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Evaluation of Ground-Water Resources From Available

Data, 1992, East Molokai Volcano, Hawaii

Available ground-water data for East Molokai
Volcano consist of well-construction information
and records of ground-water pumpage, water lev-
els, and chloride concentrations. Ground-water
pumpage records are available for ten wells. Sev-
enteen long-term (10 years or more) records of wa-
ter-level and/or chioride concentration are
available for eleven wells; however, only seven of
these records are for observation welis. None of the
available data show significant long-term changes
in water level or chloride concentration; however,
short-term changes due to variations in the quantity
of water pumped, and rainfall are evident.

Evaluation of the historical distribution and
rates of ground-water pumpage, and variations in
water levels and chloride concentrations is con-
strained by the scanty distribution of spatial and
temporal data. Data show a range in water levels
from greater than 850 feet above mean sea level in
wells located in the windward valley of Waikolu to
about 10 feet in wells located east of Kualapuu to 1
to 5 feet in the wells located along the south shore
of East Molokai Volcano. An accurate contour map
of water levels and chloride concentrations at the

surface of the basal-water body cannot be con-

structed for any time period. Be.an ater
and chloride data are not collected at regular time
intervals, many long-term records are incomplete.
Information on the variation in chloride concentra-
tion with depth through the freshwater part of the
basal-water body and into the zone of transition be-

tween freshwater and saltwater does not exist.

e water-level

The island of Molokai is the fifth largest of the Ha-
waiian islands. It is about 38 mi long from east to west
and as much as 10 mi wide from north to south (fig. 1).
About 6,600 people reside on Molokai, which consists
primarily of two shield volcanoes. The older of the two

volcanoes is the West Molokai Volcano, which rises to
,380 ft. The younger East Molokai Vol-

. 1altitude 0f 4,970 ft. The lavas of the East
Molokai Vi lcano overlap the eastern flank of the West

ano to form the Hoolehua Plain.

\

occurrence of ground water in the Hawaiian 1slands.
This document divides the island of Molokai into four
aquifer sectors (fig. 2). The aquifer sectors are further
subdivided into 16 aquifer systems each with an esti-
mated sustainable yield. However, the divisions do not
preclude the flow of ground water among aquifer sec-
tors and Systems.

Production of ground water on the island averages
less than 5 Mgal/d. Most of this withdrawal is from the
Kualapuu aquifer system, which is located in the west-
em part of the East Molokai Volcano (fig. 2). According
to the Hawaii Water Plan, the sustainable yield of the
Kualapuu aquifer system is 7 Mgal/d. This value is
based on scanty data and is considered to be an estimate
only (State of Hawaii, 1990).

Anticipated development and related water de-
mand in the western and central areas of Molokai led to
the designation of the entire island of Molokai as a
Ground Water Management Area by the State of Ha-
waii Commission on Water Resource Management on
May 13, 1992. The water demand, based on intensive
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Table 1. Present and projected water use, Molokai, Hawaii
[Source of data: M & E Pacific, Inc., 1991; Mgal/d, million gallons per day]

Present water use

Projected water use

Organization (Mgalid) (Mgal/d)

Department of Hawaiian Home Lands 0.38 27.0
Department of Water Supply 0.59 2.5
Department of Agriculture (MIS) 3.84 4.0
Kaluakoi Resort 0.82 3.0
Molokai Ranch 0.28 5.0
Alpha U.S.A. 0.00 2.0

o) 77 591 435

agricultural production and full urban development of
available land owned by public agencies and private
parties, is projected to increase from about 6 to 43
Mgal/d (M & E Pacific, Inc., 1991) (table 1). Pressure
to develop the Kualapuu aquifer system to the maxi-
mum extent possible, before pursuing sources that will
most likely be more expensive, has resuited in a need
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availability of ground water in the Kualapuu aquifer.
Quantification of available water in an aquifer requires
knowledge of the aquifer's geometry, hydraulic proper-
ties, and the hydraulic relation between the aquifer and
the area surrounding it. Knowledge of: (1) temporal and
spatial changes in water levels and chloride concentra-
tion in pumping and observation wells; (2) the thickness
and movement of the zone of transition between fresh-
water and saltwater, and (3) temporal and spatial distri-
bution of recharge and discharge rates from the aquifer
including pumpage also is required.

The purpose of this report, prepared in cooperation
with the State Department of Hawaiian Home Lands
and State Commission on Water Resource Manage-
ment, is to present and evaluate available ground-water
data for determining the availability of ground water in
the Kualapuu aquifer and adjacent areas in the western
part of the East Molokai Volcano, excluding Kalaupapa
(fig. 1). Because withdrawal of water from the Kualap-

uu aquifer will cause ground-water levels to decline be-
yond the aquifer boundaries defined in the Hawaii
Water Plan, the resources of the Kualapuu aquifer can-
not be adequately evaluated completely without study-
ing adjacent areas. This report, therefore, examines the
available ground-water data for Kualapuu aquifer and
the remainder of the East Molokai Voicano.

The evaluation of available ground-water data in-
cludes: well construction and pumping test information
from existing wells, determination of the historic distri-
bution and rates of ground-water pumpage, and an eval-
uation of water-level and chioride data in an attempt to
determine [CIIlp()l"dl and bpdlldl Lnanges The need for
additional data necessary to determine the availability
of ground water in the western part of the East Molokai
Volcano is discussed.

Previous Investigations

The first detailed water-resources investigation of
Molokai was made by Lln_dgr,,n (1903) who suggested,
and Howell (1938) and Austin and Stearns (1954) de-

veloped plans to construct tunnels to bring water from
the windward valleys on the northeast coast of Molokai
to the dry leeward areas. In 1962 the Molokai Irrigation
System, which develops water from streams and wells
in Waikolu Valley and transfers the water through a 5.1-
mi development and transmission tunnel to the dry lee-
ward areas, was completed (fig. 1). Hirashima (1963)
describes aspects of ground-water storage and depletion
along the tunnel. Parsons, Brinckerhoff, Hirota Assoc.
(1969) describe plans to develop water from Pelekunu
Valley and to develop additional water from Waikolu
Valley.



Stearns and Macdonald (1947) described the geol-
ogy and ground-water resources of Molokai as part of a
systematic study of the Hawaiian islands by the U.S.
Geological Survey in cooperation with the former Ter-
ritory of Hawaii Division of Hydrography. This report
describes the geohydrologic framework of Molokai, but
does not quantify the ground-water resources. G.R.
MacCarthy (194 1) estimated the aititude of the basal

water table in the western haif of the island of Molokai
from electrical wbmuvuy measurements.

Numerous published and unpublished reports de-
scribing water development plans for the island of
Molokai exist. Among them are: water-supply plans
prepared by the Division of Water and Land Develop-
ment (1962 and 1966) for the Kaunakakai-Pukoo area
and the entire island of Molokai, respectively. C.K.
Wentworth (1945, unpub. letter to County of Maui on
the exploration for and development of water supplies
for Kaunakakai), Nance (1982), Fukunaga & Associ-
ates Inc. (1989), and M & E Pacific, Inc. (1991) pre-
pared water-supply plans for the County of Maui
Department of Water Supply. State of Hawaii (1990), a
water-supply plan for the State Commission on Water
Resource Management, provides an inventory of the
water resources of Molokai, determines a sustainable
yield for 16 defined aquifer systems, and recommends
means of conserving and augmenting the water resourc-
es.
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PHYSICAL SETTING

Molokai can be geographically divided into three
parts, eastern Molokai, western Molokai, and the
Hoolehua Plain (fig. 1). Kaunakakai, the principal town,
is centrally located mid-way along the southern coast-

line. The town serves as the administrative sub-center
for the State of Hawaii as well as the County of Maui.
A medium-draft barge harbor is situated in Kaunakakai
and the airport is located 8 mi to the northwest on the
Hoolehua Plain.

Western Molokai, which includes about 30 percent
of the total land area of the island, consists of rolling
hills and plateaus with a maximum altitude of 1,381 ft.
Western Molokai is relatively dry owing to its low alti-
tude and because it is shielded from trade winds by the
higher altitude areas in eastern Molokai. As aresult, the
streams of western Molokai have cut only shallow and
narrow gulches. Before 1975, about 9,000 acres near the
plantation town of Mauna Loa were cultivated in pine-
apples. The sparsely populated western shore of the is-
land has beautiful white sand beaches and is being
developed as a tourist destination.

Eastern Molokai rises to an altitude of 4,970 ft and
covers nearly half the total land area of the island. Oro-
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em Molokai has resulted in the formation of the
amphitheater-headed valleys of Wailau, Pelekunu, and
Waikolu, The slope is less dramatic on the south shore,
although numerous gulches and ravines extend to the

narrow coastal plain. Most of the island’s population re-
sides along the south shore of eastern Molokai. Access
to the remainder of eastern Molokai is difficult.

The Hoolehua Plain is a level area between East
and West Molokai with altitudes generally less than 800
ft. Most of the plain is covered with 10 to 30 ft of fertile
lateritic soil. These fertile lands were allocated as home-
stead lands for native Hawaiians by the Hawaiian
Homes Commission Act of 1920. Before 1985 about
3,000 acres near the plantation town of Kualapuu were
cultivated in pineapples. Overgrazing by livestock and
the cultivation of the land have accelerated the erosion
of soil from the Hoolehua Plain (Steams and Mac-
donald, 1947). The eroded soil has been transported to
the south shore by surface runoff. (State of Hawaii,
1990).

Kalaupapa peninsula is a low-lying area on the
north shore of Molokai. A steep, virtually perpendicular
cliff separates the peninsula from the rest of Molokai,
isolating two small settlements that have served as a set-
tlement for victims of Hansen's disease since 1865.



Geology

The island of Molokai is made up of two coalesced
shield volcanoes, the West Molokai and East Molokai
Volcanoes (fig. 3). There is no evidence that the West
Molokai Volcano had a summit caldera as do most Ha-
waiian shield volcanoes, including the East Molokai
Volcano. The geology of Molokai has been described in
detail by Steans and Macdonald (1947). Langenheim
and Clague (1987) have updated the volcanic stratigra-

phy of Stearns (1946).

The West Molokai Volcano is the smaller and old-
er of the two main shield volcanoes. It is a broad slightly
dissected shield of tholeiitic basaltic lava that formed
thin-bedded aa and pahoehoe flows. The flows are high-
ly permeable and dip 2 to 10 degrees away from the
principal southwest rift zone and subordinate northwest
rift zone (fig. 3) (Stearns and Macdonald, 1947). Some
dikes are exposed where coastal erosion has cut into the

o PR |

It Zzones. ADOU[ 10 bIIldll Spater ana cinder cones are
preserved on the surface of West Molokai Volcano, par-
ticularly in the northwest quadrant of the volcano.
These cones constitute the alkalic postshield stage. The
avas of West Molokai Volcano are partly overlain to
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h West Molokm Volcamc is consndered to be
Pllocene and Pleistocene on the basis of K-Ar determi-
nations by Naughton and others (1980).
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The East Molokai Volcano is a shield volcano
forming the eastern two-thirds of Molokai, and was
built principally by eruptions from the summit caldera
and along the east and northwest rift zones. The East
Molokai Volcano overlaps the West Molokai Volcano
and is overlapped below sea level by the Lanai, West
Maui, and Haleakala Volcanoes (Macdonaid and oth-
ers, 1983). The north flank of the East Molokai Volcano
has been removed by a giant landslide (Holcomb,
1985). The East Molokai Volcano is built largely of ba-
saltic lava flows (lower member), with a thin cap of al-
kalic andesites and a little trachyte (upper member)
(Stearns and Macdonald, 1947). The basaltic lava flows
of the lower member are highly permeable compared
with the dense andesite lava flows of the upper member
(Stearns and Macdonald, 1947). Large cinder cones and
bulbous domes are associated with the lavas of the up-
per member. The lavas of the lower member are cut by
innumerable dikes (tabular igneous intrusions that cut
across preexisting strata) lying in two major rift zones

trending eastward and northwestward (fig. 3). Dikes,
bulbous domes, and ash beds are poorly permeable
(Stearns and Macdonald, 1947). Thin layers of ash are
present locally in both members. Stream erosion has cut
large amphitheater-headed valleys into the northern
coast of East Molokai Volcano, exposing the dikes and
the caldera complex. The East Molokai Volcanics is
largely Pieistocene, but its iowermost fiows are

oxr
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Late in the geologic history of the island, an erup-
tion of alkalic basalt and basanite emerged to form what
is now Kalaupapa Peninsula. Kalaupapa has been pro-
posed as a separate shield (Macdonald and others, 1983;
Holcomb, 1985), but Langenheim and Clague (1987)
consider it to represent a rejuvenated-stage vent associ-
ated with the East Molokai Volcano on the basis of its
age and because its rocks have chemistry similar to oth-
er rejuvenated rocks in Hawaii. The Kalaupapa Volca-
nics has a Pleistocene age based on K-Ar
determinations (Clague and others, 1982).

0 e and
y continuous coastal plain along the
south shore of the Hooleehua Plain and eastern Molo-
kai. The term caprock is used to describe the deposits of
the coastal plain because the deposits tend to be less
permeable than the basalts they overlie. There has been
an accelerated accumulation of terrigenous sediments
along the south shore in the last century (State of Ha-
waii, 1990). These sediments have filled in many an-
cient Hawaiian fishponds built around fresh or brackish
springs.

Rainfall is highest on the crest and windward
slopes of eastern Molokai and decreases rapluly toward

PRy Ll o

ihe 1eewaru COadL Ulg "l) Rainfall or
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principally from the orographic ascent of northeasterly
tradewinds over eastern Molokai. The prevailing oro-
graphic rainfall pattem is interrupted by cyclonic storms
from the north or by local “Kona storms” from the south
and west. About 80 percent of the annual rainfall on
West Molokai and the Hoolehua Plain usually occurs
during cyclonic storms (Division of Water and Land

Development, 1966).
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A map showing lines of equal median annual rain-
fall for Molokai is shown in figure 4. This map is based
on data from 82 gages that were established on different
dates and operated for different lengths of time. The
most complete record, 76 years, was for the Kualapuu
gage (gage 534). An additional twenty gages had 40 or
more years of record. To eliminate the effects of secular
trends, the data were adjusted to a common base period
(State of Hawaii, 1982).

Median annual rainfall on eastern Molokai ranges
from about 120 inches at the crest of the mountains to
12 inches at Kaunakakai (fig. 4). Rainfall on the Hoole-
hua Plain, which is in the rain shadow of eastern Molo-
kai ranges between 15 and 25 inches. Aithough the
summit of the West Molokai Volcano receives an aver-
age annual rainfall of 30 inches, much of the rest of
western Molokai averages 20 in/yr or less (Giambelluca
and others, 1986).

Annual rainfall at Kualapuu and Kaunakakai show

that drouohts lastine 3 to 8 vears occur on Molokai (fio,

1at droughts lasting 3 to 8 years occur on Molokai (fig
5). The most prolonged drought on record was during
the years 1970 through 1977. The driest year on record
was 1953 when recorded rainfall at Kualapuu and
Kaunakakai was 39 and 23 percent of the median annual
rainfall, respectively. The mean monthly rainfall at the
Kualapuu and Kaunakakai gages show that the dry sea-
son usually is from May through September, and the
wet season from October through April (fig. 6).

Surface Water

The only perennial streams with significant
streamflow reaching the ocean are in the large amphi-
theater-headed valleys on the windward side of the East
Molokai Volcano, from Halawa Stream on the east to

Wdl.l(.Ulll Dl.ﬂ:d.lll U1l l.llt: west Ulg 1) Most Ul the
streams along the southemn and western slopes of East

N nore e
Molckai Volcang are perennial in their upper courses

only. No measurable streamflow occurs on the relative-
ly dry Hoolehua Plain and West Molokai Volcano. Six
continuous streamflow-gaging stations are active in
eastern Molokai (fig. 1) and 15 are inactive.

Streamflow data often are used in water-balance
computations in which ground-water recharge is calcu-
lated from a mass balance of precipitation, evapotrans-
piration, and surface runoff. Surface runoff usually is
estimated from a relation between rainfall and surface
runoff for a limited number of basins with long-term

streamflow-gaging stations. Six long-term (30 years or
more) streamflow records are available for the follow-
ing eastern Molokai streams: Halawa, Pelekunu, Wai-

lau, Waikolu, Papio, and Kaunakakai.

The distribution of ground-water recharge in east-
em Molokai also may be govemed by geology, because
the rainfall-runoff relation for basins along the southern
flank of East Molokai Volcano is complicated by a per-
meability difference between the upper and lower mem-
bers of the East Molokai Volcanics exposed at the
surface. Several streams on the south flank are perennial
in their upper courses where they flow over the poorly
permeable andesitic lavas of the upper member. In the
lower courses, however, water is lost by infiltrating into
the more permeable basaltic lavas of the lower member,
and evaporating before reaching the coast. The South
Fork of the Kaunakakai Gulch, for example, is perenni-
al from the head waters at 4,300 ft to the high water fall
at about 1,900 feet and intermittent below (Stearns and
Macdonald, 1947). The intermittance of this and other
streams in their lower courses, contrasted with their pe-
rennial upper courses, is largely the result of the streams
flowing over the more permeable basalts of the lower
member of the East Molokai Volcanics, after leaving
the poorly permeable cap of andesitic lavas of the upper
member.

OCCURRENCE OF GROUND WATER

Fresh ground water is contained in the rocks of the
East Molokai Volcano. The occurrence of fresh ground
waler is governed by the rate of recharge from rainfall,
and the hydraulic properties of the rocks. Fresh and
brackish water occur in a lens-shaped ground-water
body that floats on saltwater near sea level. The lens of
freshwater is known as a basal-water body or Ghyben-
Herzberg lens. Fresh ground water also can occur in
compartments formed by low permeability volcanic
dikes that cut across the aquifer, or as perched water.
Dike-impounded and perched water occur at higher al-
titudes. In general, ground water flows from the dike-
impounded water bodies located near the crest of the
mountains into streams, springs, and a basal-water body
before discharging to sea (fig. 7). The areal distribution
of basal water, dike-impounded water, and perched wa-
ter was estimated by Stearns and Macdonald (1947)
(fig. 8). Their e¢stimate is based on scanty data and data
collected since 1947 do not allow for refinement of that
estimate.
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Figure 5. Annual rainfall and departure from median annual rainfall at Kualapuu and Kaunakakai rain

gages, Molckai, Hawaii.

10

50

40

30

8
SIHONI NI “TTVANIVH NYIGIW WOH4H 3HNLYYd3a

10

STHONI NI “TTV=NIVH NVIG3W WOH=4 3dN1Hvd3a



RAINFALL, IN INCHES

RAINFALL, IN INCHES

4.5 T T T T T

KUALAPUU (rain gage 534)

KAUNAKAKAI (rain gage 536)

25

JAN FEB MAR APR MAY  JUNE

JULY

AUG

SEP oCT NOV DEC

Figure 6. Median monthly rainfall at Kualapuu (for years 1900-75) and Kaunakakai (for years 1933-75)

rain gages, Molokai, Hawaii.

11



(996 ‘Jusido|anag PUET PUE JBJBAA JO UOISIAIQ UI0L) Paljipow) IEMEH ‘[EYO|OJN UIB)SES JO UDNHO8S o1BojoaboipAy pazjelauay) Z ainbig

SHIL3IW oﬁwo.m oﬁo.m oo_n_.“.

[ [
1334 000°0t 000'S

g'g x uonesabibexs |ealusp

000°L-
, T _ 4
: = iejBMyselq :
T ELEIR:ELS
e YHILVM TVSVE —
aw.\ww.._m\m_% / \ L 000'L
Buudg © \
HILYM o
mnz_smun_s_-uv__a 0002
N — 000'E
n S / — 000
>
- 3 . S S L 000's
TIVSNIVE AAVEH 20 INOZ L334
Yllfh%lr

HLHON

et B HLNOS

12



‘(Lp61 ‘plRUCPOBI PUE SUIBa}S WOJ)) IIBMEH ‘IBXOJO ‘90u81in200 Jajem-punocib jo sapow fediouid ay} Jo uolnguisip pajewnsy g ainbi4

WALVMLTYS NO ONILYO'H ¥3LVM HSINOVYE D
WHLYMLTYS NO ONLLVO'LL ¥ALY A TVSVE HSTHA _H_
SENIA A€ THATT HOIH LV AIANAOdIT HELY MHSTYA

SAFd HSV NO dFHO¥dd JaLVMHSHY:A 40 SLNNOWY TIVINS

NOLLVNVIdXH

n }w&.!\‘..... yodiny +
nndeedy T . !

95 961

wf00
Emn:uﬁM!

wiod ol
SH3LaIWOTIMY T 0 Sl olSh

e
S3TN ¥ 2 0

13




Basal Water

Basal water is the most areally extensive mode of
ground-water occurrence on Molokai (fig. 8). The water
table of basal ground-water bodies typically has a gentle
slope toward the nearest shore and lies less than about
10 ft above sea level. Because of density differences be-
tween freshwater and saltwater, freshwater extends to a
depth below sea level of about 40 times the altitude of
the water table. Freshwater grades into saltwater in a
zone of transition between fresh and saltwater.

The size of a basal-water body depends on the
amount of recharge received, the geometry of the sys-
tem, and the permeability of the rocks in the system.
The water table of basal-water bodies is typically less
than 3 ft above sea level at the shore, rising inland at
about 1 ft/mi in the Pear]l Harbor aquifer on the island of
Oahu (Hunt and others, 1988) and about 2 to 3 ft/mi in

the Hawi aquifer on the island of Hawaii (Underwood
and others, 1995), Thick basal-water bodies can form

where low- permcahlhty deposits (caprock) retard the
discharge of ground water at the coast. The retardation
of ground-water discharge causes artesian conditions
beneath the caprock and impounds unconfined basal
water inland of the caprock. As a result, the water table
is a few feet higher than it would be if the caprock were
absent. Thick basal-water bodies also can form from
other combinations of recharge, aquifer geometry, and
aquifer hydraulic characteristics.

Recharge to the basal-water body contained in the
rocks of the East Molokai Volcano occurs by direct in-
filtration of rainwater and discharge from upgradient
dike-impounded water bodies. Flow through the joints
and gaps in the dikes may help to smooth the effects of
rainfail variations on a downgradient basal-water body
by providing a near-constant source of recharge.

Dug wells, drilled wells, and Maui-type wells (in-
clined shaft to an infiltration gallery) are used to devel-
op basal water on Molokai. Many shallow wells have
been dug along the south shore of eastern Molokai.
Most of these wells develop water from sedimentary
rocks, but some penetrate the underlying volcanic
rocks. Maui-type wells are shafts dug to, or slightly be-
low sea level, with one or more tunnels extending out-
ward 100 to 200 ft to skim fresh water from the surface
of the basal-water body. The four most successful
drilled wells are located east of Kualapuu at an altitude
of about 1,000 ft. These wells withdraw basal water that
has a head of about 10 ft above mean sea level.
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Dike-Impounded Water

The nearly vertical volcanic dikes in the rift zones

of Hawaiian volcanoes retard the horizontal movement
of ground water resulting in water levels significantly

R S Sl SLOLALAIE 222 WG AUVLAD O3 psRa220as

above sea level. Rainwater infiltrates into the lavas be-
tween the dikes and continues to accumulate until the
leakage through the dikes equals the amount of infiltrat-
ing rainwater. Dike-impounded water is probably not
floating on saltwater as does basal water, but is simply
held up by relatively impermeable intrusive rock be-
neath (Takasaki and Mink, 1985). Dike-impounded wa-
ter recharges downgradient basal-water bodies through
joints and gaps in the dikes and where impounded water
overtops dikes (Takasaki and Mink, 1985).

Dike-impounded water has been developed mainly
by horizontal and inclined tunnels. When a dike-im-
pounded water body is first developed, initial flows are
very high in response to rapid deplction of the water
stored. The water levei in the dike-impounded waier
body will lower until a new equlllbnum flow between

sankanoan and dicshasoaas 1o nnkh
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Wailau, Pelekunu, and Waikolu Valleys cut deeply
into the rift zone of the East Molokai Volcano. The
springs and gaining streams in these valleys are exam-
ples of ground water discharging from dike-impounded
water bodies. The Molokai Irrigation System develops
water from streams and wells in Waikolu Valley and
transfers the water through a 5.1-mi development and
transmission tunnel to the dry leeward areas of the
Hoolehua Plain and West Molokai. Ground-water
sources include three drilled wells, one inside the tunnel
and the others outside the east portal in Waikolu Valley,
and water naturally intercepted by the transmission tun-
nel itself. Data collected during and after the construc-
tion of the Molokai Irrigation Tunnel indicate that about
500 Mgal of dike-impounded water was depleted before
anew equilibrium flow of about 2 Mgal/d was reached
(Hirashima, 1963).

Perched Water

Water infiltrating downward through the perme-
able lavas of Hawaiian volcanoes may encounter less-
permeable layers and be temporarily perched by them.
Perched-water bodies are separated from the basal-wa-
ter body by a relatively impermeable layer and by an



unsaturated zone above the basal-water body. These
less permeable layers may be denser lava beds, or soil,
but most are layers of ash up to 2 ft in thickness. In the
high rainfall areas of eastern Molokai and where the
permeability of the ash layers is insufficient to allow all
of the water reaching the ash beds to pass through, some
of the water runs off along the top of the bed in the di-
rection of the steepest siope. Several tunnels yield be-
tween 20,000 and 30,000 galfd of water perched on thin

Ut:llb Ul d.bll. lUl.lllU l.ll l.llU dllut:bll.t:b Ul l.llU UppCl l.llUlllUt'.l
of the East Molokai Volcanics (Stearns and Macdonald,
1947). Most of these tunnels are at an altitude of 1,000
to 2,800 ft.

EVALUATION OF AVAILABLE DATA

Information from an inventory of existing wells
provides a basis for a preliminary assessment of the
ground-water resource in eastern Molokai. Well-con-

struction, water-level chloride r'nnppntmhnn and
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pumping-test information are available in the State De-
partment of Land and Natural Resources, Division of
Water and Land Development's (1991) “Ground Water
Index and Summary” (1991, unpub.). The historical in-
formation on the distribution and rates of ground-water
pumpage, water-level data, chloride-concentration data,
and pumping-test results of test holes, dug wells, Maui-
type wells, and driil wells were collected from weil
owners and from files at the State Commission on Wa-
ter Resource Management and the U.S. Geological Sur-
vey. The number of wells with data are limited, with
only 14 of the 120 registered wells on the island of
Molokai having long-term (10 years or more) records of
ground-water pumpage, water-level, or chloride data
(table 2).

Well numbers in this report follow the local well-
numbering convention for the State of Hawaii (Division
of Water and Land Development, 1991). The well num-
bers contain seven digits based on a latitude-longitude
one-minute grid system. The well numbers, for example

Table 2. Selected wells and available period of record of ground-water pumpage, water-level, and chloride-
concentration data from wells in Waikolu Valley, Kualapuu area, and along the south shore of eastern Molokai,

Hawaii, 1992
[*, observation well; --, no data]
Pumpage Water level Chloride concentration
Periodof ~ Number Periodof ~ Number Periodof ~ Number
Well record of record of record of
years years years
Waikolu Valley
0855-01 196 1—present 31 - -
0855-02 1961-present 31 - -
0855-03 1961-—present 31 - -
Kualapuu area

~0700-01F - 1972 -present 20 T976—present 6
0801-01 1961—present 31 -- 1953—present 39
0801-02 1981-present 11 -- 1979—present 13
0801-03 1991-present 1 - 1991-present 1
0901-01 195Z-present 40 1952-76 24 1952 —preseni 40
0902-01 1950-63 13 1953-61 8 1951-61 10
0905-01* -- 193846 8 1938-49 11

South shore of eastern Molokai

~0443-02% - T970—present 22 1970-71 |
044901 1979-present 13 1947-present 45 1948—present 46
0457-01 1979-present 13 1974-present 18 1948-present 46
0501-04* -- 193845 7 -
0501-05 -- 1947-54 7 -
0601-01* - 1954--present 38 1954—present 38
0603-01* -- 1967-77 10 1967-77 10
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that of Kawela Maui-type well, 4-0457-01, consist of
three parts separated by dashes. The first number is the
island code; “4” identifies Molokai. The island code,
common to all wells discussed, is dropped in this report.
The second four-digit number identifies the well loca-
tion by latitude and longitude. The first two digits rep-
resents minutes of latitude and the second two digits
represent minutes of longitude. The third two-digit
number was assigned sequentially within a one minute
grid from the oldest well to the newest.

Pumpage

Estimated production of ground water on the is-
Iand averaged less than 5 Mgal/d during July 1991.
Most of the basal water is withdrawn from four deep
drilled wells located at an altitude of about 1,000 ft in an
area east of Kualapuu, and from two Maui-type wells at
an altitude of less than 40 ft along the south shore of
eastern Molokai (ﬁg 9). Dike-impounded water is with-

nrrrry e dlecee o A2 Zes RXTASL AT 159 | P

drawn from three drilied wells in Waikolu \ vaucy (fig.
9).

Combined pumpage from the four production
wells in the Kualapuu aquifer system averaged 2.7

Mgal/d in July 1991 (table 3). The combined 24-hour
pumping capacity of the four production wells is 4.99
Mgal/d (table 3) or 71 percent of the estimated sustain-
able yield (7 Mgal/d) for the Kualapuu aquifer system

defined in the Hawaii Water Plan (State of Hawaii,
100M Gironmd_water withdrawale heogan in the lQﬁn‘
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from wells 0902-01, 0801-01, and 0901-01. Wells
0801-02 and 0801-03 were put into service in 1981 and
1991, respectively.

Historical records of the monthly pumpage from
wells near Kualapuu are shown in figure 10. Wells
0902-01 and 0901-01 were used to irrigate pineapple
fields near Kualapuu until the mid 1960's. Well 0902-01
was abandoned when less-expensive surface water from
the Molokai Irrigation System became available in
1964. Pumpage from well 0901-01 was significantly re-
duced in 1966, but since 1976, water from well 0901-01
has been used for domestic and irrigation purposes at a
resort on the west end of the island. Combined pumpage
from well 0801-01 and well 0801-02 has remained rel-

PULESRPINS M . | s |

atively uniform during the period of record; however,

the wet-season pumpage has recently increased. Pump-
aga from wall NRNT_.N2 mgqn in Tnlvu 1901 and hag av-

(.IEU A1Uill Wuldl vouvlTulg GULL 111 JULY L1 duiu o uy

eraged 0.53 Mgal/d during the period of record.

Table 3. Pumping rates and capacities and July 1991 pumpage of wells in Waikolu Valley, Kualapuu area, and

along the south shore of eastem Molokai, Hawaii
[Mgal/d, million gallons per day; --, no data]

Well Pumping rate (gallons per 24-hour pumping capacity July 1991 mean pumpage
minute) (Mgal/d) {(Mgal/d)
Waikolu Valley
0855-01 21,000 1.44 20.48
0855-02 21,000 1.44 %048
0855-03 21,000 1.44 b0.48
Total I U S ..144
Kualapuu area
0801-01 380 0.55 0.18
0801-02 710 1.02 037
0801-03 875 1.26 0.67
0901-01 1,500 2.52 145
Total uueeeereennne 535 e 267
South shore of eastern Molokai
0449-01 “1,000 1.44 0.22
0456-06 75 0.11 --
0456-08 75 0.11 --
0456-09 *75 0.11 --
0457-01 %650 0.94 0.33
Total ...c.eeee... 271 .0.55
AValue is rated pump capacity.

b Value estimated from rated pump capacity and the number of hours pump was in use
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Most ground-water withdrawals along the south
shore of eastern Molokai are from Kawela (0457-01)
and Ualapue (0449-01) Maui-type wells. The annual
mean pumpage for 1991 was 0.3 Mgal/d at Kawela
Maui-type well, and 0.2 Mgal/d at Ualapue Maui-type
well. Less than 0.1 Mgal/d of water is withdrawn from
three drilled wells located just inland of Kawela Maui-
type well. Pumpage records from these wells are not
presently available. The seasonal demand for water is
reflected in all of these records (fig. 10).

Combined pumpage from three production wells in
Waikolu Valley averaged about 1.4 Mgal/d in July 1991
(table 3). The water from these wells is pumped into the
Molokai Irrigation System and used to irrigate the fields
on the Hoolehua Plain. Because pumpage from these
wells is estimated from the rated pump capacity and an
estimated number of hours the pump was in use, long-
term records of monthly pumpage are not presented.

Water Levels

Water levels have been measured periodically at
selected locations on eastern Molokai. The locations for
which water levels are available are limited to the wind-
ward valley of Waikolu, an area east of Kualapuu, and
along the south shore of eastern Molokai. The spatial
and temporal distribution of water-level data is not suf-
ficient to construct an accurate contour map of water
levels for any period of time; however, a generalized
distribution of water levels can be derived from periodic
water-level measurements (fig. 11). Determination of
water-level gradients and directions of ground-water
flow is not possible from the water-level distribution
shown on figure 11, because ihe waier-ievel measure-
ments were made over a 54-year period (table 4).

The altitude and configuration of water levels are
affected by the geometry of the system, the flux of
ground water through the system, and the permeability
of the rocks in the system. The range in water levels
(from greater than 850 ft above mean sea level in wells
located in the windward valley of Waikolu to about 10
ft in wells located east of Kualapuu and 1 to 5 ft in the
wells located along the south shore of eastern Molokai)
indicates that dike-impounded water occurs near the
crest of the mountains, and basal water occurs in the
flanks of the East Molokai Volcano. Ground water im-
pounded by dikes in the northwest rift zone flows
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through joints and gaps and over the top of dikes to the
downgradient basal-water body before discharging to
the sea.

The water-level gradient of the basal-water body
between Kualapuu and Kaunakakai is about 2 ft/mi us-
ing water-level measurements from wells 0801-01
(10.7 ft), 0700-01 (6.1 ft), and 0601-01 (2.5 ft) (fig. 11
and table 4). An anomalously high water level of 8.9 ft
was reported in 1939 for well 0600-01 which is located
in the bottom of Kaunakakai Gulch between Kualapuu
and Kaunakakai at an altitude of 314 ft, and needs to be

confirmed.

Along the south shore of eastern Molokai, water
levels in the area between Umipaa and Kawela range
from 1.1to0 2.5 ft and from 3.8 to 5.0 ft between Kamalo
and Mapulehu (fig. 11). This difference in water levels
may be due to one or more of the following factors: (1)
a shorter ground-water flow path between the crest of
the mountains and the arca between Kamalo and

Nldp‘ult:llu, @a greaier glUU.llu-Wd.lUl flux resulting
from increased recharge between the crest of the moun-

taing and tha aran hatipanan Kamaln and AMarnnilahin  and
LAYy Al UL dlvad UACLYWLACLER InAULLAIY dliu lVl.(.llJI.ll\.,lll.l, LLERLN §

(3) a greater thickness of low-permeability deposits (ca-
prock) that impede ground-water discharge in the area
between Kamalo and Mapulehu compared with the area
between Umipaa and Kawela.

Long-term records of water levels are available for
seven wells (table 2), four of which are for observation
wells. Available hydrographs include the seven long-
term records and an additional four short-term (less than
four years) records (fig. 12). The record for Ualapue
Maui-type well (0449-01) extends over the longest pe-
riod of time, from 1947 to present, but there is no record
for the period 1964 to 1972 (fig. 12). The record for well
0601-01 represents the second-longest period of record,
from 1954 to present (fig. 12).

Regardless of the period of record, when the hy-
drograph for one well is overlain on the hydrograph of
another well for concurrent time periods, the trend in
water levels among wells is consistent. In general, the
hydrographs exhibit seasonal fluctuations on the order
of 0.2 ft resulting from seasonal changes in rainfall and
pumpage and annual fluctuations up to 0.5 ft resulting
from changes in rainfall and pumpage. Long-term
trends in water levels are not evident.
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Figure 10. Monthly mean pumpage from selected wells, east-central Molokai, Hawaii.
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Table 4. Well characteristics and water-level data from wells in Waikolu Valley, Kualapuu area, and along the south
shore of eastern Molokai, Hawaii
Local well number: W is drilled well

T 1s test hole
D is dug well
Well number Well characteristics
Waikolu Valley
0855-01 w22 992 592 989 06-29-61 Department of Agriculture
0855-02 w23 904 604 864 04-03-61 Department of Agriculture
0855-03 w23 965 665 947 07-10-61 Department of Agriculture
Kualapuu area
0700-01 Wwig 982 -101 6.1 04-23-82  Kukui (Molokai), Inc.
0801-01 W16 1,005 90 10.7 05-11-49  Department of Hawaiian Home Lands
0801-02 W16B 1,011 -89 7.8 07-23-79  Department of Hawaiian Home Lands
0801-03 none 1,037 -99 11.7 07-27-87 Maui County
0807-01 none 348 -47 3.0 11-03-75 Kukui (Molokai), Inc.
0901-01 W17 981 -83 104 12-01-50  Kukui (Molokai), Inc.
0902-01 w15 888 -78 10.5 02-01-46  Kukni (Molokai), Inc.
0905-01 T1 398 -17 5.0 11-15-38  U.S. Geological Survey
South shore of eastern Molokai
0352-01 D42 43 3 4.7 03-23-57  Maui County
0352-05 W3l 213 -27 50 11-27-61 Department of Land and Natural Resources
0448-02 S8 21 2 45 10-21-91  Pearl Friel
0449-01 S6 42 3 38 04-17-89 Maui County
0457-01 S4 37 -2 1.8 04-26-90  Maui County
0501-04 S1 28 1 1.1 05-15-43  Molokai Ranch
0501-05 T4 16 -6 25 11-12-53 ~ Maui County
0559-01 w19 273 -14 1.6 07-03-62  Department of Land and Natural Resources
0600-01 T2 314 -10 8.9 09-27-39  Maui County
0601-01 Wil 52 -8 25 09-08-86  Molokai Ranch
0603-01 D14 18 -1 24 01-29-75  Molokai Ranch
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Figure 12. Monthly mean water levels from selected wells, east-central Molokai, Hawaii.
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Figure 12. Monthly mean water levels from selected wells, east-central Molokai, Hawaii--Continued.
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The long-term water-level record in the Kualapuu
area cannot be evaluated because the data are derived
from inaccurate pressure measurements in an air-line.
The hydrographs for pumped wells 0901-01 and 0902-
01 are not reliable because the accuracy of measure-
ments made by an air-line device varies with the accu-
racy of the pressure gages used and the care used in
determining the initial pressure reading (fig. 12). The
hydrograph for Ualapue Maui-type well (0449-01)
shows a downward shifi of about 2 ft between the pre-
1963 data and the post-1972 data (fig. 12). This shift
may be due to a surveying error. The water level in well
0601-01 has increased from the 2.0 (o 2.5 fi range to the
2.5 to 3.0 ft range since 1961 (fig. 12). This increase
may be due to the discontinued use of anearby pumped
well, the discharge of water from the west portal of the
Molokai Irrigation tunnel into Kaunakakai Gulch, or
both. Except for well 0700-01, the seasonal and annual
variations in rainfall (fig. 5) are reflected in the water-
level records (fig. 12).
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Concentrations

The chloride concentration of water from wells in

eastern Molokai has been determined periodically at se-
lected locations. The spatial and temporal distribution
of chloride data is not sufficient to construct an accurate
contour map of chloride concentrations within the bas-
al-water body for any period of time. Records are com-
monly incomplete because data are not collected at
regular time intervals. None of the wells show a signif-
icant long-term increase in chloride concentration;
however, variations due to the quantity of water
pumped, and rainfall are evident. There also are no sites
where information can be obtained on the variation in
chloride concentration with depth through the freshwa-
ter part of the basai-water body and into the zone of
transition between freshwater and saltwater.

Long-term records of chloride concentrations are
available for 9 wells (table 2 and fig. 13). Evaluating
chloride concentration trends from individual wells in
the basal-water body is very difficult. Three of the long-
term records are for wells that are not pumped (fig. 13);
the other six records are for pumped wells with different
rates of ground-water withdrawal and for which con-
struction details, including well depth, are variable (fig.
13). The variation in chloride concentration of water
pumped from an individual well commonly reflects

changes in the rate at which water is withdrawn from
the well. The variation also can reflect changes in rain-
fall and pumping rate.

Along the south shore of eastern Molokai, long-
term records of chloride concentrations are available for
two observation and two pumped wells. The observa-
tion wells are well 0603-01 near Umipaa and well 0601-
01 near Kaunakakai. The water from well 0603-01 is
brackish, with a variation in chloride concentration be-
tween 260 and 750 mg/L during the period 1967 to 1977
(fig. 13). Inland of Kaunakakai at well 0601-01 the av-
erage chloride concentration of water was 93 mg/L with
a seasonal variation of about 100 mg/L during the peri-
od 1954 to 1966 (fig. 13). During the period 1966 to
present the average chloride concentration of the water
sampled decreased to 25 mg/L with a seasonal variation
of about 20 mg/L. The decrease in average and seasonal
variation of chloride concentration may be due to one or
more of the following factors: (1) a change in the depth
from which water samples were collected in the 10 ft
water column, (2) the discontinued use of a nearby
pumped well, (3) the periodic discharge of water from
the west portal of the Molokai Irrigation tunnel into
Kaunakakai Gulch since the early 1960’s, and (4)
changes in rainfall.

Pumped wells along the south shore of eastern
Molokai with long-term records of chloride concentra-
tions are located near Kawela and Ualapue. The chlo-
ride concentration of water pumped from Ualapue
Maui-type well (0449-01), has varied between 50 and
66 mg/L during the period 1971 to 1985; however, after
the severe drought of 1952-53 it reached a maximum of
171 mg/L in September 1954 (fig. 13). At Kawela
Maui-type well (0457-01) the chloride concentration of

wrrndraes e
water pumiped has varied between 37 and 130 mg/L dur-

ing the period 1971 to 1985 (fig. 13). The chloride con-

centration of water from Kawela Maui-type well

(REeTRLUES VY Qava AU QWA A¥AQL T

indicates a greater seasonal variation than that from
Ualapue Maui-type well (fig. 13).

Water from three wells in the Kualapuu area had
higher chloride concentrations immediately after the
wells were constructed or after being temporarily aban-
doned as compared with the chloride concentration of
water obtained after sustained pumping (table 5). All of
these wells are located at an altitude between 888 and
1,011 ft, and penetrate between 78 and 101 ft below sea
level. The chloride concentration of water pumped from
well 0902-01 was 987 mg/L when the well was com-
pleted in 1946 (table 4). After 21 days of pumping at
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Figure 13. Monthly mean chloride concentrations from selected wells, east-central Molokai, Hawaii.
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CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 13. Monthly mean chloride concentrations from selected wells, east-central Molokai,
Hawaii--Continued.
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Table 5. Pumping-test data from selected wells, Molokai, Hawaii
[gal/min, gallons per minute; (gal/min)/ft, gallons per minute per foot; mg/L, milligrams per liter; -- no data]

Chloride
concentration
Well Date Pumpingrate  Drawdown  Specific capacity (mg/L) Duration
(gal/min) (feet) (gal/min)/ft (hours)
begin end
Variable-rate single-well pumping test
0352-05 1962 400 %0.46 870 150 *128 20
2300 *0.25 1,200 128 2152 96
2250 - -- 152 57 72
0449-01 1962 2300 *0.15 1,765 57 257 12
2100 0.06 1,666 57 257 12
0801-02 1979 2800 5.40 148 72 *15 28
700 24.25 165 70 #72 44
350 1.20 292 70 70 1
0801-03 1987 21,000 10.65 93 70 %68 88
2900 .20 145 66 70 2
700 5.00 140 -- -- 3
2600 24.10 i46 - - 1
2500 3.00 167 - -- 2
1058-01 1983 2455 #15.0 30 -- - 1
#395 1.7 34 - - 2
2250 .5 39 -- -- 2
156 5.0 31 20 22 40
144 3.9 37 - -- 2
Constant-rate single-well pumping test

0457-01 1946 820 0.67 1,220 30 310 720
1948 470 - - 20 58 720
0559-01 1962 22 -- - 590 2590 22
0600-01 1939 50 0.25 200 - -- 168
0700-01 1969 2490 13.3 38 390 8445 6
1974 800 -- -- 495 400 240

0801-01 1949 413 250 165 -- 120

1956 2340 - - 268 2264
1957 350 -- - 375 320 3
0807-01 1975 500 8.77 57 1454 1,575 12
0902-01 1946 200 5.0 40 987 375 505

2 Additional time-series data available
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200 gal/min the chloride concentration decreased to
375 mg/L (table 5). Between 1950 and 1961 the chlo-
ride concentration of water pumped varied between 252
and 430 mg/L (fig. 13). The maximum chloride concen-
tration of 430 mg/L occurred in December 1953 at the
end of the severe drought of 1952--53.

During the drilling of well 0801-01 in 1948-49, the
chloride concentration of water bailed from the well
was 645 mg/L at 1,011 ft, 302 mg/L at 1,040 ft, and 237
mg/L at 1,055 ft. The well was completed at a depth of
1,095 ft, and after pumping for 2 hours the water had a
chloride concentration of 120 mg/L (table 5). The chlo-
ride concentration of water from the well was less than
100 mg/L when the well was used during 1953-54 (fig.
13). The well was temporarily abandoned from 1955 to
1957 during which time a maximum chloride concen-
tration of 394 mg/L. was observed (fig. 13). During a 6-
hour pumping test at 350 gal/min in November 1957,
the chloride concentration of water pumped decreased
from 375 to 320 mg/L (table 5). During the period 1975
to present, the chloride concentration of water pumped
from the well has varied between 60 and 100 mg/L (fig.
13).

Well 700N chowed a decreace in r-hlnndp con-
w N
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centration from 495 to 400 mg/L after nine days of
pumping at 800 gal/min in July 1974 (table 5). Bowles
(1974) attributed the high chloride concentrations at the
start of the test to a layer of high-salinity water in the top
60 ft of the basal-water body. However, Lum (1981)
and Nance (1982) showed that the chloride concentra-
tion of water in the well increases with depth, from 230
mg/L at the top of the water column to 410 mg/L at the
bottom of the water columnon August 16, 1982 (Nance,
1982).

The higher chloride concentrations observed in
wells 0801-01, 0902-01, and 0700-01 may result from a
brackish layer of water atop the fresh basal-water lens.
The origin of the brackish water may be salts from sea-
spray deposited on the soil and vegetation of the dry lee-
ward slopes of eastern Molokai (fig. 14). The salts are
then washed down to the water table by infiltrating rain-
fall. The chloride concentration of water pumped from
these wells may have decreased during sustained pump-
ing because of pumping-induced vertical movement of
freshwater located below a layer of brackish water atop
the fresh basal-water body.

Several of the wells in the Kualapuu area have not
shown a significant decrease in chloride concentration

28

after sustained pumping. The chloride concentration of
water pumped from well 0901-01 was 114 mg/L. when
the well was completed in 1950. During the period 1952
to the present, the chloride concentration of water
pumped has varied between 30 and 121 mg/L (fig. 13).
The chloride concentration of water from well 0801-02
was 70 mg/L at the time the well was completed in 1979
and has varied from 50 to 80 mg/L from 1981 to present
(fig. 13). The chloride concentration of water pumped

from WCll UGUI-UJ, which weiit llllU lJlUUULUUIl lll Jllly
1991, has varied between 75 and 100 mg/L.

Hydraulic Information

The only available hydraulic information (trans-
missivity and storage coefficient) for eastern Molokai is
an analysis of a multiple-well aquifer test in Waikolu
Valley (Williams and Soroos, 1973). Historically, the
purpose of testing production wells was to establish a
yield-drawdown relation in order to determine an ac-
ceptable pumping rate and depth of the pump intake;
tests were seldom done to determine aquifer properties.
Since about 1980, variable rate single-well (step-draw-
down) pumping tests have become a routine testing pro-
cedure for most new production wells in the State of
Hawaii. Multiple-well aquifer tests are still uncommon
owing to the cost of constructing observation wells.
Pumping-test data from selected wells are listed in table
5.

The aquifer test in Waikolu Valley was made on
April 3-6, 1961. The aquifer is composed of lava flows
and dikes of the lower member of the East Molokai Vol-
canics. The dikes divide the lava flows into more or less

P (U USRI SIS, (. PR S P L

S¢parai€ COmparumneis anda impound water to more than

850 ft above sea level. Well 0855-02 was pumped at a

rata nf 1 NS galfmin finr AR honre doring which time
rait 01 1,0u0 gayiilill 101 U 110ULDS, Uuliiiy Wikt uinit

water-level measurements were taken at the pumped
well and at an observation well located 75 ft away. The
three methods used to analyze the drawdown data Te-
sulted in transmissivities of 2.0 x 10% to 3.2 x 104 f%/d
and storage coefficients of 4.0 x 107 t0 5.0 x 107 (Wil-
liams and Soroos, 1973). Because well 0855-02 partial-
ly penetrates the aquifer thickness, the transmissivity
and storage coefficient values are considered to be un-
derestimated. Boundaries located 617 and 1,310 ftaway
from the pumped well were identified and presumed to
be volcanic dikes (Williams and Soroos, 1973).
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NEED FOR ADDITIONAL DATA

The evaluation of available ground-water data for
the East Molokai Volcano indicates that additional data

e A e | ey Fialley A e
are needed in order to fully determine the availability of

ground water. Additional observation wells located in
areas of sparse data are needed to collect water-level,
chloride, and aquifer-test data. The additional data, dis-
cussed below, could be used to develop and calibrate a
numerical ground-water flow model to describe and
manage the ground-water resources of the western part

of the East Molokai Volcano.

There are 120 registered wells on the island of
Molokai; however, the spatial distribution of these
wells is limited for the most part to a narrow strip along
the south shore of eastern Molokai, an area east of Kua-
lapuu, and Waikolu Valley. Only fourteen of the 120
registered wells have records of ground-water pump-
age, water-level, or chloride data for a period of 10
years or more. Data from a network of observation
wells distributed throughout the western part of the East
Molokai Volcano are needed to consiruct an accurate
contour map of water levels and chloride concentra—
l.iGﬂS, a.l'id I.U dblbll.lll.llb Lh(— uyunaulu., l_}lUl}\al I.I.UD (.l.lld
boundaries of the ground-water flow system. Contour
maps of water levels and chloride concentrations are
needed to determine ground-water flow directions and

mixing processes.

To interpret trends in water-level and chloride da-
ta, water-level measurements and water samples need to
be collected from observation wells rather than pumped
wells. Data collected from pumped wells are ambiguous
because of different rates of ground-water withdrawal
and a lack of consistent construction details, including
well depth. Data should be collected at regular time in-
tervals, preferably monthly. The U.S. Geological Sur-
vey, in cooperation with the State Commission on
Water Resource Management, presently collects water-
level and/or chloride data at 6 to 8-week intervals from
9 wells on Molokai. There are only three observation
wells in the program, none of which are equipped with
a continuous ground-water level recorder. A continuous
record of water levels would allow determination of
barometric, tidal, and seasonal and long-term rainfall
effects on ground-water levels.

Profiles of chloride concentration with depth
through the freshwater part of the basal-water body and
into the underlying transition zone are needed to deter-
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mine the chloride concentration distribution with depth
and to evaluate the effect of ground-water withdrawals
on the chloride concentration distribution in the basal-
water body. To accomplish this, a deep monitoring well
open below the water table could be located in the vicin-
ity of the existing production wells to the east of Kual-
apuu. Deep monitoring wells also could be used to help
determine the distribution and transport of saits in the
Kualapuu area.

Finally, information from aquifer tests is needed to
describe permeability of the rocks in the western part of
the East Molokai Volcano. The use a of pumped well
and one or more observation wells allows for the deter-
mination of transmissivity and storage coefficient val-
ues. Transmissivity values also can be obtained from
pumping-well drawdown data if a variable (step-draw-
down) and constant-rate test is made.

SUMMARY

Fresh eronnd water on Molokai is contained in the

EAVSLL PAUUIRG VY GLLE U AVAUVIURGRL 5 LAURiaiAs 22

rocks of the East Molokai Volcano. The East Molokai
Volcano is built largely of permeable basaltic lavas
which erupted from a summit caldera and along east and
northwest rift zones. Ground water in the East Molokai
Volcano flows from the dike-impounded water bodies
located in the rift zones near the crest of the mountains
into streams, springs, and a basal-water body before dis-
charging to sea. Recharge to the basal-water body oc-
curs by direct infiltration of rainwater and by flow from
upgradient dike-impounded water bodies.

Estimated ground-water withdrawals from Molo-
kai averaged less than 5 Mgal/d during 1991. Most bas-
al-water withdrawal is from four deep drilled wells at an
altitude of about 1,000 ft in an area east of Kualapuu,
and from two Maui-type wells located at an altitude of
less than 40 ft along the south shore of the East Molokai
Volcano. Dike-impounded water is withdrawn from
three drilled wells in Waikolu Valley.

Long-term records of either ground-water pump-
age, water-level data, or chloride data are available for
only 14 of the 120 registered wells on the island of
Molokai. Available water-level and chloride records are
inadequate, because data were not collected at regular
time intervals. Information is not presently available on
the variation in chloride concentration with depth
through the freshwater part of the basal-water body and



into the zone of transition between freshwater and salt-
water.

The altitude and configuration of water levels are
govemed by the geometry of the ground-water system,
the flux of ground water through the system, and the
permeability of the rocks in the system. The range in
water levels from greater than 850 ft in wells located in
the windward valley of Waikolu to about 10 ft in wells
east of Kualapuu indicates that dike-impounded ground
water occurs in the rift zone of East Molokai Volcano,
whereas basal water occurs in the flanks of the volcano
east of Kualapuu. Ground water impounded by volcanic
dikes flows through joints and gaps and over the top of
dikes to the downgradient basal-water body. The water-
level gradient of the basal-water body between Kualap-
uu and Kaunakakai is about 2 ft/mi on the basis of wa-
ter-level measurements from wells 0801-01 (10.7 ft),
0700-01 (6.1 ft), and 0601-01 (2.5 f1).

Along the south shore of eastern Molokai, water

ievels in the area between Umipaa and Kawela range
from 1.1 to 2.5 ft and between Kamalo and Mapulehu
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they range from 3.8 to 5.0 ft. This difference in water

levels may be a result of one or more of the following
factors: (1) a shorter ground-water flow path, (2) a
greater ground-water flux, and (3) a greater thickness of
low-permeability deposits (caprock).

Long-term records of chloride concentrations are
available for ten wells. Six of the ten records are for
wells with different pumping rates and construction de-
tails, including well depth. Water from three of the
wells had higher chloride concentrations when the wells
were constructed or temporarily abandoned as com-
pared with the chloride concentrations measured after
sustained pumping. The chloride concentration of water
pumped from wells 0801-01 and 0902-01 decreased
during sustained pumping probably as a result of pump-
ing-induced vertical movement of freshwater located
below a layer of brackish water atop the fresh basal-wa-
ter body.

The only available hydraulic information is for an
analysis of an aquifer test made in Waikolu Valley. A
transmissivity of 2.0 x 10* 103.2x 10* ft2/d and a stor-
age coefficient of 4.0 x 1073 10 5.0 x 102 was estimated
for the lower member of the East Molokai Volcanics us-
ing three different methods (Williams and Soroos,
1973). These values are considered to be underestimat-
ed because the well is partially penetrating. Boundaries
located 617 and 1,310 ft away from the pumped well
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were identified and presumed to be volcanic dikes (Wil-
liams and Soroos, 1973). Since about 1980, variable-
rate single-well (step-drawdown) pumping tests have
become a routine testing procedure for most new pro-
duction wells. Multiple-well aquifer tests are still rare
owing to the cost of constructing observation wells.

The evaluation of available ground water data for
the East Molokai Volcano indicates that additional data
are needed in order to determine the availability of
ground water. In most cases the need involves addition-
al observation wells that would allow water-level, chlo-
ride, and aquifer-test data to be collected in areas of
sparse data. The additional data could be used to devel-
op and calibrate a numerical ground-water flow model
to describe and manage the ground-water resources of
the western part of the East Molokai Volcano.

Data from a network of observation wells distrib-
uted throughout the western part of the East Molokai
Volcano are needed to construct contour maps of water
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hydraulic properties and boundaries of the ground-wa-

ter flow system. Contour maps of water levels and chlo-

ride concentrations are needed to determine ground-
water flow directions and mixing processes. Deep mon-
itoring wells are needed to help determine the distribu-
tion and transport of salts in the Kualapuu area. Profiles
of chloride concentration with depth through the fresh-
water part of the basal-water body and into the underly-
ing transition zone are needed to determine the
chloride-concentration distribution with depth and to
evaluate the effect of ground-water withdrawals.
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