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Geohydrology and Numerical Simulation of the Ground-
Water Flow System of Molokai, Hawaii

By Delwyn S. Oki
Abstract

A two-dimensional, steady-state, areal
ground-water flow model was developed for the
island of Molokai, Hawaii, to enhance the under-
standing of (1) the conceptual framework of the
ground-water flow system, (2) the distribution of
aquifer hydraulic properties, and (3) the regional
effects of ground-water withdrawals on water lev-
els and coastal discharge. The model uses the
finite-element code AQUIFEM-SALT, which sim-
ulates flow of fresh ground water in systems that
may have a freshwater lens floating on denser
underlying saltwater.

Model results are in agreement with the gener-
al conceptual model of the flow system on Molo-
kai, where ground water flows from the interior,
high-recharge areas to the coast. The model-calcu-
lated ground-water divide separating flow to the
northern and southern coasts lies to either the north
or the south of the topographic divide but is gener-
ally not coincident with the topographic divide.

On the basis of model results, the following
horizontal hydraulic conductivities were estimated:
(1) 1,000 feet per day for the dike-free volcanic
rocks of East and West Molokai, (2) 100 feet per
day for the marginal dike zone of the East Molokai
Volcano, (3) 2 feet per day for the West Molokai
dike complex, (4) 0.02 feet per day for the East
Molokai dike complex, and (5) 500 feet per day for
the Kalaupapa Volcanics.

Three simulations to determine the effects of
proposed ground-water withdrawals on water lev-
els and coastal discharge, relative to model-calcu-
lated water levels and coastal discharge for 1992—

96 withdrawal rates, show that the effects are wide-
spread. For a withdrawal rate of 0.337 million gal-
lons per day from a proposed well about 4 miles
southeast of Kualapuu and 3 miles north of
Kamiloloa, the model-calculated drawdown of
0.01 foot or more extends 4 miles southeast and 6
miles northwest from the well. For a withdrawal
rate of 1.326 million gallons per day from the same
well, the model-calculated drawdown of 0.01 foot
or more extends 6 miles southeast and 9 miles
northwest from the well. In a third scenario, the
withdrawal rate from an existing well near Kua-
lapuu was increased by 0.826 million gallons per
day. The model-calculated drawdown of 0.01 foot
or more extends 6 miles southeast and 8 miles
northwest from the well. In all scenarios, coastal
discharge is reduced by an amount equal to the
additional withdrawal.

Additional data needed to improve the under-
standing of the ground-water flow system on
Molokai include: (1) a wider spatial distribution
and longer temporal distribution of water-levels,
(2) independent estimates of hydraulic conductivi-
ty, (3) improved recharge estimates, (4) informa-
tion about the vertical distribution of salinity in
ground water, (5) streamflow data at additional
sites, and (6) improved information about the sub-
surface geology.

INTRODUCTION

In response to projected water demand on the
island of Molokai, the State of Hawaii Commission on
Water Resource Management (CWRM) designated the
entire island as a Ground Water Management Area in
1992. This action authorized the State to manage



ground-water withdrawals on Molokai through a per-
mitting process to protect the water resources of the
island.

The reported annual mean pumpage for Molokai
during 1996 was 4.336 Mgal/d (million gallons per day)
(computed from data supplied by Neal Fujii, CWRM,
written commun., 1997); as of June 1997, the permitted
ground-water withdrawals on Molokai totaled 8.844
Mgal/d (Neal Fujii, CWRM, written commun., 1997).
Ground-water withdrawals on Molokai are currently
limited by sustainable yield estimates for 16 areas
denoted as aquifer systems, mainly delineated on the
basis of topographic divides by Mink and Lau (1992).
The total estimated sustainable yield for Molokai is 83
Mgal/d (State of Hawaii, 1990), which is considerably
greater than the permitted uses of 8.844 Mgal/d. The
sustainable yield estimates, however, were made on the
basis of an analytical model that does not consider
ground-water flow across aquifer system boundaries or
the regional effects of withdrawals on ground-water
levels, streamflow, and coastal springs. Current knowl-
edge of the hydrologic effects of ground-water with-
drawals on Molokai is limited. Given that withdrawals
from one aquifer system can affect water levels, water
quality, coastal discharge, and surface water-ground
water interactions in other aquifer systems, a better
understanding of the ground-water flow system of
Molokai is needed for water-resource management pur-
poses.

In cooperation with the State of Hawaii Depart-
ment of Hawaiian Home Lands (DHHL), the U.S. Geo-
logical Survey (USGS) undertook an investigation of
the ground-water flow system of Molokai. A numerical
ground-water flow model of the entire island of Molo-
kai was developed to enhance the understanding of (1)
the conceptual framework of the ground-water flow
system, (2) the distribution of aquifer hydraulic proper-
ties, and (3) the regional effects of ground-water with-
drawals on water levels and coastal discharge. During
the course of this investigation, data needs for improv-
ing the understanding of the ground-water flow system
were identified.

Purpose and Scope

The purpose of this report is to describe (1) the
geologic and hydrologic setting of Molokai, (2) the
numerical ground-water flow model developed, (3) the

results of model simulations that qualitatively assess the
hydrologic effects of withdrawals at rates in excess of
the average 1992-96 rates, and (4) data needs.

No new data were collected as part of this study;
only existing water-level, ground-water withdrawal,
and streamflow information were used to develop the
conceptual framework of the ground-water flow sys-
tem. A numerical ground-water flow model was used to
refine the conceptual framework and to estimate the
effects of different withdrawal scenarios on regional
ground-water levels and ground-water discharge. The
numerical model used data from the period 1954-61 to
estimate hydraulic properties of the volcanic rocks and
coastal deposits. Average ground-water withdrawals for
1992-96 and estimated long-term average natural
recharge were used in the model to simulate ground-
water levels and discharge, which in turn were used as
the base to compute simulated drawdown and change in
discharge for three withdrawal scenarios.

Well-Numbering System

Wells mentioned in this report are numbered
according to the State of Hawaii numbering system.
Well numbers contain seven digits and are based on a
latitude-longitude one-minute grid system. Well num-
bers are of the form:

a-bbcc-dd,

where:
a is the island code;

bb is the minutes of latitude of the southeastern
corner of the one-minute grid;

cc is the minutes of longitude of the southeastern
corner of the one-minute grid; and

dd is the sequential well number within the one-
minute grid.

An island code of “4” is used for all wells on Molo-
kai and is omitted in this report.

Description of Study Site

Physical Setting

The island of Molokai, which has an area of 261
mi?, is the fifth largest of the Hawaiian islands and is
located between longitude 157°20°W and 156°40°'W
and between latitude 21°00°N and 21°15°N (fig. 1). It























































































































































































