarely observed event: High-level ground-water entering an uncased well bore in the uplands
of Palani Ranch, Island of Hawai’i. The water level was found to stand at about 95 feet above sea
level and penetrated a high-level compartment of the Keauhou Aquifer System.

July, 2014





Keauhou Aquifer System:
Ilydrogeology Findings

By S.F. Bowles and Waimea Water Services
A Summary

ExEcirrivE Suwiy

Cumulative hydrogeologic data and field observations of the Keauhou Aquifer
System (KAS) obtained during the past half century support the conclusion that
declaration of the Keauhou Aquifer System (KAS) is not necessary at this time.
The KAS as a whole is underdeveloped at this date.

Early work in preparing estimates of sustainable yield is inadequate. Many of
the descriptions of the hydrogeology have oversimplified the actual occurrence
of the local ground-water. Further deep core drilling is needed to better under
stand the geologic elements which make up the working components of the
KAS. A comprehensive water resource management plan must also be prepared
and modified as knowledge through exploration continues.

Introduction

The Keauhou Aquifer System (KAS) has been the subject of numerous studies which have
resulted in a progressive accumulation of knowledge of the hydrogeology. For this review, we
have divided the KAS into north and south sectors for convenience of discussion.

The first drilled well (1944) for exploration was built on Hualalai road and produced brackish
water to supplement the water supply from Waiaha spring. During the 1950s and early 60s
construction of Kahaluu wells began in the south sector and the brackish well at Kealakehe
elementary school in the north sector. These wells led to the construction of the Kahaluu Shaft
and an exploration well at Kalaoa (Kona Palisades).

The KAS can best be described by recognizing two distinct geologic compositions, which
result in a complex hydro-geologic ground-water occurrence (see attached maps). Mauna Loa
lavas are generally thin bedded with numerous clinker formations and dominate the southern
sector. The northern half of KAS is dominated by shallow thin bedded lavas which overlay
massive trachyte flows of the Hualalai volcano.

The geology is further complicated by evidence of major slumpage of the slopes of Mauna Loa
and possibly Hualalai volcanos (J. G. Moore, et al. JGU 1989).

Northern Sector

The emphasis for this review is with the northern sector, as water from the shallow basal lens
provides the majority of the visible shoreline discharge. Initial knowledge of this sector,
beginning with the brackish wells mentioned above, was assumed to be dominated by the basal
lens where fresher waters float on salt water. The earliest (about 1990) estimate of sustainable



yield for KAS by Mink and Lau was based on the assumption that ground-waters of the KAS
occur only as a basal lens.

NEL)Li Injection Well study (1)

In conjunction with a request by the Natural Energy Lab at Keahole Point (1970’s), John F.
Mink and S. P. Bowles prepared a manuscript report which included data from the DLNR well
to Kona Palisades (well # 4360-0 1). The well was slightly brackish and clearly tapped only the
thin brackish lens.

TSA Golf Course Wells (2)

S. P. Bowles was contracted to evaluate the hydrology and develop two wells for the proposed
TSA Golf course located adjacent to Hinalani Drive (wells #4160-01, 4160-02). These wells each
proved to be high yielding and brackish (chlorides @ 1000 milligrams per liter). Tide records of
ocean and well levels in 4160-02 (note: mislabeled in graph) presented below were subsequently
measured by Glenn Bauer of the Commission on Water Resource Management (CWRM).

I

Kaloko hi. 2 Well No. 4750.02
fldal Reipone

KaIekoIrr.2WI Ne. 4759.02
Tidal Cunparw Raiwued

Di,?. TZ4b fbb,I.1
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Kukio Resort-Huehue Ranch Well Field (3)

Drilling of water wells at about elevation 1600’ for the Kukio Resort began in 1989 with FIR
1 (4559-01) which struck the basal lens with a water level at about elevation +8’. The first
water pumped contained hydrogen sulfide and more detailed chemistry showed the water to be
hydrothermally altered, indicating the presence of at least gas emanating from the deep
magma. The total dissolved solids exceeded the secondary standards for drinking water
(appendix 1). As the well field drilling progressed, the HR wells (4459-01, 4558-01, and
4459-02) all found similar water and penetrated thick, dense trachyte lava flows.

At a depth of 1360’, HR 3 struck a particularly thick, dense formation. A sample was dated
by the Hawaii Volcanos Observatory and found to have an age of about 100,000 years bp
(before present).

POROUS OLIVINE BASALT

Trachyte sample statistics including ages of various sources including the wells in the Northern
sector of KAS.

DENSE TRACHYTE BASALT
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Tablet. Water Well Localilics (rnersecliuv Traclwic. Hualalai Volcano
Localky Lab Number - WclI Number Depth (m) Sample Interval

Iluchue Ranch #1 MH84-1 90 4559-01 265-372 —326
Hue)lue Ranch #3 ltR3-1373 4508-01 315-440 418

Ranch #5 FIR-S 4558-02 236-462 337-353
Kalaoa 4358.0 4358-01 509-512 509-512

Kohanaild#2 2 4458-02 - 457-460
Puu Lani (Anah 4850-01/470, /490 4850-01 0-279 143-146, 149-152

ICeopu f — No sample 3957-01 —408 No sample

table 4. RculL, nf At-Ar Iaaetnantal I leaimg Asmlysilt.
Pw Pts Wh Wi.n

Stinc Ilecbuzl K1,,oa K,,Inoa Kohinuili )Cah.,njlki’ Antthulil Anuiwin’ T’k Puh lJ,jchuc’
1zdA(Ii) 11(1 lU 116 Ill ii.’ 17$ l0 iict 107
234 4 4 4 3 3 4 7 3 17 7
PlattzuAgc0cu) 1044 lêU 105.9 110 I lOS.? 101.3
2a4 IA Bi fl 1.7 14 3.9
MSWD’ 0.19 1.90 1.06 11.81 0.81 0.55
S4c k-K H-I. B-F C-I D.) C-K
%)tAr_ 312 502 — 57.8 48.8 54.7 (.4
eeIirnc Sr4a’dad Stqi?
ElA4.n) 107... F6 to.,.l Iêsô lId 1133 II’) IQ
Zed 9,8 9.1 17 3,0 2.8 9 3.1 24 5% 13
M”I” 794.8 303.5 30! 3 3012 297.0 1010 300!i 295 29111 301.5
2 4A 3.4 2.1 2.! 1.8 33 0.9 16 10 7.4
MSWI) 2.05 0.48 1 60 0.91 0.84 0.7! 160 1.1 0.52 030
P.O. o(1.t’ GAO 0.92 0 15 13,51 0.35 0.64 020 033 0.86 037
htcIudI C.Q CO C-I D-M 13-) C-I CM C-V AU. A-K
%‘A* 98,1 893 62.8 84.2 94.6 44.4 53(1 97,8 (00 96.1
% X X x x x
t’.-eI
San,4tk HueX’I lCcdtanalkl P. Anahula Waim Fda

107.2 92.3 IM.O 112.6 103.3 93
21 9.8 5.9 2,0 2.4 53 13

Mean Ma
COfnnlc,lb liodtma inc liochuon aa focbtoa anc iiudirt a n.cchro.n a.ac Iaoduoa

All I,,ccj1ajnoca ace ibc 93% aa,Iidancc lcvcl. A8r,c caiculated uamgan age or2& 01 Mi for Flab Crn,a.i Mnidlnd
1R4’w1w 19981 and the decayc cetmnt and Isotopic ebumt*nc.* cf( rwIJqac. 1977).
- niUcatr wriplcg heskat with a redatance furnace: Other i,nphs bcaicd will. a liroad beam CO: lisa.
1Niiaau cri*a.ia aft IbOoftaa¼.$ (1999).

MSWI3 re*,a to mean mini of thu wclhicd dcutee, a mcuuit ofscatler in a andy abote a heat flt line tMdwymiqru( 1946!.
S011fiorn grcaon iO I) inclodug dinn iaiaiM caeac the Pt flhiyo(C* indmpbdow &I5(ane bdow),or2j
they are hi1y inirccne that Ia, analytmeal cuori exceed ilaise oldie moat pseciac stops ebeabied Ow the eanipic by a lacier oP’S o
aisle.
• Pcbabihmy thu seat of diii theism is’zhroc ii expb,medby molytic.d w atindea aJaee a value 0.13 ncesuldcredaxepeable
r’.R. Lv.lwlg, 19993

Excerpt from:
Cousens, B.L., D. A. Clague and W.D. Sharp, 2003 Chronology, Chemistry, and Origins of Trachytes from Hualalai
Volcano, Hawaii. Geochemisfry Geophysics Geosyslerns 4(9): 1-27,

Subsequent development of these wells (which were spaced approximately 1000’ apart) was
placed into production with a combined estimated sustainable rate of 1.96 mgd (million gallons
daily). In 2006, a major pumping test was conducted to stress the aquifer to determine how
sensitive the basal lens was to pumping (appendix 1). Based on this data, the estimated sustain
able pumping rate was raised to 2.5 mgd. The average pumpage from these wells today is 1.38
mgd.
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Keahole to Kailua Development Plan

The original success of Kukio-Huehue well field continued to support the assumption that
fresh basal ground-water could only be found by drilling wells above elevation 1500’. As
presenter of the hydrogeology for the Keahole-to-Kailua (K-to- K) Development Plan of the
county of Hawaii, S. P. Bowles recommended that potable water development for this area be
developed first in the higher elevations and further, that when this pumpage reached a high
point of production, that water must be imported from the south sector of the KAS.

In the meantime, in the south sector of KAS, Kamehameha Schools/Bishop Estate (KSBE)
drilled a deep well from elevation 1618’. Water was struck and found to stand at elevation
+278’ above sea level. Following the advice of S.P. Bowles, the first well was drilled to sea
level and water was found to saturate the rock to sea level indicating a very large compartment
of high level ground-water. This marked the discovery of the major high level ground-waters
in the KAS.

Kalaoa-Honokohau Jells—D fS DLNR (5)

Following the strategy presented in the K-to-K Plan, the Department of Water Supply (DWS),
in conjunction with the State Department of Land and Natural Resources, developed 2 wells
(well 4358-01, well 425 8-03). The average pumpage from these wells in 2013 was 0.89 mgd.
Adding north sector wells, #4158-02 and #4057-01, brought the total to 3.67 mgd.

KSBE High Level Discovery (South Sector) (4)
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According to information obtained during construction, it was determined that the wells
penetrated several dense strata with the water level rising with increasing depth.

This is further substantiated by Glenn Bauer who stated in his 2003 report, “Even though the
DWS’ Kalaoa Well (4358-01) had a measured water level at 23 7.5± ft., msl in 1990, the
bottom elevation is —57 ft., msl. When the DWS’ Hualalal Well (4258-03) was drilled 1.5
miles south ofKalaoa Well, the initial water level was 191±ft., msl when the bottom elevation
ofthe well was —43 ft., msl. After an initial aquifer test was performea the well was deepened
99ft. to —142 ft., msL As a result, the water level in the well rose to 293±ft., msL Deepening
this well provides implications for ground-water flow in the high-level water body.” (Bauer,
2003, A Study of the Ground- Water Conditions in North and South Kona and South Kohala
Districts Island ofHawaii, 1991-2002).

KSBE, Kukio, Palamanui Hydrologic Budget

KSBE and Kukio Resorts contracted Waimea Water Services to conduct a hydrogeology of the
north Hualalai Volcano. In addition, Palamanui had requested a study for their land use appli
cation. A portion of the hydrologic budget within the KAS north sector ( units 5, 9, 10, 12,
13, 14, 15 and 16) from that study (see map) is presented is presented below. It was estimated
from that study that the high level aquifer compartments receive recharge of about 10.7 mgd
and the thin basal lens receives about 11.7 mgd. There is no direct runoff to the sea and the
evapotranspiration is accounted for prior to estimating recharge.

Average Recharge With Fog

Zone Rt1189e
(MgaUyear) MGO)

1 173 414
2 770 2109
3 248 .670
4 1316 3.006
5 1416 3.880
8 430 1.178
7 i912 6.236
8 28 .077
0 26 .071
10 615 1.686
11 243 .666
12 255 .698
13 898 2480
14 2563 7.022
15 1382 3814
16 2753 7.542

TOTAL 41.199

Zone bonndary
Fog area bcundarV

0hcheeIyr
>0 and 10 Indesiyr
>10 e,d 25 Inchesfyr

>25 mctieslyr
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Ooma Test Well (6)

An exploration well (4262-OIM) was drilled on the land of Ooma, makai of Queen
Kaahumanu Highway, to explore the ground-water on that parcel. This well was the first to
penetrate deep below sea level and led to a major discovery of decreasing temperature with
depth with an increase in salinity.

Ia.
z
=

UI

SALINITY (PARTS PER THOUSAND)
0 5 10 15 20 25

Previous thermal infrared studies of near shore ocean water had indicated numerous plumes of
spring discharge which were assumed to discharge cold freshwater (W.A. Fischer, et al, HA-
218, 1966). The Ooma data and test results provided an alternative explanation of shallow,
cold water discharge of very brackish ground-water springs.

Kealakehe Wastewaler Treatment Plant & Kona Kai Marina (7)

Waimea Water Services was contracted to evaluate the impact of the treated wastewater
discharge mauka of Queen Kaahumanu Highway. There had been implications that the
wastewater was causing an algae bloom in Honokohau Harbor. Water samples were collected
from spring orifice points around the edge of the man-made harbor as well as in the outgoing

17 18 19

TEMPERATURE (C)
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channel. Samples were also collected from the finished treated water within the WWTP.
Summaries of data are contained in appendix 2.

Harbor water samples were collected for the purpose of detecting evidence of contaminants
from the wastewater discharge pit of the Kealakehe WWTP located adjacent to the County
Police Station. There was no conclusive evidence of the injected wastewater found in any of
the samples. A water level contour map (below) was prepared in conjunction with the marina
proposal which shows the anticipated direction of ground-water flow into Honokohau Harbor.
Subsequent studies, using refined analytical techniques, detected evidence of the injected
effluent reaching the harbor (Hunt 2008).

8



The original pian for Kealakehe WWTP called for an injection well to be drilled to discharge
the treated effluent. Dye had been injected via a test well into the water table and was never
seen to discharge. As part of the study mentioned in the following paragraph, it was
determined that the dye never left the bore hole.

Regardless, the tidal and temperature evidence was well documented and important in under
standing the impact of the highly permeable lavas of the shallow basal aquifer.

Kona Kai Ola Marina (KKOM) was proposed as an expansion of Honokohau Harbor. A series
of shallow bore holes were drilled along the alignment of expansion and monitored for geology
and hydrologic data. The primary purpose was to evaluate changes which might result from
developing the marina and to better understand how the local ground-water was responding to
tide changes. Tide changes were recorded and sample graphs are included below.

U..k.gW L.b1ld.II.I.n ifllW.ULnl. .fld.

;

Honokohau Wells 2 and 2A were constructed to further study the geology and hydrology as
part of the KKOM project to provide a basis of water quality responses to change. The wells
were built in two distinct vertical sections. An olivine basalt beach sand was struck at a depth
of 80-90 feet which continued to fill the bore. The well was sampled and cased off. A second
bore was made adjacent to the first bore. The sand was cased off with the new bore drilled
deeper. The results of that sampling are shown below.

“PYtG
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As stated earlier, the evidence of cold water discharge between Keahole and Kaiwi Points
accompanied by very high tidal efficiency in well water levels are likely caused by proximity
to deep ocean water circulation inland.
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The ocean bathymetry is shown in the following maps (note the North Kona Slump and Alika
Slides).

From B.W. Eakins, et, al., 2003, Modified by WWS, 2014
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Bathymetry from W.W Chadwick,Jr, et al, 1994. Notes by WWS, 2014
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Palani Ranch Well (8)

In support of the proposed business park of the Lanihau Corporation mauka of Honokohau
Harbor, a major well was built (well #4158-03) in the uplands of Palani Ranch. The well is
being placed into service with the Department of Water Supply. The water level was found to
stand at about 95 feet above sea level and penetrated a high-level compartment of the KAS.

Ground-water under pressure entered the uncased well bore at a depth of about 1438 feet.
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PaiI Ranch W&I
D.

1W1W2007
Th

10 lx 1,000 100,000on
1

to

2.0

Ta

Sustained pumping rate of I I23gpm throughout lest

A long term pump test indicated that a discharge boundary was struck after 360 minutes and
drawdown was calculated to sustain the pumping yield of 1,200 gallons per minute for 16
hours per day.

Kohanaiki (The Shores at Kohaniki) (9)

The Kohanaiki resort is located just north of the Kaloko - Honokohau National Historical Park
complex. Waimea Water Services was contracted to design, build and operate a water source
for the purpose of providing brackish water irrigation to the project.

The ground-water study was based on two existing water sampling wells and a number of
anchialine ponds. Time of day water level measurements were made to observe ground-water
flow direction.
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Construction water supply consisted of water furnished from an onsite brackish well for dust
control and freshwater imported from the DWS potable system. Based on the initial supply,
the gradient of the water table, water quality from the observation wells, and proposed
irrigation water demand, WWS derived a hydrologic cycle projection for planning purposes.

RD C0NN1RAiE
485 GPM
21,061 mq/

RD PRODUCT
1.040 GPU
1,250 mf

PROJECT SCHEMATIC
PROJECTED WATER QUAN11TIES AND OUAEJ11ES

ThE SHORES KOHANAIKI
LCCAflO AUM-KA. HAWPJt

tAuLlo,.Jq .1 iU’i

tA *P KEY a73OmO.)

Groundwater Flow at Low Tide (2:00 PM, 119107)

WEll WATER
1,525 CPU
7,741 mg/i

INFILTRATED WATER
678 CPU
2.102 mg/i

15



Based on the information from the Ooma test well and recognizing the very thin brackish lens
(10’ +1- in thickness), a well field and reverse osmosis desalting plant were constructed to
develop and deliver a finished brackish water source of 1.5 mgd capacity.

Brackish source wells were all built and cased to about elevation -10’ to -12’. Well capacity
was controlled to produce at a rate of about 200 gallons per minute (gpm). Well spacing was
designed at about 400 feet between wells to prevent undue stress on the basal lens and to
provide extra well capacity to allow some rest periods should there be signs of salt water
encroachment.

In order to meet requests from the Kaloko - Honokohau National Historic Park (KJINHP) and
to provide for careful management of the ground-water resources, in addition to eight supply
wells, eight additional observation wells were built. All of the wells and sample sites have
been sampled for water quality since pumping began in 2008.

Well Locations at Kohanaiki

16
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The salt concentrate discharge from the RO plant is injected by gravity at a rate of about 450
gallons per minute (gpm) to about elevation -100 feet via a specially designed well.

To determine the potential impacts of the well field pumping and the injection well, sampling
is performed monthly at the following wells:

• Monitoring Well 300A
• Monitoring Well 300B
• Monitoring Well 300C
• Monitoring Well 400
• Deep Monitoring Well 401
• Monitoring Well 402
• Monitoring Well 201
• Monitoring Well 200

(4162-005)
(4162-006)
(4162-007)
(4162-004)
(4161-011)
(4161-012)
(4161-010)
(4262-003)

A deep monitor well was constructed to elevation -114 feet to observe any changes within the
basal lens which might be influence by the pumping or the injection of concentrate. The data
from this well is summarized in the graphs below.

•

Iy

.-Jia Os

The top 10’ of the basal lens will is sensitive to the application of water applied on the land
surface within the resort area. A freshening of the lens may occur when water of lower salinity
is applied in over-irrigation. It is noted that MW400 of the observation wells (4162-004)
detected fresh water leaking from a faulty valve.

KoiwnIId MW4OI 2013 Traverse DOsa
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Keopu-Doutor Coffee (10)

The well bore for the Keopu project penetrated stream gravels at a depth of 960’.
Subsequently, the gravels were determined by David Clague of Hawaii Volcano Observatory
to consist of weathered trachyte from Hualalai volcano. The final water level was found to
stand at elevation +47 feet.

Located at elevation 1445 feet, just makai of Mamalahoa Highway, the Doutor Coffee well
also taps high-level groundwater standing at +43’ near the Keopu project.

Boundary ofNorthern and Southern Sectors of the Keauhou Aquifer System

Wells 3957-01 and 3957-05 mark the approximate location WWS has used to demark the
approximated boundary of the extreme Hualalai trachyte lava influence on the high—level
portion of KAS and the likely boundary of the Alika slides of Mauna Loa. This is not
conclusive but is used to better describe some of the reasons for increasing water levels
evidenced during well construction during drilling along with actual recovery of trachyte
cuttings. It is a convenient point of separation between the northern and southern sectors of
KAS.

Kahaluu Wells, Shaft and Golf Course Wells (11)

Waimea Water Services has conducted a variety of studies in this complex. Efforts were been
made to improve the water quality by back filling of the golf course brackish wells in addition
to photographic investigations of Kahaluu wells.

The high volume of ground-water flow, with a low basal head of about 4’ to 5’ above mean sea
level, has led to a concentration of development for potable water. This pumping
concentration has resulted in a dynamic increase in salinity. As shaft pumpage was reduced,
the salinity in the produced water has improved.

Exploration well 3657-02, while located significantly inland and north from the producing
wells, was found to be slightly brackish with a chloride salinity 400 milligrams per liter. There
has been no explanation for such a salinity as the well is located inland of the producing wells.
Evidence from this well may imply that the influence of the high level confining geologic
structures created locally reduced flows in the basal lens.

KSBE Well Field (4)

As mentioned earlier, the KSBE well field is located at the site of the first discovery of the
high level ground-water aquifers in the Keauhou Aquifer system. In addition to the initial
work by WWS, Tom Nance has conducted a number of well field studies.

As of this date there has been no conclusive evidence as to the geologic impediments creating
the high level aquifers. S.P. Bowles speculates that the cause is most likely the influence of
faulting as well as the confinement of the trachyte lavas as found primarily in the north sector
and, particularly where lavas have flowed over fault scarps.
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Major coastal land slumpage has been discovered, namely, Alika I and Alika 2 slides and the
North Kona Slump.

1 liii .4aj
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From B.W. Eakins,et aL,2003

A major fault, located inland of Kealakekua Bay, has been covered by younger lavas from
Mauna Loa. Well 2753-03, located mauka of the fault scarp, taps high level ground-water. En
echelon faulting, similar to the land surface west of Kilauea volcano, may also occur along the
coast line to the north of Kealakekua Bay all the way to Kaloko.

From J.G. Moore, et al, 1989, Notes by WWS 2014
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Aquifer System South Boundary (see maps)

It appears that the south boundary of the KAS is arbitrary. There does not seem to be any
outstanding hydro-geologic reason for the boundary line. Wells 3255-01 and 3255-02 are
drilled into the high level aquifers with water levels exceeding 400 feet above sea level near
the boundary line but there is no significant change in the subsurface geology, such as a
mauka-makai rift zone to demark a boundary.

Hokulia-Haiekii Well Compkx (I 2)

Although these projects are located outside the KAS, they are important in defining the
boundary between the high-level and basal aquifers. Irrigation wells, 3056-01 and 3 156-01
have basal water levels 1.3’ and 4.0’ respectively. Well 3 155-03, located about 2300 feet
inland, or mauka, has a water level of +51’ and produces fresh water (chlorides of 15 mg/I).
The boundary between high-level and basal lens lies between these wells and appears to be the
result of younger lavas flowing over a fault scarp which probably acts as an aquitard.

The DWS Halekii well (3155-02) , the Kalukalu well and the upper wells of Hokukano Ranch
are all located in high level aquifer compartments with the maximum water level in well 3153-
02 exceeding 1300’ above sea level.

Findings

Our work, covering 40 years of investigation, has led us to create the findings listed in the first
four items below.

1. The Keauhou Aqujfer System consists offour basic units:
a. North sector — high level and basal
b. South sector — high level and basal

2. Likely causes ofhigh level ground-water occurrence:
a. Fault scarps covered by younger lavas
b. Trachyte lavaflows
c. Combinations ofa and b

3. Multiple water levels in the high level aquifer region of K4S indicate a complex of
aquifer compartments.

4. Cold water shoreline basal springs between Keahole Point and Kaiwi Point result
from:

a. Deep ocean temperature intrusion
b. Highly permeable shallow lavas
c. Tide fluctuations and their efficiency
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The bullet points listed below best describe the present operating status of the KAS.

• The management programs of well spacing and pumping at the Huehue Ranch and
Kohanaiki weilfields have had no signflcant direct impact on the basal lens quality at
the shoreline.

• The high level well pumping has had no direct impact on the basal lens in the north
sector to date.

• Over pumping of the Kahaluu shaft and the Kahaluu wells in the south sector has
resulted in dynamic salt water encroachment which is reversible when pumping is
reduced.

• Water development in the north sector does not impact the south sector ground-water
flow or quality. Efforts to provide a model simulation ofthe entire KAS are futile.

• The specj/ic migration ofhigh level ground-water flow to the ocean is not yet defined
Evidence from the Kamakana Bore (well 3959-01) andfrom well 3858-01, (thiclç dense
lavas, combined with artesian flow) provides some explanation (see Tom Nance
presentation). Similar evidence is also found in the Huehue wells and in wells on the
north slope ofHualalai.

• The high level ground-water system is complex with various water levels and has
numerous compartments. Large quantities of high level ground-water in the south
sector remain undeveloped.

• Sustainable yield assumptions based upon only a basal lens inaccurately describe the
complexity ofground-water occurrence in the Keauhou Aquifer System. The recharge
estimates by the USGS (lA. Engott 2013) further reduce the present accuracy of
sustainable yield estimates. The actual sustainable yield most probably lies between
the two estimates.

• It is important to note that all pumped water is either discharged to the atmosphere by
o evapo-transpiration;
o infiltrationfrom irrigation; or
o shallow disposal ofstorm water and wastewater.

There is no discharge or runoffdirectly to sea in the north sector. Some extreme storm
runoffdoes occur in the south sector.
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Appendix 1:

Huehue Well Field

1. MapofHRWellsl-5

2. HR Wells 1-5 Water Chemistry Table

3. HR Wells Stress Test Report
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Summary Conclusions

The water quality (as measured by specific conductance, EC) of each well remained
stable for each of the testing sequences. Although there were some trends of
freshening showing in HR3, this data was found to be inaccurate when compared
with the operator spot sampling taken (see Appendix A).

The test sequences of HR1-HR4, utilizing only the basal lens (HR 5 on standby),
demonstrated the stability of water quality at production levels of 1.96 mgd and 2.3
mgd. Furthermore, water quality has generally remained constant in each well
since pumping began in the early 1990’s. The recent stress testing simply confirms
this long-term observation.

It is reasonable to conclude that the HR well field is capable of sustaining a pumping
rate of 2.5 mgd from the basal lens. This increase in the sustainable pumpage
estimate from 1.96 to 2.5 mgd will be adequate to meet the needs of Kukio Resorts,
as planned, including the additional demand of Maniniowale. Regardless, water
conservation is needed to maintain adequacy.

Some improvement in instrumentation on HR3 is needed to insure accuracy of the
records for long-term data collection. The SCADA system EC reporting should be
confirmed with direct sampling periodically.



Background

The Huehue Ranch began its determination of groundwater resources in 1981, with a
preliminary study by island Resources. This survey was used to determine the location
and feasibility of deep drilling to develop water in support of a 183-lot subdivision on
mauka Huehue land.

An exploration well (HRI) was constructed at elevation 1565’ in 1984-85. Initially, the
well had a relatively low yield (150 gallons per minute) and produced a poor quality of
water (765 milligrams per liter dissolved solids). This result indicated that a treatment
plant would be needed to consider HR1 as a potable source. However, this venture
proved the feasibility of developing basal groundwater as a supply for the proposed
development.

Based upon this success, Huehue Ranch determined that it was also possible to develop
its makai land near the shore at Kukio. In 1986, plans were made for a resort
development at Kukio, assisted by water resource studies indicating brackish water could
be developed to supply golf course irrigation. Water demands for the mauka and makai
projects were estimated at 1.52 mgd (million gallons daily) for brackish irrigation and
1.96 mgd for the combined potable supply.

in 1988, 1-IR1 was successfully deepened to increase its yield to 350 gpm. Following this
improvement, the properties were sold, leading to a planned expansion of the HR well
field beginning with HR2. Meanwhile, brackish water was developed makai via the
construction of the Kl wells 1-3 in 1990 and 1991. Upon completion of l-1R5, the
properties were split, with the mauka land acquired by Makalei and the makai portion
bought by Kukio Resorts, LLC. However, the financial collapse of Makalei’s owner led
to limited use of the HR well field, solely supplying a remaining golf course.

With the eventual purchase of the HR well field by Kukio Resorts, LLC., plans were laid
to install a connecting pipeline down the mountain. The pipeline was to link the HR
wells to a treatment plant providing potable water to the Kukio Resort. This strategy was
formed to meet increased water demand, following the addition of the Maniniowale
lands, which introduced a need above original potable estimate.

Recently, an additional potable supply of 0.5 mgd is needed. Kukio Resorts, LLC has
continued to explore supply options to supply this increased demand. Kukio has debated
the use of the concentrate reject water from the treatment plant to stretch the brackish
irrigation supply. Increased pumping capacity of each HR well has been taken into
serious consideration.

It has long been established that wells HR1 -4 tap the basal lens, where fresh water floats
on underlying salt water. This raises questions regarding the aquifer’s long-term
sustainable yield and its ability to maintain the quality of water produced from the basal
lens. HR5’s capabilities are considered individually, as it makes use of a separate
resource, isolated from the salt water. It obtains water from within the rift zone of
Hualalai volcano, where water is confined in dike compartments. Regardless, the quality



of each HR well has been altered by the hydrothermal activity within Hualalai, thus
creating a necessity for softening to produce high quality drinking water.

In order to insure a long term adequacy of water supply, Kukio Resorts, LLC, decided to
conduct a test of the HR well field under several different pumping combinations to
explore the sensitivity of the basal aquifer to pumping stress.

Stress Testing: Basal and High Level Aquifers

The HR wells are spaced along a contour elevation of between 1550’ and 1600’ as shown
in Figure 1. The wells HR2-HR5 have a nominal installed pump capacity of 570 gpm,
each with slight differences in actual rate. These variances depend on depth of setting,
pump condition, Ct cetera. Well HRI has a nominal 350 gpm capacity due to a smaller
diameter casing.

An initial round of stress testing involved HRI -HR4, to study the response of the basal
aquifer. HR5, being in a dike-confined unit, was excluded. The basal wells were
pumped concurrently for 16 hours each day, over a five-day period.

A second round of testing included the same wells, for an increased pump period (20
hours per day). This test was carried out to further stress the basal aquifer and to observe
any degradation in water quality.

A final round of testing included wells HRI, 3, 4 and 5, each pumped for 20 hours per
day for five days. HR2, being the southern most well, is closest to a nearby well on the
lands of Kau. It was excluded to remove possible the influence by neighboring pumpage.
This third test was performed not only to show an increase in the total yield by sustained
pumping, but also to observe whether HR5 had a negative influence on nearby HR3.

The tests were monitored continuously for flow rate (GPM) and water quality as
measured by specific conductance (EC) instrumentation, This monitoring was performed
remotely via the newly completed SCADA (supervisory control and data acquisition)
system. In addition, to insure accuracy of the recorded quality data, each well was
checked via handheld conductivity instruments. It is noted that the starting EC SCADA
value for each test shows a lag in excess of 150 minutes, before reaching a quality similar
to the handheld instrument. This appears to be a consequence of the instrument
installation, possibly due to air entrainment or temperature. This spurious lag has been
ignored in the interpretation of results.

The testing was performed with a combination of wells for 16 and 20 hour days to
simulate productions of 1.96 mgd and 2.36 mgd respectively. These numbers were not
quite achieved to due slight differences in pump capacities. Also, the 16-hour test was
intended to run 5 days, but was cut short due to an electric company power failure.



Figure 1. Well Layout for Knkio Potable System
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Round 1: 16-hour test

The following figures display water quality for each well over the 5-day test period. The
first graph shows the IX (conductance) in micro-mhos/cm (aka micro-siemens) by test
day. The second graph shows pumping days superimposed in order to identify any
changes in quality for the test period. The salinity of each well is expressed as total
dissolved solids in mg/L and is calculated as 50% of the EC reading. Since the main
purpose of the stress test was to identify any increases, the readings are not converted.

Data graphs are presented in order, from the southern to northern most basal wells.

List of Subsequent Figures

HR2 — Figures 2 & 3
As can be seen, there were no identifiable increases in salinity after 200 minutes
of pumping for the duration of the test.

HR4—Figures4&5
Although the results show a baseline change in quality, the salinity reaches a
steady value after 200 minutes.

HRI —Figures6&7
Here again, a baseline shift in quality is observed, with no real change after 200
minutes of pumping.

I-1R3—Figures8&9
Well water shows a progressive improvement and was the freshest well from the
beginning. The data shows a 20 percent improvement in quality during the 5-day
test. However, this result is believed to be an artifact of the SCADA
instrumentation, as it contradicts the handheld operational data.
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HR4 Pump Test, 16 hrlday

Figure 4. HR4 Conductivity vs. Pumping Day
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HR I Pump Test. 16 fl.day
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Round 2: 20-hour test

For the first round of testing, the quality performed under stress with remarkable stability.
In response, a second test was performed adding 4 hours daily to the testing period. This
20-hour test was designed to again explore the sensitivity of the basal lens, operating the
same wells for an extended period. The results are presented in the same fashion as
above.

List of Subsequent Figures

HR2—Figures 10& 11
Stable water quality was observed from this well for the duration of this round.

FIR4—Figures 12& 13
An especially large lag time was observed, and attributed to the SCADA
instrumentation. However, the operator data showed stable water quality for this
round of testing.

HRI —Figures 14& 15
Water quality in the well appeared to decrease very slightly.

HR3—Figuresl6& 17
Data collected from the SCADA system again shows freshening of the well water.
This again is in contradiction to the handheld data, which showed a minute
increase in water conductivity. The operator data is much more credible and is
used in the final interpretation of results.
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HR 4 Pump Test, 20 brlday
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HR 3 Pump Test, 20 hriday
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Round 3: 20-hour test (Part 2)

For the final round of testing, HR5 was included. Here, the basal lens would continue to
be tested, while further demonstrating the impact of pumping on water level of the HR5
compartment. These results were then compared to the performance of the water level in
a basal well. The sequence again started with the southern most well, with HR2 now in
standby mode. Note, under the standards of operation set forth by the state Department of
Health, the reliable potable supply must be provided with the largest pumping unit on
standby. In this case, any of the HR wells except HRI can be considered as a standby
unit.

Here again the test results are presented, first sequentially and then superimposed.

List of Subsequent Figures

HR4—Figures 18& 19
As seen with the 16-hour tests, the quality was stable after 200 minutes for each
day of the test.

HRI —-Figures2o&21
HRI, both the deepest well and the lowest pumping capacity, remained stable for
the test period. It repeated its performance from the first round, with an EC of
slightly more than 1500 micro-mhos (TDS of 750 mg/L).

HR3 — Figures 22 & 23
HR3 continued to improve in quality, according to the SCADA system, despite
the increased pumping period. Here again, the operator checks independent of the
SCADA monitor showed no improvement in quality.

HR5 Figures 24 & 25
HR5 has always produced some of the poorest quality, just slightly above that of
HRI. The quality of the water produced remained stable, as expected, with poor
quality related to the influence of the Hualalai rift zone.
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HR 3 Pump Tests 20 hrlday
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HR 5 Pump Test 20 hriday
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Water level trends

When the mauka (upper) golf course was under construction, the brackish KI wells
provided drinking water to the Kukio development. At the time, water for the initial
irrigation was being supplied directly from HR5 around the clock, to keep up with the
golf course grow-in. In addition to the periodic quality measurements, water level was
monitored with a continuous recorder. Initially, the water level stood at +23’ above sea
level, and the water level records clearly show a dewatering trend. Water levels in the
basal HRI-4 wells range from elevation +5’ to + 7’, as they fluctuate with time ofyear
and between years.

During the 20-hour test periods, water levels were again measured via the SCADA
system. To date, the recorded levels have not been calibrated to the reference datum of
mean sea level. Nonetheless, trends are evident.

List of Subsequent Figures

HR4 — Figures 26 & 27
The water level change during the test period only reflects actual well drawdown
at the start of each day, as the water level recovers immediately to its original
level once the pump is stopped. This is typical performance for an unconfined
basal lens.

HR5 Figures 28 & 29
HR5 water levels behave quite differently as shown by the graphs below. Note
that there is a persistent water level drop during each pumping day, and that the
level continues to drop with consecutive each day, exhibiting a clear dewatering
effect. This drop will continue unless the recharge to the compartment equals the
pumpage, or the compartment will resume dewatering. The experience of the
cycle run during the golf course start-up period indicates that this compartment
could probably run for years without reaching a boundary. Again, HR5 penetrates
a separate compartment from the other wells and it is an excellent standby unit for
that reason.
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HR5 Pump Test, 20 hrlday
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KWWTP EFFLUENT IDENTIFIER MONITOR POINTS FIGURE 17
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Kealakehe WWTP IMP Averages
10130195 to 11124/95
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FIGURE 23 IMP TEMPERATURE

Kealakehe WWTP IMP Averages
10(30195 to 11124195
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Kealakehe WWTP IMP Averages
10/30195 to 11I24I95
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KEALAKE E WWTP- PLANT OPERA11ONS DATA AlA RfADtGS Pond 66 or kiftient
---.- I
DATE Pond 16 Pond II Efflu.nt lrJk)ent EIfkwg kWlu.ig Effiu.n Ch1o(d. Eflh,.nt NTU NYU iflu.,g EIflti.n Flow Dill.

T.mp F pH MraI.() ConjcIvk Conduodk Chloddes chioddes Dlff.ienoe Phospha.s 05 06 F1owIda FlowD1fl Ollons
: mgif EC ‘fEC ml rn?P rnil fl X g4ons 5aIOM oaons

12-Sep45 84 6.9 22 4110. 4510 600 1150 550 0.948 1.1 -0.154
13 64 6.9 3.6 4418: 4830 850 1050 200 0. 1.014 4.039
14 84 6.9 3.4 3960 4250 750 1150 400 0. 0.978 -0.024
15 M 6.9. 3.5 4000, 4300 8001150 350 0. 0.805 0i52
16 1. 0.776 0249
17 83 6.9 3.5 3950- 4400 850 1200 350 1. 0.746 0263
18 84 6.9 3.1 3725 4300 800 1150 350 1. 0.691 0.333
19 84: 7: 1.5 2986 3400 700 1150 450 1. 0.788 0238
20 84: 7 1.9 2890 3930 600: 1050 450 1. 0.744 0265
21 6.9: 2 8 3910 650 1100 450 0. 0.436 0.523
22 0. 0.858 0.103
23 1. 0.796 0.267
24 84 6.9 2.1 2950 3440 750 1150 400 1. 77 0.804 0273
25 64 6.8 1.7 2900 4080 700 1100 400 0.077 1. 0.814 0219
26 8.9 1.4 2970 4430 600 1050 450 0.115 0. 0.7581 0
27 82: 6.9 1.7 3300 4500 600 1100 500 0.06 0. 0.774 0209

• 28 a i. so 450 1200 400 0.073 0.982 0.768 0.214
29
30

101111995 82 8.9 1.4 2950j 4220 1150 450 0.067 1.021 0.782 0239
2 — 6.9 1.5 28801 4100 6 1100 500 0.075 1.008 0.7 0221
3 6.9! 1.7 25701 4530 1050 450 0.074 1.025 0.4 0.602
4 69 1.8 !j 4320 6 1100 450 0.070 1.07 0-96 0.109

. :

— 1.086 0 0.176
6 1 1.098 0.683 0.215
7 1.092 0.8 0277
8 82 6.9 1.2 2690 4490 huG 500 0.077 1.111 0.95 0.18

6.9 1.1 2700 4400 1050 400 0.085 1.105 0.3 0.727
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EXECUTIVE SUMMARY

Using monitoring data of North Kona groundwater that TNWRE has compiled, this report

addresses whether or not impacts to basal groundwater have occurred as a result of pumping the six high

level groundwater wells located above Mamalahoa Highway from Kalaoa to Walaha. High level pumpage

began in 1994 and is now at about 4.0 to 4.5 MGD (Figures 2 and 3 in the report).

The TNWRE monitoring data which address this question consists of continuous water level

recording in the Kamakana well and time series salinity profiles in the Kamakana, Kaloko-2, Ooma

Mauka, and Ooma Makai wells. The report presents and evaluates this data. Based on the water levels
at the Kamakana Well and the salinity profiles at all four wells, no impact to basal groundwater as a result

of high level groundwater pumpage has been identified to date.

A key unresolved issue is whether or not the high level groundwater actually drains into the

nominally downgradierit basal lens in the area between Keahole Point and Kailua Town. Evidence

gathered to date suggests that at least some, if not most, of the high level groundwater actually flows at

depth beneath the basal lens to discharge into the marine environment offshore. The anomalous

characteristics of the basal lens suggest this: very low water levels relative to the actual ocean level; very

high salinity; temperatures significantly lower than the high level groundwater; and increasing salinity in

wells under modest pumping rates. The more compelling evidence is provided by the discovery of fresh

water under artesian pressure at depth below the basal lens in the Keopu and Kamakana deep monitor

wells. If leakage of high level groundwater into the basal lens is limited to the modest amounts that

evidence collected to date suggests, then the foreseeable future increases in pumpage of high level

groundwater will have little or no impact on the basal lens.

With the unresolved issue of high level groundwater leaking into or passing beneath the basal

lens, monitoring for potential impacts to basal groundwater going forward should be continued and even

expanded. This expansion should include deepening the Kaloko-2 well so that possible changes to the

thickness of the basal lens at this location can be tracked.
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INTRODUCTION

This report has been prepared in response to a petition by the National Park Service (NPS) to the

State Commission on Water Resource Management to designate the Keauhou Aquifer as a Groundwater

Management Area. The petition asserts that present or planned future use of groundwater from the

Keauhou Aquifer will reduce the flow of basal groundwater through Kaloko Honokohau (KAHO) National

Historical Park, thereby causing harm to KAHO’s anchialine ponds and its nearshore marine environment.

This report contains data from monitoring and production wells as compiled by Tom Nance Water

Resource Engineering (TNWRE) to assess whether or not an impact to the basal lens has occurred due

to ongoing groundwater use. It also presents an opinion as to whether or not the present level of

monitoring can provide sufficient information to evaluate groundwater impacts as the future use of

groundwater increases over present levels.

GROUNDWATER OCCURRENCE AND USE IN THE KEAUHOU AQUIFER

Prior to 1990, it was commonly assumed that all groundwater in the Keauhou Aquifer was basal,

that is a lens of fresh and brackish water floating on saline groundwater beneath it and in dynamic

equilibrium with the ocean along the shoreline. At that time, the Hawaii County Department of Water

Supply (DWS) was operating six basal wells, all located in the southern part of the aquifer (shown in red

on Figure 1 and listed in Table 1) and was pumping about eight (8) million gallons per day (MGD).

Groundwater use by others everywhere else in the aquifer was quite modest. It amounted to pumping

brackish wells at Keauhou to supplement the supply of a treated wastewater used to irrigate the Kona

Country Club golf courses and use of saline groundwater for aquaculture at NELHA at Keahole Point.

In 1990, first at Keauhou Well 2 (State No. 335501) and soon after at the Kalaoa Well (No. 4358-

01), high level groundwater was discovered. High level groundwater stands much higher above sea level

than basal groundwater. Unlike basal groundwater which is subject to increasing salinity if it is

overpumped, the subsurface geologic control which creates the high level groundwater also protects it

from salinity intrusion in response to pumping.

As shown on Figure 2, use of high level groundwater in the Keauhou Aquifer began in 1994 with

the Kalaoa Well and now includes six wells pumping between 4.0 and 4.5 MGD. All six of these wells are

in the northern part of the aquifer in the area from Kalaoa to Waiaha (their locations are shown in blue on

Figure 1). Use of high level groundwater has enabled DWS to reduce pumping its basal wells (Figure 3).

Prior to this, DWS basal pumpage at eight or more MGD was causing salinity issues.

o_14..26
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Table 1

Pumpage by DWS Basal and High Level Wells

Well Average Annual Pumpage (MGD)

State No. Name 1990 1994 2013

Basal Wells

3557-05 Kahaluu Shaft 4.737 5.614 4.234

3557-01 KahaluuA 0.807 0.777 0.686

3557-02 Kahaluu B 0.992 1.050 0.514

3557-03 Kahaluu C 0491 0.713 0.747

3557-04 Kahaluu D 0.672 0.952 0.330

3657-01 Holualoa 0.491 0.324 0.000

Total for Basal Wells 8.190 9.430 7.040

High Level Wells

4358-01 Kalaoa -- 0.168 0.889

4057-01 QLT — -- 1.299

4158-02 Honokohau — -- 1.648

4258-03 Hualalai — -- 0.000

3857-04 Waiaha -- -- 0.529

3957-01 Keopu -- -- 0.415

Total for High Level 0.000 0.168 4.251

Note: All pumpage data provided by DWS.
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HYDROLOGIC CONNECTION BETWEEN INLAND HIGH LEVEL GROUNDWATER AND THE
NOMINALLY DOWNGRADIENT BASAL LENS

The subsurface geology that creates the high level groundwater is not known for certain, but the
most likely explanation appears to be a series of poorly permeable lava flows that are in aggregate at
least tens and possibly hundreds of feet thick. The information presented in the paragraphs below are
the basis for this statement.

Findings of Two Deep Monitor Wells

Two deep monitor wells, Keopu (No. 3858-01) and Kamakana (No. 3959-01), have encountered
fresh water under artesian pressure at depth below the basal lens and the saline groundwater below the
lens (the locations of these two wells are shown on Figure 4). The comparative salinity and temperature
profiles before and after encountering the fresh water at depth in the Kamakana Well illustrate this
(Figures 5 and 6). Of particular note is the temperature decline and then reversal with depth in the saline
groundwater zone. In combination with the unvarying salinity 500 to 950 feet below sea level, these data
identify the strata confining the freshwater at depth (Figure 7). These results suggest that at least some,
if not most, of the high level groundwater is flowing beneath the confining layers to the ocean at depth
offshore rather than into and through the basal lens.

Anomalous Temperature, Salinity, and Water Levels of Basal Groundwater Between Keahole Point and
Kailua Town

If all or even most of the high level groundwater is flowing into the nominally downgradient basal

lens, this flow would constitute, by far, the largest component of recharge to the basal lens. It would be
expectable that water levels in the lens would be at least two to three feet above the actual ocean level,

that salinities would be of at least irrigation (brackish) quality, that salinities would be stable under at least

moderate rates of pumping, and that basal water temperatures would be similar to the temperatures of

the high level groundwater. In fact, basal groundwater between Keahole Point and Kailua Town exhibits
none of these characteristics. Instead, occurrence of the basal groundwater can be characterized as
follows:

a Based on a density analysis of the salinity profile in the Kamakana Well (Figure 5 prior to

encountering fresh water at depth), the water level in the basal lens at this location is no more

than 0.4 feet above the actual ocean level.
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Figure 6. Profile through the Water Column
of the Kamakana Monitor Well on May 12, 2010 After Encountering

Fresh Water at Depth
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Figure 7. Temperature in Saline Groundwater Below
the Basal Lens at the Kamakana Monitor Well
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• There are no successful salinity-dependent production wells in the basal lens between Keahole

Point and Kailua Town. The very high and unstable salinity at very modest pumping rates in

Palani Well (No. 4059-01), which is located 2.6 miles in from the shoreline, is a prime example of

this, Results of the Kaloko 1 and Kaloko 2 Wells (No. 4160-01 and -02) are similar examples

• Temperatures at the top of the basal lens are significantly colder than the high level groundwater

and these temperatures decrease with depth (Table 2 and Figure 8).

Significance of the Natural Discharge of High Level Groundwater into or Beneath the Basal Lens

If recharge to basal groundwater included substantial leakage from the upgradient high level

groundwater, then pumpage from the array of high level groundwater production wells shown on Figures

I and 4 would ultimately reduce the flow in the basal lens, causing at least some decline in basal water

levels and a gradual increase in salinity. In this case, a monitoring well network would be critical to

detecting and quantifying the impact on the basal lens.

The discovery of fresh water at depth in the two deep monitor wells (Keopu and Kamakana) and

characteristics of basal groundwater between Keahole and Kailua Town suggest that some or perhaps

even most of the high level groundwater is not leaking into the basal lens but is instead flowing beneath

the lens and discharging offshore along this section of the Keauhou Aquifer. If this interpretation

ultimately proves to be the case, a monitoring well network would presumably document that little or no

change to basal groundwater as a result of pumping the high level wells has occurred.

MONITORING WELL DATA COMPILED BY TNWRE

As shown on Figures 1 and 4, all six of DWS’ active high level wells are located above

Mamalahoa Highway and in a linear array from Kalaoa to Waiaha. Any impact to basal groundwater as a
result of pumping these high level wells would most obviously occur in the area between Keahole Point to

Kailua Town. If the high level groundwater is flowing into the basal lens, high level pumping would reduce

the flowrate in the basal lens. Although the basal flowrate is not measurable directly, a reduction in its

flowrate should be identifiable as a progressive lowering of the basal water level and/or as a progressive
increase in salinity. Both would reflect a shrinking of the lens in response to a lesser flowrate through it.

The sections following present monitoring data compiled by TNWRE which provide insight on whether

such changes have been detected.

-11-



Table 2

o14-26

High Level

Comparative Basal and High Level
Groundwater Temperatures

Basal

TemperatureState No. Name
(1)

3857-04 Walaha 70,0

3858-01 Keopu Monitors 69.8

3957-01 Keopu 70.0

4057-01 QLT 68,0

4158-02 Honokohau 70.3

4258-03 Hualalai 69.8

4358-01 Kalaoa 73.9

State No. Name
Temperature

(of)

3959-01 Kamakana 66.1

4059-01 Palani 67.5

4160-02 Kalako2 64.7

-
- Ooma Mauka 67.1

-
- Ooma Makal 68.4

- 12 -
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Continuous Water Level Recording of Basal Groundwater at the Kamakana Monitor Well

As shown on Figure 4, the Kamakana Monitor Well (State No. 3959-01) is located directly

downgradient of DWS’ Honokohau and QLT Wells (Nos. 4158-02 and 4057-01, respectively). These are
the two most actively used of DWS’ six high level production wells (refer back to Table I for their use
rates). As such, the Kamakana Well is ideally situated to document a declining basal water level, should

that be occurring. Water level recording in the Kamakana Monitor Well was begun in August 2011.

Except for a 29-day period in August-September 2012, the record is continuous through April 2014.
There are three issues which complicate an interpretation of this record. First, as can be expected for

basal groundwater in a highly permeable formation, there is a substantial water level response to the

ocean’s semi-diurnal tide. Second, there are also substantial changes to the ocean’s mean water level

due to large scale meteorological events and these are reflected in corresponding changes in the mean
groundwater levels. Third, the datum for the elevation benchmark used to measure water levels in the

Kamakana Well is not from the same datum used by NOAA for its tide gage in Kawaihae Harbor. As

described below, these complications can be sorted out to determine if the basal groundwater level has
declined with respect to the actual ocean level over the recording period of the Kamakana Well.

• Figure 9 is a comparative plot of the Kamakana water level data and the ocean level as

measured by NOAA at Kawaihae Harbor (Figure 9), Except for the obvious disconnect in

elevation datums, the data are difficult to interpret as presented in this manner.

• The semi-diurnal ocean tide in both the NOAA and Kamakana data can be filtered out by

calculating their respective moving 24-hour averages (24-MAy), making it easier to see that most

of the changes in the mean groundwater level are the result of the changes in the mean ocean

level (Figures 10 and 11).

• When these water levels are averaged over identical periods (either as averages of the data itself

or as averages of the 24-MAVs), the data establish that no decline in the basal water level

relative to the actual ocean level has occurred over the August 2011 through April 2014 period.

In fact, there has been a slight and gradual rise of the basal water level relative to the ocean level

over this period (tally below).

Comparative Mean Water Levels

Kamakana Kawaihae Height
Year Well Tide Difference

(Feet MSL) (Feet MSL) (Feet)

2011 (Aug. thru Dec.) 3.2085 0.0913 3.1172

2012 3.1552 0.01 87 3.1365

2013 3.2844 0.0986 3.1858

2014 (thru 4/30) 3.2352 -0.00,12 3.2364

- 14 -
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Salinity Profiling to Track Changes in a Basal Lens

In nearshore areas with very permeable strata, mean water level changes in basal groundwater

as a result of changes in the flowrate through the lens are very subtle and difficult to identify, particularly

in comparison to the magnitude mean level changes resulting from the varying mean ocean level.

Decades of monitoring by TNWRE have demonstrated that a far more effective way to monitor changes in

basal groundwater is by a series of salinity profiles through the water columns of wells. The method is

described below using results of the FG-2 monitor well in the Puuloa Sector of the very permeable Ewa

limestone aquifer on Oahu.

• Using an instrument that records data at 10 times a second, a continuous salinity profile is made

through the well’s water column. A typical sigmoid salinity curve is obtained which depicts the

brackish basal lens and the transition zone from the basal lens above the saline groundwater

below (Figure 12). If a basal lens is shrinking due to a reduced flowrate, a time sequence of

salinity profiles will shift to the right and shrink upwards over time.

• As shown on Figure 13, two indicators from the salinity profile are selected to track changes over

time. For the FG-2 well, these indicators are the salinity at a depth of 10 feet into groundwater

and the depth to the midpoint of the transition zone, defined for the FG-2 well as the depth where

the salinity is 17.5 parts per thousand (PPT). 17.5 PPT is half of seawater’s 35 PPT salinity. If

the lens is shrinking due to a reduced flowrate, the salinity 10 feet into water would gradually

increase and the depth to the midpoint of the transition zone would gradually decrease.

• The two indicators parameters are graphically arrayed over the 20-year record for FG-2 on Figure

14. Over that time, major changes to the aquifer are readily identified. Over this same 20-year

period, TNWRE has recorded groundwater levels at a number of locations in the aquifer. Other

than the dramatic impact of the November 1996 storm, the water level record over this 20 year

period does not identify these changes as they are one to two orders of magnitude less than the

effects of the varying mean ocean level.

Salinity Profiling Results in the Kamakana Monitor Well. Salinity profiling through the basal lens

in the Kamakana Monitor Well has been done 22 times since April 2010. Figure 15 depicts the first (April

3, 2010) and most recent (May 22, 2014) profiles. Using as indicators the salinity ten feet into

groundwater and the depth to the midpoint of the transition zone (ie. the depth at a salinity of 17.5 PPT),

the series of results for the 22 profiles is presented on Figure 16. The salinity 10 feet into water at

present is essentially the same as its level in April 2010. There has been a slight decrease in the depth to

the midpoint of the transition zone, an aspect that bears watching during future monitoring.
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Figure 12. Salinity and Temperature Profile through the Water
Column of the FG-2 Monitor Well on May 4, 2014
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FIgure 13. Salinity Profile Indicator Parameters
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Figure 15. Comparative Salinity Profiles through the Water Column of
the Kamakana Monitor Well, April 3, 2010 Versus May 22, 2014
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Salinity Profiling Results in the Ooma Monitor Wells. Locations of the two Ooma monitor wells

are shown on Figure 4. Although they have not been profiled as frequently as the Kamakana Monitor

Well, their record starts in November 2002, a longer period of time than for the Kamakana well. Its most
recent salinity and temperature profiles are shown on Figures 17 and 18. Trends of salinity (10 feet into

water) and lens thickness (depth to 17.5 PPT salinity) are shown on Figures 19 and 20. Over the 12-year

period of record, the salinities 10 feet into water are the same or slightly fresher than in November 2002

and the depths to the midpoint of the transition zone are essentially unchanged. The closely spaced

sequence of profiles in May 2009 and again in May 2014 were done to see the effect on the profiles of the

semi-diurnal tide. For nearshore wells such as the two at Ooma, that effect is relatively significant,

creating significant variability in the indicator parameters.

Salinity Profiling Results in the Kaloko 2 Impation Well. The Kaloko 2 irrigation well only

penetrates about 18 feet into groundwater, not deep enough to reach the midpoint of the transition zone

(Figure 21). In lieu of this, the salinity at varying depths into groundwater have been tracked (Figure 22).

No trend of increasing salinity in this well has occurred since the first salinity profile done in March 1996.

FUTURE MONITORING AS PUMPAGE OF HIGH LEVEL GROUNDWATER INCREASES

So far, monitoring data of the basal lens as complied by TNWRE has not shown an impact of high

level groundwater pumpage on the nominally downgradient basal lens. However, there is still an

unresolved question on whether the natural discharge of groundwater is into or beneath the basal lens.

Also, it is virtually certain that high level groundwater pumpage will increase in the future. A number of

new wells in production are foreseeable, including Palani 1 (No. 4158-03), Keopu 4 (No. 3957-05),

another QLT well, and another well near Waiaha. Greater use of the Keopu Well (No. 3957-01) will be

made possible with transmission improvements in the Mamalahoa corridor to be completed as a part of

outfitting the Keopu 4 Well. Similarly, greater use of the Walaha Well (No. 3857-04) will occur with

completion of a nearby mauka-to-makai transmission corridor. In light of the foreseeable increase in high

level groundwater pumpage, it is reasonable to ask if current ongoing monitoring will adequately detect

changes to basal groundwater resulting from this use. Recommendations for groundwater monitoring

going forward are as follows:

• Continue salinity profiling and water level recording in the Kamakana Monitor Well. It is ideally

located downgradient of present and foreseeable future high level groundwater pumping.

• Drill the Kaloko 2 irrigation well at least 400 feet deeper and convert it to a permanent monitoring

well with continuous water level recording and salinity profiling. The recommended depth will

completely portray the basal lens and transition zone and also the temperature reversal at depth.

As with the Kamakana Well, the well is ideally located. It is downgradient of DWS’ Hualalai Well
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Figure 18. Salinity and Temperature Profile in the Ooma Makai
Monitor Well on May 20, 2014
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Figure 21. SalinIty and Temperature Profile through the Water
Column of the Kaloko 2 Irrigation Well

(No. 4160-02) on May 13, 2014
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(No. 4258-03) and the soon to be put into service Palani Well (No. 4158-03). It is also directly

upgradient of KAHO, The water levels and periodic salinity profiles in both the Kamakana and

Kalaoa 2 Wells would enable an accurate depiction of potential changes in the basal lens

downgradient of pumpage of the high level aquifer between Kalaoa and Waiaha.

a Continue periodic salinity profiling in the Ooma monitor wells. Although these weNs are not

ideally located, their records predate the start of pumpage in the high level aquifer and are useful

in that respect.

-31-



SUMMARY OF RESULTS FROM THE
KOHANAIKI WATER QUALITY MONITORING PROGRAM

Prepared by:
Dr Richard Brock, Ph.D.

Aquatic Resource Specialist
Environmental Assessment, LLC

1232 Lunalilo Home Road
Honolulu, Hawaii 96825



SUMMARY OF RESULTS FROM THE

KOHANAIKI WATER QUALITY MONITORING PROGRAM

Richard Brock, Ph.D.

Environmental Assessment, LLC
1232 Lunalilo Home Road
Honolulu, Hawaii 96825

June 2014
EAC Report No. 2014-09



TABLE OF CONTENTS

1.0 Background 1
.1 The Monitoring Program

2.0 Results
2.1 Compliance with State Standards 2
2.2 Pre-Development Water Quality 2
2.3 Water Quality with Development 3
2.4 Changes in Marine Water Quality 4

3.0 Observations on Salinity and Anchialine Biota 5
4.0 Literature Cited 5

List of Tables

Table 1. Table of parameter means from 2005 through 2013
for wel1s anchialine pools and shoreline stations 6

Table 2. Results of the Wilcoxon 2-Sample Test comparing
pre-construction to during construction parameter
means for marine samples 7

Table 3. Results of the Wilcoxon 2-Sample Test comparing
marine parameter means from control sites to those
from sites fronting the development 8

List of Figures

Figure 1. Map showing the approximate locations of water quality
monitoring sites 9

Figure 2. Plot of nitrate nitrogen measured four sites
from 2005 through June 2007 10

Figure 3. Plot of orthophosphorous measured at four sites
from 2005 through June 2007 11

Figure 4. Plot of nitrate nitrogen measured at four sites
in the 2005-2013 period 12

Figure 5. Plot of orthophosphorous measured at four sites
in the 2005-2013 period 13

Figure 6. Mean nitrate nitrogen in all sampled anchialine
pools from 2005 through 2013 14

Figure 7. Mean orthophosphorous in all sampled anchialine
pools from 2005 through 2013 15

Figure 8. Mean opae’ula shrimp counts in anchialine pools
from 2005 through 2013 16



SUMMARY OF RESULTS FROM THE

KOHANAIKI WATER QUALITY MONITORING PROGRAM

R. Brock, Ph.D.

1.0 Background

1.1 The Monitoring Program

As part of the permitting process allowing the Kohanaiki development to occur, the County of
HawaPi imposed a requirement for a water quality monitoring program to insure that the quality
of the ground and nearshore marine waters are not degraded as the development proceeds. This
monitoring program was approved by federal, state and county agencies and the methods follow
the Hawai’i State Department of Health (DOH) Regional water quality protocols (HAR Chapter
1 l-54-[6]d). Samples are handled as per USEPA protocols and follow procedures outlined in
Standard Methods (1999). Samples are analyzed at the University of Washington’s School of
Oceanography Marine Chemistry Laboratory that specializes in low level nutrient analysis.

Sampling is carried out six times a year during dry periods as well as following high rainfall
events where the “trigger” initiating sampling is 1.5 inches or more of rainfall falling within a 24-
hour period. In each survey between 105 to 110 samples are collected which includes replicates
for quality assurance/quality control purposes. Samples are collected from the ocean, in brackish
anchialine ponds present on the project site and from wells present in the project area. Eight
marine samples are collected along transects that commence at the shoreline at extend 500 m
seaward. Four marine transects have been established away from the project site to serve as
control sites (one fronting Wawaloli Beach, 1.2 km north of the project site and three transects to
the south established offshore of the Kaloko-Honokohau National Historical Park (or KAHO).
Five marine transects have been set up fronting the Kohanaiki project site. Thus on each survey,
32 marine samples are from control sites and 40 marine samples come from the waters fronting
the Kohanaiki project site. On land samples are drawn from 14 wells, 16 anchialine ponds and
one reservoir all located on the project site. Figure 1 shows the approximate locations of the
marine transects as well as the pond and well sample sites.

Four surveys (from April through June 2005) were undertaken prior to the commencement of
construction. Site grading commenced in September 2005 and more recently construction is
ongoing. Over this period of time 57 water quality monitoring surveys have been completed with
eleven of them occurring following high rainfall events. Golf course construction was
undertaken in the June 2007 through May 2009 period and the “grow-in” period establishing the
golf course turf was finished in October 2009. Since the completion of golf course grow-in, 32
surveys have been done and through the January 2014 period 5,683 water quality samples have
been analyzed and reported on. This report summarizes the findings of this monitoring program



through January 2014.

FACT: Because the Kohanaiki project site is directly north of the KAIIO, the water
quality monitoring program is the most stringent of all such non-potable monitoring
programs in West Hawaii (i.e., frequency of sampling, numbers of samples).

2.0 Results

2.1 Compliance with State Standards

The state DOH has water quality standards that apply to marine waters. There are no state
water quality standards for anchialine pools or for coastal (non-potable) monitoring wells. In the
preconstruction period 32 marine transects were completed finding that fronting the project site
the rate of non-compliance was 28% among the parameters and for control site transects the rate
of non-compliance was 52%. In the during construction period 461 transects have been
completed and for those transects sampling waters offshore of the development the rate of non
compliance is 42% and for control site transects the rate of non-compliance is 60%.

What are the findings telling us? Non-compliance is commonplace for all parameters in the
pre- and during construction periods. More non-compliance occurs at the control stations than at
stations fronting the development and the greatest geometric means (which are used to determine
compliance) are found at control sites for all parameters. These findings are related to the greater
groundwater escapement to the sea fronting some control site transects.

Fact: Compliance/non-compliance among parameters occurs on a coast-wide basis and is
not differentially greater at stations fronting the development.

22 Pre-Development Water Quality

The following generalizations have been noted at Kohanaiki as well as at other West Hawaiti
sites prior to much development: (1) nutrient concentrations are elevated in mauka groundwater
and as groundwater flows towards the sea, the concentrations decrease due to mixing with
intruding seawater. (2) However, biological activity and physical processes in anchialine pools
may modify nutrient concentrations both up and down but (3) as the groundwater approaches and
enters the sea, concentrations decrease very rapidly because ocean water has low concentrations
of these parameters. These decreases are primarily due to simple dilution. Figure 2 shows the
concentrations of the nutrient nitrate nitrogen (nitrate-N or NO1)over the first three and a half
years prior to the start of golf course construction in a mauka monitoring well adjacent to the
property boundary at Kohanaiki and also in two anchialine pools seaward of this well and finally
at the shoreline seaward of the two ponds. Figure 3 show the changes in orthophosphorous
(ortho-P or P04) over the same time period and sample locations.

Fact: In natural undisturbed environments, nutrient concentrations vary tremendously
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through both time and space. At some locations concentrations are naturally elevated and
at others they are low, but all of them have high variability in concentrations through time.
This is reflected in the well data as given in Figures 2 and 3 and is most evident in static
monitoring wells relative to coastal wells developed for water withdrawal.

2.3 Water Quality with Development

The same facts continue to hold with development but with the following caveat: coastal
development will usually cause increases in some nutrient concentrations and these are seen at
sample points makai of the development. At Kohanaiki most of these makai sample points are
located in the anchialine pools present on the project site. To expect development not to cause
change is denying common sense.

Figure 4 is a continuation of Figure 2 showing the changes in concentration ofNO3 to the
present time. Again, the concentrations are generally greater in the mauka well and decrease
moving towards the ocean but occasional increases occur in the anchialine pools and these are
related to the development and sometimes to high rainfall events. Figure 5 is a continuation of
Figure 3 and shows these changes for P04 at the same locations up to the present time. Figure 5
again demonstrates the greater fluctuation in the concentration of P04 in the mauka well and to a
lesser extent at sample points makai due to dilution.

Golf course “grow-in” temporarily increased the concentration of NO3 in some of the
anchialine pools as shown in Figure 6 but the concentrations measured have no impact on biota.
Why? There are three reasons: (1) the changes are often less than those found at some non-
developed Kona sites, (2) when nutrients are in excess (as is the case for much of Kona’s
groundwater), adding more does not cause a response and (3) the increases may be large but
quickly decrease. If NO3 is in excess as during “grow-in”, it will readily move through soil
horizons with irrigation water down to the seaward flowing groundwater below and into the
anchialine pools. However phosphorus does not readily move but binds with the soil. This is
evident in Figure 7 where there are no identifiable increases in P04 above earlier
“preconstruction” peaks in the “grow-in” period.

Table I presents the mean concentrations of important nutrient parameters in the groundwater
over the 2005-20 14 period at Kohanaiki as it moves from the mauka boundary of the project site
to the shoreline. Nitrate-N, Ortho-P and Total-P all show decreases as the groundwater
approaches the shoreline. Similarly in the preconstruction period, Total-N showed the same
decrease moving from inland to shoreline sample points. However today in the anchialine pools
there is a —3% increase of Total-N which may be related to the restoration activities occurring in
some pools. As expected, salinity increases with proximity to the shoreline. Ammonia-N
increases because it is a product of organism metabolism and the anchialine pools have a
complex community of organisms nevertheless ammonia-N concentrations like all of the others
decrease with proximity to the ocean.
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Fact: With development, the decrease in nutrient concentrations in groundwater as
measured at inland wells, anchialine pools and seaward to the shoreline seen previously
continue to hold with some transitory increases occurring in the anchialine pools but the
signature continues to be lost at the shoreline. Despite the fluctuations in concentrations of
some nutrients in anchialine pools, there is no evidence of decline to pond biota connected
to changes in water quality (Figure 8).

24 Changes in Marine Water Quality

The question, “Has the quality of the ocean waters fronting the Kohanaiki project site been
negatively impacted by the development?” is addressed in Table 2 examining the means of
important nutrient parameters in two time periods, before the commencement of construction and
in the during the construction period. The data are examined using the Wilcoxon 2-Sample Test
and the results are presented in Table 2. Referring to Table 2, the during construction means for
ammonia-N, total-P, salinity and turbidity are all significantly greater than are the preconstruction
means. The preconstruction means for nitrate-N and total-N are significantly greater than the
during construction means for those two parameters and the means for ortho-P and dissolved
silica show no significant differences. These data suggest that the activities occurring at
Kohanaiki could be increasing the concentrations of some nutrient parameters.

Another approach to determine if the activities on the Kohanaiki project site are having a
negative impact to the quality of the adjacent marine waters is to examine the means of important
nutrient parameters as sampled from the marine control sites and compare these means to those
from the sample sites fronting Kohanaiki. Table 3 presents the results of the Wilcoxon 2-Sample
Test addressing the question, “Are there significant differences among the mean parameter
concentrations for samples collected at control transects relative to those collected fronting the
project site?”. Referring to Table 3, all of the important nutrient parameters have significantly
greater mean concentrations at the marine control site transects relative to the Kohanaiki
transects except for salinity which is significantly greater (by 0.953 ppt) offshore of Kohanaiki.

FACT: Despite significant changes in concentrations of some water quality parameters
over time offshore of the Kohanaiki project site, these changes are small relative to the
mean concentrations measured at the marine control sites. In no case is there any evidence
to suggest that the changes in water quality parameters are having any negative impact to
the resident reef species.

KOHANAIKI WATER QUALITY SUMMARY: What have the impacts been?

In the Ocean:

No evidence of increased nutrients due to development when compared to adjacent control
areas.
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On Land:

Transitory increases seen in anchialine pools but the signature is lost at the shoreline.

No decline found in the pond biota connected to changes in water quality.

3.0 OBSERVATIONS ON SALINITY AND ANCHIALINE BIOTA

There is concern that water withdrawals from the Keauhou aquifer for consumption and
irrigation may, at some point in the future, cause an increase in the salinity of the anchialine
pools and fishponds at the KAHO. These increases in salinity could have a negative impact on
some of the aquatic resources at KAHO and elsewhere. After more than forty years of
observations on salinity and anchialine biota along the Kona coast, Big Island residents should be
aware of the following observations:

1. Most Kona coast anchialine ponds have salinities in the range from 5 to 13 ppt (parts per
thousand). For comparative purposes ocean salinity is 34-35 ppt and freshwater is 0 ppt.

2. Most of the common aquatic native anchialine species (like opae’ula) are found in a wide
range of salinities (from —1 ppt to —30 ppt).

3. There are a few native species found in anchialine pools (like the orangeback damselfly and
some emergent vegetation) that do not tolerate higher salinity water (above 8 ppt for the
damselfly). However, all of these species are found in many other brackish water habitats in
the Hawaiian Islands.

4. The rarest of the unusual anchialine shrimp species (6-7 species) are found exclusively in
higher salinity anchialine systems (usually above 15 ppt). Some of these species are known
from one or two locations only in the Hawaiian Islands and are not found anywhere else. On
the Kona coast, ponds with salinities greater than 15 ppt are relatively rare. Any increase in
salinity of the Kona coast anchialine ponds would increase the available habitat for these rare

species.

4.0 Literature Cited

Standard Methods. 1999. Standard methods for the examination of water and wastewater. 20th

edition. American Health Assoc., Washington, D.C. Port City Press, Baltimore, Md. 1325 p.
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TABLE 1. Table of means for parameters measured over the 2005 through 2013 period in nine
wells located in proximity to the mauka boundary of the Kohanaiki project site (n290), in 16
anchialine pools (n=971) located makai of most of the development and at five marine shoreline
stations (n289) at Kohanaiki showing the decrease in mean parameter concentrations with
proximity to the ocean. All parameter means are in ug/L unless otherwise shown, ppt parts per
thousand.

SALINITY
LOCATION N03 N114 TN P04 TP (ppt)

Mauka Wells
(n=290) 1215 19 1952 95 156 7.779

Anch. Pools
(n=971) 1077 42 2013 60 119 12.758

Shoreline
(n=289) 45 4 173 8 16 33.948
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TABLE 2. Results of the Wilcoxon 2-Sample Test examining the means of important nutrient
parameters in the marine waters fronting the Kohanaiki project site in two time periods:
Preconstruction (n163) and During Construction (n2,160). The question being addressed is,
“Are there any significant differences between the preconstruction means of parameters to those
collected in the during construction time period?”. All means are in ugIL unless otherwise
noted, NTU Nephelometric Turbidity Units.

During
Preconstruction Construction

Parameter Mean (n1 63) Mean (n2 160) Significantly Different?

Nitrate-N 11.38 10.38 YES (P<0.000l)
Interpretation: During Construction means is significantly less

Ammonia-N 2.43 3.22 YES (P<0.009)
Interpretation: During Construction means is significantly greater

Total-N 146.30 131.62 YES (<0.0001)
Interpretation: During Construction mean is significantly less

Ortho-P 5.62 5.18 NO
Interpretation: No significant differences

Total-P 12.14 13.07 YES (P<0.000l)
interpretation: During Construction mean is significantly greater

Si 399.42 248.21 NO
Interpretation: No significant differences

Salinity (ppt) 34.191 34.685 YES (P<0.000l)
Interpretation: During Construction mean is significantly greater

Turbidity (NTU) 0.08 0.11 YES (P<0.000l)
Interpretation: During Construction mean is significantly greater
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TABLE 3. Results of the Wilcoxon 2-Sample Test examining the means of important nutrient
parameters in the marine waters fronting the Control Sites (n=1 ,764) and the Kohanaiki project
site (n2,323) addressing the question, “Are there significant differences among the mean
parameter concentrations for samples collected at control transects relative to those collected
fronting the project site?”. All means are in ug/L unless otherwise noted.

Mean Kohanaiki
Control Sites Transect Means

Parameter (n 1764) (n2323) Significantly Different?

Nitrate-N 34.93 10.45 YES (P<0.0001)
Interpretation: Control Site means are significantly greater

Ammonia-N 6.00 3.16 YES (P<0.000 I)
Interpretation: Control Site means are significantly greater

Total-N 164.20 132.65 YES (P<0.0001)
Interpretation: Control Site means are significantly greater

Ortho-P 8.97 5.21 YES (P<0.0001)
Interpretation: Control Site means are significantly greater

Total-P 17.40 13.00 YES (P<0.000l)
Interpretation: Control Site means are significantly greater

Si 955.60 258.82 YES (P<0.0001)
Interpretation: Control Site means are significantly greater

Salinity (ppt) 33.698 34.651 YES (P<0.000l)
Interpretation: Kohanaiki Transect mean are significantly greater

Turbidity (NTU) 0.17 0.11 YES (P<0.0001)
Interpretation: Control Site means are significantly greater
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FiGURE 2. Plot of nitrate nitrogen from 2005 through June 2007 at four Kohaiki
sites: Well 200, Pond 139, Pond 141 and shoreline (site 9).
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FIGURE 3. Plot of orthophosphorous from 2005 through June 2007 at four Kohanaiki
sites: Well 200, Pond 139, Pond 141 and shoreline (site 9).
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FIGURE 6. Plot ofmean nitrate nitrogen by date in all sampled anchialine pools at Kohanaiki
from 2005 to present (n=934). Also shown are the start of golfcourse coustruction (June 2007)
and the completion of golf course “grow-in’1 in October 2009.
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EXECUTIVE SUMMARY

This report has been prepared in response to a petition by the National Park Service
(N PS) to the State Commission on Water Resource Management to designate the
Keauhou Aquifer as a Groundwater Management Area. The petition asserts that
present or planned future use of groundwater from the Keauhou Aquifer will reduce
the flow of basal groundwater through Kaloko Honokohau (KAHO) National Historical
Park, thereby causing harm to KAHOs anchialine ponds and its nearshore marine
environment.

This report summarizes data collected by Marine Research Consultants, Inc. during
four field surveys between 2000-2012 for the purpose of evaluating the composition of
waters within two large fishponds within KAHQ(Aimakapa and Kaloko) and the
coastal ocean offshore of these fishponds, with particular emphasis on evaluating
the contribution and fate of groundwater input.

In the earlier studies (2000, 2007) Aimakapa Pond exhibited little vertical and
horizontal stratification, appearing as a uniformly well-mixed system with long
residence time. These conditions were characterized by near complete uptake of all
inorganic nutrients entering the ponds through groundwater flux, and elevated
values of organic nutrients that are the product of decomposition of organic
material. This condition indicated the pond was progressing toward a terminal
successional stage where the pond becomes a sediment-filled wetland. More recent
studies in 2012 reveal consistent input of groundwater along the landward shoreline
of the pond, resulting in steep gradients of salinity and inorganic nutrients found in
groundwater. These results suggest that there has not been a detectable decrease in
basal groundwater to the ponds; in fact the opposite appears to be the case. While
the differences in groundwater dynamics within the ponds over the 12-year interval
of studies may reflect the relationship between sampling and tidal state, results of
these studies indicate that at a minimum the fishponds are not in a cycle of
uninterrupted progression toward a more senescent state.

Scaling nutrients concentrations to salinity indicate that there are no nutrient subsidies
to the ponds from sources other than naturally occurring groundwater. None of the
data scaling inorganic nutrients to salinity within the ponds or nearshore ocean
indicate substantial nutrient subsidies to groundwater that could be a result of human
activities in upland areas.

These results indicate that under the present scenario, the existing development
upslope of KAHO is not causing detectable input of nutrient subsidies, or reduction in
groundwater flux to the ponds. Rather, recent conditions in the ponds appear to
represent a more open system with respect to hydraulic and nutrient fluxes.

KAHO POND/MARINE WATERS PAGE 1
IMPACT SUMMARY



In a companion report TNWRE found no impacts to basal groundwater have been
identified to date as a result of high level groundwater pumpage. While it is not
resolved whether high level groundwater actually drains into the nominally
downgradient basal lens, evidence gathered to date suggests that at least some, if
not most, of the high level groundwater actually flows at depth beneath the basal
lens to discharge into the marine environment offshore. If leakage of high level
groundwater into the basal lens is limited to the modest amounts that evidence
collected to date suggests, then the foreseeable future increases in pumpage of
high level groundwater will have little or no impact on the basal lens.

If indeed pumping of high level groundwater has minimal effects on basal
groundwater, then it is clear that pumping high level groundwater will also have no
effect on nearshore processes influenced by basal groundwater. The results
summarized in this report correspond to such a conclusion, as no negative impacts
were detected in nutrient dynamics of the KAHO fishponds over the last 12 years.

KARO POND/MARINE WATERS PAGE 2
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1. PURPOSE

This report has been prepared in response to a petition by the National Park Service
(NPS) to the State Commission on Water Resource Management to designate the
Keauhou Aquifer as a Groundwater Management Area. The petition asserts that
present or planned future use of groundwater from the Keauhou Aquifer will reduce
the flow of basal groundwater through Kaloko Honokohau (KAHO) National Historical
Park, thereby causing harm to KAHOs anchialine ponds and its necirshore marine
environment.

This report contains data collected by Marine Research Consultants, Inc. during four
field surveys between 2000 and 2012 for the purpose of evaluating the composition
of waters within two large fishponds (Aimakapa and Kaloko), as well as the coastal
ocean, with particular emphasis on evaluating the contribution and fate of
groundwater input. This report provides a summary of these data, and also presents
an opinion as to the effects of potential alteration of groundwater fluxes on the
condition of the fishponds and adjoining coastal ocean. Examination of the list of
publications and studies provided by the NPS relating to KAHO does not include any
materials that address these issues. Hence, the results and conclusions presented
below provide the sole evaluation of the effects of groundwater input in the KAHO
fishponds.

2. BACKGROUND

The National Parks and Recreation Act of 1978 provided for the establishment of the
Kaloko-Honokohau National Historical Park to preserve the integrity of the many
archaeological features and fishponds found in the area. Kaloko Pond and
Aimakapa Pond are large brackish bodies of water separated from the ocean by a
man-made basaltic rock wall at Kaloko, and a sand beach berm at Aimakapa. The
rock wall at Kaloko Pond has recently been reconstructed, and the new wall
incorporates channels which afford a direct connection between the pond and
ocean.

Water in the ponds is brackish, consisting of a mixture of low salinity groundwater, and
seawater. As a result, water chemistry in the ponds can potentially be influenced by
changes in groundwater composition and runoff of surface water. Leaching of
materials such as fertilizer nutrients, pest control agents or other materials originating
from anthropogenic activities to groundwater could potentially alter pond water
chemistry. In addition, as pond water exchanges with ocean water in the nearshore
marine area, there is also potential for alteration of marine water chemistry owing to
changes in groundwater composition. Such alterations in water chemistry can, in turn,
provide the potential to affect the structure of marine biotic communities in the
nearshore area.

KAHO FISHPOND-OCEAN PAGE 3
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In 2000, 2007 and 2012 Marine Research Consultants, Inc. had the opportunity to
conduct investigations of these systems as port of the planning process for several
different proposed upland development projects. All of these studies used identical
methodologies allowing the resulting data to serve as a time-course analysis to
determine how water chemistry has changed over the 12-year period. During this
time, upland development proceeded. Thus, the time-course analysis can serve as a
tool for evaluating the effects of existing land development makal of KAHO on the
functional aspects of the fishponds. Based on these changes in the past, it is possible
to predict the potential future effects to the composition of the marine and pond
environments. Of particular interest is assessing the nutrient dynamics and associated
metabolic activity of the Aimakapa Pond. As this pond is essentially sealed from
direct contact with the ocean, the metabolic function of the pond is directly linked to
groundwater flux and composition. As a result, Aimakapa Pond is the area with the
most potential for changes associated with alteration of groundwater from activities
upsiope of KAHO.

3. METHODS

Water sampling protocols consisted of collecting surface and bottom water along
transects through the center of fishponds from the most Iandward edges to the most
seaward edges. Sampling was continued in the nearshore ocean from the shoreline
adjacent to the ponds to a distance offshore considered to be beyond the major
influences of land. Constituents measured included all listed in Chapter 11-54, Hawaii
Administrative Rules, Water Quality Standards, Department of Health, State of Hawaii.
These constituents included various forms of dissolved nutrients (nitrogen and
phosphorus), chlorophyll a (Chl a). turbidity, dissolved oxygen, pH and salinity.

Evaluation of the marine biological community was conducted by qualitative
reconnaissance surveys along the length of the area comprising the marine portion
of the Kaloko-Honokohau National Historical Park from the shoreline out to the 10
meters (30 feet) depth contour. Information gathered during the surveys included
abundance estimates of the dominant flora and fauna, as well as observations on
the factors that affect these biotic assemblages.

4. RESULTS

Concentrations of twelve chemical constituents in surface and bottom water
samples from Kaloko and Aimakapa Ponds and the offshore ocean from the four
survey years are plotted as functions of distance from the shorelines in Figures 2-9.
These plots show several major patterns of horizontal stratification of water chemistry
constituents in the ponds and ocean. One of the most obvious differences is the
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dissimilarity between patterns in Aimakopa and Kaloko Ponds and the ocean.
Aimakapa pond is separated from the ocean by a fairly wide (—20 m) continuous
sand berm which is not very permeable to exchange between the pond and the
ocean. Such impermeability is apparent in the sharp, nearly vertical gradients at the
shoreline of many of the water chemistry constituents shown in Figures 2-9.

Compared to the sand berm bounding Almakapa Pond, the rock wall that separates
Kaloko Pond from the ocean is highly permeable, and exchange of water between
the ocean and pond is enhanced by flushing channels (makahas) constructed into
the wall. Hence, the gradation in the water chemistry constituents between pond
and ocean are less distinct in Kaloko compared to Aimakapa Pond, and the
gradients within Kaloko Pond are more continuous between pond and ocean
compared to Aimakapa (Figures 2-9). It should be noted that these direct
connections between the pond and ocean eliminate Kaloko Pond from the
designation of “anchialine” which requires that no such connections exist.

While both ponds contain thick sediment bottoms, there is a substantial difference in
the quality of the sediment. Bottom composition of Aimakapa Pond consists of soft
flocculent silty mud that is easily penetrable for at least one meter. Bottom
composition of Kaloko Pond is a hard sand/mud mixture that is largely covered with
marine algae, primarily the introduced species Acanthophora specifera. Sand/mud
bottoms in both ponds were distinctly anaerobic beneath the surface layer as
evidenced by the strong odor of H2S when the bottom was even slightly disturbed.

4.1 Patterns of Salinity in the Ponds and Ocean

During all sampling events, salinity within the two ponds showed very different
patterns of horizontal gradations from the ocean to the shoreward sides of the ponds
(Figure 2). In Aimakapa Pond, average salinity during the four surveys was
1 2.64±0.43%o (part per thousand). These data indicate that the water in the pond
consists of about 36% groundwater and 64% ocean water. In addition, salinity in
Aimakapa is remarkable constant over the entire area of the entire pond as well as
through the water column. In addition, salinity was nearly constant over the 12-year
interval of sampling. There is however, a slight trend of freshening over time, with the
2012 samples exhibiting the lowest salinities. The constancy of salinity through both
time and space in Aimakapa Pond is clearly evident in Figure 2.

The overall pattern of salinity in Kaloko Pond was substantially different than in
Aimakapa. Average salinity in the fishpond during the four increments of sampling
24.81 %o± 6.11. As Kaloko Pond is “connected” to the ocean, the variability in salinity is
a result of sampling at various stages of tide, and is also likely a response to the
various stages of construction of the rock wall separating the pond from the ocean.
As can be seen in Figure 2, all of the samplings of Kaloko Pond exhibited a pattern of
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increasing salinity with decreasing distance from the shoreline, indicating gradient of
mixing between seawater and groundwater. The overall patterns of salinity, with the
lowest values in 2007 and the highest in 2000 do not suggest any consistent pattern
with respect to time as a function of groundwater input into the pond.

Comparing values of salinity within Aimakapa Pond to salinities of anchialine pools
located in KAHO indicate that salinity in the fishpond is within the range of salinity in
water in three representative pools water (8-14%o), while the salinity in Kaloko Pond is
substantially higher than anchialine pools (Table 1). These comparisons again point to
the open circulation between K:aloko Pond and the ocean.

Nearshore ocean waters in West Hawaii are typified by a pattern of decreasing
salinity with distance from shore. This gradient is indicative of low salinity groundwater
entering the ocean near the shoreline and mixing with high salinity ocean water.
While this was the general pattern observed on the KAHO transect sites in 2007 and
2012, a somewhat unusual result in the 2000 data is that the lowest salinities in the
ocean samples were not found nearest to the shoreline off of either fishpond. Rather,
the lowest salinities were measured in surface ocean samples approximately 25-50 m
offshore (Figure 2). Such a result suggests that the majority of groundwater flow to the
ocean may be around the pond boundaries, rather than through the shoreline
barriers that separate the ponds from the ocean.

Horizontal and vertical stratification of salinity in the ocean samples was evident at all
stations during all surveys. Beyond 25-50 m from shore, with increasing distance from
shore, salinity increased at all stations in both surface and bottom water, while at all
sampling stations, surface salinity was lower than the corresponding bottom sample.
These gradients indicate that mixing of groundwater entering the ocean does not
completely homogenize the water column, with a surface layer of lower salinity
water overlying a water column of ocean water.

4.2 Patterns of Nutrients in the Ponds and Ocean

As with salinity, the patterns of dissolved nutrients vary considerably between ponds.
The patterns prescribed by the concentrations of dissolved Silica (Si) on transects are
essentially a mirror image of salinity during all surveys (Figure 3). These mirror image
patterns reflect the two orders of magnitude difference in concentrations of Si
between groundwater and ocean water. In addition, the mirror image of Si and
salinity indicates that Si is a “conservative” tracer, in that it is not utilized to any
measurable extent by biotic or chemical reactions within the ponds and ocean. As a
result, there is the same large variation in patterns of concentration of Si between the
ponds, and same degree of stratification of Si as was evident in salinity.
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In addition to Si, the other nutrient found in high concentrations in groundwater
relative to ocean water is nitrate nitrogen (NO3-). While the concentrations of NO3- in
the 2000 and 2007 surveys were consistently low (below 0.5 pM) across the entire
sampling transect, substantially different patterns occurred in both 2012 surveys
(Figure 4). During the two most recent surveys, concentrations of NO3-at the inshore
end of the pond exhibited peak values with rapidly decreasing concentrations to the
center region of the pond (Figure 4). The magnitude of the gradients was different
between the February and November 2012 surveys, with peak values of about 13 pM
in February and 50 pM in November. However, the location in the pond where the
concentrations dropped to previously measured levels of N03- of less than 1 pM
occurred at nearly the same place during both surveys (—150 m from the shoreline).
The pattern of the other major inorganic nutrient, phosphate phosphorus (P043-)
exhibits a similar pattern, with highest values at the shoreward edge of Aimakapa
Pond wand sharply decreasing values up to the center of the pond (Figure 5).

These steep horizontal gradients of N03- and P043-, as well as depressed salinity,
suggest the possibility of a qualitatively different level of groundwater input at the
mauka shoreline of Aimakapa Pond in 2012 relative to past surveys. While these
changes between years may be result of an increase in the overall magnitude of
groundwater flux into the ponds (although not likely), it is more likely that influx varies
as a result of water level in the ponds. It has been shown that Aimakapa Pond
responds to tidal fluctuations (damped relative to the ocean cycle in both
magnitude and time) which push pond water inland during flood tides and draw
groundwater into the ponds during ebbing tidal cycles (Tom Nance, personal
communication). As pond salinity was higher in 2000 and 2007 relative to 2012 (Figure
7), the distinct differences in nutrient gradients between these years may be a
reflection of when samples were collected relative to tidal state. However, while
there is a distinctly higher input flux of N03- and P043-along the mauka shoreline of
Aimakapa during 2012, the incoming inorganic plant nutrients are almost completely
taken up within the shoreward half of the pond (Figure 4). In sum, there are no
indications of reduction of groundwater flux into Aimakapa Pond over the last 12
years, and in fact the opposite appears true.

aloko Pond also shows distinct gradients of NO3-and pQ43-, with an overall similar
pattern to Aimakapa Pond. While the peak values of NO3-occurred in 2012 in
Aimakapa, the peaks in Kaloko occurred in 2007 corresponding to minimum values of
salinity (Figures 4 and 5. In contrast to the steeply declining concentrations of NO3-
down to very low values before the center of Aimakapa Pond, gradients were less
steep and extended further toward the ocean end of Kaloko Pond.

Gradients of other forms of nitrogen and phosphorus show distinctly different patterns
of distributions than NO3-and pQ43-, particularly in Aimakapa Pond. During all four of
the sampling events, total nitrogen (TN) is relatively constant across the entirety of
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Aimakapa Pond. The majority on TN exists as total organic nitrogen (TON) (Figure 7),
rather than either NO3-or ammonium (NH4÷) (Figure 6). In the 2012 surveys,
concentrations of TON mirror NO3-with lowest values at the inshore end of the pond,
and elevated values in the seaward portion of the pond. In particular, during the
November 2012 survey, the sharp elevation in concentrations of TON occur at the
sampling station approximately 150 m from the shoreline, which is the same location
that concentrations of NO3-dropped to low values. The same patterns are evident for
total phosphorus (TP) and total organic phosphorus (TOP) (Figure 8).

Total organic nitrogen and phosphorus are the end products of decomposition of
organic material, while the inorganic nutrients NO3- and Q43-, as well as NH4 are the
nutrients taken up by plants during photosynthetic activity. The considerably different
patterns of distributions of these nutrient components in Aimakapa Pond over the last
12 years suggest a shift in metabolic function over time. During the earliest survey in
2000, virtually all of the nitrogen and phosphorus in Aimakapa Pond was in the form
an organic form (TON, TOP), with essentially no N03- and P043-present. Such a
distribution indicates that the pond was in ci decaying state, proceeding toward
anoxic conditions.

During both 2012 surveys, the metabolic functioning of Aimakapa appears to have
shifted toward a more “open” system. High input of low salinity water containing high
concentrations of inorganic nutrients found in groundwater is evident along the
inland shoreline of the pond. These concentrations decrease with distance seaward
until the approximate center of the pond, where concentrations approach the levels
found in 2000. TON mirrors the pattern of nutrients indicating gradients of progressive
uptake and metabolic processes from the mciuka edge toward the center of the
pond. Hence, the recent data showing steep gradients of nutrients within Aimakapa
Pond indicate that the entire system has not remained a completely heterotrophic
system removing nutrients from the water column, while adding back end products
of metabolic decomposition. Rather, the apparent increase in groundwater now
results in indications that at least part of the pond is a more open system with respect
to metabolic cycling somewhat reversing he progression toward an anoxic system. It
may be however, that the differences between nutrient gradients in different
sampling years is a response to sampling during different phases of the tidal cycle,
with nutrient fluxes into the pond more pronounced during ebbing tides. In any case,
the time-course evaluation indicates that there is not a progressing decomposition of
the ponds during the 12-year interval of sampling.

Plots of Chlorophyll a reveal substantially elevated values throughout the water
column in Aimokapa in 2000 (Figure 9). The close tracking of Chi a and turbidity in this
survey indicates that the high values are not the result of resuspension of bottom
sediment. Chlorophyll a and turbidity are also elevated in surface and bottom waters
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of t(aloko Pond relative to ocean water, but without the anomalous values in bottom
water during 2000 (Figure 9).

4.3 Conservative Mixing Analysis

A useful treatment of water chemistry data for interpreting the extent of material
input from land is application of a hydrographic mixing model. In the simplest form,
such a model consists of plotting the concentration of a dissolved chemical species
as a function of salinity. Comparison of the curves produced by such plots with
conservative mixing lines provides an indication of the origin and fate of the material
in question. Figures 10-12 show plots of concentrations of nutrient constituents as
functions of salinity for Aimakapa and Kaloko ponds, anchialine pools and ocean
water samples collected in the KAHO during the four sampling surveys in 2000, 2007
and 2012. In addition, nutrient concentrations and salinity from data collected in
three monitoring wells within the KAHO boundaries are also shown. Each plot in
Figures 10-12 also show two conservative mixing lines that were constructed by
connecting the end member concentrations of open ocean water and averaged
high-level groundwater concentrations from the DWS Honokohau Well (4158-03), and
averaged basal groundwater Kaloko Irrigation Well (4160-02) (Well data provided by
TNWRE).

If the parameter in question displays purely conservative behavior (no input or
removal from any process other than physical mixing), data points should fall on, or
very near, the conservative mixing line. If, however, external material is added to the
system through processes such as leaching of fertilizer nutrients to groundwater, data
points will fall above the mixing line. If material is being removed from the system by
processes such as uptake by biotic metabolic processes, data points will fall below
the mixing line. It is also important to note that since nutrient concentrations are
scaled to salinity, the effects of tidal state are not a factor in interpreting data on
source or sinks.

Dissolved Si represents a check on the model as this material is present in high
concentration in groundwater, but is not a major component of fertilizer. In addition,
Si is not utilized rapidly within the nearshore environment by biological processes. It
can be seen in Figure 10 that all of the data points from Aimakapa and Kaloko
Ponds, the three anchialine pools, and the ocean fall very close to the conservative
mixing line for Si. Such agreement indicates that the end members used to construct
the lines are representative of the system. The only data set that deviates from the
linear pattern falling near the conservative mixing lines is for Monitoring Well 1, with
anomalously low values in samples collected in 2000 and 2001. The lock of curvature
in the linear arrays of data points also indicate that there is no detectable uptake of
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Si within the pond and marine system, and no other sources of Si other than
groundwater.

The plot of N03- versus salinity reveals distinctly different results than plot of Si (Figure
10). Plots of concentrations of NO3-versus salinity in Aimakapa Pond show a distinct
nearly vertical line extending from the point of intersection with the mixing line (data
from November 2012) to the X-axis with a N03- concentration of essentially zero. This
linear array illustrates the process described in the section above where groundwater
containing high levels of NO3-relative to seawater enters Aimokapa Pond at the
mauka shoreline. With mixing of the groundwater into the pond, NO3-is rapidly
stripped by biotic uptake. The orientation of data points from both of the surveys in
2012 along the same linear array suggests the same degree of removal of nutrients
relative to salinity is occurring within the pond.

The arrays of NO3-data points for Kaloko Pond are substantially different than for
Aimakapa (Figure 10). At the low salinity end of the plots, at salinities less than 15%o,
all data points fall on the conservative mixing lines, indicating that concentrations in
the pond at these sampling points consists exclusively of mixing of groundwater and
ocean water. At salinities higher than 1 5%o, data points all lie beneath the mixing
lines, with concentrations of NO3-decreasing steadily to very low values to a salinity of
approximately 30%o. These patterns delineate uptake of N03- by biotic processes
within the main body of Kaloko Pond. As with the smooth linear array of data points
of decreasing value with increasing salinity in Aimakapa, the relatively smooth curve
prescribed by the data points in Kaloko indicate that there are no other sources or
sinks of NO3-within the pond. Salinities above about 30% represent samples from the
nearshore ocean, which show a slight increase in concentration relative to pond
waters. Such an increase suggests that groundwater may be entering the ocean
from other entry points than through the ponds.

Concentrations of N03- in the anchialine pools scaled to salinity lie on, or slightly
above the conservative mixing lines. The position of these points indicates that the
same processes of N03- uptake occurring in the two large fishponds is not occurring in
the arichialine pools. Rather, groundwater nutrients remain in essentially the same
concentration while in the anchialine pool as in the submarine aquifer. Such a
difference in nutrient cycling in the smaller anchialine pools relative to the tishponds is
a result of far more rapid flushing and turnover rate of water in the pools.
Concentrations of NO3- in monitoring wells are generally above the conservative
mixing lines, suggesting an external source of N03- other than naturally occurring
groundwater.

Phosphate phosphorus (P043-) is also a malor component of fertilizer and sewage
effluent, but is usually not found to leach to groundwater to the extent of NO3-, owing
to a high absorptive affinity of phosphorus in soils. The curves defined by the plotted
data of pQ43- as a function of salinity are similar to NO3-, although the concentrations
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differ by an order of magnitude (Figure 11). In addition, data points from the
shoreward end of Aimakapa Pond occur above the mixing lines, indicating a source
of pQ43- that is not completely naturally occurring groundwater. However, the near-
vertical linear array of data points indicates rapid uptake of PC43 beyond the
shoreward edge of the pond. The distribution of data points in Kaloko Pond also
reflects mixing of groundwater and ocean water along with uptake by biotic activity
within the pond, although the magnitude of uptake is less than in Aimakapa Pond
(Figure 1 1). Concentrations of PO4-scaled to salinity in the anchialine pools all fall
near the conservative mixing lines indicating that there are no external sources of
p04- to the anchialine pools from sources other than naturally occurring
groundwater. Similar to anchialine pools, the scaled concentrations of P04 3- for
monitoring wells 2 and 3 fall on the conservative mixing lines, while most data points
for well 1 lies below the mixing lines.

The other form of dissolved inorganic nitrogen, NH4. shows a reversed pattern of
distribution relative to conservative mixing lines when concentrations are plotted as
functions of salinity. It can be seen in Figure 1 1 that the conservative mixing lines are
nearly flat with nearly similar concentrations in groundwater and ocean water. The
occurrence of nearly all of the data points from all water sources lying above the
mixing lines indicates that the observed concentrations of NH4 are not a result of
mixing of groundwater and ocean water. Rather, these concentrations are the result
of either input from another source, or as is more likely the case, from in-situ
metabolic processes within the ponds.

Because total organic nitrogen and phosphorus (TON and TOP) occur in very low
concentrations in both open ocean water and high level groundwater, the mixing
lines for these constituents are essentially flat (Figure 12). The occurrence of data
points of TOP and TON far above the mixing lines reflects the metabolic cycling
conversion of inorganic nutrients to organic nutrients by metabolic cycling of
nutrients in the Aimakapa Pond ecosystem. Products of metabolic decomposition of
organic material include organic nitrogen (TON) and organic phosphorus (TOP).
Owing to low circulation and flushing of the majority of Aimakapa Pond, and no
apparent uptake by biotic function, these organic nutrients remain in the water
column. Contrary to Aimakapa Pond, the data points of TOP and TON in Kaloko
versus salinity fall near the mixing lines, indicating that the level of organic
decomposition and/or flushing of the pond is not occurring. Within the anchialine
pools and monitoring wells, TON and TOP occur at very low levels, supporting the
observation that rapid water exchange through the pools and wells prevents
accumulation of the products of organic metabolism.

Two major points can be made to summarize the results of the mixing analyses. First,
and most importantly. there are no indications of significant input to any of the ponds
of inorganic nutrients from sources other than naturally occurring groundwater. None
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of the data points scaling inorganic nutrients to salinity within the ponds or nearshore
ocean indicate substantial nutrient subsidies to groundwater that could be ci result of
human activities in upland areas. The constituents that show substantial elevations in
the ponds (NH4÷, TON and TOP) are not the direct result of nutrient loading, but rather
byproducts of metabolic cycling coupled with long residence time (slow water
exchange) within the ponds.

The second major point that is illustrated by the nutrient data and mixing plots is that
during the most recent samplings in 2012 Aimakapa Pond exhibited a for more
detectable pattern of active groundwater flux than in previous surveys. At the inland
shoreline of the pond, input of low salinity, high nutrient groundwater was clearly
evident during both of the 2012 surveys. Such input was not present in earlier surveys
utilizing identical sampling methods. While the nutrient inputs were rapidly taken up
within the shoreward half of the pond, the input of groundwater suggests a more
active circulation than in the past. While the process responsible for these differences
in input over a decadal period are not readily decipherable, it is clear that there is no
indication of increased senescence of Aimakapa Pond. Rather, these data indicate
that the pond may be stabilizing the trend of tending toward a system completely
dominated by decomposition and infilling of sediment.

While not included in the present data presentation, past investigations of the KAHO
area have included comparisons of the nutrient dynamics occurring in the fishponds
to the effects of discharges of water from the Natural Energy Laboratory of Hawaii at
Keahole Point. These comparisons indicate that subsidies to groundwater of NO3-and
P0( are far greater at NELHA than in the Kaloko-Honokohau area as a result of high
concentrations in deep seawater that is discharged into disposal trenches along the
shoreline.

4.4 Effects to the Nearshore Marine Environment

Coral reef ecosystems have adapted to grow in low nutrient marine waters. So a
reduction in flux of nutrients through reduced groundwater flux will have no effect on
offshore marine systems. Even if changes in groundwater flux results in an increase in
nutrients, it is also unlikely that there would be any effects to the nearshore marine
environment. Data reveal that groundwater nutrients were retained within a surface
layer, with no exposure to the benthos. Circulation within the area is rapid enough to
prevent phytoplankton blooms. These results indicated that even with long-term input
of high nutrient subsidies, there are no negative effects to the receiving environment.

5. DISCUSSION and CONCLUSIONS

The purpose of this data review is to provide the information to make valid estimates
of the potential for impact to the marine and pond environments at Kaloko
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Honokohau National Historical Park, and possibly NELHA, from upland development
involving increased use of potable basal groundwater.

To summarize, it is generally accepted that one of the large fishponds within the
Kaloko-Honokohau National Historical Park function in a similar manner to smaller
anchialine ponds that occur on the west coast of Hawaii. By definition anchialine
ponds are surface exposures of the water table with no direct connection to the
ocean that contain brackish water which is a mixture of seaward flowing
groundwater and landward flowing seawater. Anchicline ponds in early successional
stages usually have sediment-free bottoms which allow for relatively rapid exchange
of water. It is important to note that healthy anchialine ponds are NOT nutrient limited
systems, and contain high concentrations of plant nutrients. The excess nutrients do
not lead to algal dominated water columns (at least until late stages of pond
senescence, as a result of a balance between short residence time of water within
the ponds, and production and consumption by pond biota. Rapid flux of water
through the ponds, and grazing by resident populations prevent plankton buildup
within the water column. In the later stages of the anchialine pond cycle, infilling by
sediment reduces the rate of water exchange and the balance between production
and consumption is lost. Ultimately, in the last stages of pond senescence infilling is
complete and ponds transition to wetlands.

During surveys of Aimakapa Pond conducted in 2000 and 2007 restricted
groundwater flow into Aimakapa Pond was borne out by the near complete lack of
both vertical and horizontal gradients within the ponds. Such lack of detectable
inputs suggested that the pond is essentially a closed system which was
accumulating sediment and metabolic decay products which cannot be naturally
flushed from the enclosed pond basin. Continued metabolic activity would produce
increasing sediment deposition which would elevate rates of nutrient release from
sediment decomposition, which would in turn allow for increased phytoplankton
growth.

During surveys in 2012, evidence of groundwater input at stations within the inshore
half of Aimakapa Pond was detected as steep horizontal gradients of salinity and
inorganic nutrients found in groundwater. These results suggest that Aimakapa Pond
may be experiencing either increased groundwater input, or at least not a decrease
in groundwater input relative to a decade earlier. As the existing developments in the
areas upslope of the KAHO ponds have been in place for the last decade, water
quality in the ponds changes can be assumed to be influenced by the present level
of development upslope from the KAHO ponds.

In a companion report TNWRE found no impacts to basal groundwater have been
identified to date as a result of high level groundwater pumpage. A key unresolved
issue is whether or not the high level groundwater actually drains into the nominally
downgradient basal lens in the area between Keahole Point and Kailua Town.
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Evidence gathered to date suggests that at least some, if not most, of the high level
groundwater actually flows at depth beneath the basal lens to discharge into the
marine environment offshore. If leakage of high level groundwater into the basal lens
is limited to the modest amounts that evidence collected to date suggests, then the
foreseeable future increases in pumpage of high level groundwater will have little or
no impact on the basal lens.

If indeed pumping of high level groundwater has minimal effects to basal
groundwater, it is clear that pumping high level groundwater will have no effect on
nearshore processes influenced by basal groundwater. The results summarized in this
report correspond to such a conclusion, as no negative impacts were detected in
nutrient dynamics of the KAHO fishponds over the last 12 years. In fact, time-course
data indicate a potential reversal of pond metabolism toward a less senescent
stage. As this time period includes the addition of upslope development and
pumpage of high level groundwater it can be concluded that these activities do not
represent a negative influence, and there is no reason to expect this pattern to
change in the future.
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FIGURE 2. Plots of salinity in Aimakapa Pond (top) and Kaloko Pond (bottom) and
adjacent offshore ocean as functions of distance from the shoreline measured in
2000, 2007 and 2012 (sampled in February and November). Shoreline is represented
by green vertical line; positive values indicate distance seaward from the shoreline
in the ocean; negative values indicate distance inland from the shoreline in the ponds.
For locations of sampling transects, see Figures 1.
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FIGURE 3. Plots of silica in Aimakapa Pond (top) and Kaloko Pond (bottomj and
adjacent ocean as functions of distance from the shoreline measured in 2000,
2007 and 2012 (sampled in february and november). The shoreline is represented
by the green vertical line; positive values indicate distance seaward from the
shoreline in the ocean; negative values indicate distance inland from the
shoreline in the ponds. For locations of sampling transects, see Figure 1.
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FIGURE 4. Plots of nitrate nitrogen in Aimakapa Pond (top) and Kaloko Pond
(bottom) and adjacent ocean as functions of distance from the shoreline measured
in 2000, 2007 and 2012 (sampled in February and November. The shoreline is
represented by the green vertical line; positive values indicate distance seaward
from the shoreline in the ocean; negative values indicate distance inland from the
shoreline in the ponds. For locations of sampling transects, see Figure 1.
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FIGURE 5. Plots of phosphate phosphorus in Aimakapa Pond (top) and Kaloko Pond
(bottom) and adjacent ocean as functions of distance from the shoreline measured in
2000, 2007 and 2012 (sampled in February and November). The shoreline is
represented by the green vertical line; positive values indicate distance seaward
from the shoreline in the ocean; negative values indicate distance inland from

the shoreline in the ponds. For locations of sampling transects, see Figure 1.
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FIGURE 6. Plots of ammonium nitrogen in Aimakapa Pond (top) and Kaloko
Pond (bottom) as functions of distance from the shoreline measured in 2000,
2007 and 2012 (sampled in February and November). The shoreline is
represented by the green vertical line; positive values indicate distance seaward
from the shoreline in the ocean; negative values indicate distance inland from the
shoreline in the ponds. For locations of sampling transects, see Figurel.
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FIGURE 9. Plots of Chlorophyll a in Aimakapa Pond (top) and Kaloko Pond (bottom) as
functions of distance from the shoreline measured in 2001, 2007 and 2012 (sampled in
February and November). The shoreline is represented by the green vertical lines; positive
values indicate distance seaward from the shoreline in the ocean; negative values indicate
distance inland from the shoreline in the ponds. For locations of sampling transects, see
Figure t.
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Executive Summary

Concern surrounding increasing demand for groundwa
ter on the Island of Hawai ‘i, caused by a growing population
and an increasing reliance on groundwater as a source for
municipal and private water systems, has prompted a study of
groundwater recharge on the island using the most current data

and accepted methods. This report documents the development
of a daily water-budget model for computing groundwater
recharge for the entire Island of Hawai’i and the application
of the model to estimate mean recharge for various land-cover
and rainfall conditions. The development of a submodel for
the Kona area and the application of the model to estimate
historical groundwater recharge in the Kona area during the
period 1984—2008 also are documented. Recharge estimates
from this study are compared to recharge estimates used by the
State of Hawaii Commission on Water Resource Management
(CWRM) in setting the sustainable yields (maximum allow
able pumping rates) of Hawai ‘i aquifer systems in the 2008
version of the Water Resource Protection Plan (2008 WRPP).

Groundwater Recharge on Hawafl

Estimated mean annual recharge on the Island of Hawai’i

is 6,594 million gallons per day, which is about 49 percent of
mean annual rainfall. Recharge is highest on the windward
slopes of Mauna Loa, below the tradewind inversion, and low
est on the leeward slopes of Kohala and Mauna Kea (fig. ES 1).
Local recharge maxima also occur on (1) the higher eleva
tions of windward Kohala, (2) windward Mauna Kea below
the tradewind inversion, (3) windward Kllauea, (4) the middle

elevations of southeastern Mauna Loa, and (5) the lower
middle elevations of leeward Mauna Loa and southwestern
Hualãlai, in the Kona area. Local recharge minima also occur

on (1) Mauna Kea and Mauna Loa, above the tradewind inver

sion, (2) the northern tip of Kohala, (3) leeward Kilauea, (4)
the southern tip of Mauna Loa, and (5) the northwestern slopes

of Mauna Loa and Hualälai.
In 18 of the 24 aquifer systems on the island, mean

annual recharge estimated in this study for baseline conditions

was higher than the recharge estimates used in the 2008 WRPP

(fig. ES2). Baseline conditions for this study were 2008 land
cover and mean annual rainfall from the period 1916—1983.
The higher recharge estimates for most areas in this study
generally are attributable to differences in the methods used
to estimate runoff and ET, the inclusion of fog interception in
this study, and the shorter time step used in this study. Sub
stantially lower estimates of recharge were calculated for the
Mãhukona, Waimea, and Hawi aquifer systems—38, 34, and
29 percent lower, respectively. These lower estimates mainly
are due to much higher ET estimates in this study compared to
the 2008 WRPR This may be cause for concern, because these
particular areas are experiencing a growth in development and
a related growth in water demand. For the drought simula
tion performed in this study, the estimates of recharge for all
three of these aquifer systems were substantially less than the
sustainable yields of the aquifer systems set by CWRM.

Recent projections of change in rainfall owing to effects
of ongoing climate change generally indicate a slight increase
in islandwide rainfall, and estimates of annual recharge in the
late 21st century are higher than baseline estimates for every
aquifer system, except ‘Anaeho’omalu. On average, these
aquifer-system recharge estimates are higher by about 8 per
cent compared to baseline estimates.

Recharge in the Kona Area (1984—2008)

For the Kona submodel, the period 1984-2008 was bro
ken into five subperiods to simplify calculation: 1984—1988,
1989—1993, 1994—1998, 1999—2003, and 2004—2008. Ground
water recharge was highest during 2004—8 and lowest during
1999—2003 (fig. ES3). Estimated mean annual recharge during
1999-2003 was only 50 percent of estimated recharge during
2004—8. These extremes coincided with the periods of lowest
and highest mean rainfall, respectively. On a monthly basis,
average recharge during the entire 1984—2008 period was
highest in January and lowest in August; however, no clear
seasonal pattern is discernible. Spatially, the highest recharge
occurred in a belt about 4 miles wide running parallel to the
coast about 2 miles inland.
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40 A Water-Budget Model and Assessment of Groundwater Recharge for the Island of Hawai9

from the Intergovernmental Panel on Climate Change
(IPCC) Fourth Assessment Report (2007). Late-2 1st-century
projections for specific rain-gage stations are published
online (Timm and others, 2009). In general, precipitation is
projected to increase slightly for most areas of the island.
Projected late-2 1st-century rainfall changes from Timm and
others (2009) were applied to each rainfall-variability zone in
the water-budget model (table 9), except for zone 7, an area
for which no climate-change projections were published.

The effect of climate change on pan evaporation was
analyzed for each pan-evaporation zone by developing a linear
regression of historical pan evaporation versus historical
rainfall for stations in each zone (table 10). For this particular
analysis, pan-evaporation and rainfall data were normalized
by dividing the annual or monthly observed values by the
mean values for the particular pan-evaporation or rain-gage
station published in Ekern and Chang (1985) or Giambelluca
and others (1986), respectively. For the linear regression, a
basic assumption was made that annual or monthly periods of
mean pan evaporation should correspond to annual or monthly

periods of mean rainfall. Hence, each regression line was
forced through the point (1,1) on the plot of normalized pan
evaporation versus normalized rainfall. The equation for each
regression line is given by

where

PAN/(PAN)meon — I = — 1) (15)

PAN = pan evaporation [U,
(PAN),nean = mean pan evaporation [LI,

a = slope of the regression line [dimensionless],
P = rainfall [L], and

‘mean = mean rainfall [LI.
Solving equation 15 for pan evaporation (PAN) yields:

PAN = (a(P/Pmew, — 1) + 1)(PAPd),,. (16)

Late-2 1st-century mean pan evaporation in each pan-
evaporation zone was estimated by using equation 16 and the
following variable definitions:

Table 9. Parameters used for the simulation of Iate-2lst-century rainfall conditions on the Island of Hawai’i.

LSee figure 6 for locations of rainfall-variability zones; column (A) is the ratio of mean seasonal rainfall from 11mm and others (2009) to the mean seasonal
rainfall derived from Giambelluca and others (1986); columns (B), (C), and (D) are estimated rainfall-change factors based on the means and lower and upper
margins of the 95-percent statistical confidence interval for a six-model ensemble for the late 21st century from Timm and others (2009); columns (E), (F). and
(G) are the factors used to adjust mean rainfall in each rainfall-variability zone in the water-budget model to simulate late 21st century climate; SKN, state key
number; NWS ID, National Weather Service cooperative identification number, HVNP HQ, Hawai’i Volcanoes National Park headquarters; .-, no data given in
Timm and others (2009)j

Rainfall- Rain-gage NWS Mean Mean Lower 95% Upper 95% Overall Overall Overall
variabIlity station and ID raInfall change confidence confidence acustment adjustment adjustment

zone SKN adjustment factor change change factor for factor for lower factor for upper
factor (B) factor factor mean change 95% confidence 95% confidence

(A) (C) (D) (E) = (A) x (B) change change
(F)=(A)x(C) (G)=(A)x(D)

Wet Season (November to April)

I Hawi 168 511339 1.070 — — — 1.070 1.070 1.070

2 Pa’auilo 221 517312 0.996 1.033 0.852 1.214 1.029 0.849 1.209

3 HVNP HQ 54 51 1303 1.056 1.028 0.890 1.166 1.086 0.940 1.232

4 Na’alehu 14 516588 0.998 1.027 0.860 1.195 1.025 0.858 1.193

5 KUlaniMauka7ó 515018 0.975 — — — 0.975 0.975 0.975

6 Holualoa 70 511557 1.089 1.012 0.799 1.226 1.102 0.870 1.335

7 No estimates for this zone — — — — 1.000 1.000 1.000

Dry Season (May to October)

I HawT 168 511339 1.014 1.040 0.818 1.261 1.054 0.829 1.279

2 Pa’auilo 221 517312 0.941 1.070 0.839 1.300 1.007 0.790 1.224

3 HVNPHQ54 511303 1.011 — — — 1.011 1.011 1.011

4 KapapalaRanch36 513300 1.009 1.039 0.867 1.212 1.048 0.875 1.223

5 K(IlaniMauka76 515018 0.847 — — — 0.847 0.847 0.847

6 Hölualoa7O 511557 1.097 1.044 0.843 1.244 1.145 0.924 1.364

7 No estimates for this zone — — — 1.000 1.000 1.000
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Of Counsel:
ASHFORD & WRISTON
A Limited Liability Law Partnership LLP

BENJAMIN A. KUDO
CONNIE C. CHOW
First Hawaiian Center
999 Bishop Street, Suite 1400
Honolulu, Hawai’i 96813

Attorneys for
THE WATER BOARD OF THE COUNTY OF HAWAII,
the Governing Board of the semi-autonomous Department
of Water Supply of the County of Hawaii

BEFORE THE COMMISSION ON WATER RESOURCE MANAGEMENT

OF THE STATE OF HAWAII

In the Matter of:

NATIONAL PARK SERVICE’S PETITION
FOR GROUND WATER MANAGEMENT
AREA DESIGNATION OF KEAUHOU
AQUIFER.

) THE WATER BOARD OF THE COUNTY
) OF HAWAII’S NOTICE OF INTENT TO
) FILE PETITION TO RESCIND THE
) COMMISSION ON WATER RESOURCE
) MANAGEMENT’S WATER
) MANAGEMENT AREA DESIGNATION
) OF KEAUHOU AQUIFER; CERTIFICATE
) OF SERVICE
)
)

THE WATER BOARD OF THE COUNTY OF HAWAII DEPARTMENT OF WATER
SUPPLY’S NOTICE OF INTENT TO FILE PETITION TO RESCIND THE

COMMISSION ON WATER RESOURCE MANAGEMENT’S WATER MANAGEMENT
AREA DESIGNATION OF KEAUHOU AQUIFER

The Water Board of the County of Hawaii, the Governing Board of the semi-autonomous

Department of Water Supply of the County of Hawaii, a municipal corporation of the State of

Hawaii (hereinafter the “Water Board”), by and through its counsel, Ashford & Wriston LLP,

2262-0
8556-0

— I

Telephone:
Facsimile:

(808) 539-0400
(808) 533-4945

hereby notifies the Commission on Water Resource Management (the “Commission”) of its



intent to file a Petition to Rescind the Commission’s decision to designate the Keauhou Aquifer

as a Water Management Area if the Commission grants the National Park Service’s Petition for

Water Management Area Action filed September 13, 2013 (the “Petition to Rescind”).

The Water Board intends to petition the Commission to rescind the decision to designate

the Keauhou Aquifer as a Water Management Area on the basis that there is insufficient

evidence to support a designation under the criteria set forth in Hawaii Revised Statutes (“Haw.

Rev. Stat.”) § 174C-44 which the Commission is required to consider for designation.

The Petition to Rescind will be filed pursuant to Haw. Rev. Stat. § 174C-47, Haw. Rev.

Stat. § 174C-9, and Haw. Rev. Stat. Chapter 91.

Dated: Honolulu, Hawaii, December , 2014.

CO IEC.CHOW
Attorneys for
The Water Board of the County of Hawaii
the Governing Board of the semi
autonomous Department of Water Supply of
the County of Hawaii



BEFORE THE COMMISSION ON WATER RESOURCE MANAGEMENT

OF THE STATE OF HAWAII

In the Matter of:

NATIONAL PARK SERVICE’S PETITION
FOR GROUND WATER MANAGEMENT
AREA DESIGNATION OF KEAUHOU
AQUIFER.

)
)
) CERTIFICATE OF SERVICE
)
)
)
)
)
)
)

CERTIFICATE OF SERVICE

The undersigned hereby certifies that a copy of the foregoing document will be duly

served upon the parties mentioned below by U.S. Mail, on the date listed below.

NATIONAL PARK SERVICE
Attn: Tammy A. Duchesne
73-4786 Kanalani Street, Suite #14
Kailua-Kona, Hawaii 96740

Dated: Honolulu, Hawaii, December 3, 2014

A.
C. CHOW

Attorneys for
The Water Board of the County of Hawaii
the Governing Board of the semi
autonomous Department of Water Supply of
the County of Hawaii
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