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Evaluation of Ground-Water Resources From Available

Data, 1992, East Molokai Volcano, Hawaii

By Stephen S. Anthony

Abstract

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 chloride concentration are
available for eleven wells; however, only seven of
these records are for observation wells. 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. Because water-level
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.

INTRODUCTION

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
an altitude of 1,380 ft. The younger East Molokai Vol-
cano rises to an altitude of 4,970 ft. The lavas of the East
Molokai Volcano overlap the eastern flank of the West
Molokai Volcano to form the Hoolehua Plain.

To assist in the management of water resources,
the Water Resources Protection Plan of the Hawaii Wa-
ter Plan (State of Hawaii, 1990) adopted an aquifer clas-
sification scheme and nomenclature to describe the
occurrence of ground water in the Hawaiian islands.
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-
ern 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









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 (Mgal/d) (Mgal/d)

Department of Hawaiian Home Lands 0.38 27.0
Department of Water Supply 0.59 25
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

T01Al ..cveeereeereesvreeenennee 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 resulted in a need
for a comprehensive ground-water availability study of
the Kualapuu aquifer.

In April 1992, the U.S. Geological Survey, in co-
operation with the State of Hawaii Department of Ha-
waiian Home Lands and the Commission on Water
Resource Management, began a study to describe the
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.

Purpose and Scope

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 Volcano.

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 chloride data in an attempt to
determine temporal and spatial changes. 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 Lindgren (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.



Steams 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 (1941) estimated the altitude of the basal
water table in the western half of the island of Molokai
from electrical resistivity 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 southemn 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-
graphic-induced rainfall along the northern half of east-
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 guiches 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 Stearns and Macdonald (1947). Langenheim
and Clague (1987) have updated the volcanic stratigra-
phy of Steamns (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
rift zones. About 16 small spatter and 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
lavas of West Molokai Volcano are partly overlain to
the east by the lavas of the East Molokai Volcano. The
age of the West Molokai Volcanics is considered to be
Pliocene and Pleistocene on the basis of K-Ar determi-
nations by Naughton and others (1980).

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 (Macdonald 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)
(Steamns 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
(Steamns 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 Pleistocene, but its lowermost flows are
Pliocene on the basis of K-Ar age determinations on its
lower and upper members (McDougall, 1964; Naugh-
ton and others, 1980).

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).

Deposition of marine and terrigenous sediments
has built a nearly 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

Rainfall is highest on the crest and windward
slopes of eastern Molokai and decreases rapidly toward
the leeward coast (fig. 4). Rainfall on Molokai results
principally from the orographic ascent of northeasterly
tradewinds over eastern Molokai. The prevailing oro-
graphic rainfall pattern 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).

















































































