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 to the Water Resource Protection Plan of the Hawai‘i Water Plan 

 to Combine the Waimea (80301) and ‘Anaeho‘omalu (80701) Aquifer System Areas (ASA) 
Into the Waimea-‘Anaeho‘omalu System/Sector Area (80302) 

 
 
SUMMARY OF REQUEST 
 
Authorize staff to initiate a public hearing for an aquifer boundary change to combine the ‘Anaeho’omalu 
(80701) and Waimea (80301) Aquifer System Areas (ASA), by removing the boundary that divides them, and 
combine them into a single Aquifer System Area to be called the Waimea-‘Anaeho’omalu System Area (80302) 
(Exhibit 1, Proposed Boundary Change).  The resulting Waimea-‘Anaeho‘omalu System Area will also cause 
the combining of the existing W. Mauna Kea and N. W. Mauna Loa Aquifer Sector Areas into the W. Mauna 
Kea-N. W. Mauna Loa Aquifer Sector Area (803). 
 
BACKGROUND 
 
Ground water sustainable yields (SY) and hydrologic units called Aquifer System Areas (ASA) are established 
by the Commission through the Water Resource Protection Plan (WRPP) of the Hawai‘i Water Plan as 
established by the State Water Code, HRS 174C.  The WRPP was last updated in 2008 and the 2019 WRPP 
update will be coming before the Commission for approval in July 2019. 
 
In 2011 the Waimea ASA came under consideration for a sustainable yield (SY) reduction from 24 million 
gallons per day (mgd) to 16 mgd, based upon the new recharge estimate made by the U.S. Geological Survey 
(USGS) in Scientific Investigations Report 2011-5078 (Engott 2011).  This was part of the overall effort to 
update to the 2008 Water Resource Protection Plan (WRPP) of the Hawai‘i Water Plan originally targeted for 
2013. 
 
On December 17, 2013, staff met its water professional group composed of Private Sector Professionals, 
Commission on Water Resource Management (CWRM), Hawai‘i Department of Water Supply (HDWS), 
National Park Service (NPS), University of Hawai‘i Mānoa, and United States Geological Survey (USGS) to 
solicit comments on the overall proposed SY updates based on Engott’s 2011 recharge updates.  Meeting notes 
were taken and compiled by Townscape, Inc. (Exhibit 2).  It was evident back then there was much concern 
about the proposed lowering of sustainable yields and aquifer system area boundaries between ‘Anaeho‘omalu 
to Hāwī. 
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In 2015, Tom Nance Water Resource Engineering (TNWRE) and HDWS, with experience in the Waimea ASA 
further responded to the proposed SY reduction with additional written concerns (Exhibit 3 - letters from 
TNWRE and HDWS) that a reduction of the Waimea ASA SY did not reflect observed conditions from pumping 
and monitor wells. 
 
In 2019, staff completed the public hearings on the draft of the 2019 Water Resource Protection Plan Additional 
comments on the proposed SY reduction to the Waimea ASA were received (Exhibit 4). 
 
DISCUSSION 
 
The current Waimea and ‘Anaeho‘omalu ASAs are shown in Figure 1, and the relevant comparative data is 
tabulated below: 
 
 

 
 
 

Area Millions of gallons per day (mgd) 

ASA miles2 meters2 2008 SY 2019 Recharge 
Range 

2019 SY 
Range 

Proposed 
2019 SY 

Waimea 299.97 776,907,632 24 36.62-54.0 16-24 16 
‘Anaeho‘omalu 319.2 826,734,124 30 69.0-176.0 30-77 30 

 
Figure 1.  Current Waimea and ‘Anaeho‘omalu ASA Boundaries  
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After discussions on the WRPP update commencing in 2013, three main issues on the sustainable yield for the 
Waimea ASA have been raised and investigated: 1) an apparent discrepancy between recharge as a percentage 
of hydrologic inputs for Waimea ASA and Kohala Aquifer Sector Area and the rest of the island; 2) the aquifer 
area boundaries of the Waimea ASA; and 3) ground water monitoring behavior. 
 
Waimea Recharge Issue 
 
As raised by Nance (Exhibit 3), the Waimea ASA recharge percentage compared to overall hydrologic inputs in 
Engott (USGS 2011) seemed unreasonably low compared with neighboring ASAs. 
 

  
Table 1 from TNWRE 11/27/2015 letter (Exhibit 3)  
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Staff reviewed this relationship for the rest of the Big Island and found this very low ratio to be isolated to other 
aquifer system areas within the Kohala Sector Area.  The ASAs of Māhukona (11.0%), Hāwī (13.3%), and 
Waimea (11.6%)) are much lower compared to the rest of the island’s 21 other aquifer system areas.  Figure 2 
below is a map showing the recharge percentage compared to overall hydrologic inputs from Engott (USGS 
2011). 

 
Figure 2. Recharge as % of All Inputs Map based on USGS Engott 2011 Climate II scenario 

 
In discussions with Engott, he explained recharge values are most likely low due to the thicker soil coverage 
differences and clarified that losing stream effects across ASAs were also not included.  TNWRE calculated that 
the surface and subsurface recharge from “offsite” could amount to as much as 10 to 20 mgd being discounted 
from calculations for recharge in the Waimea ASA alone (Exhibit 3).  For these reasons, the Waimea ASA 
recharge estimate appears to be underestimated in Engott (USGS 2011).   
 
Waimea-‘Anaeho‘omalu Aquifer System Area Boundaries 
 
As currently delineated, the lateral boundaries of these two ASAs are surface contacts rather than geologic rift 
or valley fills that normally govern other aquifer sector boundaries.  The Waimea ASA lateral boundaries are the 
surface contacts between the Kohala and Mauna Kea lavas on the north side, the ridge on the northwest flank of 
Mauna Kea on the northeast side, and the surface contact between Mauna Kea and Mauna Loa lavas on the south 
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side. Likewise, the lateral boundaries of the Anaeho’omalu ASA are the surface contacts of the Mauna Kea and 
Mauna Loa lavas on the north side, the Humu‘ula Saddle between Mauna Kea and Mauna Loa on the east side, 
and the surface contact between Hualālai and Mauna Loa lavas on the south side.  In the case of the 
‘Anaeho‘omalu ASA northern boundary we know that this contact reflects the northern most extent of Mauna 
Loa's encroachment onto older Mauna Kea lavas and that water infiltrating into the Mauna Kea slope above 
the Saddle Road area flows directly beneath that surface contact and below the Mauna Loa surface lavas. 
Therefore, the water within the ‘Anaeho‘omalu ASA is derived from recharge infiltration entering both the 
southern flank of Mauna Kea as well as the northern flank of Mauna Loa. 
 
From geologic information gathered to date in the area, and in the opinion of the water providers and 
professionals familiar with Hawaii Island geology, the buried physical aquifer boundaries associated with 
changes in the characteristics of the geologic formations governing groundwater flow and changes in the 
hydraulic conductivity of the rocks that affect or impede the transport of water are not clear in the area.  Clearly 
there are no valley fills in the area, and a rift zone (where dense intrusive rocks are present), which are the 
predominant effective barriers to groundwater flow, has not been identified near the current 
Waimea/’Anaeho’omalu boundary.  There has been speculation regarding Mauna Kea's rift zones for several 
decades.  Figure 2, below, is an interpreted rift zones map (USGS SIR 2015-5164, Figure 45), that suggested 
western-trending rift zones from the summit of Mauna Kea.  However, these interpretations were from studies 
conducted from 1946 through 1987.  
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Figure 3.  USGS Rift Zone Map (from 1946 to 1987 Studies) 
 
A more recent analysis indicates that an east and a west rift zone that had previously been proposed (with 
sufficient density to serve as an effective barrier to groundwater flow), has not been geophysically confirmed, 
(GSA, Morgan, 2010).  A current map of Hawaii Island rift zones (highlighted in yellow) from the 2010 
Morgan study is shown in Figure 4 below.  
 

 
 
Figure 4.  Section from 2010 Morgan Rift Zone Map 
 
The presence of the rift zones identified by the Morgan report would further support the Waimea-‘Anaeho‘omalu 
hydrologic unit concept, bounded by rift zones to the southwest and north.  
 
Recent drilling projects in the area have provided additional geologic evidence that the Mauna Kea and Mauna 
Loa lavas interfinger within the ground water basin comprised of the Waimea and ‘Anaeho’omalu aquifer 
systems (D. Thomas, 2019 Exhibit 5).  Results also indicate that the ground waters flowing from Mauna Kea 
and Mauna Loa mix in this basin; and are not separate ground water bodies.    
 
Waimea/‘Anaeho‘omalu Ground Water Monitoring 
 
There is a limited amount of observed well ground water data in these ASAs, but enough to suggest that the 
Waimea Aquifer Area is not near sustainable yield as suggested by the proposed 2019 WRPP update.  There are 
no deep monitor wells in the area; however, the Commission staff and private consultants have been monitoring 
the existing well pumpage, water levels and chlorides.  In addition to the Keauhou Aquifer System Area, staff 
had established a water-level monitoring network in the area beginning in 1993, or 26 years ago.  Basal ground 
water levels have been measured quarterly in 4 selected wells in the Waimea and ‘Anaeho‘omalu ASAs and are 
updated on the Commission’s website (see https://dlnr.hawaii.gov/cwrm/groundwater/monitoring/).  Figure 5 
below is a compilation of the data provided on the website for the area and shows stable water levels between 
1993 to the present. 
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Figure 5.  Monitoring network basal water-levels within the Waimea-‘Anaeho‘omalu ASAs 
 

As can be seen, water level data from these monitor wells away from the local influences of pumpage show 
steady water-levels despite increased reported pumpage since 1993, which is shown in Figures 6 & 7.  These 
data and observations show that the aquifers’ reaction to the stresses of pumpage since 1993 has been unchanged 
and suggests that it may not be near sustainable yield. 
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Figures 6 & 7.  Waimea and ‘Anaeho‘omalu ASA Pumpage 

 
 

2008 SY = 24  

2019 SY = 16 

12-MAV = 12.5 mgd 

2008 & 2019 SY = 30  

12-MAV = 5.5 mgd 

1993 water levels (see figure 5. 
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Figures 6 & 7 show the pumpage for the Waimea and ‘Anaeho‘omalu ASAs.  Waimea is the main ASA of 
concern.  Combining both ASAs would form a new ASA with a total 12-month moving average (12-MAV) of 
17.5 mgd and a 2019 sustainable yield 46 mgd.  All wells within the two ASAs are shown in Figure 8. 
 
Staff has been reviewing reported water-levels and chlorides data from production wells in the Waimea and 
‘Anaeho‘omalu ASAs.  Reporting has been varied depending on owner, but in general chlorides have been better 
reported than water-levels.  In the Waimea ASA, basal chlorides show steady and good quality chlorides that 
improve moving from north to south and makai to mauka through the various well fields of Hapuna, Lalamilo, 
Parker Ranch, and Waikoloa.  High-level wells of Waiki‘i Ranch show very low chloride content as well. 
 
Additionally, though data is limited and not definitive, recent isotopic sample analyses further indicate that the 
ground waters flowing from Mauna Kea and Moana Loa mix in this basin; and are not separate ground water 
bodies.  Figure 8 (Courtesy R. Whittier) illustrates the similarity of isotopic content in ground water samples 
collected from within the Waimea/‘Anaeho‘omalu ASAs.  More isotopic sample analyses would be helpful to 
confirm this observation and staff is working with other scientists and Ike Wai to obtain more isotopic 
information. 
 

 
Figure 8.  Well Locations within Waimea and ‘Anaeho‘omalu ASAs 
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Figure 9.  Results of Ground Water Isotope Sampling Analyses (Whittier, 2019) 
 
 

Some professional group comments were made to adjust the Waimea ASA boundaries to account for 
recharge/underflow from the adjacent Māhukona ASA and other changes in the Waimea and ‘Anaeho‘omalu 
ASAs in addition to the missing imported surface water flows from Māhukona ASA (see Exhibit 3).  These 
boundary changes have merit; however, from a ground water resource management perspective, the simplest 
and most expeditious approach to addressing the concerns of the proposed decrease in SY in the Waimea ASA 
is to combine the ‘Anaeho‘omalu and Waimea ASAs, and manage the described ground water basin as one ASA.  
Alternatively, keeping the ASA boundaries intact but including the importation of surface water and a re-review 
of the considerations towards the high evapotranspiration for the Kohala area could be done, but this would take 
some time to reassess with the U.S. Geological Survey. 
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PROPOSED BOUNDARY MODIFICATION       
 
Based on the overall information from monitoring, recent drilling projects & studies, and comments from the 
professional group and public from the Water Resource Protection Plan public hearings, staff is proposing to 
combine the current Waimea and ‘Anaeho‘omalu ASAs into the Waimea-‘Anaeho‘omalu Aquifer System 
(80302) of the West Mauna Kea/Northwest Mauna Loa Aquifer Sector Area (803), Exhibit 1.  Note that this 
figure incorporates the proposed 2019 sustainable yield SY figures of 16 mgd (reduced from 24 mgd) for 
Waimea, and 30 mgd (unchanged minimum) for ‘Anaeho‘omalu, yielding 46 mgd for the new Waimea-
‘Anaeho‘omalu ASA.  This is a reasonable management approach that does not require recalculation of system 
areas and the resulting corresponding changes in recharge. 
 
Given the geologic setting, a contiguous ground water basin comprised of interfingered lavas from Mauna Loa 
and Mauna Kea, containing co-mingled ground water from both mountains, the concept of combining the two 
hydrologic units into one is logical, is supported by the available data, addresses the concerns of the public 
and water professionals, and can be accomplished with simple arithmetic without additional modifications to 
areal and recharge calculations as shown in Table 2.   
 
Table 2 – Waimea-‘Anaeho‘omalu Aquifer System Area (ASA) Area & Sustainable Yield Values 
 

 Area Millions of gallons per day (mgd) 
ASA miles2 meters2 2008 SY 2019 Recharge 

Range 
2019 SY 
Range 

Proposed 
2019 SY 

Waimea 299.97 776,907,632 24 36.62-54.0 16-24 16 
‘Anaeho‘omalu 319.2 826,734,124 30 69.0-176.0 30-77 30 
Waimea-
‘Anaeho‘omalu 

619.17 1,603,641,756 - 105.62-230.0 46-101 46 

 
Moreover, this proposed change is not precedent setting; in March 1993 to address similar concerns, on O‘ahu, 
the ‘Ewa and Kunia ASAs were combined into the Ewa-Kunia ASA, and the Waipahu and Waiawa ASAs 
were similarly combined into the Waipahu-Waiawa ASA. 
 
This approach has been recirculated to the water professionals group for further comment and the public 
hearing will provide additional opportunity to comment on this management approach. 
 
 
LEGAL AUTHORITY 
 
Legal authority to modify the Hawai‘i Water Plan is established in the Hawai‘i Water Code under HRS 174C 
Part III, Sections 31 & 21. 
 
Additionally, under its general powers and duties, the Commission has the authority to plan and coordinate 
programs for the conservation of water and to contract with private persons to assist with these programs.  
Under section §174C-5 (4), HRS, the Commission “[m]ay contract and cooperate with the various agencies 
of the federal government and with state and local administrative and governmental agencies or private 
persons”.  Section §174C-5 (13), HRS, further provides that the Commission “[s]hall plan and coordinate 
programs for the development, conservation, protection, control, and regulation of water resources based 
upon the best available information, and in cooperation with federal agencies, other state agencies, county or 
other local governmental organizations and other public and private agencies created for the utilization and 
conservation of water”. 
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The Code defines a "Hydrologic Unit" as: “a surface drainage area or a ground water basin or a combination 
of the two.”.  This would indicate that there is a great amount of flexibility afforded to the Commission in 
setting boundaries by which to manage.  Surface drainage boundaries are rarely equivalent to ground water 
basin barriers yet the State Water Code clearly allows the Commission to combine them if there is some 
advantage to be gained above and beyond actual physical boundaries.  In most cases, the sector boundaries 
are the best “estimate” of the actual geophysical boundaries of an aquifer. However, the Code clearly allows 
the Commission to manage using boundaries other than actual physical boundaries if there is some advantage 
to be gained.  Therefore, the Commission can define boundaries which are most advantageous and helpful 
towards fulfilling its management objectives. 
 
 
SCHEDULE 
 
Updates to the Water Resource Protection Plan (WRPP) require 90-day notice prior to the public hearing on 
any update.  Therefore, a public notice on June 28, 2019 will allow for a September 26, 2019 public hearing 
in Waimea with an October 28, 2019 deadline for written comments.  This would allow for Commission 
action at its scheduled November 19, 2019 meeting. 
 
 
ENVIRONMENTAL REVIEW CHAPTER 343, HAWAII REVISED STATUTES 
 
This planning study is exempt from the application of HRS Chapter 343 pursuant to HRS §343-5(b) and 
Hawaii Administrative Rule §11-200-5(d). This is for a planning-level study and will not involve testing or 
other actions that may have a significant impact on the environment. 
 
 
 
RECOMMENDATION 
 
Staff recommends that the Commission: 
 

1. Amend the 2019 Water Resources Protection Plan of the Hawai‘i Water Plan by modifying the 
Waimea (80301) and ‘Anaeho‘omalu (80701) Aquifer System Areas (ASA) boundaries by removing 
their shared boundary as specified in this submittal. The name of this new hydrologic unit would be 
the Waimea-‘Anaeho‘omalu Aquifer System Area (80302) of the West Mauna Kea/Northwest 
Mauna Loa Aquifer Sector Area (803). 

 
      Ola i ka wai, 

 
 
 

      M. KALEO MANUEL 
      Deputy Director 
 
Figures: 

1. Current Hydrologic Units, Hawaii Island 
2. Recharge as % of All Inputs Map based on USGS Engott 2011 
3. USGS Rift Zone Map (from 1946 to 1987 Studies) 
4. Section from 2010 Morgan Rift Zone Map  
5. Monitoring network basal water-levels within the Waimea-‘Anaeho’omalu ASAs 
6. Waimea ASA pumpage 
7. ‘Anaeho’omalu ASA pumpage 
8. Well Locations within Waimea and ‘Anaeho‘omalu ASAs 
9. Results of Ground Water Isotope Sampling Analyses (Whittier, 2019) 
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Exhibits: 

1. Proposed Hydrologic Units, Hawaii Island 
2. Townscape, Inc. notes from 12/17/2013 CWRM/Water Professionals meeting 
3. TNWRE letters (11/27/2015 and 7/6/2016)  

HDWS letters (11/27/2015 and 3/28/2019) 
4. WRPP Public Hearing comments 
5. Don Thomas, PhD Memo May 13, 2019 
6. Rift zone abandonment and reconfiguration in Hawaii: Mauna Loa’s 

Ninole rift zone 
 
 
 

APPROVED FOR SUBMITTAL: 
 
 
SUZANNE D. CASE 
Chairperson  
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TOWNSCAPE, INC. 
ENVIRONMENTAL AND COMMUNITY PLANNING 
 
900 Fort Street Mall, Suite 1160, Honolulu, HI 96813 
Telephone (808) 536-6999 Facsimile (808) 524-4998 email address: mail@townscapeinc.com 

WATER RESOURCES PROTECTION PLAN (WRPP) UPDATE 
MEMORANDUM NO. 18 

 
Date: December 17, 2013 
To: Project Files 
From: Townscape, Inc. 
RE: Water Professionals Group Meeting 

 
Meeting Participants: 

Private Sector Professionals 
• David Barnes, Waimea Water Services (WWS) 
• Stephen Bowles, Waimea Water Services (WWS) 
• Dan Lum, Water Resource Associates 
• Tom Nance Water Resource Engineering 
• Glenn Bauer (retired) 

Commission on Water Resource Management (CWRM) 
• Roy Hardy, Ground Water Regulation Branch 
• Patrick Casey, Ground Water Regulation Branch 
• Paul Eyre, Ground Water Regulation Branch 
• Lenore Ohye, Planning Branch 
• Jeremy Kimura, Planning Branch 
• Neal Fujii, Planning Branch 

County of Hawai’i Department of Water Supply 
• Larry Beck (phone) 

National Park Service (NPS) 
• Paula Cutillo 

UH Manoa 
• Clark Liu, Civil & Environmental Engineering, Water Resources Research Center 
• Tom Giambelluca, Geography 
• Craig Glenn, Geology & Geophysics 
• Joseph Fackrell, Geology & Geophysics 
• Aly El-Kadi, Geology & Geophysics, Water Resources Research Center 
• Donald Thomas, Hawaii Institute of Geophysics & Planetology 

 
 
 
 
 
 
  

EXHIBIT 2.   Water Professionals meeting notes 12-17-2013 WRPP Update 
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Water Resources Protection Plan Update 
Memo No. 18 – Water Professionals Group Meeting 
December 17, 2013 

 
Meeting Participants (continued) 

U.S. Geological Survey (USGS) 
• Stephen Anthony 
• Delwyn Oki 
• John Engott (phone) 

 
Jeremy opened the meeting and reviewed its purpose: to present proposed revisions to the sustainable 
yield (SY) for Hawai'i Island and to discuss concerns with the revisions and the methodology that was 
used to develop them. After a brief background on the Hawaii Water Plan and Water Resource 
Protection Plan (WRRP) Update process, Roy provided background on SY, the model used to develop 
the revised SYs, basic caveats associated with the numbers, and proposed SYs for Hawai'i island (see 
attached slideshow) 

 
Water Budget Model and Assessment of Groundwater Recharge for the Island of Hawai'i (2011). 
John Engott then presented the results of the USGS study (31:16 in audio file) 

• Report available on-line at: http://pubs.usgs.gov/sir/2011/5078/ 
• In forested areas, two reservoirs were used: forest canopy and soil. In unforested areas, only 

one reservoir was used: soil. 
• The model calculated the water budget for each sub-area and aggregated the results. Hawaii 

Island had over 467,000 subareas. 
• The estimated recharge distribution was based on: 

o Land cover (2008) 
o Mean rainfall from 1986 Rainfall Atlas of Hawaii (1916-1983 rainfall) 
o Mean Pan Evaporation 1985 study 

• Differences in recharge between 2008 WRPP numbers and the new estimates: some were lower, 
some higher, and some over 100% higher. The new model: 
o Used a daily time step vs. an annual time step (2008 WRPP) 
o Included fog interception 
o Subtracted runoff from baseflow 
o Used a more rigorous approach to calculate evapotranspiration (ET) 

• 2011 water budget report 
o Is a transient recharge model 
o Identified four aquifer systems in Kona: Kiholo, Keahou, Kealakekua, Kaapuna 
o Ran the model in 5-year increments 
o Used estimated rainfall from the time period: 1984-2008 
o The 1984-2008 rainfall estimates are presented in terms of the percent of the 1916- 1983 

rainfall mean presented in the 1986 Rainfall Atlas of Hawai'i. 
o Shows that using more current rainfall could make a substantial difference in 

recharge estimates, particularly in the Kona area. 
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Water Resources Protection Plan Update 
Memo No. 18 – Water Professionals Group Meeting 
December 17, 2013 

 
• New datasets being incorporated into the water budget studies: 

o 2011 Rainfall Atlas (1978-2007 rainfall data) 
o Updated historical rainfall – monthly rainfall (1920 – 2007, to be extended to 2010) 
o New ET datasets being finalized by T. Giambelluca (UH) 
o Updated methods for calculating runoff 
o New climate data 
o Estimating runoff in ungaged basins 
o Updated how canopy interception is calculated 

• Ongoing recharge projects: 
o Kauai 1978-2007 recharge estimate (uses 2011 Rainfall Atlas) : long-term average for a given 

area 
o 2010-2011 recharge estimates; Cooperator: USGS Ground Water Resources Program; 

expected in 2015 
o Oahu 1870: predevelopment condition 
o Oahu long term average 2010-2011 
o Oahu future scenario: incorporates climate change estimates 
o Oahu 1900-2010 transient study in 10 –year periods; Cooperators: CWRM, BWS, 

USGS GWRP; expect incremental reports from mid-2014 to early 2015 
o Maui 1978-2007 recharge estimates 
o Maui 2001-2010 drought scenario; Cooperators: GWRP, CWRM, Maui DWS; 

expected 2014-2015 
o Molokai 1940 – 2010 transient study in ten year period; Cooperators: USGS, Office of 

Hawaiian Affairs, Department of Hawaiian Home Lands, Maui Department of Water 
Supply; expected late 2014 

• Would like to update Hawaii Island with new datasets but currently nofunding 
 

PROPOSED 2014 WRPP HAWAI'I ISLAND SY (44:40 in audio file) 
• Generally affected upper range of SY; did not affect lower range of SY as much 
• Yellow: lower ranges affected (slide 19 of presentation) 
• Red: upper ranges affected (slide 19 of presentation) 

 
DISCUSSION 

• Hawi SY is too low 
o The original pumping numbers from sugar plantation days are a good starting point in 

determining more realistic numbers. 
o Water is being imported from Honokane and probably accounts for 50% of SY. 

• Waimea and 'Anaeho'omalu aquifers – best available data is not being used 
o The table shows over 176 mgd recharge in 'Anaeho'omalu, but only about 20 percent of that 

in Waimea. 
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o We are currently pumping 14 mgd out of Waimea (nearing the lower end of the SY range) 

and only 4.3 mgd out of 'Anaeho'omalu, but sampling of shoreline discharge shows that 
there is at least an order of magnitude greater flow coming out of Waimea than 
'Anaeho'omalu. 

o The aquifer boundaries here do not make sense. 
o The implication of recharge study is that there is more water in 'Anaeho'omalu, but on the 

ground observations contradict that. All wells drilled in 'Anaeho'omalu have been less 
productive and higher salinity than on the Waimea side of boundary. 

o Northern side (Waimea) wells are tapping water from the Kohala Mountains. There are 
wells close to the boundary on both sides of Wai'ula'ula Gulch at the 700’ elevation that are 
drinking-water fresh. 

o Starting with the recharge numbers is misleading. We need to start by redrawing the 
aquifer boundaries. 
• The north boundary is far more important than the south. 
• This would shortchange the Mahukona aquifer, but a portion of the Kohala Mountains 

in the Mahukona aquifer above Waimea Town is a source ofrecharge to the Waimea 
aquifer. 

o Would not use the subsurface boundary as the aquifer boundary, but would move the 
aquifer boundary to the north to include the top of the Kohala Mountains. 

o Recharge for 'Anaeho'omalu would suggest that there is an average of 20 mgd coming 
out at the shoreline, but it’s not coming out. 

o There may be subsurface paths where groundwater is moving, which would explain the lack 
of coastal discharge from 'Anaeho'omalu, but there is actually a small fraction of that coming 
out. The water was never there. 

o This area will become a hot spot in the future because it is slated for development. 
o Suggest new deep monitor wells in the Waimea/'Anaeho'omalu Aquifer System Area 

(ASYA) 
o Pu'uanahulu State well (drilled but not cased) on the south boundary of 'Anaeho'omalu 

area. The open-hole pump test at the 1500-1600-foot well elevation yielded <100 Cl and 
eight-foot water level. 

• SY should be ranges, rather than a single number, but how should we determine the 
minimum and maximum? 

 
1:10:06 in the audio file – break for move 
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• Basal vs. High Level Aquifers (1:18:55 in audio file) 

o Hawai'i Island is expected to develop both basal and high level water. 
o The RAM model only works for basal aquifers, so how do we determine SY for high- level 

aquifers? 
• For high level water, we make a conservative estimate. Is the 0.44 draft/recharge (D/I) 

ratio in the table (slide 19 of the presentation) a conservative estimate? 
• The 0.44 D/I ratio is from J. Mink’s suggestion for basal aquifers, but it’s the best we 

have for high level water. 
o Hilo borehole hit water at 10,000 feet below msl 
o Schofield SY was left at the status quo; no additional pumping is allowed. Not sure how 

much water is going to Pearl Harbor vs. North Aquifer Sector Area(ASA) 
o “Water budgeting” is problematic in that it suggests that we know all of the other 

parameters and are trying to figure out one “left-over” number, but in reality, there are two 
or three parameters subject to uncertainty. 

o For water budgeting, a daily time step may not make sense because the other data is 
averaged. 

o There are other methods to estimate recharge beyond the water budget method. 
o Numerical modeling is not ready to replace RAM or RAM2 models for estimating SY, but 

it is still valuable for other roles, such as delineating boundaries, testing conceptual 
models, etc. 

o Recommendations for more study: 
• Delineate boundaries between basal and high-level aquifers 
• How to evaluate high level SY; D/I estimation 
• How to utilize the RAM2 model in basal aquifer evaluation, which requires 

monitor well data (RAM does not require monitoring data) 
• In the long-term, we need to investigate other methods beyond hydrological budgeting 

and investigate the underlying physics more: recharge vs. how much infiltration 
actually takes place under different scenarios. 

• More research on water budget estimation 
• Water budget models are useful in that they provide recharge data to be usedin 

determining SY estimates, which is what the State needs. 
• Suggest using SY as a starting point. Come up with a reasonable SY with an “easy” 

methodology that people can understand and agree on. Assuming there is a reasonable SY, 
what is the process for determining when things are ok or not ok, so we know when/where to 
enforce management? How do you know where there’s a problem? Is there an alternative 
method other than SY to manage water resources? 
o We need to simplify water resource management – use direct observation as a tool. 
o Monitor measurable elements: rainfall and water levels + pumpage + salinity + 

streamflow 
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o Need to monitor in the high level area 
o Need to monitor on a regular basis to be able to see changes 
o If we use SY as a starting point, how often and under what circumstances should we be 

revisiting SY? When data show evidence of some change in factors affecting SY. 
• Professional vs. casual/citizen observer. CWRM is using technology to allow for each user to 

report use. Is it sufficient to have “non-professional” monitoring at a monthly interval? 
o Take advantage of data we can get, but have some quality assurance/qualitycontrol 

(QA/QC) for monitoring – how good is the data collected? 
o Provide periodic training to those providing the data to check calibration methods and 

ensure that the data being used to make decisions (water levels, pumpage, etc.) is good 
data. 

o CWRM is planning to hire a consultant to help get users on board with reporting and to 
verify that the older wells have a meter. New wells after 1997 are supposed to have 
meters, based on construction standards. 

o It might it be better to get a good representation of wells across a given area, rather than 
try to get 100% compliance in reporting? Water professionals could agree to a set of key 
monitor wells. 

o Kiholo USGS well had good data in real time, but it was discontinued due to 
vandalism. 

o Honolulu BWS collected island-wide water level data which was readily available, but 
CWRM doesn’t have this kind of data set. 

o Due to limited resources and personnel, CWRM began its groundwater data collection 
program in “hot spot” areas. Complicating factors: collecting data on neighbor islands and 
on private property, large sampling areas. Resources will limit the amount of data that an 
organization is able to collect. 

o Develop better collaboration between private and public partners to maintain a useful 
monitoring network. 

• CWRM will build off of existing data and analysis – e.g., Kona area. 
o Kona high-level wells are responsive to rainfall, so we should concentrate on the high 

level aquifers (e.g., Keopu). Look at where water is coming out from high- level to the 
basal. If water is coming out, identify where it is coming out. 

o Need to both get additional data and analyze existing data to find out what is 
happening in the high-level Keauhou-Kona area 

o Some high level well trends are inconclusive – there are large changes, +/-10 feet 
o Need to re-establish the “Bauer-era” monitor well network 

• In areas where the SY range is changing, CWRM should look at monitoring data and identify 
how to correlate monitoring efforts with management, then bring that up for discussion. 
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o Water budgets and recharge estimates can be a starting point to revising SY, but there 

should be multiple lines of evidence for getting at SY, e.g., operational data. How do we 
incorporate operational data in the setting of SY? 

o How are we going to address high level data if RAM does not provide that? 
Especially now that we’ve found high level water in the Keahou area, there is 
uncertainty as to how we are going to manage that resource. 

• Results of the isotope study may help to ascertain the elevation that water is recharging and the 
path of ground water, but there are uncertainties. 
o Preliminary results suggest that recharge may be coming from high elevation rainfall and 

that water may not be going where most people think it is going. 
o Isotope analysis is complicated by mixing with seawater. 

• Role of geologic data (i.e., deep borehole, gravity survey, data) in explaining ground water 
occurrence, aquifer boundaries, water movement and barriers (inferred dike systems, etc.) 
(2:01:45 in audio file) 
o Modeled gravity data and inferred substantial diking 
o Geologic structure is a major player in where groundwater is moving, but we do not 

understand the geologic structure. 
o Future expansion of magnetotelluric groundwater (MT) surveys could indicate where fresh 

water is and where the transition is between fresh and saltwater. There may be sharp 
boundaries in the ground water system. Study areas include Waimea region and the 
Hualalai transect. 

o Land access and permission are challenges to MT research projects. 
o Data expected hopefully by 2015. 

• To model high elevation water, we need to know aquifer thickness. 
o Beyond a certain depth we assume that water will be stagnant. 
o Based on what we see at the Saddle borehole, porosity is maintained for about one 

kilometer. Beyond that, things “pancake.” 
o At 5,000 feet, we can see the flow boundaries but they are “pancaked.” Do not see the 

same loose formations we see at 2,000 feet. 
o Saddle borehole cores can help to determine porosity and find barriers. This type of 

analysis was not included in the current study, but the cores are available to others for 
analysis. 

• Purpose of the borehole was to determine the elevation ground water is at and whatis its 
water quality because the Army is interested in it as a potential water supply. 
o The first 2,900 feet of the hole is unstable and experienced a lot of caving. The team needed 

to install casing to 2,918 feet to stabilize the hole. Will be perforating the casing and doing 
a pump test in spring 2014. 
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o The hole diameter is about 4-1/2-inched (casing) to the 2,918 foot depth, then HQ coring 

size from there to 5,786-foot depth. The only water that could be sampled is 1,100-feet 
below the surface of what appears to be the stable water table. 

o At about 3,000’ to 4,000 feet below the surface, the rocks lose permeability. 
o The Waiki'i pump well went to 3,700 feet. 

• At what depth is an aquifer non-water bearing or impermeable? 
o Hilo borehole saw different results from the Saddle borehole. 
o Hilo borehole drilled to 3,600 feet and found fractures that are much more open. 
o Started at about 25 feet above msl, drilled through 2,760 feet of lava before hitting 

submarine haloclastites, but even those were open. 
o Saw a flat temperature gradient until 4,500 feet, then saw conducted gradient. Core got 

mineralized and compacted. This seemed to happen sooner in Saddle borehole. 
o The Saddle borehole hit the first perched water at 500 feet depth to about 540 feet, hit 

another perched aquifer at 700 feet to 1200 feet, then hit a sequence of unsaturated zones. 
All standing water in the borehole was lost at around 1,500 feet, then the final water table 
was hit at 1,800 feet and the borehole never lost water after that. The bottom of the hole is 
at 600 feet above msl. 

o Large scale perching formations will affect water flow. 
• Traditional and Customary (T&C) Practices (2:16:00 in audio file) 

o Is how we currently define sustainable yield enough? We currently allow for 56% of 
recharge to flow into the ocean? 

o Do we need a monitoring for outflow? Is that an end-use? 
• Climate Change Impacts 

o There is a current study on climate change impacts (sea level rise) on O'ahu aquifers 
o Climate change (sea level rise) will affect anchialine ponds 

• Rising sea level will make the ponds more saline 
• It will occur faster on Big Island since it is sinking 
• Impacts depend on how sea level rise interacts with nearshore topography 

o Change in storage boundaries due to rising sea level 
o Changes in rainfall will also affect recharge. Has there been an analysis in rainfall 

patterns in Kona area (there are still a number of active gages)? 
• Volcanic Eruption Impacts 

o Rainfall decrease of about 30% in Kona due to vog (data shows this in downwind rain 
gages). 

o Rainfall is corrosive due to atmospheric sulphur from volcanic emissions (acidrain) 
o Possible increased sulphur in rainfall, and thus in the groundwater? 
o Really high concentrations of pollutants in the rift zone area – Ka'upulehu wells are 

enriched in every dissolved constituent. The water becomes semi carbonated and fouls 
up the R-O filters at Four Seasons resort. 
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o Is the decline in rainfall in Kona exacerbated by volcanic activity (vog)? There is a 

correlation between decreased rainfall and vog, but there are no known studies that show 
causation. There are papers on polluted cities (where there are more particulates in the 
air) getthing reduced rainfall Water does not rain out of the atmosphere, but there tends 
to be more fog. There may be more fog interception in the upland Kona area. 

• Is Kona high-level water moving into the basal aquifer – spillover vs. throughflow. The actual 
mechanism will affect management. 

Are the water bodies separate? How should we be treating this? Isotope studies are 
crucial so we can determine this. 

o Is basal water really just high level water just coming down? This is how we have been 
treating it. If not, how do we treat it? 

o If high level water is spilled over from the high level aquifer, then drawdown will have a 
more drastic effect than if we have throughflow, which would be driven by hydrostatic 
head. Drawdown of a few percent would affect throughflow by a few percent. 

o Monitoring is essential. It will inform our understanding of how the systems work 
and we can then adjust our management. 

• Do we need something in Kona similar as the Pearl Harbor Monitoring Working Group that 
agreed on a monitoring network and triggers were proposed for management actions? 
o If we do not have a proactive approach, we will permit a lot of wells and 

development will occur, and we would have to pull back. 
o O'ahu was developed and had to cut back, but we should be able to plan for it better now. 
o What is the best management philosophy? 

• We need to have better monitoring. We need to identify the most critical data points, and 
get data in a timely manner. 

• How do we factor T&C into the SY? How much is sufficient? Is leaving a certain 
percentage of the water in the ground enough? 
o Begin with SY as a starting point. Do not modify SY, but take that and other things 

into consideration when evaluating T&C impacts: well location, drilling, site specific 
studies on ecosystems, and other factors which may impact T&C practices. 

o T&C is very site specific but SY is over a broad area. 
o Ascertain T&C practices through the permitting process (Ka Pa'akai analysis). 
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Next Steps 

• There are areas where SY numbers are in question: CWRM staff should take a look at those 
and re-send the table out to the group. 

• D. Thomas to send Flinders, et.al., paper to CWRM. 
• Bowles and Nance to propose boundary changes on aquifer map. 
• Isotope study analysis may help to identify aquifer boundaries, but data will not come out 

until after the WRPP. 
o New sampling point: Pace’s Ranch well (hit water 1,000 feet above msl) – for isotope study. 

• University group to identify relevant academic research in the area. 
• Group should suggest new research projects in the area to improve knowledge inthe area. 
• Locations for new deep monitor wells, particularly in Kona 
• Potential to meet again, if needed. 
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