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SECTION 1
INTRODUCTION AND SUMMARY

The Department of Water Supply (DWS), County of Hawaii proposes to drill an
exploratory deep well in Makapala in the North Kohala District of the Big Island of
Hawaii and to explore the groundwater for drinking water purposes. If the exploratory
well proves to be productive, it will be out-fitted to a production well to provide water to
the existing Makapala Water System now supplied by the Maulua {or Murphy #7145-
02) tunnel, south (mauka) of the town of Makapala.

The few negative impacts which have been identified in this Environmental
Assessment can be adequately minimized by the suggested mitigative measures. In
accordance with Chapter 343, Hawaii Revised Statutes, it has been determined that an
Environmental Impact Statement is not required for the proposed Makapala Exploratory
Well project. Therefore, this document constitutes a notice of anticipated Negative
Declaration. '

1.1 PROPOSING AGENCY
Department of Water Supply, County of Hawaii

1.2 AGENCIES CONSULTED IN MAKING THE ASSESSMENT

1. Commission on Water Resources Management, Department of Land and
Natural Resources, State of Hawaii

Hawaii State Land Use Commission

Hawaii State Office of Environmental Quality Control

Historic Sites Preservation Office, Department of Land and Natural
Resources, State of Hawaii .

Safe Drinking Water Branch, Hawaii State Department of Health

Department of Water Supply, County of Hawaii

Planning Department, County of Hawaii

~oN

Non

Makapala Exploratory Well - Environmental Assessment Page#4




SECTION 2

PROJECT DESCRIPTION

The Department of Water Supply (DWS), County of Hawaii proposes to drill an
exploratory deep well in Makapala in the North Kohala District of the Big Island of
Hawaii and to explore the basal groundwater for drinking water purposes. If the
exploratory well proves to be productive, it will be out-fitted to a production well to
provide water to the existing Makapala Water System now supplied by Murphy tunnel,
south (mauka) of the town of Makapala.

2.1 PROJECT SITE

The project site is located in the north region of the Big Island of Hawaii, near
the town of Makapala, as shown in Figure 2-1. The well site is situated on the northern
slope of the Kohala Mountain, next to the existing DWS storage tank servicing the
DWS Makapala-Keokea system #560. The well site is located next the existing DWS
storage tank on a dirt access and utility road at an elevation of 400’ feet above mean
sea level (MSL), as shown in Figure 2-2. Access to the well site is via Highway 270, a
two-lane rural street, and just after Aamakao Gulch, and before Makapala Town there
is an access and utility road running mauka to the site. The existing 50,000 gallon
reservoir is situated next to the project site.
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TOPO MAP
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Figure 2-3
SITE PLAN
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Figure 2-4
TMK MAP
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The existing DWS property, with TMK 5-2-05:10, is currently owned by the
Board of Water Supply, County of Hawaii. The well site is next to the existing tank site.
The existing DWS Iot size is 0.229 acres and is adjacent to land owned by Chalon
International of Hawail, Inc.; TMK 5-2-05:01. Additional lands of about 10,000 sq.feet
will need to be purchased from Chalon International to construct the well as shown in

Figure 2-3.
22 PROPOSED FACILITIES

The proposed exploratory well project involves drilling, casing, and testing an
exploratory well. The depth of the well is expected to be 450’ (elev. 400"). If the yield
and water quality are acceptable to the DWS, the well will be placed into production
well. The following improvements will need to be included to put the well into
production as part of the DWS system: preparatory site work; fencing relocation; deep
well pump installation, including piping and controls; site piping, connections to the
reservoir; electrical system, including electric power, motor controls, lighting, and
telemetering. A chlorination system and control building are already on site and wiil
be utilized, but may require some upgrades.

The Department of Water Supply plans to pump at a rate of 50 gallons per
minute (gpm) and up to 60,000 gallons per day. However, the actual use of the well will
be determined by the results of the exploratory well pump test. Current average
consumption’s in the system are 21,750 average gallons per day demand (gpd) and a
max day demand of 32,625 gallons per day (gpd). There are currently 86
accounts/customers on this system. This equals an average of 253 gpd per account.
The County DWS design standard is for 400 gpd per residential account. This would
equal an average of 34,400 gpd and a maximum day of 51,600 gpd.

The footprints of the concrete pad for the production well and well head piping
are approximately 200 square feet in area. Figure 2-3 shows the location of the well
in reference to its surroundings and land divisions.

2.3 DEVELOPMENT SCHEDULE AND COST

Construction is scheduled to begin in early 1999. The construction cost for this
project is estimated at $300,000.

24 PROJECT NEED

The current water demands in the Makapala area are met with chlorine treated
tunnel water from the Murphy #7145-02 Tunnel. The Murphy tunnel discharges about
250,000 gallons per day (gpd) at an elevation of 1,250 feet. The tunnel source is
considered under the influence of surface water and by federal and State regulations
must be freated more extensively. The average flow of the tunnel is about 250,000
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gpd, a portion of which is diverted for use in the Makapala Water System. The
Makapala System serves the town of Makapala only. This system's current capacity is
a 50,000 gaiton tank fed by a 2.5" pipeline, however, the tunnel is not a reliabie source
during dry weather. The well will provide a reliable groundwater source, that will only
require disinfection. Site planning altows for an additional well to be developed on the
site as a back up well to this planned well.

Groundwater from the aquifer is a viable source for the DWS in this region as
the USGS developed and tested a small observation well at the site as part of the
“Ground-water Availability from the Hawi Aquifer in the Kohala Area, Hawaii", USGS,
Water Resources Investigations Report 954113, 1995. The water quality of the
aquifer is reliable and does not require any treatment except disinfection for the
system needs as per sampling records. Traces of toluene and xylene were found
near detection levels but well below the EPA maximum contaminate levels. (note:
MCL means a maximum contaminant level of a contaminant in the water which is
delivered to any user of a public water system. MCLs are the only federally
enforceable drinking water standards.) The USGS indicated that the presence of
these compounds could have been the result of sampling or testing error, as no
additional samples were tested.

Drilling the deep well and pumping the water results in high capital and
operations energy costs as compared to the tunnel source. However, the alternatives
to a well are limited to extensive surface water treatment facilities, which are expected
to be both more expensive and have greater environmental and treatment impacts.
Section 5 discusses the alternatives to the development of the deep well.

SECTION 3
EXISTING CONDITIONS

This section describes the existing conditions of the project including the existing
land use designation, surrounding land uses, climate, geology and topography, soils,
hydrology, flood hazards, earthquake hazards, flora and fauna, and archaeological and

historic sites.

3.1 EXISTING LAND USE DESIGNATIONS

The Makapala exploratory well drilling project boundaries fall within the State
Agricultural Land Use District. Therefore, a Conservation District Use Permit is not
required. The lands are not “Ceded Lands" of the Office of Hawaiian Affairs.

The County land use zoning designation is A-20a, which refers to agricultural
lots greater than 20 acres.
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The County Planning Department, Russell Kokubun, Deputy Director, stated on
17 Sept 98, there are small subdivision projects in the North Kohala region, but very
little activity in the Makapala area. All activity conforms to current zoning and is mostiy
farm dwelling units. The planning dept. does not expect much increase in density in
this area and is prepared for the expected growth.

The water source is planned to service the current population. The water
system and source is not being expanded, only the source capability is being made
more religble. No expected increase in population could be attributed to this well

project.

3.2 SURROUNDING LAND USES

The Surrounding grazing lands had been previously extensively used for sugar
agriculture. A Conservation District/Forest Reserve is located 12,000 feet to the south
(mauka) of the project site. The town of Makapala is located about 2,500 feet to the

north (makai) of the project.
3.3 CLIMATE

The project area receives an average of 70 inches of precipitation per
year, most Of which occurs during the winter months. Due to the elevation of the
project site, the average annual temperature is 74 F.

3.4 GEOLOGY AND TOPOGRAPHY

The project site sits upon a formation formed by the Polulu basalt flows from the
Kohala Mountain laid down in prehistoric time, containing a few inter-stratified beds of

volcanic ash-

The water level at the well site stands at about elevation 10’ MSL and likely
varies only slightly. There are no producing wells in the near vicinity.

The Makapala well site is located on the slopes of the Kohala Mountain. The
well site is best characterized as gently sloping makai. A topographic map of the area

is shown in Figure 3-1.

Makapala Exploratory Well - Environmental Assessment Page # 12




Balpian b

4

. Kauhala Pt ...
I3 ﬂsrf""-
‘lal“!tn"& i-
[4

o &
d 3

Y

v

ey b

——

[.t> 7

oy rLLt

3 L

1 ¥ SHETSS
e

[ I B e v —a

CONTOUR (NTIRYVAL 20 Fikl
Ca"UM 15 HEAh LA LEVFI

FIGURE 3-1
SITE TOPO MAP

——

Makapala Exploratory Well - Environmental Assessment Page # 13




3.5 SOILS

The soil at the project site is classified as Ainakea (AaD) Silty clay loam with
slopes of 12 to 20 percent. This soil overlays the bedrock to a depth of 2 t03.5 feet and
consists of silty clay loams, often underfain by cinders. Runoff is medium and erosion
hazard is moderate.

3.6 HYDROLOGY

The geology and known hydrology of the area confirms the presence of a basal
aquifer within the basalt lavas of the Kohala Mountain. The aquifer is a basal lens
which is formed by fresh water floating on brackish and salt water. The water table
stands at about 10 feet above mean sea level.

The USGS drilled a well at this site as part of the “Groundwater Availability from
the Hawi Aquifer in the Kohala Area, Hawaii” study (aftached to this report). The
results were published in the Water Resources Investigations Report #95-4113, Well
#7345-04 was pump tested and water quality analysis done. This report concluded
that up to 10 million gallons per day per mile of aquifer width flows to the coast line.

The pumping from this well should only impact the aquifer slightly as the
withdrawal of 60,000 gpd is only 0.6% of the flow in one mile of the Hawi aquifer
system, which has been estimated at up to 10 Mgal/d per mile (USGS, Rpt. 95-4113,

1995).

According to the State Department of Health, November 1993 map of the Island
of Hawaii, Upper Aquifer Development Stage and Utility Status, the existing well and
proposed wells are above the UIC line and are in an area designated as “Potential

Use”,

The only operating well in_the area is_the DWS Hawi well #7449-02 a with
capacity of 1,000,000 gpd. This well is some 5 miles to the northwest of the proposed
site. Other wells in areas were operated in the past when intensive sugar cane
agriculture was active. These no longer are in service.

Hydrologic Unit Status: The following chart depicts the hydrologic unit status of
current use, installed capacity of well pumps and pending installed capacity for
proposed wells.
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Makapala Well Water Use Totals

Current Users Gallons per Day
Dept. of Water 600,000
Current Installed

Pump Capacity

Dept. of Water 100,000

Pending Installed
Capacity 100,000

Contamination Analysis: The Office of Hazard Evaluation and Emergency
Response (HEER) reports on 23 Sep 98, that there are no files available on spiils or
contamination incidents in this area. Traces of toluene and xylene were found in the
USGS test well at the site. These traces were near detection levels but well below the
EPA maximum contaminate levels. (note: MCL means a maximum contaminant level of
a contaminant in the water which is delivered to any user of a public water system.
MCLs are the only federally enforceable drinking water standards.) The USGS
indicated that the presence of these compotnds could have been the result of sampling
or testing error, as no additional samples were tested and contamination was not found

in other test wells in the region.

Well head protection is provided by the fact that there are no industrial users up
gradient of the well site. Extensive agricultural practices, such as sugar cane
production, are no longer using the mauka properties. The well will be constructed as
to mitigate contaminates from entering the well bore and will draw water from the

deeper portions of the aquifer.

3.7 FLOOD HAZARDS

Flood Insurance Rate Maps (FIRM) were used to evaluate the potential flooding
for the study area. Based on map number 155-166-0100C dated September 16,
1988, the project site is designated as "other areas, Zone X - areas which are
determined to be outside of the 50C-year flood plain".

3.8 EARTHQUAKE HAZARDS

The entire island of Hawaii is classified as a Seismic Zone 3 area, as per the
Uniform Building Code (1991). Given that the least active zone is Zone 0, and the most
active zone is Zone 4, the possibility of an earthquake occurring on the Island of Hawaii

Makapala Exploratory Well - Environmental Assessment Page# 15
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is fairly high. All new structures will be designed and constructed to resist stresses
produced by lateral forces which apply to the Seismic Zone 3. There is no known
damage to the existing wells in the area have been damaged by earth quakes.

o 3.9 FLORA AND FAUNA

Most of the plant species in the area are introduced, and there are no rar€ or
endangered flora species at the project site. The area around the site was cultivated
and planted in sugar and currently grazed by cattle. Grass, guava, and Christmas

Berry were evident.

No rare or endangered fauna species are known o live at the project site.
Common species which could be found nearby inciude feral pigs, mynas, pheasant,
quail, plovers, mongoose, and mice and other exotic species.

3.10 ARCHAEOLOGY AND HISTORIC SITES

According to the Department of Land and Natural Resources, State Historic
Preservation Division (letter from Don Hibbard, dated 5 June 98, see Appendix B) the
probability of finding any historic or archaeological site in the vicinity of the well site is
unlikely. The site has been severely altered and used as a well and tank site whilé the
surrounding areas were used for production of sugar and is now in pasture. However,
should burials be found during construction, work must stop and the State Historic
Preservation office must be contacted immediately.

SECTION 4
PROJECT IMPACTS AND MITIGATIVE MEASURES

The project impacts and their mitigative measures are discussed in the following
sections. Some of the impacts discussed are construction noise, air quality, flora and
fauna, surface water and groundwater quality, archaeological and historic, traffic, public
health and safety, and socioeconomic.

’ 4.1 SHORT-TERM IMPACTS AND MITIGATIVE MEASURES
Short-term impacts will result from site clearing, grubbing and grading,
) well drilling and installation, pumping station, building construction, and landscaping.
These activities will be limited to the project site during the well construction period
B of approximately five to six months. The following sections discuss the short-
term impacts and their mitigative measures.
_ Makapala Exploratory Well - Environmental Assessment Page# 16




4.1.1 Construction Noise

Noise generated from the mobilization of equipment along the access road, and
the drilling of the exploratory well will be the primary impact during construction at the
Makapala well site. Mobilization of equipment, as well as the well drilling, should be
done only during daylight hours. Nearby residences may be as close as 1000 feet to
the well site, and the noise impact on the nearby residential areas should not be

significant.

In order to mitigate any noise impacts during pumping tests, the use of muffied
construction equipment is recommended. Construction equipment is also expected to
be properly maintained. Heavy vehicles must be in compliance with Title Il
Administrative Rules, Department of Health (DOH), Chapter 42, Vehicular Noise
Control for Hawaii. Construction work will most likely not be done during the weekends

and holidays.
4.1.2 Air Quality

Short-term air poilution from dust/dirt due to clearing, grubbing and grading,
along with vehicular emissions from construction equipment, is expected to be
insignificant.  All operations will be conducted in conformance with the State
Department of Health regulations regarding vehicular emissions.

Water trucks will be used to minimize the levels of dust in the air. Areas which
have been graded should be grassed as soon as possible to prevent dust from
becoming a nuisance. All construction equipment shall be equipped with adequate
emission control. All open-bed trucks shall be covered when transporting materials,
which have the potential to become airborne. overall, the project is not expected to

have significant impacts on air quality.

4.1.3 Flora and Fauna

No known rare or endangered species of flora and fauna are found at the site.
Therefore, no short-term impacts are expected.

4.1.4 Surface Water and Groundwater Quality

Impacts on surface water and groundwater are expected to be insignificant as
reported in the large amounts of groundwater fiow in the area and the USGS study
reported in Report #35-4113. The nearest surface water feature is an intermittent
stream bed (Aamakao Gulch) to the west of the well site. The gulch collects storm
water runoff mauka of the surrounding lands and is approximately 1,100 feet from the

well site.
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Any storm runoff from the site during construction can be mitigated by erosion
control measures including building berms around the project site to contain storm
water runoff, installing silt fences as needed, immediately landscaping areas which
have been graded, and grading during dry weather. Dewatering is not necessary for
this project. Drilling fluid and discharge from pump testing will be disposed of by the
drilling contractor in accordance with the requirements of the Department of Health,
Clean Water Branch. An NPDES permit is not required for this type of discharge. The
water from the well site drains into an existing drainage ditch, which may be used by
the contractor. No flooding is expected to be caused by the contractor or run off water

due to the capacity of the stream.

If the well testing is successful, the next phase is to outfit the well into a
production source. For this next phase, the design will specify for the installation of a
shallow drainage well to take the initial surge water from the well.

impacts on the groundwater are considered insignificant as the capacity of the
well production is well below the groundwater flow in the area. Also well annulus will
be grouted to sea level or below to negate surface contamination in the well.

4.1.5 Archaeological and Historical

No archaeological or historic sites are known to exist at the well site, and no
short-term impacts due to construction are expected.

4.16 Traffic

The two-lane Akoni Pule Highway passes north of the town of Makapala. Traffic
along this road may backup slightly during transport of the drilling equipment and
construction materials, but the infrequent occurrences should not greatly affect the
surrounding residents. Mobilization will be done during low traffic flow hours.

4.1.7 Public Health and Safety

The construction contractor shall be responsible for implementing appropriate
measures to ensure public health and safety during the construction period.
Construction areas will be delineated.
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41.8 Socioeconomic

Construction of the production well and related improvements wiil provide
several related jobs for the local workers. The purchase of materials from local
suppliers will help the local building economy.

4.2 LONG-TERM IMPACTS AND MITIGATIVE MEASURES

AND NI TIOGAIIVE V=0 o2

No long-term impacts are expected for the exploratory well. [f the results of the
pumping test and water quality analysis are favorable, the use of the well for production
of potable water to the existing water system is within the sustainable yield of the

aquifer.

The following sections describe the production well's long-term impacts on
noise, flora and fauna, drainage, stream flow, infrastructure, socioeconomic, land use

and planned development.

421 Noise

Very littie noise at the well site will be generated from the pumping of the
production well as the pumping equipment at the well is removed from any residence
area and produces very low noise levels. Similar equipment is currently used in similar

and more populated areas.

4,2.2 Flora and Fauna

e e ——

Since there are no rare or endangered plant or animal species at the project site,
no significant jong-term impacts are expected.

423 Drainage

The minimal amount of additional runoff generated from the project
improvements will be allowed to sheet flow into existing natural drainage ways or into
drywells constructed on the site. No significant impacts on drainage are expected.

424 Stream Flow

The withdrawal of up 50 gpm (gallons per minute), or 60,000 gallons per day of
groundwater by the well will have no impact on any stream flows as reported by the
USGS report #95-4113 (Appendix C). Thus the development of the proposed deep
well should have no significant effect on stream flow.
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4,25 Infrastructure

Power will be required to operate the pump motor and control center. Because
there is no well motor demand at the site presently, additional power consumption is
expected and there will be an increase on HELCO's existing power grid. HELCO has
indicated that this increase can be accommodated. It is estimated that the increase will

be less than 10 horse power (hp).

The road leading to the site will need to be improved for access of equipment to
the site. Itis currently a dirt road that is eroded in some areas.

4.2.6 Socioeconomic

The Department of Water Supply (DWS), County of Hawaii is responsible for
providing safe drinking water in a reliable manner to the people of the island of Hawaii.
To increase the reliability of water delivery in dry weather and to use groundwater as
the source and not surface water, a well will assure the ability for DWS to provide its
support for the residential, commercial and agricultural water users of the Makapala-
Keokea water system service area.

4.2.7 Land Use and Planned Development

The proposed well facility is expected to remain consistent with the land use
designation of the area. Both the County and State designations fall under agriculture,

SECTION 5
ALTERNATIVES TO THE PROPOSED ACTION

Four alternatives were considered for this project:
1)  no action,
2) delayed action,

3) alternate sites, and
"4) alternate sources.

These alternatives are discussed below.

5.1 NO ACTION
A no-action alternative is not practical, because the Department of Water Supply

may not be able to meet the demands of the existing system during dry weather or
failure of the existing tunnel source, possibly resulting in water shortages. The benefits
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of providing the public with redundancy to the existing system is vital to the mission of
the DWS.

5.2 DELAYED ACTION

Delayed action is also not a practical alternative. It would create a reduced
service to customers during dry spells.

5.3 ALTERNATE SITES

The well site was selected by the Department of Water Supply based on its
proximity to the existing reservoir and the ease of site development. There is only one
reservoir servicing the system, thus this is the only practical economical site.

5.4 ALTERNATE SOURCES

The expanded development of tunnels or surface water sources would be
unreliable and prone to drought conditions. The purpose of the well is to provide a
reliable source to the existing tunnel source and provide redundancy. The use of
surface water and additional tunnel supplies might also require treatment under the
Surface Water Rules of the Safe Drinking Water Act and its amendments. Such
alternatives may cost as much as $1 million to place in service and include significant
maintenance and operations, regardless of the actual use.

The Department of Water Supply emphasizes the development of available and
reliable groundwater as one of its primary sources of potable water.

SECTION 6
NEGATIVE DECLARATION DETERMINATION

The few negative impacts which have been identified in this Environmental
Assessment for Makapala Exploratory Well. Weli construction should be adequately
minimized by the suggested mitigative measures. In accordance with Chapter 343,
Hawaii Revised Statutes, it has been determined that this project will not have
significant environmental effect and an Environmental Impact Statement is not required.

This constitutes a negative declaration.

Description of the Proposed Action

The Department of Water Supply (DWS), County of Hawaii proposes to design
and construct a exploratory deep well in Makapala in the Kohala District of the Big
Island of Hawaii. If the exploratory well proves to be productive, it will be outfitted to a
production well to provide groundwater to the existing Makapala-Keokea water system
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north of the proposed well site and to explore the groundwater. Other alternatives have
been explored but do not provide the redundancy required to insure a safe and

sufficient water supply.

The few negative impacts which have been identified in this Environmental
Assessment for Makapala Exploratory Well Drilling should be adequately minimized by
the suggested mitigative measures. In accordance with Chapter 343, Hawaii Revised
Statutes, it has been determined that this project will not have significant environmental
effect and an Environmental Impact Statement is not required. This constitutes a
negative declaration.

D. Determination and Reasons Supporting the Determination

The proposed project would not have a significant effect on the environment and
therefore preparation of an environmental impact statement is not required. The
"Significance Criteria," Section 12 of Hawaii Administrative Rules Title 11, Chapter 200,
"Environmental Impact Statement Rules," were reviewed and analyzed. Based on the
analysis, the following were concluded:

1. No irrevocable commitment to loss or destruction of any natural or cultural
resource would resull. The lands for construction and access right-of-
way is in former sugar agriculture lands and now pasture lands. No
significant natural resources are present. No known cultural resources
would be impacted. The State Division of Historic Preservation was

contacted.

2. The action would not curtail the range of beneficial uses of the
environment. The project, while certainly making use of groundwater
resources, would increase the reliability of the supply of water to the
Makapala-Keokea water system and what is extracted will not significantly
impact the sustainable yield of the aquifer.

3. The proposed action does not conflict with the State's long-term
environmental policies or goals and guidelines. The State's environmental
policies and guidelines are set forth in Chapter 344, Hawaii Revised
Statutes, "State Environmental Policy." Two broad policies are espoused:
conservation of natural resources, and enhancement of the quality of life.
The proposed project does not consume significant natural resources in
land or groundwater as this is a well to provide an alternative water
source to the existing tunnel source. It would include mitigative measures
to minimize various categories of pollution, while promoting general
welfare and improving the reliability of providing quality water to the
Makapala-Keokea water system; allowing fulfiliment of the social,
economic and other requirements of residents in Makapala.
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The economic or social welfare of the community or state would not be
substantially affected. Construction of the well would resuit in temporary
economic benefits to the well drilling construction industry and indirectly
to other economic sectors as well. The redundancy of the water source
would allow the population a degree of reliability in its water supply, and
possibly increase the potential for economic investments in the area.

The proposed action does not substantially affect public health. The
project would improve the reliability of a safe and sufficient water source
to Makapala. It will facilitate provisions for water supply backup for the
DWS and other public services.

No substantial secondary impacts, such as population changes or effects
on public facilities, are anticipated. The well project arises from the need
established to provide a reliable water source to the present population.
The total capacity of the source is not increased, limiting the population
expected to be serviced. The County Planning Department, Russell
Kokubun, Deputy Director, stated on 17 Sept 98, there are small
subdivision projects in the North Kohala region, but very little activity in
the Makapala area. All activity conforms to current zoning and is mostly
farm dwelling units. The planning dept. does not expect much increase in
density in this area and is prepared for the expected growth. The water
source is planned to service the current population. The water system
and source is not being expanded, only the source capability is being
made more reliable. No expected increase in population could be
attributed to this well project.

No substantial degradation of environmental quality is anticipated. The
project area is unremarkable in terms of environmental resources, and
standard mitigation measures would suffice to protect ambient
environmental quality. Proper mitigation of construction noise and drilling
water discharge would take place. The project is not expected to result in
concentrations of air poliutants exceeding State or federal standards for
ambient air quality as standard utility electric power will power the pump.

The proposed action does not involve a commitment to larger actions, nor
would cumulative impacts result in considerable effects on the
environment. The proposed project is self-contained and independent of
other water systems. The project solves a redundancy need for the
existing water source and increases the ability to provide safe and
sufficient water to customers.
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9. No rare, threatened or endangered species or their habitats would be
affected. No known endangered, threatened or candidate floral species
would be affected by the project.

10.  Air quality, water quality or ambient noise levels would not be detrimentally
affected. There is no impact on local air quality. No significant water
quality impacts are anticipated either during construction or operation of
the of the well. Proper well construction methods and materials are
expected to be specified and used.

1. The project would not affect en vironmentally sensitive areas, such as
flood plains, tsunami zones, erosion-prone areas, geologically hazardous
lands, fresh waters or coastal waters. No environmentally sensitive
areas would be affected. The project site is on slightly sloped land weil
inland of the coast. Tsunami inundation is very unlikely. Seismic risks
are not expected if proper construction is used. The existing facilities
have not experienced any damage. The volcanic hazards are
comparable to those in Hawi or Kamuela.

SECTION 7
LIST OF NECESSARY PERMITS AND APPROVALS

The following permits and approvals are anticipated for the development of
the proposed Makapaia Exploratory Well project:

Plan Approval - Department of Water Supply, County of Hawaii.
Well Construction Permit - Commission of Water Resource
Management, State DLNR.

Pump Installation Permit - Commission of Water Resource
Management.

Department of Land and Natural Resources, State of Hawaii.
State Historic Preservation Office Review Department of Land and
Natural.

Utility Company Approvals - HELCO, Hawaiian Telephone.

ar O Na
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APPENDIX A

PHOTOS OF WELL SITE
View makai (north) from entry to reservoir site at access road
View west at entry to Makapala reservoir site
View east across reservoir site to entry
View mauka (north) at control building and reservoir
Proposed well site marked by person, west of existing Makapala reservoir site
View of proposed well site in relation to existing reservoir site
View of USGS observation well #7345-03 makai (north) or reservoir site

View of USGS test well #7345-04 at north-west corner of reservoir site

Makapala Exploratory Well - Environmental Assessment Page # 26




QIATIDEA SV QAANTAVD INTNNH0Q

X
APRE DL
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View of USGS test well #7345-04 at north-west corner of reservoir site




APPENDIX B

LETTERS OF CORRESPONDENCE

DLNR, State Historic Preservation Division, Office of Environmental Quality Control
Waimea Water Services, Inc.
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BLENJAMIN §, CAYLTANO
GOVERNCA OF HAWAJ!

0

MICHAEL D, WILSON, CILAIRPERSON
BOARD OF LAND AND HATURAL RESOLACLS

DLPUTIES
GILBERT COLOMA-ACARAN

AGUACUWLTURE DEVR, OPMENT
PROGRAM

STATE OF HAWAII AQUATIC RESOURCES

CONSERVATION AND

DEPARTMENT OF LAND AND NATURAL RESOURCES ) RESOURCES ENFORCEMENT
CONVEYANCES

STATE HISTORIC PRESERVATION DivisSioN FORESTRY AND WILDUFE
33 SOUTH KING STREET, 6TH FLOOR HISTORIC PAESERVATION

HONOLULY, HAWAI 96813 DIVISION
LAND DIVISION

STATE PARKS
WATER AND LAND DEVELOPMENT

June 5, 1998

Mr. John Stubbart LOGNO: 21644 ¥
Waimea Water Services, Inc. DOC NO: 9806PM10
P.O. Box 326

Kamuela, Hawaii 96743
Dear Mr. Stubbart:

SUBJECT: Makapala Well Site
Makapala, North Kohala, Hawaii Island

This is in reply to your letter of May 20, 1998 in which you asked for a letter indicating the
possibility of finding historic sites in the immediate area of the existing Makapala Well.

Your letter indicates that the area was formerly planted in sugar cane and is now used for grazing.
This information, combined with the photographs that you enclosed, indicates to us that there is a
very low probability of finding historic sites because of the degree of previous ground disturbance.
If the area was to be used to expand the existing operation we believe that it would have "no
effect" on significant historic sites.

If you have any questions please contact our Hawaij Island archaeologist, Patrick McCoy (587-
0006).

Aloha,

DON HIBBARD, Administrator
State Historic Preservation Division

PM:amk
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GROUNDWATER AVAILABILITY FROM THE HAWI AQUIFER IN THE KOHALA
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GROUND-WATER AVAILABILITY FROM THE HAWI AQUIFER
IN THE KOHALA AREA, HAWAII

by
Mark R. Uﬁderwood, William Meyer, and William R. Souza

ABSTRACT

A ground-water study consisting of test-well drilling, aquifer tests, and numerical

- simulation was done to investigate ground-water availability in the basal part of the Hawi aquifer

between the western drainage divide of Pololu Valley and Upolu Point in Kohala, Hawaii. The tes.:
well drilling provided information on geology, water levels, water quality, vertical extent of the
freshwater, and the thickness of the freshwater-saltwater transition zone in that aquifer. A total of
12 test wells were drilled at eight locations. Aquifer tests were done at five locations to estimate
the hydraulic conductivity of the aquifer. Using information on the distribution of recharge,
vertical extent of freshwater, hydraulic conductivity, and geometry of the basal aquifer, a
numerical model was used to simulate the movement of water into, through, and out of the basal
aquifer, and the effect of additional pumping on the water levels in the aquifer.

Results of the modeling indicate that ground-water withdrawal of 20 million gallons per
day above the existing withdrawal of 0.6 million gallons per day from the basal aquifer is
hydrologically feasible, but that spacing, depth, and pumping rates of individual wells are
important. If pumping is concentrated, the likelihood of saltwater intrusion is increased. The
additional withdrawal of 20 miilion gallons per day would result in a reduction of ground-water
discharge to the ocean by an amount equal to pumpage. Although model-calculated declines in
water-level outside the area of pumping are small, pumping could cause some reduction of
streamflow near the mouth of Pololu Stream.




INTRODUCTION

The Kohala area of the island of Hawaii is the northwest peninsula of the island (fig. 1).
The area is dominated by the asymmetrical, elongated Kohala Mountain. Kohala Mountain is an
extinct volcanic dome reaching an altitude of 5,605 ft and is the oldest of the five volcanoes
forming the island. The Hawaii Water Resources Protection Plan (George A.L. Yuen and
Associates, Inc., 1992) delineated three aquifer systems in the Kohala area: Hawi, Waimanu, and
Mahukona (fig. 1). Ground water in these systems is found as basal ground water along the flanks
of the volcanic dome, and as high-level water in the rift zones (Stearns and Macdonald, 1946) (fig.
2). The basal ground water extends from the outer edges of the rift zones toa discharge area
seaward of the shoreline, and is a roughly lens-shaped body of freshwater floating on seawater. The
maximum altitude of the water table of the basal water is unknown.

The windward (northern) side of Kohala Mountain is relatively cool and wet, receiving
more than 160 in/yr of rainfall near the summit (fig. 3). The leeward (southern) side of the
mountain is in the rain shadow of Kohala Mountain. Average rainfall is less than 10 in/yr along the
coast near Kawaihae. Tourism on the leeward side of the Kohala area is expected to grow
considerably because of the dry, warm climate. One of the primary limitations for growth and
development in this area is the availability of water. The Hawaii County Department of Water
Supply (DWS) estimates that water demand in the year 2005 will increase by about 20 Mgal/d
more than the present use of 0.6 Mgal/d (Thompson, 1988). Ground water is the preferred source
to supply the projected demand, because of its quality, reliability, and lack of required treatment as

compared with surface water.

To address an increased demand for water, the DWS and the U.S. Geological Survey
(USGS) began a cooperative study to investigate ground-water availability from the basal part of
the Hawi aquifer. This area was selected because of its high rainfall and because of the known
existence of an extensive basal aquifer. This report describes the results of the study and includes
a summary of exploratory well drilling and aquifer tests, and numerical simulation of the changes
in the aquifer resulting from increased pumpage of 20 Mgal/d.

Scope

The primary study area for the field investigations was the basal part of the Hawi aquifer
between the western drainage divide of Pololu Stream and Upolu Point (fig. 1). This basal aquifer
extends to the southeast beyond the Pololu drainage divide and is contiguous with the basal part of
the Waimanu aquifer. The Waimanu aquifer was not considered for ground-water development
because of its rugged terrain; however, the Pololu drainage basin, which is within the Waimanu
aquifer (fig. 1), was included in the numerical ground-water flow model constructed for this study.
Because the basal aquifers are part of a larger ground-water system within the Kohala area, it was
necessary to quantify rates of ground-water movement into the basal aquifers from areas adjacent
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to the basal aquifers. This information was provided in a study of ground-water recharge for the
entire Kohala area by Shade (in press).

A program of test-well drilling was instituted in the Hawi basal aquifer to obtain
information on geology, water levels, water quality, and vertical extent of freshwater and the
transition zone. A total of 12 test wells were drilled at eight locations at altitudes ranging from
about 108 to 630 ft above sea leve] (see fig. 7). Aquifer tests were done at five locations to estimate
the horizontal hydraulic conductivity of the aquifer. Using information on the distribution of
recharge, vertical extent of freshwater, horizontal hydraulic conductivity, and geometry of the
basal aquifer, a numerical model was constructed to simulate the movement of water into, through,
and out of the basal aquifer.The model was then used to estimate the hydrologic feasibility of
developing 20 Mgal/d of fresh ground water in addition to the existing use of 0.6 Mgal/d.

Previous Investigations

Early studies in the Kohala area focused on streamflow in the area southeast of Pololu
Stream. During a 10-month period in 1890, Lydgate measured streamflow in Waipio Valley (Davis
and Yamanaga, 1963). During a 5-month period in 1889 and 1890, Brunner (Davis and Yamanaga,
1963) measured flow in the 17 streams that are tributary to Honokane Nui Stream (fig. 4). In 1901
and 1902, Tuttle (Martin and Pierce, 1913) investigated water resources in the Honokane Nui and
Waipio Valleys as well as regions southeast of Waipio Valley by collecting information on
streamflow, springs, and wells. Systematic streamflow measurement in the Kohala area was begun
in 1907. Since 1912, stream and irrigation discharge ditch data have been published annually by

the USGS. Many of the stream and ditch measurements were discontinued when sugarcane
production was halted in the early 1970,

The geology and ground-water resources of the island of Hawaii were described by Stearns
and Macdonald (1946) who also provided a conceptual model of the hydrologic system of the
Kohala area. Hydrologic information provided by Stearns and Macdonald ( 1946) was updated by
Davis and Yamanaga (1963). A thorough inventory of basic water resources and historical records

was compiled by the State of Hawaii (1970).

A project by the Kohala Sugar Company in 1964 drilled five successful observation holes
into the Hawi basal aquifer between Upolu Point and Pololu Stream (Bowles and others, 1974). A
water-level map was drawn from the data obtained from these holes and from existing data from
wells in the area. Bowles and others (1974) evaluated surface-water and ground-water resources in
the Kohala area with a focus on the flow in the Kohala ditch (fig. 4). Using a simplified water
budget and Darcy's law they estimated that 40 to 45 Mgal/d flowed through the Hawi aquifer; of
that quantity, 30 to 35 Mgal/d (75 percent of flow through the system) was available for

development.
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DESCRIPTION OF STUDY AREA

The Hawi basal aquifer is bounded along the southeast by the Pololu drainage divide and
along the north and northwest by the Pacific Ocean. The southern and southwestern boundary is
the rift zone along the crest of Kohala Mountain that extends from the summit toward the coasl
near Upolu Point (fig. 1). A slightly extended study area for modeling purposes included the
continuation of the basal aquifer into the drainage area of Pololu Stream (fig. 4).

Altitude of the land surface on the Kohala Mountain increases gradually from sea level at
the shoreline to 5,605 ft above sea level at the mountain summit (fig. 1). In general, the surface
relief of the study area is moderately dissected. It is covered dominantly by pastures and orchards,
with forests covering upland areas. Sugarcane was produced over much of this area from the early
1900's until the early 1970's. Two major irrigation ditches, Kohala and Kehena (fig. 4), were
constructed in the early 1900’s to transport water from the area east of Pololu Stream into the study

area to support agriculture.

The Kohala ditch, constructed in 1901-02 by the Kohala Sugar Company, presently diverts
water from the east branch of Honokane Nui Stream at an altitude of 2,000 ft. The ditch carries the
water for 18 mi northwest, mostly as tunnel, toward Hawi where it delivers most of its water to the
intake of a hydroelectric plant near Hawi (fig. 4). The ditch also captures minor flows from springs

and streams west of Pololu Stream.

During 1928-60, median monthly flow rates in the Kohala ditch out of Honokane Nui
Stream ranged from 21.9 to 31.9 Mgal/d (Bowles and others, 1974). Present fiow rates are about
10 to 15 Mgal/d. Much of the decline in flow in recent years can be attributed to the loss of water
previously derived from streams east of Honokane Nui Stream. At the hydroelectric plant at Hawi,
the water released by the plant is injected into the basal aquifer through a holding pond into a row
of five shallow injection wells located about 1.7 mi inland at about 520 ft altitude. Depths of these
injection wells range from 160 to 240 ft altitude and lateral spacing between them is about 35 ft.

The average rate of injection is about 8 Mgal/d.

The Kehena ditch diverts water from an intake at Honokane Nui Stream above the canyon
rim at an altitude of about 4,200 ft (fig. 3) and carries the water westward for about 8 mi. Discharge
measurements were made in the ditch from 1917 through 1919 and from 1928 through 1966.
Average discharge in the ditch for these periods was 7.38 Mgal/d. In recent years the ditch has

fallen into disrepair and does not flow continuously.

The extended study area, included for purposes of ground-water modeling, contains the
Pololu Stream drainage area. As discussed by Stearns and Macdonald (1946, p. 228), the source of
water in Pololu Stream is from springs in its canyon walls below the dike zone and Stearns and
Macdonald have described these springs as perched. Pololu Stream is sufficiently entrenched near
the ocean to presumably intersect the basal aquifer. If this occurs, the area near the mouth of the
stream would be expected to gain water from the Waimanu basal aquifer.




The geohydrologic setting of that part of the Waimanu aquifer beyond Pololu Valley is
highly complex and to some extent poorly understood. The work of Stearns and Macdonald (1946)
remains the definitive report for the area, but even so, the extent of the high-level and basal aquifers
and the relation between surface water and ground water is unclear. Stearns mapped nufnerous
dikes and dike-associated springs and described an area of high-level water about 6 mi wide
underlying the higher part of Kohala Mountain (Stearns and Macdonald, 1946, p. 228). This width
would extend the high-level aquifer considerably into the Waimanu aquifer. Stearns’ description,
however, does not allow the extent of the high-level aquifer to be closely delineated. Ground water
discharging from behind dikes causes streams to gain along their entire course to the océan,
indicating that most of the area may consist of high-level water. However, Steamns and Macdonald
mapped much of the area as basal aquifer. Three streams, Pololu, Waimanu, and Waipio may
intersect the basal aquifer near the ocean, but the other streams are hundreds to thousands of feet
above sea level along their entire courses and discharge to the ocean from high cliffs.




GEOLOGY

Kohala Mountain was formed by volcanic rocks derived from the now-extinct Kohala
Volcano. The mountain is composed mainly of basaltic and andesitic (Pololu Basalt and Hawi
Voleanics, respectively) lavas that erupted from two main rift zones that trend N 35° W and S 65°
E from Kohala surnmit. These rift zones are referred to as the northwest and southeast rift zones,
respectively. The estimated location and orientation of the central part of the rift zones are shown
in figure 5. The estimated outer margin of the rift zone in the Waimanu aquifer, on the basis of
mapped dikes (Stearns and Macdonald, 1946, plate 1), is also shown (figs. 1 and 5). The southern
flanks of Kohala Mountain merge with Mauna Kea Volcano and form a saddle that slopes toward

the eastern and western coasts of the island of Hawaii.

Pololu Basalt.--The Pololu Basalt contains a thick sequence of basait lava flows composed
of hundreds of individual pahoehoe and aa lava flows that range from a few to 50 ft in thickness
and dip from 3 to 10 degrees away from the rift area (Stearns and Macdonald, 1946, p. 174). The
basal aquifer is contained within lava flows of the Pololu Basalt. Lavas of the Pololu Basalt make
up most of Kohala Mountain above sea level, and, because of subsidence of the island, extend an

unknown distance below sea level.

Most of the eruptive areas of the Pololu Basalt have been buried by later lava flows of the
Hawi Volcanics. Typically the upper 50 to 200 ft of the Pololu Basalt is decomposed from
weathering processes (Stearns and Macdonald, 1946, p. 174). Greater weathering occurred in the
wet areas and where the rocks were not covered by the later flows. Intercalated soils greater than
a few inches thick are rare below the upper part of the Pololu Basalt, indicating that periods of time
between flows were short. Thin vitric ash beds can be found throughout the basalts but rarely on

the windward slopes of Kohala Mountain (Stearns and Macdonald, 1946).

In general, the Pololu Basalt resembles the Koolau Basalt on Oahu, which forms aquifers
with high transmissivities. The clinker areas on either side of aa flows have high horizontal
hydraulic conductivities as do the interflow faces between pahoehoe flows, fractures, and cooling
joints in the rock. Because these lavas are layered and nearly horizontal, horizontal hydraulic
conductivity is likely to be greater than the vertical hydraulic conductivity. Aquifer tests and
numerical studies in the Pearl Harbor aquifer of Oahu indicate that the greatest-to-least (horizontal-
to-vertical) hydraulic conductivity ratios, or anisotropy ratios, are from 10:1 to 1,000:1. In an
analysis of the Pearl Harbor aquifer, Souza and Voss (1989) estimated a ratio of horizontal to

vertical hydraulic conductivity of 200:1.
Intrusive dikes cut the Pololu Basalt flows in the deep canyons on the northeast slope. Dikes
trend N 50° to 80° W and dip about 75° northeast (Stearns and Macdonald, 1946, p. 175). Widths

of Pololu dikes range from a few inches to 10 ft and average about 2 ft. Dike concentrations become
greater with depth and closeness to the rift areas. Their dense composition, late-stage intrusion, and
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near-vertical emplacement give dikes relatively low horizontal hydraulic conductivity that
impedes ground-water flow. On the basis of a description of the area between Pololy Stream and
Waipio Stream (fig. 4) by Stearns and Macdonald (1946), the northern margin of the southeast rift
zone, and the associated high-level water, may extend more than 4 mi from the summit area
towards the ocean (fig. 5). As discussed, Stearns and Macdonald (1946) indicate a total width of
about 6 mi for high-leve! water in the area of the Waimanu aquifer.

Hawi Volcanics.--The Hawi Volcanics form a cap over most of the rift zone and cover

about a third of the northeast slope and about half of the southwest slope below the rift zone (fig.

5). Lava flows of the Hawi Volcanics were composed almost entirely of highly viscous aa that
flowed onto the existing Pololu Basalt surface. An unconformity, that in places is marked by a red
soil, exists between the Pololu Basalt and the overlying Hawi Volcanics. The red soil prevails on
the southeastern slopes and indicates that most of the original topographic slopes were not eroded
before being covered by lava flows of the Hawi Volcanics.

Only a few lava flows of the Hawi Volcanics extend to the coast. Thickness of individual
lava flows range from 10to 150 ft and average about 40 ft. In up-slope areas, flows overlap to reach
a composite thickness as great as 500 ft near the summit. Many of the Hawi flows followed existing
topography and filled the shallow canyons. Thin, ashy soils and gravel can be found between
individual Hawi flows indicating longer periods of time between flows than in the Pololu Basalt.
Soils that form on Hawi rocks are gray and can exceed 3 ft in thickness. These soils support

agriculture when adequate moisture is present.

Alluvium.-- Alluvial deposits are found in the floors of the larger canyons on the windward
side of Kohala Mountain (Stearns and Macdonald, 1946). These deposits consist of unconsolidated
deposits of poorly sorted silts, sands, and boulders; landslide deposits characterized by blocks of
volcanic rock in an earthy mix; and consolidated alluvium consisting of poorly sorted boulder
conglomerates that form terraces in the lower stretches of the larger canyons and gulches. Stearns
and Macdonald (1946, p. 172} indicate a thickness for the consolidated alluvium on the order of
500 ft and thickness of the unconsolidated deposits of about 25 ft. Both deposits are thought to be

poorly permeable.
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GROUND-WATER OCCURRENCE

The general movement of water in the Kohala area is from the mountainous areas toward
the ocean. A schematic representation of this movement is shown in figure 2. In the mountainous
areas, the movement of water is impeded by the presence of dikes within the rift zones. This
impedance results in relatively high water levels in the rift zone that can be more than 2,000 ft
above sea level (Stearns and Macdonald, 1946). Orientation of dikes is subparallel to the main
orientation of the rift zone so that intersecting dikes are common and ground water is
compartmentalized between the dikes. In Hawaii, this water is referred to as high-level water.

The water budget for the study area was estimated by Shade (in press). The major source
of water to the basal part of the Hawi aquifer is from direct infiltration of precipitation. Recharge
derived from this source is 53.1 Mgal/d on a mean annual basis. The movement of water into the
basal aquifer from the adjacent rift zone constitutes another source of water that equals 6.9 Mgal/d
on a mean annual basis. Mean annual recharge from infiltration of precipitation falling on the basal
aquifer in the Pololu Stream drainage area is 7.2 Mgal/d and mean annual recharge to this aquifer
from the rift zone above it is 1.2 Mgal/d. The actual rate of recharge at any point is dependent on
the rate of precipitation minus water lost to evapotranspiration, direct runoff, and soil-moisture
storage. Each of these factors varies from location to location. The areal distribution of ground-

water recharge for the entire area is shown in figure 6.

A small amount of ground-water recharge is derived from water that infiltrates from the
Kohala ditch. Discharge measurements made in the ditch during this study indicate a seepage loss
ranging from 0.16 to 0.33 Mgal/d per mile with a total loss of about 2.0 Mgal/d in the study area.
An additional source of recharge to the aquifer is derived from the injection of an estimated 8

Mgal/d at the Hawi hydroelectric plant.

Ground water moves out of the rift zone into the basal aquifer where the direction of
ground-water motion is mainly horizontal. The altitudes of water levels in the basal aquifer
measured on March 22, 1990 in the test wells drilled for this study ranged from a high of 11.3 ft
above sea level to a low of 2.5 ft (fig. 7). Water levels higher than those shown in figure 7 would
be expected inland toward the rift zone. As indicated by the water levels, there is a general
northerly movement of water in the basal aquifer. Existing hydrologic conditions in the basal
aquifer in terms of recharge to and discharge from the aquifer have not changed significantly for
many years, indicating that water levels shown in figure 7 would represent equilibrium or near -
equilibrium conditions, although seasonal variations in water levels would be expected. Extensive
agriculture and irrigation of crops ceased in the mid-1970’s and water previously used for irrigation
has been injected at the Hawi hydroelectric plant since about 1979. The only regularly pumped well
in the basal aquifer is the DWS well. Production at this well (7449-02; see fig. 9) averages about
0.6 Mgal/d. Water levels were regularly measured in shaft 7652-01 from 1972 to 1995 and
periodically measured in well 7347-02 (see fig. 9) from 1986 to February 1991 (fig. 8). This data
supports the concept that equilibrium conditions exist in the aquifer.
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Ground-Water Development

The locations of wells, shafts, and test holes constructed in the Hawi basal aquifer prior to
this study are shown in figure 9. Altogether there are four wells, four shafts, and five test holes.
With the exception of the DWS well (well 7449-02) near Hawi, all of the other wells, shafts, and
test holes were drilled by sugar plantations. The first well (7448-01) was drilled in 1898 by the
Kohala Sugar Company (State of Hawaii, 1970). Water from the well was used for sugar mill
supply in 1901, but the iell was ultimately abandoned (Davis and Yamanaga, 1963). Between
1899 and 1901 three shafts (Kohala, Alaalae, and Hoea) were sunk to sea level for water for
sugarcane irrigation; a fourth shaft (Waikane) was constructed in 1920, Well 7347-02 was drilled
in 1948 for domestic use and the Union Mill #1 well was drilled in 1965 with the intent of using
the water for irrigating sugarcane. The wells were drilled at altitudes ranging from 310 to 540 ft.
Finally, the five test holes described by Bowles and others (1974) were drilled in 1964. These holes
were drilled at altitudes ranging from 170 to 362 ft. The shafts were constructed at low altitudes

near the coast.

The present source of domestic water in the Kohala area comes primarily from the DWS
well (0.6 Mgal/d) and three tunnel systems that have been dug to tap spring discharge: the Bond 1
tunnel, discharging at altitudes of about 1,000 ft and 1,400 ft; the Watt | tunnel, discharging at
1,700 and 1,800 ft; and the Murphy tunnel, discharging at about 1,250 ft. The greatest flows are
from the Bond and Watt tunnel systems, which have discharges as large as 1.25 Mgal/d each. The

‘Murphy tunnel discharges about 0.25 Mgal/d. The greatest untapped springflow is about 0.15

Mgal/d from the west branch of Halawa Gulch (fig. 4) (State of Hawati, 1970). The total average
flow for all tunnels and springs is4to 5 Mgal/d with a maximum total flow of 17 to 18 Mgal/d and
a minimum total flow of about 1 Mgal/d (Stearns and Macdonald, 1946).

Sufficient data are not available to recreate the historical distribution and rates of ground-
water development, although the general pattern of this development from 1940 to 1961 is
discussed by Davis and Yamanaga (1963), and the pattern from 1962 through 1967 is available in
State of Hawaii (1970). The following summarizes information in those two reports.

From 1940 through 1961 the average pumpage of ground-water from the aquifer was about
7.5 Mgal/d and most of the water was used to irrigate sugarcane (Davis and Yamanaga, 1963). The
range in use during this time was 2.2 to 14.2 Mgal/d. Shaft pumpage from 1962 to 1967 was about
3.2 Mgal/d (State of Hawaii, 1970), about half of that from 1940 through 1961. Davis and
Yamanaga (1963) indicated that chloride concentrations in one of the shafts averaged about 400
ppm and at another averaged about 1,500 ppm. Given that the shafts were constructed at low
altitudes near the coast, and given their rate of pumpage, the relatively high chloride concentrations
are to be expected. At the time of this study (1989-90) and as of 1995, the DWS well is the only -~

well regularly pumped in the basal aquifer.
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Ground-Water Quality

‘. The quality of water in the basal aquifer was investigated by analyzing water samples from
five of the eight test-well sites (A, B, E, F, and H in fig. 7) for concentrations of common ions.
Samples were analyzed at the U.S. Geological Survey Central Laboratory according to standard
methods (Fishman and Friedman, 1989, Wershaw, and others, 1987). Results show that the ground
water in Kohala is typical of water from Hawaiian basalt aquifers (Swain, 1973). Dissolved ion
concentrations were low, with specific conductance values ranging from 165 to 245 uS/cm and

chloride concentrations ranging from 19 to 36 mg/L (table 1).

At three sites (A, B, and F), water samples were also collected for analysis for 18 dissolved
metals and as many as 79 organic compounds, including agricultural chemicals, volatile
constituents of fuel, and solvents (table 2). No dissolved metals or organic compounds were found
at concentrations exceeding maximum contaminant levels (U.S. Environmental Protection

Agency, 1991).

Iron and aluminum were the metals found in highest concentrations, as might be expected
given their abundance in basalt. Iron and aluminum may also have been released into the water
samples from the iron well casing, metal pump, and aluminum discharge line. The other metals

were either not detected or detected at low (10 ug/L or less, except for barium) concentrations that
are typical of ground water from basalt aquifers (Halbig and others, 1986; Eyre, 1994).

‘ : Samples were free of significant anthropogenic organic compounds. The only organic
compounds reported were from well A, where toluene and xylene were found at or near the level
of detection (0.2 pg/L). This concentration is far below the USEPA limit of 1,000 ng/L (U.S.
Environmental Protection Agency, 1991). Given these low levels, it is possible that the presence
of these compounds was the result of sample contamination during collection, false detection in the
laboratory, or possible local contamination of the water during well drilling. Further sampling at
this location would be necessary to verify the existence of the compounds. ~
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Table 1. Concentrations of common fons and other water-quality characteristics of water samples from

the Haw! basa! aquifer, Kohala area, Island of Hawali
[mg/L, milligrams per liter; ug/L. micrograms per liter; <, value shown is less than actual value; pS/cm, microsiemens per

centimeter at 25 °C]

State well number 7345-04 7449-02 7347-02 7448-07 7347-05
USGS test well (fig. 7) A H E F B
Latitude 20°13'07"N 20°1428"N 20°13'52"N 20°14°28"N 20°13'19"N
Longitude 155°4520"W  155°4942"W  155°4706"W  155°48'02"W  155°4723"W
Date 71189 B/4/89 8/15/89 8/31/89 10/20/89
Time (24 hour) 1530 800 1510 1300 1400
Altitude of land surface (feet) 396 541 342 415 628
Depth of well, total (feet) 480 591 510 429 720
Flow rate, instantaneous (gallons per 900 475 1,000 185 900
minute}
Specific conductance (ps/cm) 175 190 165 245 - 180
pH (standard units) 7 7.7 8 7.8 7.9
Temperature (°C) 215 22 22 24.5 22
Hardness, total (mg/L as CaCO3) 56 44 45 58 47
Hardness noncarb. (mg/L as CaCO3) <l <1 6 5 4
Calcium, dissolved (mg/L as Ca) 11 7.8 8.1 10 7.9
Magnesium, dissolved (mg/L as Mg) 6.9 59 6 79 6.5
Sodium, dissolved {mg/L as Na) 19 21 18 27 16
Potassium, dissolved (mg/L as K) 1.3 1.9 1.7 22 1.5
Alkalinity (mg/L as CaCO3) 59 50 39 53 43
Sulfate, dissolved (mg/L as SO4) 6 7 5 10 7
Chloride, dissolved (mg/L as Cl) 20 21 21 36 19
Fluoride, dissolved (mg/L as F) 0.} <0.1 Q.1 0.1 0.1
Silica, dissolved (mg/L. as §iQ5) 37 51 4] 44 44
Solids, sum of constituents, dissolved 138 148 18 174 133
(mg/L}

Iron, dissolved (ug/L as Fe) 55 6 27 41 16

<] <l 1 6 <l

Manganese (ng/L as Mn)
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Table. 2. Concentrations of trace metal and organic compounds In water samples from the Hawl

basal aquifer, Kohala areq, island of Hawalil
[All values in micrograms per liter; <, actual value is less than value shown]

~State well number 7345-(4 7448-07 7347-05

—O35GS test site (g /) A F B
Date 777189 8/31/89 - 10/20/89
Time 1530 1300 1400
Turbidity (NTU) -- 0.1 0.1

Dissolved metals

“Aluminum 130 10 <10
Arsenic <l <] <]
Barium 100 . <100 <100
Berylium <l0 <10 10
Cadmuim <1 <l <l
Chromium 2 1 1
Cobalt 1 1 1
Copper 4 4 2
Iron 180 50 40
Lead 2 4 1
Lithium <10 - <I0 <10
Manganese <10 <10 <10
Mercury <0.1 0.1 <0.1
Molybdenum <l <] <l
Nickel 6 <l 1
Selenium <l <l <1
Silver 1 <] <]
Zinc <10 <10 <10

. Organic compounds
Alachlor <0.] <0.1 -
Aldrin <0.01 <0.01 <0.01
Ametryne <0.1 <0.1 -
Atrazine <0.1 <0.1 -
Benzene <0.2 <0.2 <0.2
Bromoform <0.2 <0.2 <0.2
Carbontetrachloride <02 <0.2 <0.2
Chlordane <0.1 <0.1 <0.1
Chlorobenzene <0.2 <0.2 <0.2
Chlorodibromomethane <0.2 <02 <0.2
Chloroethane <0.2 <0.2 <0.2
2.Chloroethylvinylether <0.2 <0.2 <0.2
Chloroform <0.2 <0.2 <0.2
Cyanazine <0.1 <0.1 --
DDD <0.01 <0.01 <0.01
DDE <0.01 <0.01 <0.01
DDT <0.01 <0.01 <0.01
DEF ) - <0.01 <0.01
Diazinon ~ <001 <0.01 <0.01
1,2-Dibromoethane <02 <0.2 <0.2
Dichlorobromomethane <0.2 <0.2 <0.2
1,2-Dichlorobenzene <0.2 <0.2 <0.2
1,3-Dichlorobenzene <0.2 <0.2 <0.2
1,4-Dichlorobenzene <0.2 <0.2 <0.2
<0.2 <0.2 <0.2

Dichlorodifiuoromethane
1, 2-Dichloroethane <0.2 <0.2 <0.2
1,1-Dichloroethane <02 <0.2 <02

21




Table. 2. Concentrations of trace metal and organic compounds in water samples from the Howi

basal aquifer, Kohala areq, Island of Hawail—Continued

[All values in micrograms per liter; <, actual value is less than value shown)

Organic compounds--continued

1,2-Transdichloroethene <02 <2 <0,2
1,1-Dichloroethylene <0.2 <0.2 <0.2
1,2-Dichloropropane <0.2 <0.2 <0.2
1,3-Dichloropropene <0.2 <0.2 <0.2
cis-1,3-Dichloropropene <0.2 <0.2 <(.2
trans-1,3-Dichloropropene <0.2 <0.2 <0.2
Dieldrin <0.01 <0.01 <0.01
.DiSyston - <0.01 <0.01
Endosulfan <0.01 <0.01 <0.01
Endrin <0.01 <(0.0] <0.01
Ethion <0.01 <0.01 <0.01
Ethylbenzene <0.2 <0.2 <0.2
Heptachlor <0.01 <0.01 <0.01
Heptachlorepoxide <0.04 <0.01 <0.01
Lindane <0.01 <0.01 <0.01
Malathion <0.01 <0.01 <0.01
Methoxychlor <0.01 <0.01 <0.0]
Methylbromide <0.20 <0.2 <0.2
Methylchloride <0.20 <0.2 <0.2
Methylenechloride <0.20 <0.2 <02
Methylparathion <0.01 <0.01 <0.01
Methyltrithion <0.01 <0.01 <0.01
Metolachlor <0.1 <0.1 --
Metribuzin <0.1 <0.1 -
Mirex <0.01 <0.01 <0.01
Naphthalenes, polychlorinated <0.1 <0.1 --
Parathion <0.01 <0.01 <0.01
PCB <0.1 <0.1 <0.1
Perthane <0.1 <0.1 <0.1
Phorate -- <0.01 <0.01
Prometon <0.1 <0.1 --
Prometryne <0.1 <0.1 -
Propazine <0.1 <0.1 -
Silvex <0.01 <0.01 --
Simazine <0.1 <0.1 -
Simetryne <0.1 <0.1 -
Styrene <0.2 <0.2 <0.2
1,1,2,2-Tetrachloroethane <0.2 <0.2 <0.2
Trichloroethylene <0.2 <0.2 <0.2
Toluene .3 <0.2 <0.2
Trithion <0.01 <0.0] --
Toxaphene <1 <l <l
1,1,1-Trichloroethane <0.2 <0.2 <0.2
1,1,2-Trichloroethane <0.2 <0.2 <0.2
Tetrachlorocthylene <0.2 <0.2 <0.2
Trichlorofluoromethane <0.2 <0.2 <0.2
Trifluralin <0.1 <0.1 -
Vinyichloride <0.2 <0.2 <0.2
Xylene 0.2 <0.2 <0.2
24-D <0.01 <0.01 -
24-DP <0.01 <0.01 -
2,4,5-T <0,01 <0.01 -

22




O

Vertical Extent of Freshwater

Saltwater underlies freshwater in the basal aquifer. When water is pumped from the basal
aquifer, the lowering of ground-water levels associated with pumping will result in an upward
movement of the saltwater. Ultimately, the amount of water that can be developed from the basal
aquifer is constrained by the salinity of the water. To address the constraint on ground-water
availability imposed by salinity, two weils (D and I, fig. 7) were designed to measure the vertical
extent of freshwater and the upper part of the transition zone. Observation well D, located about
0.4 mi from the coast at an altitude of 108.5 ft, was completed at a depth of 351 ft below sea level.
Observation well I, located about 0.7 mi from the coast at an altitude of 299.5 ft, was completed at
a depth of 137 ft below sea level. The wells were open to the aquifer below the water table.

To estimate the thickness of freshwater and the upper transition zone, water samples were
collected in March 1990 from several depths in each well and analyzed for chloride concentration
(an indicator of salinity) (fig. 10). For this report, freshwater is defined as ground water containing
water with a chloride concentration less than 250 mg/L (U.S. Environmental Protection Agency.
1991). Seawater collected around the Hawaiian islands has a chloride concentration of about
19,600 mg/L (Wentworth, 1939). The change in salinity between freshwater and seawater at depth
is not abrupt, rather, freshwater and seawater mix and the change is somewhat gradual through a
transition zone. The entire transition zone from freshwater to seawater includes all water with a
chloride concentration between 250 mg/L and about 19,600 mg/L.

Through the transition zone, the density of the mixed water also varies from that of
freshwater (about 1.000 gm/cm3) to that of seawater (about 1.025 gm/cm3). On the basis of this
density difference, freshwater may be assumed to extend below sea level to a depth 40 times the
water level above sea level. This is referred to as the Ghyben-Herzberg relation (Bear, 1979, p.
560). In practice, the depth defined by the Ghyben-Herzberg relation approximates the mid-point
of the transition zone (Lau, 1962). The mid-point of the transition zone is at a chloride
concentration of about 9,800 mg/L. Thus, the upper transition zone includes water with a chloride

concentration between 250 and 9,800 mg/L.

In well D, the depth to a chloride concentration of 250 mg/L and thus the estimated
thickness of freshwater is about 265 ft. The depth of the mid-point of the transition zone was about
345 ft below the water table, making the upper transition zone about 80 ft thick (fig. 10). In well I,
the depth to a chloride concentration of 250 mg/L and thus the estimated thickness of freshwater
is about 83 ft. No water samples were obtained at or below the mid-point of the transition zone in
well L On the basis of an extrapolation of the existing data, the depth of the mid-point of the
transition zone was about 145 ft below the water table, making the thickness of the upper transition

zone about 62 ft (fig. 10).

The preceding analysis is based on the assumption that the salinity profiles logged in the
wells are representative of the salinity of water in the surrounding aquifer. However, each well is
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open to the aquifer for the entire depth below the water table, providing an open conduit through
the pre-existing aquifer layers. If vertical hydraulic gradients exist in the aquifer, water will flow
vertically within the well bore, entering from aquifer zones with greater hydraulic head and exiting
to zones with lesser head. If ground-water flow in the aquifer is predominantly horizontal and

vertical flow in the well bore is inconsequential, the salinity profile in the well can be expected to
correspond closely to the salinity profile in the aquifer. However, vertical flow in the well could be
of sufficient magnitude to distort the salinity profile and thickness of the transition zone in the well

bore from that in the aquifer.

Test wells D and I are Jocated between 0.4 and 0.7 mi from the shore, and here the dominant
direction of ground-water movement is expected to be horizontal. As a result, vertical flow in the
s in the test wells would not be significant. If vertical flow does occur, it would
most likely be upward because of the wells proximity to the shoreline where freshwater begins to
discharge upward into the ocean. Upward flow within the well bore would tend to bring saltwater
to higher altitudes in the well bore than exist in the aquifer. Accordingly, the salinity profile as
logged in the well bore would be displaced upward by some unknown amount. Thus the well bore
nity profile would indicate that the top of the transition zone is shallower than it actually is in

aquifer, and thu

sali
the aquifer.
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HYDRAULIC CONDUCTIVITY OF THE BASAL AQUIFER

Estimates of the horizontal hydraulic conductivity of the basal aquifer were obtained from
aquifer tests at five wells: A, E, F, H, and Union Mill #] (fig. 11). Aquifer tests were done in wells
drilled during the present study, and also in several wells drilled prior to this study. Similarly,
aquifer-test data were mostly from tests done during the present study but also from data from
several earlier tests (not done by USGS) that were reanalyzed as part of this study. A summary of

well characteristics is shown in table 3.

Each test site consisted of a pumped well and an observation well. Each observation well
was installed so that the depth of penetration into the aquifer was about the same as that of the
corresponding pumped well. None of the wells fully penetrated the aquifer, the thickness of which
is unknown. For an aquifer test, it is desirable to have the deepest possible well penetration that
allows sufficient withdrawal without inducing an unacceptable saltwater upconing. As a result, the
penetration of each pumped well drilled for this study is about one third of the estimated freshwater
thickness, as approximated from the Ghyben-Herzberg relation. By avoiding the withdrawal of
salty or brackish water, the complicating effects of variable-density fluid flow on hydraulic

analysis were avoided.

Two types of aquifer tests were done at each site: a step-drawdown test and a 12-hour
continuous pumping-rate test. The step-drawdown test involved measuring the drawdown induced
in the pumped well at each of three to five successively higher pumping rates. Each step lasted
about 1 hour. The sustained 12-hour test involved pumping the well at a steady rate for 12 hours
and measuring the drawdown induced in both the pumped and the observation well over this time.
Tests done during this study included step-drawdown tests at sites A, E, and F, and sustained
pumping tests at site A, E, F, and H. Earlier tests included a step-drawdown test done in 1975 at
site H by the County of Hawaii Department of Water Supply (unpub. data in files of U.S.
Geological Survey, Honolulu), and a step-drawdown test and a sustained pumping test at Union

Mill #1 in 1964 (Akinaka and others, 1975).

The step-drawdown data were analyzed to estimate the two components of drawdown in
the pumped well: (1) the hydraulic head loss in the aquifer, (2) the hydraulic head loss from friction
and turbulence within and near the well column, and (3) well entrance losses at the screen. An
empirical relation between drawdown and pumping rate developed by Jacob (1947) allows a well
efficiency at a desired pumping rate to be calculated. The measured drawdown in the well is then
adjusted on the basis of the efficiency, and the resulting value represents the drawdown due only
to hydraulic head loss in the aquifer, This adjusted value of drawdown is then used in subsequent

equations of aquifer analysis.
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The adjusted drawdown data from the step-drawdown test were then analyzed using
equation | (Harr, 1962; Polubarinova-Kochina, 1962):

Qm(Lﬁé)

w

K= —3aLs, ()

where: K is horizontal hydraulic conductivity, in feet per day;
Q is pumping rate, in cubic feet per day;
In is natural logarithm (base e = 2.718);
L is length of the open interval of the well, in feet;
7C is the number pi, equal to 3.1415;

r,, is radius of the well, in feet; and

.s,, is drawdown in the pumped well, in feet, adjusted for well loss.

Equation 1 describes steady-state flow to a pumped well that partially penetrates an aquifer that is
much thicker than the depth of the well, a condition met by the wells in this study. The geometry
of flow is such that lines of equal drawdown in the aquifer take the shape of ellipses; thus the
equation is referred to herein as the elliptical equation. This equation was solved for values of K
using drawdown data from the step-drawdown tests, adjusted for well loss as described above.

Drawdown data from the 12-hour sustained pumping-rate tests were analyzed by the Thiem
equation, which assumes steady, radial flow and requires measurements of drawdown in two
observation wells. Differences in well construction required use of both the confined and

unconfined forms of the Thiem equation (Todd, 1980):

"2
an ;_— :
1
= —_— d);
K T (51 =5y) (confined); 2)
and:
r
an[r_ZJ
K = 5 ’2 (unconfined), 3)
|4 hz"hl

where: K is horizontal hydraulic conductivity, in feet per day;
Q is pumping rate, in cubic feet per day;
In is natural logarithm (base e = 2.718);
ry is radial distance to observation well 1 (closer to the pumped well), in feet;

ry is radial distance to observation well 2, in feet;
7T is the number pi, equal to 3.1415;
b is aquifer thickness, in feet;
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5| is drawdown in observation well 1, in feet;

s, is drawdown in observation well 2, in feet;

hy is thickness of flow at observation well 1, in feet; and
h, is thickness of flow at observation well 2, in feet.

Several qualifications regarding application of the Thiem equation are pertinent. First, the
pumped well was considered to be observation well 1, and the radius of the pumped well and the
adjusted drawdown (computed from the step-drawdown analysis) were used. Next, because the
thickness of the aquifer in the Kohala area is unknown, the submerged open length of the pumped
well was substituted for aquifer thickness, b (flow is presumed to be horizontal and radial within
the depth interval corresponding to the open length of the pumped well). The confined form of the
Thiem equation was used for sites E, H, and Union Mill #1, sites where there was no drawdown-
induced dewatering of the pumped interval because solid casings in the pumped wells extend
below the level of drawdown. The unconfined form of the Thiem equation was used for sites A and
F, sites where the pumped wells are open at the water table and drawdown caused dewatering of
the pumped interval. Here, drawdown was subtracted from the pre-pumping submerged open
length of the well to obtain the thickness of flow, /. Lastly, the Thiem equation assumes that
steady-state, or equilibrium, flow has been attained. Typically, this constraint is closely
approximated within a few hours in the permeable lavas of Hawaii at the short radial distances of
these tests. Also relevant is the work of Bennett and others (1967), who conducted pumping tests
in the Punjab region of West Pakistan. Using drawdown measurements in observation wells both
within and outside the pumping interval, they demonstrated that the slope of the cone of depression
within a few hundred feet of the pumped well stabilized after a few hours of pumping even though
the cone of depression continued to expand. It was concluded that the flow to the pumped well was
dominantly horizontal within the depth range of the open interval of the pumped well at radial
distances of a few open-interval lengths, once the hydraulic gradient stabilized within this region.

Consequently, the Thiem equation could be used to analyze this data.

Values of hydraulic conductivity(K) obtained from the aquifer tests ranged from 610 to
6,400 ft/day (table 4, fig. 11). Differences between values obtained by the two analytical methods
at a given site ranged from 0 to 44 percent of the mean of the two values. Within the area of the
tests (fig. 11), hydraulic conductivity seems to increase progressively in the northwest direction.
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NUMERICAL SIMULATION OF THE BASAL AQUIFER

Ground-water flow in the basal aquifer was simulated using the two-dimensional areal
ground-water model AQUIFEM-SALT (Voss, 1984), whichis a finite-element numerical model
that simulates an aquifer containing freshwater that floats on saltwater of greater density. The
model simulates water-levels and movement of the freshwater only. The saltwater is assumed not
to flow and to have a hydrostatic pressure distribution. It is assumed that the boundary between the
freshwater and saltwater is a sharp interface and that the two waters do not mix. Itis further
assumed that the location of the interface in the model represents the mid-point of the transition
zone of the aguifer. The position of the interface in the model is determined so that the hydrostatic
pressure in both freshwater and saltwater are equal on both sides of the interface.

Description of the Model

Boundary conditions.--The inland extent of the basal aquifer terminates at the rift zones of
Kohala Mountain. Although water moves through the rift zone into the basal aquifer, hydraulic
conductivity of the dikes in the rift zone is orders of magnitude less than that of the basal aquifer.
As a result, the rift zone was not included as part of the modeled area, but the discharge of water
from it into the basal aquifer was accounted for in the model by specifying additional recharge to

the model elements adjacent to the rift zone (fig. 12).

Discharge of ground water along the shoreline of the modeled area is simulated using a
head-dependent flux boundary. Ground-water discharge into the ocean through the ocean floor
occurs in model elements along of the shoreline (fig. 12). Such discharge occurs because there is
a hydraulic connection between the basal aquifer and the ocean, and the freshwater head in the
aquifer is higher than the head at the ocean floor. The rate at which water discharges is controlled
by the difference between the freshwater head in the aquifer, the equivalent freshwater head at the
ocean floor, and the thickness and vertical hydraulic conductivity of the basalt and the weathered
zones in the basalt, if the latter exist on the ocean floor,

The model was extended beyond the primary study area to include the entire Pololu
drainage area, because simulated pumpage in the Hawi basal aquifer was close to this area and
drawdowns induced by pumping would be expected to extend into it and possibly beyond it.
Because the geohydrologic setting of the area east of Pololu Stream is highly complex and not
completely understood, the model was not extended into this area. Given the lack of detailed
knowledge concerning the relation between the Waimanu basal aquifer and Pololu Stream, the
stream was not simulated on the model. Model-simulated drawdowns at the mouth of Pololu
Stream resulting from pumping 20 Mgal/d in the Hawi basal aquifer are discussed, however, in
order to qualitatively evaluate the possible effect of pumping on this stream.
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The basal aquifer is made up of hundreds of thin permeable lava flows that, because of
subsidence of the island, now extend from the land surface to well below sea level. The depth of
the bottom of the aquifer is not known. However, it is likely that the permeable lava flows extend
several thousand feet below sea level because most Hawaiian volcanoes have subsided 6,000 to
12,000 ft (Moore, 1987). As a result, the model uses a single layer with a total thickness of 3,000
ft. This is not to indicate that freshwater extends to this depth. This depth represents only the
estimated depth of permeable rock and conceptually, the total aquifer thickness includes both |
freshwater and saltwater. In the model, however, freshwater flows only in the interval between the
water table and the freshwater-saltwater interface. The freshwater-saltwater interface as calculated
by the mode! defines the bottom of the aquifer and is a no-flow boundary at a depth that is a

function only of the local head in the aquifer.

Recharge.--Water is input into the model as ground-water recharge distributed areally over
the modeled area using the distribution of mean annual recharge rates estimated by Shade (in
press). Total recharge to the model is 78.4 Mgal/d. Recharge to the modelf from direct infiltration
of rainfall on the basal aquifer, 60.3 Mgal/d, was distributed on the basis of values shown in figure
6. Recharge to the basal aquifer derived from that part of the rift zone between the topographic
divide at the crest of Kohala Mountain and the boundary of the modeled area (8.1 Mgal/d) is
accounted for by augmenting the recharge in the elements along the model boundary adjacent to
the rift zone (fig. 12). Recharge to the basal aquifer from the Hawi hydroclectric plant injection
wells (8 Mgal/d) was simulated as a constant flux to the model node where the injection wells are
located. The estimated seepage loss from Kohala ditch (2 Mgal/d) was modeled as augmented

recharge in elements along the ditch (fig. 12).

Ground-water pumpage.--The withdrawal of ground water at the DWS well (7449-02) was
simulated as a constant rate of withdrawal equal to 0.6 Mgal/d. The location of the pumping node

is shown in figure 12.

Hydraulic conductivity.--Values of hydraulic conductivity of the basal aquifer calculated
during this study provided a range from 610 to 6,400 ft/d (table 4). The average value of hydraulic
conductivity calculated from the aquifer test using the Thiem method is 2,300 ft/d; the median
value is 1,100 ft/d. However, among the aquifer-test sites, higher values of hydraulic conductivity
were obtained in the northwestern part of the basal aquifer than in the southeastern part (fig. 11).
This variability was investigated and is discussed in the calibration section of the report. The
hydraulic properties of the basal aquifer in Pololu Valley are not known, so that the hydraulic
properties of the basal aquifer in this area were assumed to be the same as the southeastern part of
the Hawi basal aquifer. In addition it is possible that the regular, tabular structure of basalt lava
flows may cause the hydraulic conductivity to be greater along the Java flow direction than across

it, making the aquifer areally anisotropic.
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Shoreline discharge.--One of the most important considerations in boundary conditions 1s
the nature of the discharge of freshwater from the basalt aquifer through the ocean floor. This
discharge is impeded because, near the shoreline, ground-water movement is predominantly
vertically upward and across the layering of the basalt flows. There is resistance to vertical
movement because the freshwater must flow through the dense, less permeable'inlerior part of

individual lava flows. There would be additional resistance to vertical movement if the basalt

layers are weathered or there are ocean bottomn sediments overlying the basalt. Also, freshwater

must discharge against the saltwater head at the ocean floor. In the model, the saltwater head would
be expressed as an equivalent freshwater head, iiy=(1.025z - z) for z equal to the depth below sea
Jevel to the ocean floor. Because AQUIFEM-SALT does not distinguish between freshwater and
saltwater, the model will use the ocean as a source of freshwater to the aquifer if the calculated
freshwater equivalent head at the ocean floor in the discharge area of the model (fig. 12) exceeds
the head in the underlying basalt aquifer. To avoid this, the freshwater equivalent head of the ocean
was set to zero in the discharge area. Thus, in any simulation, the aquifer head would be greater
than the head at the modeled discharge area. The effect on the simulation is a small error in the
simulated hydraulic connection between the ocean and the basal aquifer. This error would tend to
make the mode! overestimate water-level declines associated with pumpage and thus make the

mode] more conservative when estimating ground-water availability.

Near the shoreline, ground water moves upward from the basal aquifer to discharge into the
ocean. This movement is resisted by the vertical hydraulic conductivity (K" of the basalts and by
the weathered zone at the top of the basalt if it exists. Discharge is proportional to the effective
vertical hydraulic conductivity of the basaltand weathered zone (assuming it exists) divided by the
thickness of the zone of discharge (m'). As discussed previously, the vertical hydraulic
sumed to fall within a range of about one tenth to one
ductivity. On the basis of results of the aquifer tests for
values for the vertical hydraulic conductivity

conductivity of basalts in Hawaii is as
thousandth of the horizontal hydraulic con

the Hawi basal aquifer, this would result in a range of
of the basalt between 0.6 to 640 ft/d. The thickness of the zone of discharge can be approximated

by estimating the freshwater thickness at the shoreline. Water Jevels near the shoreline are about 5

ft, indicating a freshwater thickness of about 200 ft. For modeling purposes, it can be assumed the
vertical distance over which discharge occurs is one-half this distance, or 100 ft. Assuming that the
weathered zone does not exist, the value for K¥/m' would fall between 0.006 and 6.4 ftrd/d (d'l).

The ratio K/m' is referred to as the hydraulic connection between the basal aquifer and the ocean.
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Calibration of the Steady-State Model

The mode! was calibrated by comparison of model-calculated water levels with water
levels measured in the basal aquifer at the test wells (fig. 7) on March 22, 1990. Two paramcters
were varied during the calibration procedure; the horizontal hydraulic conductivity, K, of the basal
aquifer, and the hydraulic connection of the basal aquifer with the ocean (K /m"). Despite being
varied, the simulated values for the horizontal hydraulic conductivity of the aquifer were kept
within the general range of values obtained from the aquifer tests and ultimately varied spatially in
the same manner as indicated by the test results, Thus, the major uncertainty in modeled parameters
was the hydraulic connection of the aquifer with the ocean.

The first step in the calibration analysis was to make a series of simulations where the
simulated X was held constant while the simulated value of K’ was varied over a range from
0.0005 to 10.0 fud/ft. The model was run to steady state for each value of X%n’, and the values of
model-calculated water levels at the test wells were recorded. Three sets of simulations were made
using simulated values for X of 500; 1,000; and 5,000 fi/d. Results of this series of simulations are

shown in figure 13.

The relation between the model-calculated water levels and water levels observed at the test
wells varied spatially, falling into two groups (fig. 13). The plot of model-calculated water levels
compared with the simulated value of K%' shown for test well E (fig. 13) is representative for
wells E, A B, D, and F, all of which are Jocated in the eastern part of the basal aquifer. A similar
plot for test well H (fig. 13) is representative for wells H, I, and J, all of which are in the western

part of the basal aquifer.

As shown in figure 13, it was possible to match water levels observed at test wellsE, A, B,
D, and F for all simulated values of K, although the value for K" ranged from about 0.004 to 0.1
fud/ft. On the other hand, as shown in figure 13, values of K greater than 1,000 ft/d are necessary
in order to match water levels observed in test holes H, I, and J regardless of the simulated value
for X/m'". At test well H, a match between model-calculated and observed water levels was
pbtained for X equal to 5,000 ft/d and the X'/ equal to about 0.006 ft/d/ft.

Several conclusions are possible from the above information. First, larger values for X are
required in the model for the western part of the basal aquifer compared with the eastern part. This
corresponds to the distribution of hydraulic conductivity indicated by the aquifer tests. Second, the
range in values of K/m’ that resulted in model-calculated water levels matching observed (0.004
to 0.1 ft/d/ft) are within the general range of values previously calculated for this parameter (0.006
to 6.4 ft/d/ft) assuming vertical movement of ground water is resisted only by the vertical hydraulic

conductivity (X") of the basalt flows.

The spatial variability of K of the basal aquifer necessary to allow a closer match between
model-calculated and observed water levels was investigated further, initially by using the results
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of three of the model simulations from the initial series. These three simulations used a value for
K of 500; 1,000; and 5,000 ft/d and a value for K/m'equal to 0.01 ft/d/ft. Model-calculated and

observed water levels were plotted on a scatter diagram (fig. 14A4). The scatter diagram indicates
any bias or trends in model-calculated water levels, such as all of the model-calculated water levels

being higher or lower than observed.

The simulated value for K'/m' used for the above models (0.01 ft/d/ft) was selected for
several reasons. First, as shown in figure 13, model-calculated water levels for all the wells-are
relatively insensitive to values of K/m' greater than about 0.1 ft/d/ft, and model-calculated water
levels become sensitive to values lower than 0.1 ft/d/ft. The model becomes increasingly sensitive
to values of K'/m' less than about 0.01 ft/d/ft and for values lower than about 0.004 f/d/ft, model-
calculated water levels rise sharply beyond observed water levels for all values of simulated K.
Second, when pumping is simulated, lower values of K/m’ result in greater model-simulated
drawdowns and freshwater-saltwater interface rise for a given distribution and rate of ground-water
pumpage, other things being equal. Therefore, for lower values of X', the mode] becomes more
conservative for estimation of ground-water availability. Finally, the value used for this analysis
(0.01 fv/d/ft) also fell within the range of values (0.004 to 0.1 ft/d/ft) that resulted in model-
calculated water levels matching observed water levels,

As expected, these simulations did not produce an acceptable match to observed water
levels. For K equal to 500 ft/d, all of the model-calculated water levels were significantly higher
than observed water levels. For X equal to 1,000 ft/d, a strong bias existed in the distribution of
water levels; model-calculated water levels were significantly higher than observed on the western
side of the aquifer (wells I, J, and H; fig. 144) and very close to observed water levels on the eastern
side (wells E, F, D, A, and B). For K equal to 5,000 ft/d, model-calculated water levels were
somewhat higher than observed on the western side of the aquifer and significantly lower than
observed on the eastern side. These trends in the model-calculated water levels indicate that to
match observed water levels a relatively low X is required in the eastern part of the model and a

relatively high X is required in the western part.

On the basis of the above analyses, the value of X of the aquifer was then varied spatially
on the model with higher values in the western part of the model and lower values on the eastern
part of the aquifer while K'/in’ was held constant at 0.01 ft/d/ft. Various ranges and distributions of
K (ranging from 250 to 8,000 ft/d across the model) were tested and nearly all of these simulations
improved the model. The best match in this series of simulations resulted in a mode] with X varying
from 650 to 5,000 ft/d (fig. 14.B). The average difference between model-calculated and observed
water levels for this distribution was 0.8 ft. Water levels calculated by the model were still
relatively high at test wells I and J. To improve the match, Xm’ was increased from 0.01 to 0.1
ft/d/ft in the western part of the model (fig. 15); this resulted in 2 much better fit between model-
calculated and observed water levels (fig. 14B). The average difference between model-calculated
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and observed water levels was about 0.5 ft and this version of the model was accepted as the best
representation of the aquifer based on available data, Increasing K/m’in the western part of the
model was believed to be justified because of the higher value of X of this area as compared with
the eastern part of the model. Model-calculated water-levels were comparcd with those from field
data and are shown in figure 16. Model-calculated depth of the freshwater-saltwater interface is

shown in figure 17.

The sources and discharges characterizing the steady-state simulation described above are
summarized in table 5. The magnitude of the flow components shown in the table represent mean
annual conditions. Shade (in press) has shown that these conditions vary significantly during an
average year, but even so, the time response of the aquifer, in terms of changes in water levels is
small (1 ft or less) relative to seasonal changes in the magnitude of the individual components of

the water budget.

Table 5. Steady-state ground-water budget (existing pumpage) for the numerical model, Kohala
areg, island of Hawali

Ground-water sources Million gallons per day
Direct infiltration of precipitation 60.3
High-level discharge into the basal aquifer 8.1
Kohala ditch seepage 2.0
Hydroelectric plant injection wells 8.0
Total........... 78.4

Ground-water discharges

Into ocean 771.8

Existing pumpage ' 0.6
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Response of the Basal Aguifer to Ground-Water Pumping

The response of the basal aquifer to pumping 20 Mgal/d above that currently being
withdrawn from the aquifer was simulated for two pumping scenarios. In each scenario, there are
six pumping sites aligned roughly parallei to the coast, with the four inside sites each pumping 4
Mgal/d and two outside sites each pumping 2 Mgal/d. The location of pumping sites and pumping
rates are shown in figure 18. The only difference between the two scenarios is the areal distribution
of pumping. In the first scenario, the six pumping sites were located over a distance of 5 mj with
the four sites pumping 4 Mgai/d in the middle 3 mi. In the second scenario, the six pumping sites
were located over a distance of 3 mi with the four sites pumping 4 Mgal/d concentrated in the
middle 1.5 mi. In general, the simulations show that increasing ground-water pumping results in
(1) a decrease of discharge to coastal discharge boundary equal to the amount of pumpage (see
tables 5 and 7); (2) a decline in water-table altitude (see figs.19 and 20); and (3) a decrease in the
depth to the freshwater-saltwater interface (see figs. 17, 21, and 22).

In analyzing the model results in terms of water-level declines and the resulting rise in the
freshwater-saltwater interface, a distinction needs to be made between model-calculated
drawdown for a model node and the actual drawdown that would occur in a well or wells. The
model-calculated drawdown represents the average drawdown in an area around the model node
(see fig. 12) and in all cases drawdown in a well or wells will be greater. The actual difference
between the two will depend on the number of wells that the withdrawal in a given node represents,
the pumping rate of individual wells, and the construction details of the well. The model assumes
full penetration of the pumped well and for a pumping rate of 1.0 Mgal/d per well, application of
an equation developed by Prickett (1967) indicates that drawdown in a well would be about 0.3ft
greater than the model-calculated drawdown at a node. Wells in basal aquifers are typically
constructed to depth ranging from 50 to 200 ft below sea level rather than penetrating the entire
freshwater thickness of the aquifer, however, and the effects of partial penetration would increase
actual drawdown in a well above values calculated from Prickett’s equation. These considerations
indicate that the model cannot directly address the subject of individual well yields compared with
well depth and that this information must be gained from actual field experience or from more

detailed *“local scale”™ model analysis.

Model-calculated changes in water level.--The decline in ground-water levels estimated
by the model for scenarios 1 and 2 are shown in figures 19 and 20, respectively. Water-level
declines for the first scenario range from about 1 to 3.5 ft at the pumping centers and to about 0.1
ft near the extreme northwestern edge of the model. Water-level declines in the extended study area

are about 1 ft.
Water-leve! declines for the second model scenario are similar to those of scenario 1 except

that drawdown at the pumping centers ranges from about 2 to almost 5 ft, an increase of as much
as 1.5 ft over the first scenario. The increase in drawdown is a result of more localized pumping.
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Once again, model-calculated decline in water-level in Poiolu drainage area is about | ft. The
termination of the model at the eastern drainage divide of Pololu Stream precludes the induced
movement of ground water from the excluded area into the modeled area, which would be
presumed to occur under actual pumping conditions, The exclusion of this induced movement of
ground water toward the pumping centers results in the model over-estimating water-leve] declines
by about 0.5 ft. Over-estimating water-level declines makes model calculations of ground-water

availability conservative.

Model-calculated changes in depth to freshwater-saltwater interface.--As a result of
pumping and subsequent decline of water levels, the freshwater-saltwater interface moves upward.
The location of the interface is important because it is the best indicator of the limits on available
water at the pumping sites. If the freshwater-saltwater interface rises near or into wells, the salinity
of water pumped by the well may increase to levels unacceptable for domestic uses.

The pre-pumping position of the model-calculated freshwater-saltwater interface near the
pumping sites is shown in figure 17 and the model-calculated position of the interface resulting
from scenario 1 is shown in figure 2. The model-calculated position of the interface resulting from
scenario 2 is shown in figure 22. Information on pre-pumping and pumping water levels and
model-calculated depth to the freshwater-saltwater interface below sea level are given for each of
the simulated pumping nodes in table 6 for scenarios 1 and 2.

The greatest model-calculated decline in water level for scenario 1 is about 3.5 ft at
pumping node P-7 and the resulting model-calculated rise in the interface is about 140 ft. Depth to
the freshwater-saltwater interface is least (227 ft below sea level) at pumping node P-9, If the
thickness of the brackish zone above the interface is assumed to be about 80 ft as indicated at well
D, the range in freshwater thickness at the pumping nodes would be about 153 to 252 ft.

The greatest model-calculated decline in water levels for scenario 2 is about 4.7 ft at
pumping node P-6 and the resulting model-calculated rise in the interface is about 188 ft. Depthto
the freshwater-saltwater interface is least (228 ft below sea level) at pumping node P-7. Using a
thickness for the brackish zone equal to 80 ft above the interface as for scenario 1, the resulting
range in freshwater thickness from is about 154 to 234 fi.

As discussed previously, wells in basal aquifers are typically constructed to depths ranging
from about 50 to 200 feet below sea level. The above results indicate that if ground water is
withdrawn in the areas simulated in the two model scenarios, deeper wells (about 200 ft below sea
level) would likely experience saltwater intrusion at least at some locations, while shallower wells
would tend to maintain a greater buffer of freshwater between the wells and the transition zone.
The amount of freshwater buffer would depend on the actual depth, spacing, and pumping rates of
these wells. Results also indicate that, as would be expected, the potential for saltwater intrusion

increases as pumpage is concentrated.
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Table &6, Water levels and Interface locations at simulated pumping sites, Kohala areq, Island of

Hawali
Non-pumping Pumnping
Simula}ted Approximate Approximate
pumping Water Interface thickness of Water Interface thickness of Water-
site level depth freshwater level depth freshwater level
I L Sy v Oere (Guow LN chge
table (feet) table {feet)
Scenario 1
P-1 10.3 413 343 8.1 324 252 2.2
P-3 10.3 412 342 7.0 281 208 33
P-5 10.9 436 367 7.5 300 228 34
P-7 10.1 405 335 6.6 266 193 35
P-8 9.0 360 289 59 236 162 3.1
P9 7.0 281 208 57 227 153 1.3
Scenario 2
B-2 10.3 414 344 7.6 306 234 2.7
P-4 10.1 406 336 58 232 158 43
P-5 10.9 436 367 64 255 181 4.5
P-6 10.5 422 352 5.8 234 160 4.7
P-7 10.1 405 335 5.7 228 154 44
P-8 9.0 360 289 6.6 264 191 24

Table 7. Steady-state ground-water budget (existing plus simulated pumpage) for the numerical
modei, Kohala areq, istand of Hawall

Sources Million gallons per day
Direct infiltration of precipitation 60.3
High-level discharge into the basal aquifer 8.1
Kohala ditch seepage 2.0
Hydroelectric plant injection wells 8.0
Total.....cunee 78.4
Ground-water discharges

Into ocean 57.8
Existing pumpage 0.6
Proposed pumpage 200
Total........... 78.4
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Model results.--The main emphasis of this study was to determine if 20 Mgal/d of ground
water can be withdrawn from the Hawi basal aquifer in addition to the existing use of 0.6 Mgal/d.
The previous discussion indicates that this withdrawal is feasible, but spacing, depth, and pumping
rates of individual wells are an important considerations in planning ground-water development. It
is desirable to maintain as thick a body of freshwater beneath the wells as possible.

For existing conditions, water levels range from about 10 ft to 7 ft (see fig. 7) from east to
west in the area of simulated pumpage shown in figure 18. Model-calculated steady-state water
levels resulting from pumping an additional 20 Mgal/d for scenarios 1 and 2 are shown in figures
23 and 24. As can be seen, water levels are still highest (about 8 ft) in the eastern part of the area
of simulated pumpage. Water levels in the western part of the area of simulated pumpage are about

6 ft.

Table 7 shows the components of the steady-state ground-water budget for the modeled
area following the simulation of the 20 Mgal/d of additional pumpage for both scenarios.
Comparison of table 7 with table 5 indicates that the source of water to the additional pumpage is
from reduced ground-water discharge to the ocean by an amount equal to pumpage. Other

components of the water budget are the same.

For both pumping scenarios, the model calculates a water-level decline of slightly more
than 1 ft near the mouth of Pololu Stream where the stream discharges into the ocean. In this area,
it is possible that Pololu Stream is hydraulically connected to the basal aquifer. As a result, a
decline in water level near the mouth of Pololu Strearn would be sufficient to cause a reduction in
streamflow. Because the model terminates along the Pololu watershed boundary, the model would
be expected to over-estimate the water-level decline in the area of Pololu Stream, perhaps by as
much as 0.5 ft; but even so, the stream would still be affected assuming a hydraulic connection

exists with the basal ground-water system.
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SUMMARY AND CONCLUSIONS

Model results indicate that ground-water withdrawal of 20 Mgal/d above the existing 0.6
Mgal/d withdrawal at the Hawaii County Department of Water Supply well is feasible from the
Hawi basal aquifer, but that spacing, depth, and pumping rates of individual wells are important.
If pumping is concentrated, the likelihood of saltwater intrusion is increased. Model results
indicate that concentrating as much as 16 Mgal/d in a 1.5 mile stretch roughly parallel to the coast
on the eastern side of the basal aquifer, and withdrawing an additional 2 Mgal/d within a mile on
either side of this would provide a freshwater thickness of 154 to 234 ft below the areas of
withdrawal. In this case, wells with depths of greater than 200 ft below sea level would likely
experience saltwater intrusion. If the area of concentrated pumpage is increased from 1.5 to 3 miles
and another 2 Mgal/d withdrawn on either side within a distance of about three-quarters of a mile
from the area of concentrated pumpage, the freshwater thickness in the area of withdrawal wou]d

increase slightly to between 153 and 252 ft.

Under existing conditions, water levels in the basal aquifer range from about 10to 7 ft
above sea level in the area of simulated pumpage. Model results indicate that water levels would
range from about 8 to 6 ft above sea level after water-leve] declines induced by the additional 20

Mgal/d of pumpage stabilized.

The model cannot directly address the subject of individual well yields compared with
depth, and this information must be gained from field experience. Even $0, it is clear from model
results that 20 Mgal/d of additionaj ground-water withdrawal from the basal part of the Hawi
aquifer is possible if pumping centers are spaced adequately apart and well depths are limited,

The withdrawal of 20 Mgal/d would result in a reduction of ground-water discharge to the
ocean by an amount equal to pumpage. It is possible that pumping could cause some reduction of
streamflow near the mouth of Poloju Stream, but because of a lack of field data concerning the
hydraulic connection of this stream with the basal aquifer, the magnitude of the reduction cannot

be addressed at this time.
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