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Evaluation of the U.S. Geological Survey Ground-Water
Data-Collection Program in Hawaii, 1992

By Stephen S. Anthony

Abstract

In 1992, the U.S. Geological Survey ground-
water data-collection program in the State of
Hawaii consisted of 188 wells distributed among
the islands of Oahu, Kauai, Maui, Molokai, and
Hawaii. Water-level and water-quality (tempera-
ture, specific conductance, and chloride concentra-
tion) data were collected from observation wells,
deep monitoring wells that penetrate the zone of
transition between freshwater and saltwater, free-
flowing wells, and pumped wells. The objective of
the program was to collect sufficient spatial and
temporal data to define seasonal and long-term
changes in ground-water levels and chloride con-
centrations induced by natural and human-made
stresses for different climatic and hydrogeologic
settings. Wells needed to meet this objective can be
divided into two types of networks: (1) a water-
management network to determine the response of
ground-water flow systems to human-induced
stresses, such as pumpage, and (2) a baseline net-
work to determine the response of ground-water
flow systems to natural stresses for different cli-
matic and hydrogeologic settings. Maps showing
the distribution and magnitude of pumpage and the
distribution of proposed pumped wells are pre-
sented to identify areas in need of water-manage-
ment networks. Wells in the 1992 U.S. Geological
Survey ground-water data-collection program were
classified as either water-management or baseline
network wells. In addition, locations where addi-
tional water-management network wells are
needed for water-level and water-quality data were
identified.

INTRODUCTION

The U.S. Geological Survey (USGS) has been col-
lecting ground-water data in Hawaii since the early
1900’s. The first systematic ground-water data-collec-
tion program in Hawaii was designed to estimate the
amount of water discharging from artesian wells on the
island of Oahu, and where possible, to collect water-
level and chloride-concentration data from these wells
(K.J. Takasaki, USGS, oral commun., 1992). The pro-
gram resulted in monthly water-level and chloride-con-
centration data from more than 100 wells for the period
1923 through 1970.

The existing USGS ground-water data-collection
program in Hawaii was established in 1972 to document
baseline ground-water conditions on the major Hawai-
ian islands of Oahu, Kauai, Maui, Molokai, and Hawaii.
The program began with a field inventory of about 600
wells and selection of about 170 wells where existing
knowledge of geologic and hydrologic conditions indi-
cated a need for more detailed water-level and chloride-
concentration data. The distribution of wells and the
type of data collected occasionally have been adjusted
to improve coverage, to take advantage of new wells
constructed, and to replace wells destroyed or lost. The
program is operated and maintained by the USGS in
cooperation with the State of Hawaii, Department of
Land and Natural Resources, Commission on Water
Resource Management (CWRM) and consisted of 188
wells in 1992.

Decisions related to ground-water use and devel-
opment in Hawaii are the responsibility of the CWRM.
These decisions depend on accurate spatial and tempo-
ral hydrologic data. As a result, the CWRM and the
USGS have undertaken a study to evaluate the useful-
ness and effectiveness of the USGS ground-water data-
collection program. To evaluate the program, the objec-
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tives and the wells needed to meet these objectives need
to be identified. Once this is accomplished, it is then
possible to determine which wells in the program are
providing useful data and where additional wells are
needed for water-level and chloride-concentration data.

This report describes an evaluation of the 1992
USGS ground-water data-collection program in
Hawaii. The occurrence of ground water in the Hawai-
ian islands is briefly described. Objectives for the data-
collection program are identified followed by a descrip-
tion of well networks needed to prepare maps of water
levels and chloride concentrations. For the islands of
QOahu, Kauai, Maui, Molokai, and Hawaii, the wells in
the 1992 ground-water data-collection program are
described followed by maps showing the distribution
and magnitude of pumpage, and the distribution of pro-
posed pumped wells. Wells in the 1992 USGS ground-
water data-collection program that provide useful data
for mapping water levels and chloride concentrations
are identified followed by locations where additional
wells are needed for water-level and chloride-concen-
tration data. In addition, a procedure to store and review
data is described.

OCCURRENCE OF GROUND WATER

The occurrence of fresh ground water in the
Hawaiian islands is determined by the rate of recharge
from rainfall and by the permeability of the rocks and
sediments. The permeability of Hawaiian lava flows is
highly variable and mainly dependent on the individual
lava-flow thickness. Where lava flows are thin (less
than 10 ft), such as on the flanks of the volcanoes, they
are extremely permeable owing to a large percentage of
inter- and intraflow void space through which ground
water can move. Thick lava flows (greater than 30 ft)
have less void space and their permeability may be as
much as two to three orders of magnitude lower than in
thin lava flows. Thick lava flows commonly form when
anew lava flow fills a pre-existing depressional feature
such as a caldera, a stream valley, or a coastal embay-
ment.

Ground water in Hawaii occurs in two modes.
Basal water, which refers to a body of freshwater float-
ing on and displacing saltwater near sea level, is the
most areally extensive form of ground water in Hawaii.
High-level water is less common and is either
impounded within compartments formed by relatively

less permeable dikes or perched on low-permeability
layers such as ash beds, buried soil horizons, and dense
lava flows. In general, ground water flows from the
dike-impounded water bodies located near the crests of
the mountains into streams, springs, and the basal-water
body before discharging to the ocean. A generalized
hydrogeologic section illustrates the relation between
modes of ground-water occurrence in Hawaii (fig. 1).

Basal water typically occurs in highly permeable
lava flows or to a lesser extent in low-permeability sed-
imentary deposits near the shore. The water table of
basal-water bodies typically has a head of less than 3 ft
above sea level at the shore, rising inland at about 1
ft/mi (Hunt and others, 1988). Because of density dif-
ferences between freshwater and saltwater, freshwater
extends to depths below mean sea level of about 40
times the altitude of the water table. This is referred to
as the Ghyben-Herzberg relation (Bear, 1979). The
change from freshwater to saltwater is gradual through
a zone of transition between freshwater and saltwater.
In some coastal areas where lava flows are thick, the
permeability of the rocks is much lower and the water
table may rise to several hundred feet above sea level.
The vettical extent of freshwater below sea level in
these areas may not be controlled by the Ghyben-
Herzberg relation. Thick basal-water bodies also are
formed where low-permeability sedimentary deposits,
called caprock in Hawaii, retard the discharge of ground
water at the coast. The occurrence of a caprock at the
coast results in a confined basal-water body beneath the
caprock and an unconfined basal-water body inland of
the caprock where the water table is a few feet higher
than it would be if the caprock were absent.

Dug wells, Maui-type wells (horizontal infiltration
galleries), and drilled wells are used to develop basal
water. Most of the shallow dug wells develop water
from the caprock found along the shore, but some pen-
etrate the underlying volcanic rocks. Maui-type wells
are dug to, or slightly below sea level, with one or more
tunnels extending outward to skim freshwater from the
surface of the basal-water body. Drilled wells, located
inland of the dug and Maui-type wells at altitudes typi-
cally less than 1,000 ft, are used to develop potable
water supplies. When water is pumped from one of
these wells, the lowering of water levels associated with
pumping cause a local rise in the saltwater beneath the
well. As a result, the chloride concentration of the
pumped water is a constraint on the availability of fresh-
water from wells in a basal-water body.
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The nearly vertical dikes in the rift zones of Hawai-
ian volcanoes retard the flow of ground water, resulting
in water levels significantly above sea level. Rainwater
infiltrates into the lavas between the dikes and contin-
ues to accumulate until the flow through the dikes
equals the amount of infiltrating rainwater. Dike-
impounded water may not float on saltwater as does
basal water, but could simply be held up by denser
intrusive rock beneath (Takasaki and Mink, 1985).
Water discharges from dike compartments through
joints and gaps in the dikes and where impounded water
overtops dikes (Takasaki and Mink, 1985). Develop-
ment of dike-impounded water consists of: (1) simple
diversions of water from springs and spring-fed streams
which are supplied by dike-impounded water, (2) tun-
nels that penetrate dikes impounding water, and (3)
drilled wells that penetrate dike-intruded lavas.

Water infiltrating downward through permeable
lavas may become temporarily perched by less perme-
able layers. Perched-water bodies are separated from
the basal-water body by a low-permeability layer and
by an unsaturated zone above the basal-water body.
These less-permeable layers may be denser lava flows
or soil, but most are layers of ash as much as 2 ft thick.
Development of perched-water bodies has been prima-
rily by tunnels that follow the perching layers. Flow
from perched-water bodies tends to be relatively unsta-
ble owing to the limited areal extent of perching layers,
small storage, and quick response to rainfall.

OBJECTIVES OF THE GROUND-WATER
DATA-COLLECTION PROGRAM

Ground-water data-collection programs need to be
designed and implemented with specific objectives so
that meaningful data are collected. As part of this study,
the USGS, in cooperation with the CWRM, identified
the following objectives for the USGS ground-water
data-collection program in Hawaii. The 1992 USGS
ground-water data collection program is evaluated with
regard to these objectives, which are to collect sufficient
spatial and temporal data to:

1. Define seasonal and long-term changes in ground-
water levels and chloride concentrations induced by
human-made stresses such as pumpage.

2. Define seasonal and long-term variations in ground-
water levels and chloride concentrations induced by
natural stresses for different climatic, and
hydrogeologic settings.

Wells needed to meet these objectives can be
divided into two types of networks: (1) a water-manage-
ment network to determine the response of ground-
water flow systems to human-induced stresses, such as
pumpage, and (2) a baseline network to determine the
response of ground-water flow systems to natural
stresses for different climatic and hydrogeologic set-
tings (table 1). An analysis of the water-level and chlo-
ride-concentration data collected from these networks
will provide information on: (1) the extent of aquifers,
(2) changes in ground-water storage, and (3) the degree
of confinement by considering the effect of precipita-
tion, oceanic tides, and barometric pressure on ground-
water levels. In addition, the data will provide informa-
tion for the calibration and verification of ground-water
flow models, and the design and management of
ground-water withdrawal and waste disposal systems.
The water-management and baseline network concept
presented in this report was modified from the work of
Heath (1976) and Reilly (1993).

Water-Management Network

Wells in a water-management network are used to
determine the response of ground-water flow systems to
human-induced stresses such as pumpage. The water-
level and chloride-concentration data collected from
water-management wells are needed for estimating
ground-water availability and identifying overdevelop-
ment. Water-management networks ideally consist of
observation wells randomly spaced over an area of
interest. The number of wells needed depends on the
hydrogeologic framework of the ground-water flow
system, the number and magnitude of human-induced
stresses, and the level of detail needed. Water-manage-
ment networks are most easily applied to thin basal-
water bodies where the dominant ground-water flow
direction is horizontal.

Water-level data collected from wells in a water-
management network can be used to determine the
extent of aquifers and changes in ground-water storage
by comparing water-table maps separated by significant
periods of time, such as several years. The water-table
maps being compared need to be constructed from
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Table 1. Summary of observation-well networks
[modified from Heath, 1976]

Network Objectives

Products

Water-management. ... ... Define status of storage

Define areal extent of aquifer

Determine distribution of freshwater and the

Water-table maps

Maps showing net change in water level or storage
over a selected period

Graphs showing change in water levels with time

Chloride-concentration maps

zone of transition between freshwater and salt- Graphs showing change in chloride concentrations

water

Baseline................

with time
Graphs showing chloride concentrations as a func-
tion of pumping rates

Define effect of climate on ground-water storage Hydrographs showing natural changes in storage for
Define effect of geology on climate response

different hydrogeologic settings in each climatic
zone

water-level data collected during a relatively short
period of time, such as several months to avoid seasonal
variations in water levels. Such maps are usually pre-
pared for extensive basal-water bodies, such as the Pearl
Harbor ground-water area on Oahu, that are either
already heavily developed or are undergoing rapid
development. The first time an area is mapped, it is
desirable to obtain data from as many wells as possible
that are open to the same aquifer or water-bearing zone.
The location and depth of observation wells needed in a
water-management network requires careful consider-
ation if useful information is to be obtained from them.
It is best if the wells are installed with short screens
because this enables water-level and chloride-concen-
tration data to be defined in three-dimensional space. In
addition, the effect of oceanic tides and nearby pumped
wells on water levels needs to be considered. In coastal
locations where a basal-water body is confined by a
low-permeability caprock, data needs to be collected
from both the confined basal-water body and the over-
lying unconfined water body contained in the caprock.
Vertical-flow gradients must also be defined in thick
basal-water bodies where the water table is several hun-
dred feet above sea level. This can be accomplished
with clusters of observation wells penetrating various
depths within the thick basal-water body. The configu-
ration of the water table in thick basal-water bodies can
be obtained from a network of observation wells drilled
to the first occurrence of water in the hole. Network
management will identify wells not needed in the prep-
aration of subsequent maps and areas with an insuffi-
cient distribution of wells.

Chloride-concentration data collected from wells
in a water-management network can be used to deter-
mine the areal and vertical distribution of fresh ground
water. Pumped wells can be used to monitor the chlo-
ride concentration of water pumped from a well field.
Because of differences in the rate of ground-water
pumpage and well depth, however, data from pumped
wells are difficult to interpret. For this reason, data from
observation wells is preferred to data from pumped
wells. Observation wells open to the producing zone
and located at different distances from centers of pump-
ing can be used to monitor the lateral movement of the
saltwater into an area of freshwater. Deep monitoring
wells can be used to define the vertical distribution of
freshwater and zone of transition between freshwater
and saltwater. In the vicinity of pumping centers, deep
monitoring wells can be used to monitor the vertical
movement of the zone of transition between freshwater
and saltwater by comparing data separated by a signifi-
cant period of time, such as a year or several years. If the
zone of transition between freshwater and saltwater
rises beneath a pumping center such that the chloride
concentration of water produced becomes unaccept-
able, or nearly so, the rate of withdrawal from the
pumping center can be reduced by either trial and error
or by using numerical models to estimate pumping rates
acceptable for producing the quality of water needed.

Baseline Network

Wells in a baseline network are located in areas not
significantly affected by human-induced stresses. The
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water-level and chloride-concentration data collected
from these wells can be used to determine the response
of the ground-water flow system to variations in climate
and hydrogeologic setting. This network would consist
of (1) wells that show only the effect of spatial varia-
tions in climate on ground-water storage, and (2) wells
that show how climatic effects are modified by different
hydrogeologic settings. The baseline network also is
needed in the interpretation of data from the water-man-
agement network.

EVALUATION OF THE GROUND-WATER
DATA-COLLECTION PROGRAM

Decisions related to ground-water use and devel-
opment in Hawaii are the responsibility of the CWRM.
Of immediate concern to the CWRM are areas where
proposed ground-water withdrawals may affect the
availability of fresh ground water for existing ground-
water withdrawals and/or instream uses of ground-
water discharge in streams (R.M. Loui, Commission on
Water Resource Management, oral commun., 1993). To
meet this immediate concern, the scope of this evalua-
tion is focused on: (1) identifying areas that need to be
included in water-management networks, (2) identify-
ing wells in the 1992 USGS ground-water data-collec-
tion program that need to be included in water-
management networks, and (3) identifying locations
where additional water-management wells are needed.
As a result, the wells in the 1992 USGS ground-water
data-collection program that were not classified as
water-management wells have been classified as base-
line wells; however, the historical data collected from
these baseline wells have not been evaluated to deter-
mine which wells are providing useful data. The data
storage and review process described in this report can
be used to determine which baseline wells are providing
useful data and where additional wells are needed for
baseline data.

In 1992, the USGS ground-water data-collection
program consisted of 188 wells distributed among the
islands of Oahu, Kauai, Maui, Molokai, and Hawaii.
Water-level and water-quality (temperature, specific
conductance, and chloride concentration) data were col-
lected from: (1) observation wells, (2) deep monitoring
wells that penetrate the zone of transition between
freshwater and saltwater, (3) free-flowing wells that
penetrate a confined basal-water body, and (4) pumped

wells. Most of the data collected as part of the program
are published annually in the USGS Water-Data Report
series (see, for example, Matsuoka and others, 1992).
As part of this evaluation, the records of each well in the
program were examined to determine: (1) the period of
record of water-level and water-quality data, (2) if there
is duplication of record from an adjacent well, (3) if the
well is measured by well owner or another agency, and
(4) if the well depth, and interval of the well open to
aquifer material is known.

To identify areas in need of water-management
networks, maps showing the distribution and magnitude
of pumpage, and the distribution of proposed pumped
wells were made. The distribution and magnitude of
pumpage is based on a March 1993 compilation of wells
with pumpage data reported to the CWRM (Richard
Jeani, Commission on Water Resource Management,
written commun., 1993). Well owners who pump more
than 50,000 gal/mo are required to report pumpage data
to the CWRM. Annual totals and daily averages of
pumpage were computed for wells contained in this
data set. The distribution of proposed pumped wells is
based on a March 1993 compilation of wells for which
well-construction or pump-installation permits have
been issued by the CWRM (Ed Sakoda, Commission on
Water Resource Management, written commun., 1993).

Areas that need to be included in water-manage-
ment networks were determined by estimating the areal
extent of the cone of depression resulting from major
pumping centers. “Major,” as used here, cannot be pre-
cisely defined but implies a rate of withdrawal large
enough to produce measurable drawdowns in an area of
at least several square miles (Heath, 1976). The areal
extent of the cone of depression was estimated to
encompass a radius equal to the distance from the major
pumping center to the nearest discharge boundary,
which was assumed to be the nearest shore. Owing to
the expense of constructing observation wells, the
inland boundary of a water-management network was
limited to an altitude of less than 1,000 ft for monitoring
basal-water bodies which occur near sea level.

After defining the areas that needed to be included
in water-management networks, the wells in the data-
collection program were then classified as being in
water-management or baseline networks. Because the
distribution of wells in the data-collection program was
not sufficient to meet the water-management network
objectives, locations where additional water-manage-
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ment network wells are needed were identified. For
each of these locations, however, it was beyond the
scope of this study to determine if: (1) a well suitable for
measurement already existed, (2) drilling an observa-
tion well was feasible, and (3) ground-water data col-
lected by a well owner or another agency was sufficient
for the purposes of the network. Where possible, how-
ever, a candidate well for each of the needed locations
is identified.

Oahu

The island of Oahu is the highly dissected remnant
of two shield volcanoes, the Waianae (older) and the
Koolau (younger) (fig. 2). The original shield shapes of
the volcanoes have eroded into two northwest-trending
mountain ranges. Steeply dipping geohydrologic fea-
tures, such as eruptive feeder dikes and weathered val-
ley fills, impede ground-water flow causing abrupt
discontinuities in the potentiometric surface across
them (Stearns and Vaksvik, 1935). Within the mountain
ranges, volcanic dikes impound ground water as much
as 1,600 ft above sea level. In the Schofield area of cen-
tral Oahu, ground water is impounded to altitudes of
270 ft or more in the Koolau Basalt by subsurface struc-
tures of low permeability (fig. 3). The impounding
structures are possibly dikes or buried weathered ridges
of the Waianae Volcanics. Between prominent ground-
water-flow barriers the potentiometric surface is
smoothly continuous, and ground water occurs mainly
as a freshwater lens floating on saltwater. Near the coast
the volcanic aquifers are confined. Poorly permeable
terrigenous sediments provide the confinement, but
highly permeable limestones also are present. On the
basis of water-level data shown in figure 3, the island
can be divided into 13 ground-water areas (fig. 4). Gen-
eralized ground-water flow directions are inferred from
the water-level data (fig. 3).

In 1992, the USGS ground-water data-collection
program on Oahu consisted of 23 observation wells, 11
free-flowing wells, and 25 pumped wells (table 2).
Water levels were measured at about 9-week intervals
in 17 of the observation wells, 4 of the free-flowing
wells, and 3 of the pumped wells (fig. S and table 2).
Continuous water levels were recorded in three of the
observation wells (1959-05, 2153-05, and 2256-10) and
one of the pumped wells (2901-07) (fig. 5 and table 2).
Water-quality samples were collected at about 9-week
intervals in 5 of the observation wells, all 11 of the free-

flowing wells, and all 25 of the pumped wells (fig. 6 and
table 2). Occasionally some of the pumped wells were
not operating during a site visit. As a result, the record
of water-quality data is incomplete for 8 of the 25
pumped wells in the program. Well depth is known for
all of the wells in the program, except for wells 2103-
03, 2809-06, 2901-07, and 2911-02.

In addition to the USGS, the CWRM and the City
and County of Honolulu Board of Water Supply (BWS)
maintain ground-water data-collection programs on
Oahu. Water-level and water-quality (temperature, spe-
cific conductance, and chloride concentration) data col-
lected by the CWRM are stored in a computerized
database at the CWRM, while the data collected by the
BWS currently are stored in log books at the BWS. The
location of selected observation wells and deep moni-
toring wells in the 1992 CWRM and BWS ground-
water data-collection programs are shown in figure 7.
Where appropriate, these wells were classified as water-
management network wells. The pumped wells in the
BWS program were not included in this evaluation
because of the difficulty in interpreting pumping-well
data. For example, many of the pumping-well sites in
the BWS program represent batteries of several wells
that penetrate different depths of the aquifer and that are
pumped at different rates.

Ground-water pumpage on the island of Oahu was
estimated to be between 300 and 400 Mgal/d for 1992
(Richard Jeani, Commission on Water Resource Man-
agement, oral commun., 1993). The actual rate is not
known owing to incomplete reporting of pumpage data
to the CWRM. The major users of ground water were
the BWS, Oahu and Waialua sugar plantations, and the
military. As of June 1994, the CWRM had issued a total
of 614 ground-water use permits for the island of Oahu,
totaling 427 Mgal/d (Roy Hardy, Commission on Water
Resource Management, written commun., 1994). The
demand for potable ground water on Oahu is projected
to increase by about 57 Mgal/d by the year 2010 (State
of Hawaii, Commission on Water Resource Manage-
ment, 1992a). However, demand for ground water suit-
able for agriculture, landscaping, and golf courses is not
projected to change by the year 2010 (State of Hawaii,
Commission on Water Resource Management, 1992).
Although the amount of acreage in diversified agricul-
ture, landscaping, and golf courses is projected to
increase, the overall irrigated acreage on Oahu is not
expected to increase owing to a decline in sugarcane
acreage.

Evaluation of the Ground-Water Data-Collection Program 7
































































































































































































rently collects water-level data from 36 wells in this
area. A water-management network consisting of 14
candidate observation wells is listed in figure 41 and
shown in figure 42. These candidate wells represent a
sub-set of the wells currently being monitored by the
CWRM,, plus four additional locations near the Kahaluu
well field. The additional locations near the Kahaluu
well field are needed to periodically determine the sta-
tus of ground-water storage in the area (fig. 42).

Water-quality samples were collected by the
USGS from eight pumped wells in the Kona area in
1992 (fig. 38 and table 6). All of these wells, which are
needed to monitor the chloride concentration of water
pumped from the Kahaluu and Keei well fields, were
classified as water-management wells (fig. 41). Loca-
tions where observation wells open to the producing
zone are needed for chloride-concentration data are
shown in figure 43. These candidate observation well
locations are the same as those needed for water-level
data, excluding for the wells located in the vertically
extensive ground-water body. No deep monitoring
wells exist to monitor the vertical movement of the zone
of transition between freshwater and saltwater. A deep
monitoring well is needed near the Kahaluu well field
(fig. 43), because the chloride concentration of pumped
water from the well field often exceeds 250 mg/L.

DATA COLLECTION, STORAGE, AND
REVIEW

The collection of water-level and water-quality
(temperature, specific conductance, and chloride-con-
centration) data is fundamental to ground-water studies
in Hawaii. The ground-water data collection procedures
used by the Hawaii District of the USGS are described
in the National Handbook of Recommended Methods
for Water-Data Acquisition (U.S. Geological Survey,
Office of Water Data Coordination, 1980). The use of a
set of recommended methods for measuring, sampling,
and analyzing water assures greater comparability,
compatibility, and usability of water data.

Factors that need to be considered in the selection
of wells for a data-collection program are location,
accessibility, use, physical condition, and construction.
An existing well can provide a convenient data-collec-
tion site at low cost. A well that is pumped occasionally
is generally more suitable than one that has been aban-
doned. Abandoned or unused wells are commonly in

poor condition because of damaged or leaky casing,
corroded pumping equipment, or rotting wooden struc-
tures near or around the wells, which make the wells
difficult to measure and safety hazards. A reliable and
detailed description and a test of the effectiveness of a
well to provide accurate water levels are needed of any
well before it can be used to obtain reliable hydrologic
information.

Wells drilled especially for observation purposes
are desirable because all pertinent details on lithology,
well construction, depth and other features of the well
may be accurately determined and the site selected to
fill recognized data needs. Ideally, observation wells
should be constructed where possible; however, often it
is not economically feasible to construct an observation
well. As a result, most ground-water data-collection
sites are used for water supply. Water-level and water-
quality data collected from pumped wells can be useful
if adequate information is available on their operation
prior to measurement. To insure the collection of repre-
sentative samples, field measurements of temperature
and specific conductance are needed to evaluate
whether a sample is representative of water in the aqui-
fer. For water-level measurements, it is desirable for
pumping from the well to have stopped long enough for
the water levels to stabilize.

For comparability, water-level measurements must
be referenced to the same datum (elevation). Mean sea
level is the datum used in Hawaii. The measuring point
is referenced to the mean sea level datum and is the
most convenient place to measure the water level in a
well. The measuring point must be as permanent as pos-
sible, clearly defined, marked, and easily located. Fre-
quently, the top of the casing is designated as the
measuring point; because the top of the casing is seldom
smooth and horizontal, a particular point should be des-
ignated and marked clearly with paint and, if permitted,
the letters MP with an arrow. The reference point for
water-level measurements is an arbitrary datum estab-
lished by permanent marks set on or near the well. It is
used to check the measuring point, and its greatest value
is in re-establishing a measuring point if one is
destroyed or changed.

Water-level and water-quality data collected from
wells in the ground-water data-collection program are
stored in well folders at the Hawaii District office in
Honolulu. The water-quality data also are stored in the
National Water Information System (NWIS). NWIS is
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operated and maintained on the computer facilities of
the Hawaii District office in Honolulu. Water-level and
water-quality data are published annually in a USGS
Water-Data Report. The 1991 Water-Data Report con-
tained data from 162 of the 216 wells in the program
(Matsuoka and others, 1992).

A network data file needs to be established for each
well in the program. The network data file needs to con-
tain: (1) a station folder that contains basic information
about each well (described below), (2) a water-
level/water-quality folder that contains a compilation of
data, (3) an original data folder that contains charts from
graphic recorders and automatic digital recorder (ADR)
tapes, and (4) time-series graphs of water-level and
water-quality data. The station folder needs to contain a
network review form (described below), well-construc-
tion information, location maps and sketches, photo-
graphs, a copy of a segment of the water-level/water-
quality time series, and copies of all correspondence
and other notes relating to the well and data obtained
from it. All data need to be stored in NWIS or a similar
computerized data base.

Network review is an ongoing process. All net-
work wells need to be reviewed periodically to deter-
mine if the wells continue to fulfill their objectives. A
network review form has been devised to describe the
physical attributes of the well, measuring point, history
of observation, and changes in use of the well and
nearby wells (fig. 44). This form also summarizes the
objective, changes in physical setting, alternate wells
nearby, and recommendations and decisions for each
well. Most of the data required by this form are self-
explanatory, but a few specific items need some addi-
tional comment.

The network objective (water-management or
baseline) needs to be listed followed by pertinent
remarks, qualifications, or secondary objectives. The
history of observation needs to describe all known nat-
ural and human-induced causes of water-level or chlo-
ride concentration fluctuations that have occurred.
Distances to the nearest known pumped well needs to be
noted, as well as known or estimated pumpage values.
Conversely, if pumped wells are not in the immediate
area, this fact needs to be noted. Recommendations can
include changes in recording instrumentation, changes
in frequency of measurements, or the discontinuance of
the well from the network.

SUMMARY

The USGS ground-water data-collection program
in Hawaii consisted of 188 wells distributed among the
islands of Oahu, Kauai, Maui, Molokai, and Hawaii in
1992. Water-level and water-quality (temperature, spe-
cific conductance, and chloride concentration) data
were collected from three types of wells: (1) observa-
tion wells, (2) deep monitoring wells that penetrate the
zone of transition between freshwater and saltwater, (3)
free-flowing wells and (4) pumped wells. As part of the

_evaluation of the data-collection program, records of

each well in the program were examined to determine:

(1) period of record of water-level and chloride-concen-
tration data, (2) if there is duplication of record from an

adjacent well, (3) if the well is measured by well owner
or another agency, and (4) if the well depth, and interval
of the well open to aquifer material is known.

The evaluation of the ground-water data-collection
program began with identifying a set of objectives for
the program. The objectives are to collect sufficient spa-
tial and temporal data to:

1. Define seasonal and long-term changes in ground-
water levels and chloride concentrations induced by
human-made stresses such as pumpage.

2. Define seasonal and long-term variations in ground-
water levels and chloride concentrations induced by
natural stresses for different climatic, and
hydrogeologic settings.

Wells needed to meet these objectives can be
divided into two types of networks: (1) a water-manage-
ment network to determine the response of ground-
water flow systems to human-induced stresses, such as
pumpage (table 1), and (2) a baseline network to deter-
mine the response of ground-water flow systems to nat-
ural stresses for different climatic and hydrogeologic
settings. An analysis of the water-level and chloride-
concentration data collected from these networks will
provide information on: (1) the extent of aquifers, (2)
changes in ground-water storage, and (3) the degree of
confinement by considering the effect of precipitation,
tides, and barometric pressure on ground-water levels.
In addition, the data will provide information for the
calibration and verification of ground-water flow mod-
els, and the design and management of ground-water
withdrawal and waste disposal systems.

To identify areas in need of water-management
networks, maps showing the distribution and magnitude

72 Evaluation of the U.S. Geological Survey Ground-Water Data-Collection Program in Hawaii



NETWORK REVIEW FORM

Well ID

Owner

Latitude

Local name

Point of contact
Phone #
Longitude

USGS station number

Observation well, yes no

Pumped well, yes no

Deep observation well, yes no

Pump capacity gpm

GEOGRAPHIC SETTING
Topography

Nearest stream

Nearest stream-gaging station

Nearest rain gage

Nearest pumped well

Nearest observation well

WELL CONSTRUCTION INFORMATION

Ground surface ft above MSL
Bottom of casing ft above MSL
Bottom perf. casing ft above MSL
Bottom of hole ft above MSL

HISTORY OF OBSERVATIONS
Objective

Year drilled

Drilling log, yes no

Casing diameter inches

Type of record

From To

From To

From To

From To

Max WL " ft above MSL Date
Trends

Min WL ft above MSL Date

Max Cl1 mg/L  Date

Min Cl mg/l. Date

Trends

Figure 44. Example of a network review form.
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MEASURING POINT DESCRIPTION

MP #1 at ft above MSL Date
MP #2 at ft above MSL Date
MP #3 at ft above MSL Date

Bench mark description

Date

Date

Date

Date

ALTERNATE OB WELLS

RECOMMENDATIONS

Date

Date

Date

Date

Prepared by Date
Reviewed by Date

Figure 44. Example of a network review form--Continued.
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of pumpage, and the distribution of proposed pumped
wells were made. The areas in need of water-manage-
ment networks are listed below. Wells in the 1992
USGS ground-water data-collection program were then
classified as either water-management or baseline net-
work wells.

Oahu Kauai Maui Molokai Hawaii
Pearl Harbor Lihue  Wailuku  Kualapuu North
Kohala
Moanalua Kapaa Lahaina Kawela- South
Mapulehu Kohala
Honolulu Koloa  Central Waikolu Valley Kona
Maui
Ewa
Waialua
Kahuku
Koolau

Because the distribution of wells in the 1992
USGS ground-water data-collection program is not suf-
ficient to meet the objectives of a water-management
network, locations where additional wells are needed
for water-level and chloride-concentration data are
identified. A priority listing of the locations where addi-
tional wells are needed, and a field inventory of existing
observation wells suitable for measurement or sites suit-
able for drilling observation wells was beyond the scope
of this study.
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