


~~UWE KA LANI OLA KA HONUA"
When the heavens weep the earth lives

ERRATA

Page 4) column 4, paragraph 3. Read: 1I0ahu was not
always the focal point of activity in the Hawaiian
Islands. But because its southern coast is indented
by the two finest natural harbors in the State) it
has since the middle of the l a s t century dominated
the economic development of the entire archipelago. II

Page 12, column 2, paragraph 4, under Water Resources.
Read after 1'800 feet below the present sea II the
entire column 3. Then continue with remainder of
column 2, starting) "In the easternmost portion ... "

Page 68. Transpose columns 1 and 2.
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Economic analysts are most encouraging in their
evaluation of the factors which lead to the broaden
ing of our economy by growth and diversification.
These include growing levels of investment; con
tinuing modernization and urbanization; increasing
importance of the island as an operation center for
our nation's defense; an expansion in sea and air
transport facilities; and booming tourist activities.
The granting of statehood is believed to have added
a large measure of stability to Hawaii's economic
base.

Jt is not our purpose here, howe ver, to present
a summation relative to economic development but
rather to present facts pertinent to the anticipated
increase s in demands on the municipal water service
and to show in some detail how we are planning to
assure that thi s system will continue to expand at
rates designed to ret ain conservative margins be
tween requirements and its capacity to serve .

Although our immediate purpose is to plan to
meet projected requirements up to 1980 , we believe
the report will be adaptable during years to come
even should presently anticipated conditions change.

The report was prepared under the responsibilit y
of Leslie J . Watson, Chief Water Development En
gineer, and pr oduced by J ohn F . Mink, the Board's
Hydrologist and Geologist, as project manager and
author. Kong Hu i Lee, engineer with the Wa ter Re
sources Division, was in charge of research ; and
Stanl ey T . Sumida served as head draftsman. Much
of the sta tistical data was prov ided by the Hydra ulic
Planning and Design Division th rou gh K. K. Wal
lace, its C hief Engineer. The E ngineer ing Division ,
und er William S. Fincke, aided in outl ining areas
of service. The repor t may well be con sidered the
effort of all Divisions of the Board of Wa ter Sup ply
becau se eac h contributed in some important mann er
to its completion.

E. J. Morgan
Manager and Chi ef Engineer

PREFACE
The purpose of thi s report is to present factual

information pertinent to the water resources of
Oahu and to forecast their probable future develop
ment in meeting the requirements of a rapidly grow
ing population and an aggressive economy.

We of the Honolulu Board of Water Supply have
an exceptional opportunity to formulate plans in
which water development is closely coordinated
with distribution systems to meet any probable pat
tern of growth.

The first reason why this is so is the extraordinary
water resources of the island . As the text will show,
rainfall is bountiful, and protected fore st reserves
and other wild land check runoff. and encourage in
filtrati on of a large measure of the rain water into
the fractured lava ma ss of the island, there to re
main in storage until drawn off through wells or
shafts.

A nother unusually favorabl e factor is that there
are only two local govern mental entities involved :
the State of Hawaii , and the C ity and County of
Honolulu, the latter being coex tensive with our 604
sq uare-mile island. There are no town governments,
wat er districts or the like to complica te the picture.

All water deve lop ment and distribution to meet
publ ic requirements in the form of the usual mun ic
ipa l water works is under the responsibility and
autho rity of the Honolu lu Board of Wa ter Supply.

All other principal users of water and large land
owners on Oa hu are exceptionally conservati on
minded. Members of this water com munity cooper
ate fully in determining water developm ents to as
surc that eac h new project will be planned in the
best advised man ner, bearing in mind the int erests
of all who might be affected. By th is voluntary
means all have the benefit of efficient man agement
of the island's water reso urces.

The presently developed water sources and trans
mission faci lities of the Board of Water Supply are
ahead of today's requirements, and we feel that the
long-ran ge financial policy of the Board, combined
with State and County laws relative to zoning and
city planning, assure continued successful operation.

Edward J. Morgan
Manager and Chief Eng ineer
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HISTORY OF WATER
DEVELOPMENT ON OAHU

Water is the most necessary of all of the earth's
natural resources to the survival and comfort of
man. It not only sustains him but also determines
the environment in which he lives, whether it be
desert, steppe or verdant forest. It shapes his world
through its incessant movement, often destroying,
sometimes building.

Water is the very touchstone of all life; yet water,
until recent years, has been studied but little just
because it apparently is so ubiquitous.

With the astonishing increases in population since
World War II and the accompanying growth in in
dustry and agriculture, water has become of critical
concern throughout the world and particularly in
highly developed region s such as the island of Oahu.
For the understanding has arisen that there is a
limit to the amount of fresh water that is easily de
velopable, and that, therefore, practicable schemes
must be devised for utilizing available water re
sources to most effectively accommodate population
and economic growth.

Perhaps no spot on earth is more dependent on
an abundant fresh water supply than is Oahu. From
its earliest settlement by itinerant Polynesians some
time around A. D. 1000, fresh water has been the
dominating influence in the evolution and establish
ment of a stable society.

The early Hawaiians settled by perennial streams
and springs from which they diverted water for their
highly developed agriculture. To utilize the supply
most efficiently, they constructed distribution sys
tems consisting of such complex works as canals,
irrigation ditches and terraces that were marvels of
primitive engineering.

Water was so vital that formal rules governing
its equitable distribution were enforced long before
the discovery of the archipelago by Captain Cook
in 1778. These pre-discovery rules form the basis
of water rights in Hawaii today.
Discovery of Ground Water

Although a dependable supply of fresh water was
the keystone of the successful Hawaiian culture, it
was not until well after the journey of Capt. Cook
that subterranean, or ground water, the vastest and
most remarkable of all fresh water resources of
Oahu, was recognized and exploited.

With the introduction of western civilization, the
springs and streams that so well served the needs of
the early Hawaiians soon proved inadequate to the
requirements of urbanization and commerce enjoyed
by Honolulu because of its central location in the
Pacific Ocean.

Early in the last century the city had become the
principal port of supply for the whaling vessels op
erating in the Pacific. As early as 1838 the Govern
ment was obliged to establish a rudimentary water
system to fulfill the needs of the whalers and the
harbor area of the city. The streams and springs
nearby were tapped, but growth quickly outpaced
the water available.

By 1854, about the time of peak activi ty of whal
ing in the Pacific, the population of Honolulu had
grown to nearly 12,000 and a strong public demand
for an extensive water system had arisen. Water had
to be piped to the city from distant sources but the
supply continued to fall behind requirements. Fresh
water had, in fact , become a severely limiting factor
to the growth of Honolulu.

Then, in 1879, ~sl ightly over a century after the
arrival of Capt. Cook, James Campbell, an enter
prising owner of arid lands in the southwestern por
tion of the island , hired a California well-driller to
explore for subterranean water on his land. The re
sult was the discovery of a seemingly endless flow
of fresh, artesian water.

Following the drilling of this first successful ar
tesian well on Campbell's Honouliuli Ranch in the
Ewa District, an abundance of fresh water opened
up multitudinous economic growth opportunities for
Oahu.

Less than a year after Campbell's discovery, a
successful artesian well was drilled in Honolulu.
During the next several years 10 more wells were
drilled, and by 1888 artesian wells were providing a
large share of the city's water requirements.
Growth of the Sugar Industry

About this time, agricultural interests realized
that the large arid tracts of land in the leeward part
of the island could be opened to sugar cane culture
should abundant cheap water be available for irri
gation.

Sugar cane had been grown since the middle of
the century in upland regions where sufficient rain
fell and along perennial streams, but the acreage

was small. Now with a plenitude of developable
ground water in the flat, dry lowlands, frantic ac
tivity in well drilling took place so that by 1900 the
great sugar plantations were consuming 250 million
gallons of ground water per day from hundreds of
wells. Other water-loving crops, such as rice and
bananas, also flourished as a result of the water
boom.

New methods of exploiting ground water evolved
as more and more land was planted to sugar cane.
Tunnels driven high in the mountains provided ad
ditional water for irrigation as early as 1890.

Horizontal collecting tunnels near sea level were
constructed to skim fresh water from the uppermost
portion of the ground water body. The largest and
most successful tunnel project in all of Hawaii trans
ported water collected on windward northern Oahu
through the Koolau Range, the main mountain mass
of the island, to the fertile but dry fields of southern
Oahu.

This vast water collecting and transportation com
plex, called the Waiahole Tunnel System, was in
itially constructed between 1913 and 1916, but ad
ditions were made for many years after. Today, it
is still vital to the success of sugar cane agriculture
in leeward Oahu. It consists of 30 miles of collec
tion and transmission structures, including 16.4
miles of tunnels.
O verdevelopD'lent

The rapid and intense development of ground
water in the half century following Campbell's dis
covery was not accompanied by the scientific care
necessary to not only effectively exploit but also
conserve such a remarkable resource.

Artesian well s we r e indiscriminately drilled
.throughout the Honolulu coastal plain and allowed
to flow unchecked, wasting vast quantities of fresh
water to the sea. Where the original height of the
fresh water above sea level was 43 feet , by 1926 it
had declined to only 23 feet.

Wells drilled near the coast early in the ground
water development yielded sweet, potable water, but
before many years their water had become salty and
unfit for use. As the head, or height above sea level,
of the fresh water steadily declined and the number
of salinized wells increased, alarm spread among the
community that the hitherto seemingly infinitely

large ground water supply was in danger of ex
haustion.

By 1923, practically all of Honolulu was depend
ent on artesian wells for its water supply, and the
city leaders feared that catastrophe threatened. The
rapid growth of Honolulu paralleled the availability
of ground water, and the city had become so large
that the streams and springs in the region would be
able to satisfy no more than a small fraction of its
popu lation.

Until 1924, the fresh water head had been declin
ing at an average rate of nearly 0.4 foot per year
with no apparent tendency to level off. A three-year
spell of unusually low rainfall set in, culminating in
the extremely dry year of 1926, the driest on record
unt il then since the start of record keeping in 1890.

The ground water level in Honolulu sank more
rapidly than it ever had , intensifying the fear for
the safety of the public water supply. The growing
premonition over the years that water was indiscrim
inately being wasted was now recognized as a rea lity,
and the Government was forced to take steps to
protect the fresh ground water from saline con
tamination and exhaustion.

F O R M A T I O N O F THE
BOARD OF WATER SUPPLY

Nearly 100 years before the crisis of the mid
twenties, the Government had first undertaken the
responsibility to provide commercial Honolulu with
potable water. Until 1899, the Minister of the In
ter ior of Hawaii was responsible for the Honolulu
Water Works, but with the fall of the Monarchy
and the reorganization of the Government to Ter
rito rial status, the water system became a depa rt
ment under the Superintendent of Public Works of
the Territory of Hawaii.

In 1913, the responsibility for water distribution
shifted to the Department of Public Works of the
City and County of Honolulu, which encompasses
the entire island of Oahu. This arrangement lasted
until 1929, although in 1925, in response to public
fears for the safety of the water supply, the Hono
lulu Sewer and Water Commission had been created
to act as a planning and construction agency . Water
supply projects were initiated and completed by the
Commission and then turned over to the Honolulu
Water Works for operation.

As early as 1884, legislation had been enacted to
curtail deliberate and excessive waste of artesian
water, but the law had little effect. In 1917, a similar
but more comprehensive and workable statute was
enacted for the Territory, but its implementation
was not rapid enough to forestall the deterioration
occurring in Honolulu.

Consequently, under duress of drought, a new
statute was passed in 1927 which gave to the Hono
lulu Sewer and Water Commission jurisdiction over
artesian wells in the District of Honolulu. This ac
tion, combined with managerial skill, assured the
preservation of the ground water resources supply
ing Honolulu.

After several years of operation, it was appar
ent that the division of responsibilities in water sup
ply between the Honolulu Sewer and Water Com
mission and the Department of Public Works for
the City and County of Honolulu was awkward and
led to inefficiency.

Therefore, in 1929, the Sewer and Water Com
mission was abolished and replaced by the Board
of Water Supply, City and County of Honolulu. The
reorganization statute vested to the new Board of
Water Supply a semi-autonomous status and gave it
control over the water works of the Honolulu Dis
trict and the responsibility to investigate water sup
plies on the island of Oahu. However, a rural water
system, later called the Suburban Water System, was
assigned the task of supplying water outside the Dis
trict of Honolulu.

Once again, the responsibility of supplying water
to the population of Oahu was split between two
agencies, but within a decade it was inevitably recog
nized that a single agency could most efficiently pro
vide water service to all of the island.

In 1939, the authority of the Board of Water
Supply was extended by the Territorial Legislature
to include responsibility for the entire City and
County, but the transfer was to become effective only
upon approval by the City and County Board of
Supervisors. This approval was not granted until
1959, when the Suburban Water System was ab
sorbed by the Board of Water Supply . Since then,
the responsibility for the supply of water to all of
Oahu has been vested solely in the Board of Water
Supply.
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A portion of th e Koolcu Ranye, the eroded remnant of th e Koolau v olcanic dome. A montane rain forest covers the
rugged slopes.
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GEOLOGY OF OAHU
The islands of the Hawaiian Archipelago are the

remnants of emerged peaks of an immense sub
marine ridge trending northwest-southeast for 1,600
miles across the central Pacific Ocean. This great
ridge began to form during Tertiary time several
million years ago as a result of the effusion of vast
quantities of basaltic lava from fractures in the
earth's crust.

The lava piled up, layer upon layer, to leave dome
shaped land masses thousands of feet above the sea
before the fractures sealed.

The volcanic activity, which had started in the
most northwesterly part of the archipelago, pro
gressed in a southeasterly direction as time passed
but is now restricted to the island of Hawaii where
sporadic eruptions still occur.

The oldest islands of th.: chain have been reduced
by the forces of erosion to mere pinnacles of rock,
which in some cases are surrounded by coral reefs.
The younger islands have also been severely worn
away, but seven of them still encompass land masses
sufficiently large to permit settlement. Oahu is the
third largest of these habitable islands.

Among the many volcanoes that rose to form the
Hawaiian Ridge, the eroded remnants of two con
stitute the island of Oahu. The Waianae Volcano,
comprising the western part of the island, was the
first to emerge above the level of the sea. It became
dormant and had begun to erode away before its
larger partner, the Koolau Volcano, reached ma
turity.

Both volcanic domes grew rapidly, probably
reaching maximum heights of over 5,000 feet above
sea level. As the Koolau Volcano continued its
growth after the cessation of Waianae activity , its
lavas overlapped the lower slopes of the Waianae
come, creating a broad convex plateau that now
forms the central portion of Oahu.

A long interval of volcanic quietude, accompanied
by profound erosion and the deposition of sediments
around the margins of the domes, followed the final

extrusion of the Waianae and Koolau lavas. Then
another period of volcanicity started, resulting in
the basalts, ash and cinders of the Honolulu Series.

This activity was initiated several hundred thou
sand years ago, but it continued into the fairly re
cent geologic past, perhaps to as short a time as
25,000 years before the present. The gross effect of
these late eruptions was considerably smaller 'than
that of the earlier larger volcanoes, being restricted
almost entirely to southeastern Oahu. However, they
gave rise to the best-known landmarks of Honolulu,
such as Diamond Head, Salt Lake Crater, Koko
Head and Hanauma Bay.

Prior to and contemporaneously with the Hono
lulu Series activity, changes in sea level caused by
the formation and melting of the great Pleistocene
glaciers in colder climates created alluvial and ma
rine depositional platforms around Oahu to eleva
tions of at least 100 feet above the present sea.

Coral reefs flourished and became part of the
coastal platform surrounding the island. The de
posited alluvial material, combined with intercalated
coral reefs, resulted in the formation of a wedge of
sediments more than a thousand feet thick at the
coast. This ring of sediments around the remains of
the deeply incised volcanic domes plays a vital role

III the occurrence of the great subterranean fresh
water bodies underlying much of Oahu.

Today, all of the volcanoes of Oahu are complete
ly dormant, and the rates of erosion and deposition,
and even reef-building, must be only a small fraction
of what had once occurred. The Waianae and Koo
lau domes have been degraded to rugged, irregular
mountains, and the sea has eaten into the edge of
the domes, often leaving imposing lines of sheer
precipices.
GEOGRAPHY AND ECONOMY

Oahu lies on the edge of the tropical zone just
below the Tropic of Cancer at about the same lati
tude as Mexico City and Cuba. In longitude, it is
bisected by the 1580 West Meridian, lying on the
opposite side of the world from central Africa. Its
greatest dimensions are 44 by 29 miles, and encom
passed in its irregular outline is an area of 604 square
miles. A coastline of 150 miles forms its boundaries.

The eroded remains of the Koolau volcanic dome,
stretching in a nearly straight northwest-southeast
line for 37 miles from the most northerly to the most
southerly tip of the island, form Oahu's main moun
tain range. The older Waianae Volcano is repre
sented by an arcuate mountain range covering a dis
tance of 20 miles, making up the western bulwalk
of the island.

The peaks of the Koolau Range average about
2,500 feet in elevation. The highest point, an un
named peak which overlooks Nuuanu and Manoa
Valleys behind Honolulu, rises to 3,150 feet. The
Waianae Range peaks are somewhat higher, averag
ing nearly 3,000 feet, including the highest point on
the island, Mt. Kaala, at 4,025 feet.

Oahu is not very large when compared with the
major islands of the world. It comprises less than
10 per cent of the land area of the State of Hawaii.
Its importance, obviously, lies not with its size, but
with its condition of economic development. To the
ancient Hawaiians it was known as the "gathering
place," a title which adequately suggests its central
position in the affairs of the State of Hawaii and,
for that matter, of the Pacific Ocean.

Oahu was not always the focal point of activity
in the State, it has since the middle of the last cen
coast is indented by the two finest natural harbors
in the state, it has since the middle of the last cen
tury dominated the economic development of the
entire archipelago.

The port of Honolulu grew first as a result of
whaling, and later from the impetus of sugar pro
duction. Pearl Harbor, one of the finest harbors in
the world, became one of the great naval bastions
of the United States. Commercial activity flocked
to Honolulu until today the population of Oahu is
four times larger than the rest of the State combined.

No letup is in sight for the island's continued
social and economic growth. Although a century
ago the apparent lack of an abundant supply of fresh
water limited future prospects, today, with a high
degree of skill in developing and managing the is
land's water resources, weaned from more than 50
years of intensive experience and study, it can be con
fidently asserted that fresh water will not be the ulti
mate restriction to Oahu's growth.
SERVICE AREAS

The great variety of geographic, geologic and
hydrologic conditions on Oahu has determined the

manner of presentation of the water development
plans submitted on the following pages.

The island is first treated as a whole and then
partitioned into eight service areas, one of which is
subdivided into two smaller areas, for detailed ex
amination. The service areas constitute regions that
fall into coherent units, both from natural environ
mental and water distribution considerations.

Service Area 1 consists of the District of Hono
lulu, which was the sole responsibility of the Board
of Water Supply prior to its acceptance of the Subur
ban Water System. The remaining service areas were
under the jurisdiction of the Suburban Water Sys
tem until 1959, but are now integrated with Board
of Water Supply planning, development and opera
tional procedures.

Service Areas 2, 3 and 4 make up the windward
section of the island from Makapuu Point to Wai
mea Bay. Service Area 5 extends to Kaena Point and
incorporates the Kawailoa-Waialua-Mokuleia re
gions. The central portion of the island, ranging
from the Koolau mountains across the Schofield
Plateau to the Waianae mountains, falls within Serv
ice Area 6.

The western half of the Waianae Range and the
Ewa coastal plain is included in Service Area 7. This
region is too large for a unit description and there
fore has been subdivided into Service Area 7A, ex
tending from Kaena Point to Nanakuli, and Service
Area 7B, reaching from Nanakuli across the Ewa
Plain to the middle of Pearl Harbor.

Service Area 8 includes the remainder of the Pearl
Harbor region and borders on the Honolulu District.

The island of Oahu and each service area is de
scribed in three sections. The first outlines the nat
ural environment, particularly with respect to hy
drology; the second defines the extent of the present
development and the water resources currently uti
lized; and the third estimates the extent of develop
ment in 1980 and the means through which water
will be supplied.
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TRAOE WIND FLOW
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E xtreme variations in rainfall betw een the we t mountains
and the dry leeward plain occur. Th e annual average rain
fall at Kaukonahua in th e Koolau. Range is 220 inches while
at Waipahu, 10 miles away on th e shore of Pearl Harbor, i t
is only 26 in ches. Note that th e trade winds are most fr e
quent during .th e summer months.

The hydrologic maps on the opposite and follow
ing pages illustrate the extent of contamination that
has occurred. These maps include the 125 and 250
parts per million isochlors, or lines that connect
points of equal chloride concentration, for water
near the top of the basal water lens. Water contain
ing greater than 250 parts per million of chloride
ion is considered undesirable for drinking; the Board
of Water Supply prefers to distribute water contain
ing less than 125 parts per million.

The water impounded behind impermeable dikes
in the mountains is called "dike water," or some
times "high-level water." Dikes are the remnant con
duits through which the volcanic lavas travelled to
the earth's surface . They consist of nearly vertical
slabs of dense, massive rock, generally a few feet
thick, that extend for considerable distances. Nor
mal permeable lavas containing water occur between
them. This water is of excellent quality and cannot
be endangered by saline contamination because it is
sealed off from the sea. The Waiahole Tunnel com
plex develops much dike water.

Oahu lacks appreciable quantities of perched
water but in a few small areas this type of water has
solved minor supply problems. It normally occurs
as spring flow, is of excellent quality, and, like dike
water, is free from sea water encroachment.

Although the island is deeply incised by many
stream valleys, the amount of stream flow actually
reaching the sea is comparatively minor. Most of the
flow percolates to become ground water. Surface
water in the forest reserve areas is of good quality,
but except for a few regions its reliable flow is in
sufficient to justify exploitation.

From the brief discussion above, it is obvious that
Oahu, although not a large island, has a complex
suite of water resources requiring a great deal of
study and care in developing. Each service area is
unique in its dependence on particular aspects of
these resources.

Three characteristic types of ground water have
been recognized, the most extensive being the basal
fresh water tha t floats on sea water under much of
the southern and northern portions of the island.
Less widespread but of singular importance in some
areas is ground water restrained between imperme
able vertica l rock structures called "dikes" in the
rugged core of the mountains.

The third type, which is of minor significance on
Oahu, is ground water held up, or "perched," on
horizontal impermeable beds such as volcanic ash.

The immense basal water bodies, which are ar
tesian where they underlie the coastal plain, exist
because of the difference in density between fresh
and sea waters . The fresh water, slightly lighter than
sea water, floats on the heavier water, which, like
the fresh water, permeates the sub-surface rock. This
buoyancy principle was first elucidated in north
western Europe by Ghyben and Herzberg, and since
then coastal ground water bodies have often been
called Ghyben-Herzberg lenses.

The ratio between the respective densities of the
fresh water and salt water is such that theoretically
for each foot of fresh water that stands above sea
level, 40 feet extend below sea level. Thus, in south
ern Oahu, where commonly the fresh water height
(called the head) above sea level is about 25 feet,
its thickness below sea level approximates 1,000
feet. The high head of the fresh water is a conse
quence of the relatively impermeable sedimentary
"caprock" at the coast that retards the water's easy
escape to the sea.

Where the fresh and salt waters merge, a zone of
mixture consisting of brackish water forms. The
movement of this zone, both horizontally inland
from the seacoast and vertically upward, presents a
constant potential danger'of saline contamination to
the fresh water portion of the system. Skillful meth
ods are absolutely necessary in developing the buoy
ant fresh water.

The sea around Hawaii receives no more than 25
inches of rain per year, an amount far from sufficient
to sustain vigorous plant growth in the tropics . But
because the rugged, steep Koolau Range lies athwart
the direction of the prevailing trade winds, the
moisture carried by these winds is lifted, then cooled
and thereby condensed into rain.

Rainfall is heaviest high in the mountains and de
creases in the leeward direction. The Waianae Range
is a less effective rainmaker because it lies to the lee
of the Koolau Range.

The trade winds occur throughout the year, but
are less continuous from October through April, Ha
waii's winter season. During these months tropical
storms occasionally buffet the island, bringing with
them heavy showers. These showers account for
practically all of the rain that falls on the leeward
plains .

Such extremely high rainfalls as 300 inches per
year would suggest that Oahu should be frequently
subjected to raging floods. This is not the case, how
ever, because of the extraordinary permeability of
the soils and rocks that make up the island .
Water Resourc e s

The volcanic rocks and their residual soils have a
very great capacity to absorb and percolate water,
and consequently only a relatively small proportion
of the rainfall runs over the surface to the sea. Most
of it infiltrates into the ground, creating the large
ground water bodies on which Oahu depends for its
water supply. But, also, because water is unable to
remain on the surface very long, the universally
common method of storing water in large open res
ervoirs is impractical.

Correct reasoning to explain the occurrence of
the vast subterranean water resources throughout the
island eluded investigators for many years. Shortly
after the turn of the century, however, plausible ex
planations began to arise so that within several
decades thereafter a classification scheme for ground
water, based on sound principles, had evolved.
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On Oahu, the lowest annual average rainfall, re
stricted to the extreme leeward coasts, amounts to
less than 20 inches, while near the moun tain crests
in the central portion of the Koolau Range, an an
nual average of 300 inches occurs. Such a marked
difference over a distance of less than 15 miles plays
a major role in problems of water supply.

Were it not for the mountain ranges on either
side of the island, Oahu would be a barren, inhos
pitable wasteland, for the Hawaiian Archipelago is
included in the band of latitude known for its re
markably dry climate elsewhere in the world. The
earth's vast deserts, such as the Sahara, the Kalahari,
and the Sonora, fall in this latitudinal zone.

OAHU HYDROLOGY
The science devoted to the investigation of the

properties, behavior and occurrence of water is called
"hydrology." As so defined it incorporates a wide
field of study, but in this report the term will more
specifically refer to descriptions of the water re
sources of Oahu, particularly as related to the mete
orological , geological and chemical phenomena that
determine their location and utility.

The path that a particle of water traces in nature
is referred to as the hydrologic cycle. The occurrence
of water on Oahu represents but a moment in this
long, complex cycle, which begins with the evapora
tion of moisture from the surface of the sea.

The moisture in passing over the land condenses
into rain, which, upon falling to earth, may immedi
ately return to the atmosphere by evaporation or
transpiration or, in escaping these processes, return
ultimately to the sea as flow either across or below
the land's surface. The critical step in the cycle is the
condensation of moisture into rain, a phenomenon
determined by the climatic setting of the island.
CliDlate

The climate of Oahu, mild and equable through
out the year, results from the island's location on
the northern fringe of the tropics within the belt of
cooling northeasterly trade winds. Although below
the Tropic of Cancer, its climate is subtropical. The
average temperature in the lowlands is 75°F., de
creasing about 3°F. with each 1,000 feet increase in
elevation.

The coldest month, January, averages 72°F. and
the warmest , August, 78.5°F. The maximum record
ed temperature, obtained in the Waianae District,
has been 96°P., but rarely is 90°F. exceeded. Mini
mum temperatures hover around Soop.

The casual visitor to Hawaii is usually struck by
the verdant covering of the mountains and by the
contrasting brown aridity of the lowland plains. This
contrast reflects an extremely wide variability in
rainfall.
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ing 405,000 people (1960 statistics) served by the
municipal system.

The quantity of water withdrawn daily for con
sumptive use on Oahu, a comparatively small land
mass, appears incredible at first glance. The average
daily withdrawal from all fresh water sources is
about 455 million gallons, most of which, or ap
proximately 400 million gallons, is taken from
ground water sources.

And still a very large amount of good water
wastes to the sea because it has not yet been neces
sary to develop it. It is estimated that the measur
able average daily discharge for the entire island is
at least 700 million gallons, roughly one-third of the
average daily rainfall.

Of the vast quantities of water used daily, the
Board of Water Supply is responsible for only 69
million gallons, somewhat more than 15 per cent.

from the Waiahole Tunnel complex. Surface water
accounts for 56 million gallons and shallow wells
into caprock for an additional 10 million gallons
per day.

The Board of Water Supply's portion of the total
withdrawal amounts to only about 69 million gal
lons a day on the average. This quantity is obtained
from 48 separate water supply stations, which in
clude 97 individual producing units.

Twenty-two of the stations are well fields that
contain a total of 64 wells. Six stations consist of
a shaft with horizontal collecting tunnels, and 12
represent high-level systems, tot aling 19 individual
tunnels that tap dike water.

Five separate springs, each of which is quite small,
are utilized, and three different streams provide
minor quantities to solve local supply problems.

Ground water accounts for 97 per cent of the
total volume of water distributed by the Board of
Water Supply. Wells and shafts tapping basal ground
water provide 81 per cent of the total while high
level tunnels contribute 16 per cent. The remaining
three per cent is divided between stream and spring
waters.

Sustainable Capacity
Although the average "daily demand on the water

system is 69 million gallons, the sustainable capacity
of the system is about 97 million gallons per day.
By sustainable capacity is meant the ability of the
individual stations to provide water indefinitely with
out exhausting the water resources or endangering
them by sea water contamination.

Unfortunately, the sustainable capacity of the
system is not uniformly distributed, so that only a
fraction of the excess of 28 million gallons per day
can be utilized on a long-term basis. More impor
tant, however, is the fact that the excess sustainable
capacity provides a large margin of safety for periods
of excessive consumption during extended periods of
dry, hot weather.

inland from the coast where the ground elevation
may be one or two hundred feet high. To reach sea
level, therefore, inclined or vertical shafts are first
constructed approximately to sea level.

The collecting tunnels, sump and pumping facil
ities are placed at the foot of the shaft. Because of
the unusual nature of their construction, these water
development stations have traditionally been called
"shafts," the name by which they will be referred
to in this report.

A third important way of obtaining ground water
is by means of tunnels driven into dike compart
ments in certain mountain regions. Upon piercing a
dike behind which water is trapped, the water gushes
into the tunnel , from which it is diverted into a trans
mission main for distribution at lower elevations.
This type of development is called either a "high
level" or a "dike" tunnel.

In some locations, ground water discharges from
springs in volumes economical for development. The
springs may be dependent on perched, dike or basal
water. The perched water springs are generally small
but important locally. Dike springs in most cases
have been replaced by dike tunnels.

Basal water springs discharge the greatest volume
of all but have thus far been used chiefly for agri
culture. These springs represent ground water forced
to the surface by artesian pressure. Many occur on
the inner rim of Pearl Harbor.

Developed Sources of Water

More than half of the total water withdrawn daily
over the entire island is derived from wells penetrat
ing to the basal fresh water bodies which are in con
tinuity with underlying sea water. Shafts dependent
on the same sources account for an additional 17
per cent and basal springs another two per cent,
giving a total of 334 million gallons per day of basal
water pumped for consumptive use.

High-level tunnels and springs provide 55 million
gallons daily, more than half of which is developed

An additional 30 million gallons satisfies all mili
tary requirements, including domestic demand, and
another 50 million gallons meets industrial and other
requirements independent of the Board's distribution
system.

Plantation agriculture, consisting almostly exclu
sively of irrigated sugar cane, consumes the remain
ing 306 million gallons, nearly 70 per cent of the
total withdrawal.
Methods of Develop:ment

The almost complete dependence on ground water
as the source of supply on Oahu since late in the
last century has resulted in the creation of skillful,
and often unique, methods of development.

Wells were the first way by which water was
brought to the surface, and they continue to be the
most important developmental technique. In the be
ginning they were drilled only where artesian condi
tions prevailed , but subsequently they were used even
in remote mountain regions.

The concept of driving collecting tunnels near the
top of the basal water lens evolved in the early years
of this century, and has since been translated into an
important method of development. These tunnels are
excavated horizontally into rock saturated with fresh
water at elevations within a few feet of sea level.
They behave as horizontal wells, the water quickly
filling the open tunnel, from which it is then pumped
to the surface.

The reliability of such installations depends on
the generalization that water near the top of the
saturated zone is least subject to contamination by
sea water movement , and thus great quantities can
be pumped safely.

In order to guarantee fresh water in abundance,
it is necessary to select the tunnel sites considerably

In a basal wa te-r lens, the va-riation of th e salin ity of the
wate-r with dep th takes the form. of an Sscurue. The graph
illustrates that a conside-ra ble th ickness of fresh. w ate-r oc
cu-rs below sea level before salinity (measu-red as the chlo
ride ion) undergoes a -rapid increase . In the Honolulu re 
gion, the thi ckness of the f-resh water zone is greater than
elsew he-re on Oahu.
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OAHU
PRESENT DEVELOPMENT
AND WATER SOURCES

Population and Consum.ption

Oahu is one of the most densely populated terri
torial units in the world. A total population of
500,394 (U. S. 1960 Census) contained within its
604 square miles gives it a density of 830 people
per square mile, greater even than that of Japan.

Yet in spite of such a large population, only a
fraction of the fresh water developable and available
is necessary to sustain it. By far the greatest portion
of the already developed water is owned and utilized
by agricultural enterprises. Of the undeveloped re
sources, a large proportion is suitable for domestic
consumption.

Not all of the people living on Oahu are served
by the Board of Water Supply. A sizeable military
population, including many dependent families, cen
tered chiefly at the Pearl Harbor Naval Base, Hick
am Air Force Base, Barbers Point Naval Air Sta
tion , and Schofield Barracks, obtains its supply from
installations owned and operated by military author
ities. A few military establishments do, however, de
pend on the Board for either a part or all of their
requirements. Of the island's total population, the
non-civilian component of the military accounts for
about 50,000 people.

Besides most of the military population, a number
of other smaller groups are not dependent on Board
of Water Supply facilities. These include primarily
rural communities that were at one time or still are
immediately linked to sugar cane and pineapple plan
tations.

Also some industrial establishments and a few
institutions have developed their own water supplies,
usually from wells. Thus, of the island's total popula
tion , 20 per cent obtained their water from sources
other than those of the Board of Water Supply, leav-

8



KAH UKU PT

WA IMANALO BA Y

KOKO HEAD

M AUN A LUA BAY

KA NEOHE B AY

BAY

BARBERS PT

MO KU LE IA

WAIA NA E

POKA I

MAILl

MAKUA

LE GEND

AREA SERVED BY U. S. GOVERNMENT AGENCIE S.

AREA CURRENTLY SERVED BY BOARD OF WATER SUPPLY .

OAHU

SUGAR CA NE.

WAT E R S O U RC ES

0 WE L LS

0 SHAFTS

D HIGH -LE VEL TUNNEL S

'0 STRE AM DIVERSIO N

"V SPRINGS

~ T RAN SMI SSI ON MA IN S

I I

WATER SOURCES AND AREAS SERVED
1962

DIAMOND HEAD



Above-Total population of Oahu. For the period through 1960, actual census counts are
given. Beyond 1960, estimates are shown. For comparison, the population of th e entire
State 0 f Hawaii is included.

the present and 1980 will be accomplished chiefly
by developing new water sources and secondarily by
redeveloping some of the current sources and by mak
ing improvements in the distribution network. Most
of the new water will be obtained from well fields.
A much smaller quantity will be derived from high
level tunnels and from a large stream.

Thirty new well fields will provide an additional
sustainable yield of 59 million gallons daily, while
at least two high-level tunnels will produce a daily
minimum of 2 million gallons, and one large stream
an average of 9 million gallons per day. Construc
tion of the new installations will be in phase with
population growth.

A great increase in requirements is anticipated
not only for public water supplies over the next sev
eral decades but also for agriculture. In 1960, culti
vated land on Oahu, much of it irrigated, amounted
to 73,000 acres. By 1980, an additional 10,000
acres is expected to be put in crop land, requiring
approximately 50 million gallons more water per
day . Undoubtedly, much of the additional irrigation
demand will be satisfied by water not suitable for
domestic consumption.

The extraordinary economic growth of Oahu in
recent years and the projection of this growth has
accentuated the responsibilities of the agencies con
cerned with water development. The immediate re
sult is that programs such as intensive investigations
relating to the quantity of water that can safely be
pumped from the basal water bodies, exploration
for additional high-level sources, studies aimed at
recharging storm waters into the ground, and
searches for more efficient irrigation techniques'have
been undertaken.

This keen awareness of the importance of water
in Oahu's economy by the government, agricultural
interests and the populace provides assurance that
the island's abundant water resources will be able
to sustain whatever progress other elements of the
economy permit.

During periods of peak consumption, a far greater
quantity of water can be and is withdrawn because
of the vast natural storage features of the ground
water bodies. The sustainable capacity refers only
to the amount of water that can be withdrawn in
definitely from the system.

The disparity between sustainable capacity and
average demand reflects to some extent an unavoid
able inability to distribute water uniformly all over
the island because of distance or topography. With
the spreading of communities throughout the island
and the integration of the various separate distribu
tion networks, however, the sustainable yields of
various sources will become available for distribution
over wider areas.

Satisfaction of additional water demands between

Water for th e ir rigation of sugar cane is of ten transmitted
over long dis tan ces. Th e Oahu Su gar Co. develops a portion
of its requirem ents [rom. th e unmdsoard. part of the K oolau
Range and div erts it by tunnel and di tch to southern Oahu,
15 miles a1vay.

Consumption

Water supply has adequately covered the demands
of a rapidly increasing population in the past and
presents no limitation to future growth. Fortunately,
the Government and residents of Oahu became
aware quite early in the island's rapid development
that an abundant fresh water supply controlled its
destiny . The exploitation of water resources con
sequentl y has always been given high priority, and
great care has been taken to prevent their despolia
tion.

The average daily distribution of water by the
Board of Water Supply and its predecessors has
risen from a trickle of several hundred thousand
gallons a century ago to nearly 70 million gallons
today.

By 1980, it is estimated that an average require
ment of 126 million gallons per day will have to be
satisfied by the Board's system. During summer pe
riods of dry weather, a maximum demand of about
189 million gallons per day is anticipated.

This very large expected increase in consumption
will be due to both an expanding population and in
dustrial base , and to greater individual demands.
The current per capita consumption on Oahu, based
only on water distributed by the Board of Water
Supply , is 150 gallons per day, which compares fav
orably with the overall U.S. domestic supply average
of 147 gallons per day . By 1980, the U. S. average
is expected to undergo a 20 per cent increase to 175
gallons per day, and Oahu's will likely reach 180
gallons per day.

New Water Sources
To accommodate such a great increase in demand,

the present operating susta inable capacity of the
Board will have to be nearly doubled. The current
sustainable capacity of 97 million gallons per day,
supplying an average demand of 69 million gallons,
will be increased to 167 million gallons to supply an
average daily demand of 126 million gallons.

OAH1J
1980 DEVELOPMENT AND
WATER SOURCES

For many years following the opening of Hawaii
by European explorers, the island of Oahu remained
in the backwash of exploitation. Not until the use
of Honolulu Harbor as a supply station for whaling
vessels did appreciable development start. But only
for a while did the island prosper, for as the whaling
trade declined, so too did commercial opportunity.
Population

In 1832, during its initial era of growth, Oahu
had a population of 30,000. By 1872, the number
of people had dropped to 21,000, and Honolulu was
reduced to a coaling station and minor supply port.
The discovery of artesian water in 1879 and the
quick recognition that the island's dry fertile plains
could be utilized for irrigated agriculture, however,
aroused economic opportunities of greater scope
than had been conceived before.

Within 10 years of the first successful well, the
population had risen by 10,000 people and has been
growing ever since. By 1900, it had reached nearly
60,000. Laborers to work on the great sugar plan
tations were imported from China, Portugal, Japan,
and later the Philippines. Between 1900 and 1920
the population had more than doubled, and it
doubled again between 1920 and 1940 when it
reached 258,000.

The World War II period, during which Oahu
served as the main staging base for the war in the
Pacific , caused a tremendous sudden population in
crease, severely distorting the natural growth curve.
Following the war , a decade of readjustment set in
during which population declined, but since the early
years of the last decade it has again been rising
steadily.

Population projections indicate that steady growth
will continue, so that by 1980 Oahu will have about
750,000 people. The Board of Water Supply ex
pects to serve more than 90 per cent of the total.
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level. These sediments, far less permeable than the
lavas, act as barriers to the movement of ground
water and thus create "isopiestic areas," or regions
throughout which the height of the ground water
is equal, between the large valleys.

The valley sediments meet to form the coastal
plain, the entire mass constituting the caprock. Some
of the Honolulu volcanics are interspersed in the
sediments and are thus integrated in the caprock.

The high levels of the basal ground water in most
of Service Area 1 are due to the effectiveness of the
valley and coastal sediments as barriers to ground
water movement . The sediments form relative rather
than absolute barriers because in fact water does
move between valleys and out to sea, although at
greatly reduced rates.

Four isopiestic regions between valleys have been
recognized. The first includes the area between Pa
1010 and Manoa Valleys; the second extends between
Manoa and Nuuanu Valleys ; the third between Nu
uanu and Kalihi Valleys; and the fourth between
Kalihi and Moanalua Valleys. In all of these areas
artes ian conditions prevail on the coastal plain .

The level of the fresh basal ground water is high
est in central Honolulu in the region between Manoa
and Nuuanu Valleys . Originally, it stood 43 feet
above sea level but is now stabilized at an annual
average of about 25 feet. In the other inter-valley
isopiestic areas, the heads are several feet lower.

Ground water moves westward from central Ho
nolulu toward Pearl Harbor and eastward toward
Palolo Valley. A significant amount also discharges
into the caprock and ultimately into the sea.

To the east of Pa lolo Valley, a rift zone running
from Diamond Head northward creates another iso
piestic area that extends into the Waialae region .
The ground water level of this area, however, is 10
to 15 feet lower than the main levels in Honolulu .
because of the more impermeable nature of the bar
rier formed by the rift zone, and it rapidly declines
eastward.

tween 150 and 200 inches per year. The lowest rain
fall occurs in the district's narrow eastern part while
the highest occurs at the headwaters of Manoa
Valley.
Water Resources

The most voluminous of the water resources in
the Area is basal ground water floating on sea water.
Secondary resources include dike and perched water
and small flows of perennial stream water .

The complex geology in the District of Honolulu
has resulted in a pattern of water occurrence and
behavior generally more complicated than elsewhere
on Oahu. The original Koolau volcanic rocks occur
undisturbed only in the inaccessible mountain re
gions; in other places they are covered by thick allu
vial and marine sediments, and by lavas, ash, cin
ders and tuffs of the Honolulu Series volcanics .

The Koolau lavas in the mountains readily absorb
the high rainfall, but as the water moves beneath
the surface toward the sea, its path is ultimately de
termined by the sediments and late volcanics.

Thick wedges of sediments fill the major valleys
to depths at least 800 feet below the present sea

In the easternmost portion of the district, the
basal ground water resources are negligible because
of the low heads resulting from meager rainfall and
an absence of thick caprock.

High-level dike water occurs in the mountains at
the heads of the great valleys, and in some localities
water occurs perched on ash and lavas of the Hono
lulu Volcanic Series. Overflow from the dike and
perched water bodies gives rise to the many springs
behind Honolulu, and finally to the perennial streams
that cross the coastal plain. Leakage from the high
level water passes into the basal zone, serving to
buffer it against the vagaries of immediate recharge
from rainfall.

The quality of the ground water throughout the
Area is exceptionally good except near the coast
where the basal water has been contaminated by in
trusion from the sea.

SERVICE AREA 1
HYDROLOGY

Geography and CliUlate

Service Area 1, which consists of the District of
Honolulu, is coextensive with the City of Honolulu
and stretches from Makapuu Po int south and west
ward to the western boundary of the Moanalua
drainage basin between the crest of the Koolau
mountains and the sea. Within its 85 square miles
lies a highly varia ble terrain from coastal flats to
sharp-crested peaks.

The Koolau Range forms a massive green back
drop to the city. Deep valleys indent the range and
merge into a coastal plain that is wide in the central
and western portion of the Area but narrow in its
eastern part. Rising steeply from the plain are rem
nant volcanoes of the Honolulu Series eruptions such
as Koko Head, Diamond Head and Punchbowl.

The combination of deep valleys and late erup
tions superimposed on the Koolau volcanic dome di
vides the Area into distinct topographic suites which
give to the city its many sub-area names, among
which are Kalihi Valley, Nuuanu Valley, Manoa
Valley, Palolo Valley, Kaimuki and Waialae.

The climate in the habitable portions of the Area
is mild and comparatively dry. In downtowIT Hono
lulu, the average annual temperature is 75°F., the
maximum recorded having been 88°F. and the mini
mum 56°F. Breezy trade winds sweep the city most
of the time.

At the coast the rainfall amounts to an average
of only 25 inches per year. Inland up the slopes of
the range and deep into the valleys it increases
sharply to an average maximum of somewhere be-

A typical section thr-ough the capro ck near the coast in
Honolulu.
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about a mile west of the Moanalua boundary. This
major installation was put in operation in 1944 be
cause existing water developments within the city
precluded the addition of other large pumping
stations.

Two shafts, Kalihi and Waialae, are located on
the coastal plain in the central portion of the district,
although in widely separated isopiestic areas. Both
stations were constructed nearly 25 years ago. Three
well fields, all started in the early years of the cen
tury, also withdraw water from within the city from
different isopiestic areas. Thus, each of the five iso
piestic areas contains either a single major well field
or a shaft.

The secondary sources, consistmg of high-level
tunnels, springs and a stream are located in the hills
and mountains immediately behind the main section
of Honolulu. At the heads of each major valley (Ka
lihi, Nuuanu, Manoa and Palolo) tunnels have been
driven, and the springs occur in smaller valleys such
as Pauoa and Makiki, that cut into the remnant
cones of the Honolulu Series volcanics.

The capacity and current average draft of the
sources supplying Service Area 1 are summarized
in the table below. SUSTAIN· CURRENT

ABLE AVERAGE
CAPACITY DRAFT

IMGD)l I MG D)lSTATION TYPE

Kaimuki Wells
Beretania
Kalihi "
Kalihi Shaft Shaft
Wa ialae
Halawa
Kalihi Tunnels High Level
Nuuanu Tunnels
Manoa Tunnel
Palolo Tunnel "
Alewa He ights Spring
Booth "
Makik i "
Hering "
Lu luma hu Strea m

TOTAL
I M i li ion Gal lons per Day

supply from other sources. The Board also supplies
a substantial fraction of industrial requirements.

The average daily quantity of water distributed
by the Board amounts to 49 million gallons. During
periods of dry weather in mid-summer, maximum
requirements of about 70 million gallons per day
are supplied. In addition, private sources produce
an average of 11 million gallons per day for com
mercial and industrial use, and sources owned by
the military forces develop daily an average of two
million gallons for domestic use, including the sup
ply for Tripler General Hospital and Fort Shafter.
Sources

The Board obtains its requirements from 15
sources which include a total of 25 wells, three
shafts, 10 high-level tunnels, four springs and one
small stream. Private sources consist of about 40
wells, and military requirements are derived from
five wells.

Shafts and wells each account for approximately
half of the Board's distribution load. Only five per
cent, or 2.5 million gallons daily, is contributed by
the combined supply from the single stream and
all of the tunnels and springs. Even though these
sources are small they are extremely important
locally, particularly at higher elevations.

The sustainable capacity of Board of Water Sup
ply installations totals 53 million gallons per day.
T his means that an additional four million gallons
per day could be added to the average daily con
sumption before new sources would be needed.

To accommodate peak consumption loads, more
water is withdrawn from basal ground water bodies
than would be available as sustainable yield beca use
of the immense quantity of water always present
underground. Closed concrete surface reservoirs also
play an important role in providing storage for
maximum use periods.

All but one of the supply installations of the
Board are located within the district. The single
exception is Halawa Shaft, which is located only

SERVICE AREA 1
PRESENT DEVELOPMENT AND
WATER SOURCES

Until about two decades ago the development of
the island of Oahu was vested almost exclusively in
the District of Honolulu. Because of the absence of
a large visible water supply, it was recognized early
that one of the principal responsibilities of the Gov
ernment was to create an agency to locate and sup
ply water to the growing city. From a succession of
differently organized water utilities covering more
than a century, the Honolulu Board of Water Supply
was finally evolved, and exhaustive studies were then
conducted in the district.

During the Board's three decade stewardship of
the district's water supply, the availability of water
ceased to be a problem and Honolulu blossomed into
a great city. The efforts of the Board resulted in a
thorough und erstanding of the district's water re
sources, the development of which has become world
renowned. T o most people unacquainted with the
complexity of Oahu's hydrology, it is indeed awe
some that so large a city can be supplied with water
obtained from so small a watershed area as exists
behind Honolulu.
Population and Consumption

T he population of Honolulu since the discovery
of artesian water on Oahu has grown at a rate far
outstripping the rest of the State . The U . S. 1960
Census counted 294,179 people living in the district,
nearly 50 per cent of the State's population. T he
bulk of these people reside on the coastal plain, in
the deep valleys, and on the slopes separating the
valleys between Diamond Head and the western
boundary of Kalihi Va lley. Satellite communities
that have grown in the eastern and western portions
of the Area coalesce with the city and are considered
part of it.

Most of the district's population is served by the
Board of Water Supply. Only six per cent, almost
entirely military personnel, obtain their domestic

Top left- Central Honolulu, from the harbor
to th e Koolau Range.

Bottom Left-i-Neio residential. deve lopments
are creeping up the slopes of the Koolau foothills.

Th e road network shown on Waialae -Ilci will
soon enclose a satellit e community of Hono lulu .

(Photo by A . R . Ty ler)

Top riaht -s-Tripler General Hospital on th e facet
betw een Moanalua and Manaiki Valleys.

Bott om right- The coastline of the main portion.
of Honolulu, stretching from th e Inte1:nC!'t~onal

A irport past the harbor to Watkth and
Diamond Head .
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B elow-Average daily quantity of water in millions of gallons ,!istributed ?y th e Board of Water Supply in Service
Area 1. For comparison, similar data is presented for th e re mainder of th e 1,sland.

Above-Total population of S ervice Area 1 (District of Honolulu) . For comparison, the population of th e remainder
of Oahu is shown separ·ately.

posed locations at Kalauao and Waiau respectively,
will contribute a minimum of five million gallons
per day each. However, their capacity will undoubt
edly be extendable to 10 million gallons per day
each, once experience is gained in their operation.

The third station outside the district limits will
be in Waimalu Valley . Originally, this site was se
lected for a shaft-type development but present
planning favors a large well field instead. The sta
tion will contribute a minimum of 10 million gal
lons per day.

Within the heart of the city a new well field, the
Wilder Wells, designed to provide five million gal
lons per day, is scheduled to be operative by mid
1963. A smaller field, with a sustainable capacity
of 0.5 million gallons per day, is proposed for the
Waialae-Iki area . High-level wells in upperKalihi,
Nuuanu and Manoa Valleys will contribute a com
bined total of about two million gallons per day.

The Wilder Wells will be the first of the new
sources to be added to Honolulu's water system.
With the completion of this station, highest priority
will be given to the proposed Kalauao well field.
The mountain wells and the Waialae well field will
either follow or be built concurrently with the Kala
uao project. The Waiau and Waimalu wells, as
presently envisioned, will be the last of the pro
posed stations to be constructed during the planning
period .

Even though plans are vigorously being drawn to
increase the amount of water available to the Hono
lulu system, it will be of paramount importance also
to protect the sources currently used, for they will
continue to provide the largest share of the city's
requirements. These sources have been saved by
purposeful management from sea water encroach
ment and terrestrial pollution since the crisis of 35
years ago, and it can be confidently asserted that
good management will assure their protection in
definitely.

practically all of the city's domestic requirements
except for the comparatively stable military forces
at the U. S. Naval centers, Fort Shafter and Tripler
General Hospital. The population served is ex
pected to be nearly 385,000 persons, about a 40
per cent increase over the present. The current av
erage demand of 49 million gallons per day is ex
pected to increase to 75 million gallons per day.
Thus, the sustainable yield of 53 million gallons per
day obtainable from the sources now serving the
district will be inadequate long before 1980, and
new sources of water will have to be developed.
S ou rces

As much of the additional requirements as feas
ible will be met by constructing new primary pump
ing stations within the district limits. However, the
largest portion will of necessity be obtained from in
stallations located in the eastern part of the Pearl
Harbor drainage basin in Service Area 8.

An increase of 27.5 million gallons per day will
bring the total sustainable capacity of the Honolulu
system to 80.5 million gallons per day by 1980. This
large increase will be obtained from five new basal
ground water well fields and at least three new
high-level wells. All of the high-level, or mountain,
wells and two of the basal ground water well fields
will be located in Honolulu.

The well fields located outside the district will
provide 20 of the 27.5 million gallons per day ad
ditional capacity. Two of these well fields, with pro-

SERVICE AREA 1
1980 DEVELOPMENT AND
WATER SOURCES
Population

Honolulu will continue its rapid growth during
the planning period, although by 1980 the com
bined remainder of Oahu will nearly equal it in
population. The city, however, will remain the focal
point of the economy. New residential areas are ex
pected to fill in the remaining vacant hillsides and
valleys, limited only by rough terrain and the neces
sity to maintain watershed areas in the mountain
regions, so that within 20 years the population will
grow to approximately 400,000.

Large planned communities integrated with the
city are already underway in the hitherto sparsely
populated eastern and western lobes of the district.
The Hawaii Kai development is rapidly filling the
small valleys and gentle slopes near Koko Head;
the rugged heights of the Waialae region are being
graded to allow new subdivisions; empty hillsides in
old Honolulu carry bright new houses; and tall apart
ment buildings are mushrooming throughout the
city. The district has yet to halt its spectacular
growth which started late in the last century, nor
is it expected to in the foreseeable future.
Coriermrptdon

At present, the District of Honolulu includes
nearly 60 per cent of Oahu's populat ion and con
sumes 71 per cent of the water supplied by the Board
of Water Supply. These margins will decline by 1980
in spite of the city's rapid growth because the rest
of Oahu will develop even more spectacularly. By
1980, it is anticipated that the Honolulu share of
Oahu's population will have dropped to 53 per cent
and its share of water consumption to 60 per cent .
But the District of Honolulu comprises only 14 per
cent of the land area of Oahu, and for this reason
and because of the size of its population, the ade
quacy of its water supply will continue to receive
the Board's highest priorities.

The Board of Water Supply in 1980 will supply
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SERVICE AREA 2
HYDROLOGY
Geography and Climate

Extending for 21 miles between Makapuu Head
and Waikane Valley, Service Area 2, which is geo
graphically nearly identical to the Koolaupoko Dis
trict, lies cool and verdant between the sharp crest
of the Koolau Range and the calm, reef-protected
Bays of Kaneohe, Kailua and Waimanalo. In its
northern portion, its width from crest to sea averages
2.5 miles. In its middle, it bulges to eight miles at
Mokapu Peninsula, and then narrows to a point at
Makapuu Head, the most easterly tip of Oahu, to
encompass a total area of 65 square miles. Included
in the district are the topographic sub-areas of Wai
manalo, Maunawili, Kailua, Kaneohe, Heeia, Kaha
luu , Waihee, Kaalaea, Waiahole, Hakipuu and Wai
kane.

The abrupt palis of the Koolau Range that form
the region's inland boundary rise to peaks with ele
vations greater than 3,000 feet, although the average
crest line is at 2,500 feet. About one-half mile from
the range crest, the steep palis merge with a rolling
plain that gently slopes toward the coast. Several iso
lated peaks, such as needle-crested Olomana, rise
sharply from the hilly plain. Shallow stream valleys
indent the plain and some of them cut amphitheatre
embayments deep into the Koolau Range.

Because the prevailing trade winds from the north
east blow directly from the sea onto this portion of
Oahu, it is climatologically categorized as "wind
ward." Frequent trade wind showers provide the
lowlands with a moderate amount of rain and the
steep mountains with heavy rainfall. Generally, the
days are cloudy to partly cloudy although during

At an elevation of about 700 feet in the dike zone of wind
ward Oahu, ground water emeraes as springs to become the
headwaters of streame. A tributary of Waihee Stream starts
as a 75-foot-high waterfall.

the winter months occasional storms that affect the
entire island result in full cloud cover.

In the northern part of the lowland region, the
average annual rainfall amounts to 60 inches, while
in the drier southern part it averages 50 inches. Rain
fall is least along the coast and increases progres
sively inland. The maximum mountain rainfall oc
curs in the most northern part of the Area where it
averages greater than 200 inches per year.

The temperature is mild and uniform, averaging
75°F. annually. During the coldest month, which
usually is February, the mean is 68°F. but may reach
a minimum of 55°P. The warmest month, usually
September, averages 80oP. and may reach a maxi
mum of 90oP. The absolute maximum recorded for
the Area has been 92°F. The relative humidity varies
between 70 and 80 per cent, the winter months
being somewhat more humid than the summer ones.
The cooling trade winds modify the temperatures
and humidities, however, so that throughout most
of the time the climate is comfortable and invigor
ating.

Water Resources
Service Area 2 is well-watered in every sense.

Not only does it enjoy an abundance of rainfall, but
many perennial streams traverse it from mountain
to sea, and ground water is everywhere present.
Much of this ground water is of excellent quality
and occurs under geologic conditions that permit
its exploitation. The stream water, although poten
tially valuable, is secondary in importance to the
ground water and need be exploited only after the
ground water resources are fully developed.

The geology of the region is such that much of
the rain that falls in the mountain areas is trapped
by dikes, the dense, impermeable remnant conduits
by way of which the lavas of the volcanic dome
were extruded. These dikes, averaging only a few
feet in thickness, cut vertically through the perme
able lava flows and restrain the movement of per-

colant waters to such an extent that large volumes
are maintained underground at high elevations.

In the steep mountain portion of the region, the
number of dikes is relatively few and thus the quan
tity of permeable lava in which the water is stored
is great. In the lowlands, the dikes are very numer
ous, forming a "dike complex," which results in a
reduction of storage space for water. Consequently,
most of the exploitable ground water occurs in the
mountain region. The northern part of the Area,
where the rainfall is greatest, has the greatest water
resources. Southward, the exploitable ground water
decreases so that as Makapuu Head is approached
no ground water worth developing occurs.

The occurrence and direction of elongation of
the dikes, in combination with a cover of sedimen
tary alluvium and talus, control the level to which
the ground water rises. In the mountains, the con
trol is such that the water table lies at about 600
feet elevation, where the water discharges as springs
to form the extreme headwaters of the streams. At
a lower elevation, approximately 200 feet, a second
hydrologic break occurs, and copious springs add to
the stream flow. Below 200 feet the increase in fre
quency of dikes and the advanced degree of weath
ering prohibit the occurrence of large quantities of
easily developable ground water, although discharge
as seeps from the ground into the streams is com
mon.

Near the seacoast, the impermeability of the rock
mass is so great as to almost preclude the egress of
fresh ground water into the sea and the reverse con
dition of sea water entry into the rock mass. Thus,
most of the fresh ground water that is not developed
eventually rises to the land surface into streams or
swamps.

The quality of the ground water in the Area is
extraordinarily good. It is a soft, low chloride water
in no way subject to deteriorative natural contami
nation.
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Above-Waihee Tunnel has a vast storage potential because a bulkhead
has been placed across th e tunnel. Th e flow of ioaier from th e tunnel can
th erefore be controlled. Th e graph shows th e time throughout which
selected constant flows from th e tunnel could be maintained. Thus, for
example, a controlled flow of 9 million gallons per day would last for 22 0
days startima [rom. full bulkhead pressure. Th e base flow of the tunnel is
3.5 million gallons per day .

Left-The town of Kailua has been g1'owing at a frantic pace since th e
war . A portion of th e town, wit h th e Kaneohe Marin e C01'PS Air Station
in th e background, is shown above.

Below-Swampy areas along th e windward coast are being filled to
permit resid ential building. A part of Ka elepulu Pond has been converted
into th e Enchanted Lakes subdivision.

SERVICE AREA 2
PRESENT DEVELOPMENT AND
WATER SOURCES

Only in comparatively recent time has Service
Area 2 developed into one of the principal residen
tial and business regions of Oahu. Prior to World
War II much of its northern portion was devoted to
taro and rice cultivation, while in the Waimanalo
section sugar cane was extensively grown. The trans
formation from a provincial, isolated rural agricul
tural region to one of bustling and vigorous urban
and suburban activity has been taking place for less
than 20 years. Excellent roads connect the region
with Honolulu and it has become a preferred resi
dential area for commuters. The town of Kaneohe,
which is centrally located in the Area, lies 12 miles
by road from Honolulu.

Most of the high density development has thus
far taken place along the coast, especially in the
mid portion of the Area encompassing the residen
tial centers of Kailua and Kaneohe. Lower density
mixed farming and residential areas (less than about
15 people per acre) fill the remaining coastal plain in
the northern and southern sections and extend part
way up the valleys. Mokapu Peninsula is a military
reservation where a permanent U. S. Marine Corps
Air Station is located, and a portion of the Wai
manalo coast is under U. S. Air Force jurisdiction.
About 15 per cent of the total Service Area is in
either high or low density residential use or dedi
cated to military purposes.

Population and Consumption
The 1960 U. S. Census showed a total population

of 59,633 for the Area. Of this total 57 729 in-, ,
eluding most of the military forces, were served by
the Board of Water Supply, leaving 1,904 depen
dent on private water sources. Those not depending
on the Board of Water Supply include the State
Hospital and the State Youth Correctional Schools,

who draw their requirements from their own wells.

The Board of Water Supply satisfies a daily av
erage demand of 8.4 million gallons, the range vary
ing from a low of six million gallons to a high of
13 million gallons. The average daily withdrawal
from private wells amounts to 0.8 million gallons.

Sources
Availability of excellent quality water has never

been a problem in Area 2 nor is any future deficit
anticipated. Four major and three minor sources are
presently utilized, although not always at their full
potential. The major sources include the HaiKU, Ka
haluu and Waihee Tunnels, and the Kuou Wells;
the minor sources include the Luluku Tunnel, sev
eral small Waimanalo Tunnels, and the Waimanalo
Wells. A small quantity of water is also taken from
Haiku Stream near the portal of the Haiku Tunnel.

The excavation of high-level tunnels for use ex
clusively as water sources is relatively unique to
Hawaii and particularly to Windward Oahu. These
tunnels are driven into the dike zone at elevations
ranging from 200 to 750 feet (see cross section on
opposite page). Initially, water that had been trapped
for a long period within the dike compartments
provides the supply; after exhaustion of the stored
water, a perennial flow can be relied upon.

Because the tunnels are higher in elevation than
most of the residential areas, very little pumping of
the water is necessary. Waihee Tunnel penetrates
the Koolau Range at an elevation of 218 feet and
has the greatest potential supply of all of the Board
of Water Supply high-level tunnels. Haiku, Kahaluu
and Luluku Tunnels are driven at elevations be
tween 500 and 600 feet; the Waimanalo Tunnels
are driven at elevations between 400 and 650 feet.

The most productive high-level tunnels in Wind
ward Oahu belong to the Waiahole System, which
supplies irrigation water to the fields of Oahu Sugar
Co., Ltd. in the south-central part of the island.

Four tunnels driven toward the crest of the range
from the windward side in Service Areas 2 and 3,
in addition to the main Waiahole Tunnel that pene
trates the range, develop an average of more than
25 million gallons per day.

The dike compartments also are the source of
water for the wells in the Area. The Kuou Wells are
drilled into compartments where the water is ar
tesian; at Waimanalo, the wells must be pumped.

Productivity
The average daily quantities of water supplied

by Board of Water Supply sources during 1960 and
the sustainable yield of each is given in tabular form
below.

In the case of high-level tunnels, the sustainable
yield is equivalent to the ultimate base flow; which
is the quantity of water that drains from each tun
nel after all the storage has been depleted. In con
trast to ground water wells, once the tunnels have
reached base flow they cannot be pumped in excess
of their sustainable yield to produce additional
water during periods of extraordinary demand.
However, by inserting concrete bulkheads across
the tunnel where dikes were penetrated and re
stricting the amount withdrawn to less than base
flow, some water can be stored for later withdrawal.
Thus, at Waihee Tunnel, the maximum quantity of
water that can be stored behind the bulkhead IS

greater than 2,000 million gallons.

SUSTAINABLE CURRENT AVERAGE
STATION CAPACITY MGDl DRAFT MGDl

Major

Haiku Tunnel and Stream 2.9 2.39
Kahaluu Tunnel 2.4 2.42
Waihee Tunnel 3.5 1.97
Kuou Wells 1.5 0.48

Minor

Luluku Tunnel 0.6 0.34
Waimanalo Tunnels 0.7 0.65
Waimanalo Wells 0.5 0.14

Totals 12.1 8.39
IMillion Gallons per Day
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SUSTAINABLE
CAPACITY MGDI

1.0
1.0
1.0
0.5
1.0
0.5

5.0

1.0
9.0

15.0

GENERAL LOCATION

Waihee Valley
Waiahole Valley
Kahaluu Valley
lolekaa Valley
Keapuka Area
Kamooalii Valley

Upper Waihee Valley
Upper Kahana Valley

SOURCE

Waihee Wells
Waiahole Wells
Kahaluu Wells
lolekaa Wells
Keapuka Wells
Kamooalii Wells

Sub-Total

average base flow of at least one million gallons per
day. When this tunnel and 'the proposed Waihee
well field are completed, and when the currently
operated lower tunnel is at base flow, the sustainable
yield derived from Waihee Valley will total about
5.5 million gallons per day.

The anticipated diversion of Kahana Stream for
water supply will be the first large-scale utilization
of surface water on Oahu for domestic consumption.
Although the stream runs through Service Area 3,
it will be used principally for Service Area 2.

The stream drains a magnificent valley that pene
trates deeply into the Koolau Range. The point of .
diversion will be about two miles inland of the coast
within an unspoiled forest. The source of the stream
flow in the drainage basin above the diversion con
sists of runoff from heavy rainfall and water that es
capes from dike compartments. At the head of Ka
hana Valley the rainfall averages about 250 inches
per year.

The stream will provide a sustainable yield of
about nine million gallons per day. Unlike well
water, the stream water will have to be treated before
being distributed for consumption. Construction of a
five-mile-long major transmission line will be neces
sary to bring the water to the interconnected mains
in Service Area 2.

A tabulation of the new water sources planned
for development by 1980 is given below.

Upper Waihee Tunnel
Kahana Stream

GRAND TOTAL
IMiliion Gallons per Day

stream diversion, all of the new sources will be lo
cated within the Area.

Well fields are envisioned in the valleys of Wai
hee, Waiahole, Kahaluu, Iolekaa and Kamooalii,
and in the Keapuka area. Each well field will be
relatively small, consisting generally of two wells.
The well fields will be important not only in pro
viding additional water but also in making avail
able ground water storage similar to that found in
the great aquifers of southern Oahu, although on an
incomparably smaller scale.

The wells will be drilled into dike compartments
near the lower hydrologic break where springs occur
between 200 and 300 feet elevation. Because of the
limited volume of permeable rock from which the
well fields could withdraw water, the sustainable
capacity of each will be limited to approximately
one million gallons or less per day. In some cases
water will flow from the wells under artesian pres
sure.

The single additional tunnel contemplated during
the planning period will be located in upper Waihee
Valley inland from and higher than the present de
velopment tunnel. The tunnel will be driven at an
elevation of about 700 feet and will contribute an
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ing stations were initiated. Following the war, the
Area's explosive population increase created new de
mands, and the construction of water supply facil
ities continued at a rapid pace. Today, water avail
ability has caught up with demand. Throughout the
planning period, available water supply is expected
to stay ahead of requirements.

The nurnber of people served by the Board of
Water Supply in the Area by 1980 will increase by
about 105 per cent to approximately 117,000. Av
erage daily consumption will rise from the current
8.4 million gallons per day to 18 million gallons
per day, a jump of about 115 per cent. The current
maximum daily consumption will more than double.
To meet these anticipated record increases in re
quirements, many additional water sources will have
to be developed.

Sources and Capacity
The total sustainable capacity of the Service Area

2 system will be increased to 27 million gallons per
day over the next two decades, a gain of 15 million
gallons per day. Six new well fields, another high
level tunnel, and the diversion of water from Kahana
Stream, the largest stream on Oahu, will provide
the additional capacity. With the exception of the

Average daily quantit y of water' in millions of gallons dis tributed by th e Board of Water Supply and th e f ormer Suburban
Water System in Serv ice Area 2.

Residential Growth
Service Area 2 will continue to be one of the most

desirable regions for suburban living on Oahu. Its
attractive natural setting and nearness to the City
of Honolulu is assurance that its future development
will be restricted chiefly to residential uses. Perma
nent military stations will be maintained, however,
and a few scattered farms will dot the region.

Although consisting primarily of a string of com
muter's communities, the Area is second only to
the District of Honolulu in population, a position
which it will hold through 1980. Its growth is ex
pected to exceed somewhat the average of the re
mainder of the island. Whereas in 1950 the Area in
cluded less than 10 per cent of the island's popula
tion, by 1960 it contained about 12 per cent and by
1980 it will include at least 15 per cent.

Large open spaces, ideal for residential communi
ties, remain to be developed. Acreage that once was
cultivated for sugar cane in Waimanalo is scheduled
for release to horne owners and small farmers by the
State Government; the thriving communities of Kai
lua and Kaneohe are expanding both laterally and
towards the mountains; plans for substantial sub
divisions in Heeia, Ahuimanu and Waihee are well
under way; and the entire non-military coastline will
soon be occupied. Within 20 years, an observer look
ing down on the Area from the famous Nuuanu Pali
will gaze at a nearly unbroken continuum of coalesc
ing communities.

Population and Oonsrumptfon
A limiting factor to the extraordinary growth in

Service Area 2 in past years was the availability of
abundant water. However, the impetus of the war
time buildup of military forces in the region resulted
in a desperate search for water sources, and it was
during this time that many of the currently operat-

SERVICE AREA 2
1980 DEVELOPMENT AND
WATER SOURCES

Above- The Waimanalo district , once a sugar plantation, is plann ed
for residen tial and small [arm us es.

B elow- Lowlands once planted in rice, bananas and taro are ideal f or
level subdivisions.
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compartments at about 600 to 700 feet elevation
discharges eventuall y into the streams. In the south
ern part of the Area the dike zone reaches to the
sea, but its trend carries it away from the coast
farth er north, leaving a strip of flow rock up to two
miles wide that serves as an aquifer for basal ground
water.

The coastal aquifer is continuous from Punaluu
to Laie and on into Service Area 4. A caprock con
sisting of terrestrial and marine sediments, similar
to the one in southern Oahu, covers the aquifier at
the coast and extends some distance under the sea.
As a result, the height of the fresh water above sea
level ranges from about 21 feet at Punaluu to 17
feet at Laie. The direction of movement of the water
is both seaward and toward Kahuku. At low eleva
tions, artesian conditions prevail.

Separate coastal ground water bodies exist in
lower Kahana Vall ey and in Kaa awa Valley. In these
sub-areas the water is found in comparatively small
basal aquifers that are intruded with scattered dikes,
which partially control the level to which the fresh
water rises and the direction in which it flows. In
lower Kahana the fresh water head is about 20 feet.

Quality

Throughout Service Area 3 the quality of the
ground and stream waters is excellent. The high
level dike water registers the lowest dissolved solids
content of any ground water found on the island.
Where obtainable, it can be safely consumed, like
all of Oahu 's ground water, without chlorination or
treatment of any sort. The basal ground water is also
of exceptionally good quality.

Domestically acceptable ground water occurs even
at the coastline between the north bank of Punaluu
and Hauula. Farther north toward Kahuku, sea
water encroachment has moved inland somewhat.
The position of the 250 parts per million isochlor is
apparently stabilized, however, and further intrusion
is unlikely under present conditions.
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temperatures. Persistent trade winds flow directly
from the sea, which, when coupled with the ubiqui
tous greenery and frequent showers, produce an illu
sion of coolness unmatched elsewhere on the island.
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Water Resources
The Area is rich in water resources of the major

varieties found on Oahu. High-level water occurs in
the mountains and basal ground water on the coastal
plain. The two major streams, Punaluu and Kahana,
have a combined base flow equivalent to two-thirds
of the base flow of all other streams on the island .
High-level springs issue as waterfalls in a myriad of
short tributaries that drain into the main streams.
Along the coast swamps have formed from the dis
charge of basal ground water as low-level springs.

The dikes that restrain the high-level water strike
approximately parallel to the crest of the range in
a northwesterly direction. Overflow from the dike

o
o 40 BO 120 16 0 200 240 2BO 320 360

NUMBER OF DAYS OF YEAR
A flow-duration curve gives the number of day s of the year
for which the stream flow is equal to or gr eater than that
shown by the CU1"Ve. For instance, th e flow of Kahana
Stream. is equal to or greater than 10 million gallons per
day for 200 dnys of th e year. For 40 days, it is equal to or
areater than 20 million gallons daily . Note that th e mini
mum flow of the stream is about 8 million gallons per day.

SERVICE AREA 3
HYDROLOGY
Geography

Forty-six square miles of rugged mountains, deep
valleys and a narrow coastal plain make up Service
Area 3. With a length of 12 miles and an average
width of four miles, stretching from Waikane to Ka
huku , the Area lies like a rectangle between the
sharp crest of the Koolau Range and the embayed
shores of the Pacific Ocean.

In its southern half two large valleys dominate
the topography. Kahana Valley , extending four miles
from its bay to the range crest, has a broad, fertile
floor covered with luxuriant foliage throughout. Pu
naluu Valley, also about four miles from sea to
mountain and green with profuse growth, is wide and
flat in its lower portion and narrows rapidly inland .
The streams draining these valleys are of about equal
size and are the largest on Oahu.

The northern half of the Area is characteristized
by many small valleys that descend steeply from the
mountainous interior. Waterfalls compressed in nar
row vertical gorges occur at the heads of the valleys.
Lu sh montane rain forests carpet the valleys and
cling to their steep walls.

A narrow coastal plain , no more than half a mile
wide except where it merges with the valley mouths,
follows the shoreline. Ridges reaching toward the
sea from the main part of the Koolau Range fre
quently intrude onto the plain and send rocky fingers
into the sea.

Rainfall

Th e Area's interior mountains form the wettest
region on Oahu. The average rainfall high on their
slopes may exceed 300 inches per year. A record of
552 inches was recorded for one year, and in a
single month 87 inches has been experienced. No
where in the Area is the average annual rainfall less
than 35 inches. Accompanying the extraordinary
rainfall are relatively high humidities and pleasant

L eft-Kahana Stream meanders throuah. a sw amp in the louier portion of its va lley . Right-Vertical dikes ex posed on
Puu Pueo near Wa ikane. Dikes control th e m,ovement of water in windward Oahu. Below-Kahana Vall ey , looking
toward the Koolau Range cres t. An averag e rainfall of 250 inches per year occurs at the head of the valley .
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SERVICE AREA 3
PRESENT DEVELOPMENT AND
WATER SOURCES
Population

In travelling northward from Kaneohe past Wai
hee and Waiahole into Service Area 3, the built-up
areas decrease abruptly, leaving only scattered clus
ters of houses by the highway and along the sea
shore. Compared to the population of the large resi
dential communities in Service Area 2, only a hand
ful of people are scattered throughout Service Area
3. Its distance from Honolulu and industrial south
ern Oahu has so far inhibited its utilization for com
muter communities, thus permitting small-scale di
versified farming and sugar plantation operations
to prosper.

The communities of Kaaawa, Hauula and Laie
account for most of the population of the Area. Of
a total population of about 5,600, nearly 2,000 live
in Laie alone. Nearly all of the people live within
a few hundred yards of the ocean. A string of houses
along the coast connects the three main population
centers.

The Board of Water Supply accommodates only
60 per cent of the population. The remainder, total
ing about 2,300 people, is served by small private
systems. The Board's distribution system covers only
Kaaawa, Punaluu and Hauula.

Lower Kahana Valley and all of the Laie region
depend on privately owned wells drilled many years
ago. In Kahana, 65 people draw water from a well
owned by the Foster Estate. In the Laie region, the
approximately 2,000 people are supplied through
three small systems. Kahuku Plantation maintains a
small service near Hauula and another in Malaeka
hana for their workers' villages.
Consumption

In contrast to Service Areas 1 and 2, the quantity

Left-The Morman Temple at Laie.
Right--Taro is still gr own in swampy lowlands near

the coast.

of water required to satisfy domestic demands is
minute. The Board of Water Supply distributes only
one-third of a million gallons daily. The private do
mestic water systems supply about one-half million
gallons per day, much of which is used in small
scale diversified farming. The largest of the private
systems, supplying the Church College of Hawaii
and the nearby Laie community, contributes 60 per
cent of the private systems load. The others con
tribute from 20,000 to 100,000 gallons per day.

The greatest amount of water developed in the
Area belongs to Kahuku Plantation, a sugar growing
enterprise. From eight well fields the plantation
pumps an average of 10.3 million gallons per day.
In addition, it withdraws another nine million gal
lons daily from Punaluu Stream to irrigate the
coastal lowlands between Punaluu and Kaluanui.

Water is also developed in the Area by Oahu
Sugar Co. for use in leeward Oahu by way of the
Waiahole Tunnel System. Their Kahana Tunnel at
an elevation of 800 feet penetrates into the head of
Kahana Valley and produces an average of 3.4 mil
lion gallons per day. In addition, the small streams
lying above the transmission tunnel are diverted into
the tunnel. These streams carry an appreciable quan-

tity of water only during rainy periods.
Thus, although the amount of water provided for

domestic requirements in the Area is minor, the total
quantity developed for overall consumptive use is
large. From wells tapping the basal ground water a
total of 11 million gallons daily is withdrawn. The
high-level tunnel and Punaluu Stream contributions
raise the total to 23.4 million gallons per day. Yet,
this by no means represents full development of the
Area's water resources . All three sources of water
-high-level, basal and stream-so far have been
only partially exploited.
Sources

The Board of Water Supply source installations
consist of a modified shaft and two drilled wells.
The shaft serves about 1,600 people in the Kaaawa
area. It consists of a vertical shaft ending in a sump
at 4.5 feet above sea level and a short collecting
tunnel at a slightly higher elevation. It has a sustain
able capacity of at least 0.3 million gallons per day
but the average daily demand on it amounts to only
0.12 million gallons.

A single well at Punaluu serves somewhat over
700 people. The demand on the well is only 0.1
million gallons a day but its sustainable capacity is
1.4 million gallons per day with the pumps currently
installed.

At Hauula, a single well takes care of nearly 1,000 .
people who consume an average of 0.13 million gal
lons daily. The pump now in operation at the well
limits its sustainable capacity to 0.5 million gallons
per day.

The total demand in the Area on the Board of
Water Supply's distribution systems is only 14 per
cent of the sustainable capacity of its source installa
tions. However, the distance separating the three in
stallations makes it unlikely that their distribution
systems will be interconnected for many years. Con- .
sequently, the utilization of the full sustainable ca
pacity of each of the installations will depend upon
growth in their immediate areas.
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L eft-A becutiful crescen t beach, now a City and County park, fronts on Kahana Bay. Kahana may become a major recrea
tion area. Right-Kaaa'wa Vall ey has thus far avoided residen tial encroachment . Right Bottom-Service Area 3 is
predominantly ru ral with much of the flat coastal lands planted to sugar cane. R esidential growth will claim portions of th ese
lands. Below-Averag e daily quantity of water in millions of gallons distributed by th e Board of Water Supply and th e
form er Suburban Water System in Service Area 3.

tions will be located to minimize transmission dis
tances.

Ground water resources are plentiful throughout
the Area. The location of the new supply sta tions,
therefore, will depend upon the pattern of develop
ment. It will be more economical to construct a
number of small stations judiciously scattered
throughout the Area rather than a few large capacity
stations remote to some of the regions they would
have to serve.
Sources

Four new supply stations and the expansion of
an existing one are envisioned. Each new station
will consist initially of a single producing well tap
ping basal ground water to accommodate a limited
area. Their design will allow for enlargement by the
addition of more wells to take care of growth beyond
the planning period.

A station will be located in lower Kahana Valley
to serve either residential development or the an
ticipated State park, whichever comes to fruition.
Another will be placed on the coastal plain where
Kaluanui Stream debouches from the mountains. A
third will accommodate the narrow plain near Kai
papau, and the fourth will be located behind Laie.
At the currently operating Hauula station an addi
tional well will be drilled.
Capacity

Each of the new wells will have a minimum sus
tainable capacity of 0.5 million gallons per day.
Thus, by 1980, 2.5 million gallons per day will be
added to the Area's current sustainable capacity to
give it a total of 4.7 million gallons per day.

The sustainable capacity planned over the next
two decades is but a small fraction of the water re
sources potential of the region. Nor is it likely that
development wiII ever be able to utilize all of the
water available. Eventually, water wiII be exported ,
to other less well-endowed Service Areas. Already
the reliable flow of Kahana Stream is being reserved
for heavily populated Service Area 2.

SERVICE AREA 3
1980 DEVELOPMENT AND
WATER SOURCES

Population Growth
The pace of development in the northern wind

ward section of Oahu has always been slow. Unlike
the prolific growth that has characterized the island
farth er south, the population momentum has yet to
take hold in this basically rural region. Quite likely,
the present population does not even measure up
to the numbers that lived there in pre-discovery
times. In those primeval days such a well-watered,
fertile region surely would have attracted a large
number of inhabitants.

Not long after the discovery of artesian water in
the dry Ewa Plain, successful wells were drilled near
the coast at Laie. Sugar cane was planted and many
pumping stations were installed to supply irrigation
needs. Since then , over a span of almost 80 years,
the cultivation of sugar cane has dominated eco
nomic activity in the Area. Diversified farming also
has prospered. The beauty and relative remoteness
of the region from densely populated southern Oahu
has made it a favorite locale for weekend cottages.

Significant changes, many already noticeable, in
the pleasant provinciality of the Area will take place
in coming years. Population overflow from the subur
ban-urban complex of Service Area 2 will drain into
Kaaawa Valley and invade the flatlands farther
north. Sugar cane agriculture will undergo restric-

tions in acreage. The tenuous chain of houses on
beach and by road between the main communities
will eventually become sizable suburban centers
themselves.

Development will creep along the coast and into
the valleys. Kahana Valley, however, is under serious
consideration as a State park and thu s its magnifi
cent beauty may escape annihilation. Between Pu
naluu and Laie the coastal plain is narrow and the
hillsides steep, limiting the amount of development
possible. At Laie, however, where the plain broad
ens, appreciable growth is expected, principally be
cause it is the center of Mormon Church activity in
the State and for the South Pacific.

By 1980, the population of the Area is expected
to rise to about 8,800 people , still few by compari
son with Service Area 2. The Board of Water Supply
anticipates serving nearly the entire population,
more than doubling the numbers now served. How
ever, this estimate is predicated on the assumption
that the many small private water systems now in
use will voluntarily cease operations.
Consumption

The Board expects to supply an average daily re
quirement of 1.4 million gallons by 1980 and a maxi
mum day demand of two million gallons. The sus
tainable capacity of the sources currently utilized
could easily meet these requirements, but the long
distances between them preclude their interconnec
tion with expensive large-diameter mains. New sta-
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ter of the Area to its submersion by the sea. West of
the dike zone a thin basal ground water lens unpro
tected by a caprock seal extends into Service Area 5.

Stream flow is negligible except during rainy pe
riods. Waimea River, the southwestern boundary of
the Area, has a small perennial flow near its mouth,
principally as a result of ground water discharge
in its stream bed. Its valley is narrow and deep but
widens into a small tidal estuary where it meets the
sea.

Basal ground water in the eastern and northern
part of the Area constitutes the largest fresh water
resource. The water in the aquifer flows northward
from Service Area 3 under a gradient of about 1.5
feet per mile. The height of the fresh water above
sea level ranges from 16 feet inland of Kahuku to
nine feet near the swampy discharge sink north of
the town. Sea water intrusion has penetrated inland
of the swampy area.

High-level water is found in a zone of undeter
mined width whose axis bisects the Area. Little is
known of this occurrence but apparently the water
levels are highest farthest inland and decline rapidly
toward the north. Near the coast a mixed situation
of high-level and basal ground water occurs, result
ing in comparatively high heads and incipient sea
water encroachment. Along the narrow coastal plain
sub-artesian conditions prevail with heads ranging
between eight and 22 feet.

West of the marginal dike zone basal ground
water occurs, but because the lavas comprising the
aquifer are exposed at the coast, the fresh water flows
freely into the sea. Consequently, the lens of fresh
water is thin, its height above sea level being no more
than three or four feet. Although usable water may
be drawn from the surface of the lens in some in
terior areas, the transition zone, composed of a mix
ture of sea and fresh waters, dominates the lens
along the coast and for a considerable distance
inland.

Water Resources
Although not as well-watered as the more south

erly windward region, Service Area 4 incorporates
substantial water resources. The basal ground water
body that originates near Punaluu Valley underlies
the eastern part of the Area and has its terminus in
the coastal swamps north of the town of Kahuku.
High-level water occurs in the final extension of the
Koolau marginal dike zone passing through the cen-

Most of the Area lies in the zone of low to mod
erate rainfall. Only a small portion receives an av
erage of more than 100 inches of rain per year. The
coastal plain is the driest region and the inland
mountains the wettest.

Strong winds blowing directly from the sea are
common. The sea tends to be rough, but the shore
line is protected by a coral rampart extending about
a thousand feet offshore. Where the coral has been
breached or is non-existent, a strong surf strikes
directly at the land.

Waimea Riuer, th e southern boundary of S ervice Area
4. origina tes on th e flatt ened dom e of th e northern. Koolau
Range.

SERVICE AREA 4
HYDROLOGY
Geography and CliDlate

Consisting of the northern hump of Oahu and
containing only 26 square miles, Service Area 4 is
the smallest of the service units defined by the Board
of Water Supply. Its ocean boundary traces an arc
from the town of Kahuku northward to Kahuku
Point, the extreme northern tip of Oahu, then turns
southwestward past Kawela Bay and Sunset Beach
to the Waimea River. Inland, its boundaries form
an apex at the crest of the Koolau Range, from
which the eastern margin passes down Malaekahana
Valley to the sea and the western down Waimea
Valley to the mouth of its river.

The Koolau Range in this part of the island is
somewhat flattened , radiating toward the sea as
gentle ridges serrated by poorly entrenched, non
perennial streams . In the western half of the Area
the ridges reach almost to the sea but are separated
from it by a coastal plain only one-fourth to one
third of a mile wide. The ridges end as bluffs where
they meet the coastal plain, indicating that in some
ancient time the sea stood higher and by its erosive
action created a line of cliffs.

The Area's eastern and northern portions include
a sizable coastal plain up to one and a half miles
wide near Kahuku Point. A wedge of marine and
alluvial sediments underli e the plain, forming a cap
rock much like that in Service Area 3 and in south
ern Oahu. Near the sea the plain is covered by wind
blown sand and by the fossilized remnants of ancient
calcareous beaches.

The slopes above the coastal plain have been
stripped of their verdure to mottled hues of red,
brown and purple. Overgrazing and careless agri
cultural practices in past years triggered off severe
wind erosion, which continues unchecked today.
High on the slopes the earthy terrain gradually
changes over to a montane rain forest .

AVERAGE MO NTHLY RAIN FAL L AT KAHUKU ( USW B GAGE 912)
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Ground water pumped from th e
Punaluu-Kahuku basal uiaier lens by

Kahuku Plantation Company. Because th e
water is used chiefly for irr igating sugar

cane, high rates of draft re flect dt·y years.

Below-Kahuku Plantation Co., Sugar mill.
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SERVICE AREA 4
PRESENT DEVELOPMENT AND
WATER SOURCES
Population and Economic Activity

Only one well-defined town can be said to be
located in Service Area 4. Elsewhere, the population
is strung out along the beach and main road, and in
small clusters of cottages amidst sugar cane fields.

The population of the entire Area is only 3,150,
of which 1,230 live in the town of Kahuku (U. S.
1960 Census). Most of the remainder are spread
out in the narrow beach zone from Kawela Bay past
Sunset Beach to Waimea Bay. Those living in Ka
huku are associated with the operation of the Ka
huku Plantation Company, whose sugar mill and
main office form the nucleus of the town. Many of
the other people in the Area are also connected with
the company.

The production of sugar is the dominant activity
in the Area. Pineapples are also grown and diversi
fied farming practiced. Cattle graze the interior
slopes but much of the hilly land behind Kahuku
is reserved for military training activities. The Uni
versity of Hawaii conducts an experimental farm
on the ribbon of flatland in the Waialee region.
Consumption and Sources.

The domestic water supply of the Area is unique
in that the Board of Water Supply is of secondary
importance. Nearly 60 per cent of the population is
served by private systems. The Board distributes
water to only 1,386 people, all living in the Waialee
Sunset Beach region.

The remaining people are served by Kahuku Plan
tation, the Campbell Estate and Pupukea Ranch.
The Kahuku Plantation system, largest of the three ,
supplies the town of Kahuku and a few scattered
areas with slightly over 0.20 million gallons per day.
Water is drawn from a well field near the sugar mill
and two single wells drilled elsewhere in the basal
ground water.

The Campbell Estate distributes water obtained
from a well in the marginal dike zone to about 300
people around Kawela Bay. The Pupukea region is

served by Pupukea Ranch from a well tapping the
thin ground water lens west of the dike zone. The
combined draft of these two systems totals about
0.1 million gallons per day.

The Board of Water Supply meets an average
daily requirement of only 0.18 million gallons. Two
wells, three miles apart, supply the entire demand.
One of the wells taps dike water in the Waialee dis
trict. The average draft on it is only 0.08 million
gallons per day. The other well, located in Paumalu,
meets an average demand of 0.10 million gallons a
day. This well draws water from the thin basal
ground water lens between Waialee and Waimea.
Both wells have a sustainable capacity several times
greater than the demand made on them.

Plantation Requirements
The quantity of water developed for domestic

consumption is but a small portion of that with
drawn by Kahuku Plantation for its sugar operations
in the Area. Four well fields and two separate wells
provide the plantation with an average of 16.1 mil
lion gallons per day for irrigation and sugar mill use.
On the other hand, the combined domestic require
ments of the private system and the Board of Water
Supply is only 0.5 million gallons per day, just three
per cent of the total ground water developed.

All of Kahuku Plant ation's water requirements
are obtained from the basal ground water aquifer
east of the dike zone. This aquifer, which is con
tinuous from Punaluu in Service Area 3 to Kahuku
Point, is the most productive water resource in the
northeastern part of the island. From Service Areas
3 and 4 a combined average of 28 million gallons
daily is pumped from the aquifer, of which 26 mil
lion gallons per day is used by Kahuku Plantation.

In comparison, from the dike zone in Service
Area 4 only about 0.1 million gallons per day is
withdrawn, and the thin basal water lens east of
Waialee provides somewhat less than 0.2 million
gallons per day. In both of these regions additional
water may be developed, although the quantity
would be small at any particular location.
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installations could almost accommodate the expected
demand. However, the considerable distances be
tween population centers will necessitate the loca
tion of additional source stations to limit the con
struction of costly transmission mains .
Sources and Capacity

In the region near Kahuku a small well field is
planned to accommodate both existing requirements
and demands that will arise during the planning
period . This well field will pump basal ground water
and will have a sustainable capacity of at least one
million gallons per day.

Another small well field is planned in the Opana
district near Waialee. The wells will be drilled in the
dike zone and also will provide a sustainable capacity
of about one million gallons per day. The well field
will contribute water to the region between Kawela
and Pupukea. By 1980, the total sustainable capacity
of the Board of Water Supply system in Service Area
4 will be 2.8 million gallons per day, more than three
times the expected average daily consumption.

Growth on the slopes of Pupukea is expected to
take place rapidly early in the planning period . Al
though within the Area, the Pupukea district will
be provided with water transmitted from Waialua
in Service Area 5. Such an arrangement is necessary
because the poorly developed basal ground water
lens west of Waialee obviates its development as a
substantial domestic water source. Also, the Kawai
loa region of Service Area 5, which is adjacent to
the western boundary of Service Area 4, will re
ceive water from Waialua, requiring a transmission
line that readily could be extended across Waimea
Valley to serve the Pupukea region.

Because the additional population expected in the
Area will be more or less scattered along the coast
and the lower mountain slopes rather than concen
trated in a few communities, the problems of water
supply will generally be those of distribution rather
than the location of sources. Even by 1980 the quan
tity of water required to satisfy domestic demands
will be but an inconsequential fraction of that pump
ed for the irrigation of sugar cane.

Population and Economy
Like Service Area 3, the Kahuku region has had

a long history of development but of a very limited
type. For more than 70 years sugar cane has been
grown and milled there, dominating the economic
activity of the region. It is probable that this dom
inance will continue throughout the planning period.

In past years more workers were needed to pro
duce sugar than now, and the population of the
plantation districts was greater. As recently as 1950
the population of the town of Kahuku was nearly
25 per cent more than it is today. Natural popula
tion increases elsewhere in the Area have partially
offset losses resulting from the reduction in the plan
tation labor force, but it is likely that the present
population is considerably less than it was in years
gone by.

A steady growth in population is expected, how
ever, through the planning period. An estimated
5,300 people will live in the Area by 1980, a gain
of about 2,000 over the present . The gain will be
caused chiefly by the dissemination of people es
caping from population pressures in the southern
part of the island.

The remoteness of the Area from Honolulu and
its lack of economic opportunity will preclude the
explosive sort of growth envisioned, for instance,
in Service Area 2. In addition, the narrowness of
the coastal plain in the non-sugar region and the
reservation of much of the sloping foothills for
military use will limit population growth.
Consu m.p tion

Should the expected influx of people uncon
nected with plantation operations take place, the
Board of Water Supply will probably assume respon
sibility to serve most of the people by 1980. At that
time an average daily demand of somewhat less
than one million gallons with a maximum day de
mand of about one million gallons is anticipated.

The current sustainable capacity of the Board's

SERVICE ARE A 4
1980 DEVELOP MENT AND
WATER SOURCE S

19 60
'I'

1945194 0193519 3 0
oL..... -----:--::---:-:--:-:----:-:::-:;-;::--

.91---- - - - - - - - --- - - - - - - - - - --- - - - - - - - - --- - ----1

1.01------ - - - - - - - ---- - - - - - - - - - --- - - - --- - - - - ------.j

>- .8 1--- - - - - ----- - - ---- --- - - - - --- - - - ----------,.
<{
o
[5 .71--- - ------ - - --- --- - - ------ - - - ---- - - - -
Q.

~ ,61--- - - - - - - - - - --- - - - - - --- - - - - ------
o
-.J
;j .51--- - - - - - - - --- - ----- ---- --- - - - - - --
t9

l.L
o .41---- - - - - --- - - - - - - - - - - --------
if)

z
o .31---- - - - - --- --- - - - - - - - - - ---
-.J
-.J

~ .21-- - - - - - - - - - - - - - - - - - - - - - - - -

Above-Sugar will con tinue to be th e dominant economic activity around Kahuku.

Left-The narroui coastal plain betw een Kaw ela Bay and Waimea River may become a residen tial area.
B elow-Averag e daily quantity of water in millions of gallons distributed by the Board of Water Supply and the for
mer Suburban Wat er System in S ervice A rea 4,



4AREASERV ICE

WATER SOURCES AND AREAS SERVED
1980

L E GEND

AREA CURRENTLY SERVED BY BOARD OF WATER SUPPLY.

ADDIT IONAL AREA TO BE SERVED IN 1980 BY BOARD Of WATER SUPPLY.

KAHUK U

c=:J
I I

I.

.. .. .. .. .. .. .. .. .. .. ... .. .. .. .. .. . .. .. .. .. ..

/

j
/

/

Opana Wells

.. ~ .. .. • .. • • • • • L •. . . . . . . . .. . . . . . . . .. . . . . .. . . . . . .. . ... . . . . . . . . ... . . . . . . ... . .. . .... .. .. ... ... ..... .. .. .. .. .. .. ..... .. .. .. .. .. ..... .. .. .. .. .... .. .. .. .. ..

PUPUKEA

Paumolu
Well

KAWELA

SUN SET BEACH

C{ .> 1..
~ / r _ , /

/ / / ......--,- ~
,J /

/ /
1'-,- - - --'- ...... /

v
I
\
r

-,
o

~
~

SUGAR CANE.

W A T E R S OU RC ES

CURRENTLY USED TO BE O€vELOPEO BY 19 80

Wat er from

Waialua Well s

o WEL LS

TRAN SMI SSION MAIN S

o
f,

'000 0
H H H

) 0 00 6 0 0 0 9 0 0 0 12000 FE£T
E3 E3 E""'3 r++i E+3 '



Ukoa Pond , near Haleiwa, is a large swam p that acts as th e major discharqe area for the Kawailoa basal water body.

36
Above-The Waimea River separates Service Area 4 (left) from

Service Area .? It drains about 10 square miles of the Koolau Range.

Below-Anahulu River is the approximate divide between the Wai
alua and Kawailoa basal water bodies. The valley rapidly narrows inland.

SERVICE AREA 5
HYDROLOGY
Geography and Clim.ate

South from Waimea Bay through the Kawailoa
region, then west past Waialua and Mokuleia to
Kaena Point, the extreme western tip of Oahu, Serv
ice Area 5 traces a distance of 20 miles through
mountain, valley and plain. Its width averages about
six miles, and contained within its boundaries are
112 square miles of terrain ranging from montane
rain forests to surf-pounded rocky shorelines.

The crests of both the Koolau and Waianae
Ranges are boundaries to the Area. Between the
mountain chains lies the gently sloping Schofield
Plateau, covered near the coast by a flat alluvial
plain. The foothills of the Koolau Range reach al
most to the sea in the Kawailoa region. Steep ridges
of the Waianae Range descend to sharp cliffs abut
ting the narrow coastal plain in the Mokuleia region.

Several large streams, originating in the wet Koo
lau mountains, deeply incise the Schofield Plateau.
Kaukonahua Stream , with headwaters in the wettest
portion of the Koolau Range, has cut a narrow val
ley having nearly vertical walls 500 feet high in the
mid-portion of its course across the plateau. Poa
moho , Helemano, Opaeula and Anahulu Streams
have eroded similar valleys, although not quite as
deeply.

In the Kawailoa region the streams are poorly de
veloped and non-perennial. They are entrenched in
comparatively shallow valleys with small dra inage
areas.

Short and narrow, steep valleys dissect the flanks
of the Waianae Range above Mokuleia. In the main,
their streams are non-perennial, but duri ng periods
of appreciable rainfall they debouch turbulent flows
onto the coastal plain and into the sea.

The climate is highly variable. Moist trade winds
lifted by the windward slopes of the Koolau Range
help produce an annual average rainfall of about

300 inches near the crest of the range in the eastern
part of the Area. These same winds, largely depleted
of their moisture, pass on to the Waianae slopes,
but by then their ability to produce rainfall has been
greatly reduced. The maximum annual average in
the Waianae Range is only 100 inches.

Most of the Area receives between 30 and 50
inches of rain per year. The coastal plain receives
about 30 inches, while on the plateau and in the
Kawailoa region about 50 inches fall . At Kaena
Point an annual average of less than 30 inches falls,
most of which comes from winter storms.

Geology and W ater Resources
Like the climate, the water resources of Service

Area 5 vary considerably between sub-regions. The
Koolau dike zone with high-level water cuts across
the most eastern corner of the Area; a similar,
though less well-defined, dike zone passes through
the most westerly portion of the Waianae mountains;
perched water in small amounts discharges from the
cliffs behind Mokuleia ; some streams carry peren
nial flows; and basal ground water is found prac
tically everywhere.

The basal ground water does not occur as a wholly
continuous lens throughout the Area, however. Four

sub-areas have been identified, separated by apparent
hydrologic discontinuities. Each of the sub-areas is
defined on the basis of fresh water heads and hy
draulic gradients.

The lowest heads occur in the Kawailoa region,
which lies between the Waimea and Anahulu Rivers .
Here, the basal ground water is continuous with
that in the western part of Service Area 4. The heads
are less than five feet above sea level. No caprock
inhibits the outflow of fresh water into the sea ex
cept near Waialua Bay where a narrow strip of
coralline limestone and alluvial sediment force the
water to discharge inland as seeps that have created
a swamp. The transition zone rises nearly to the sur
face throughout much of the region and consequent
ly the quality of the water is generally poor.

South and west from Anahulu River to an unde
termined hydrologic boundary running north-south
from Mokuleia Beach into the Waianae Range, a
second basal ground water lens occurs. The heads
vary from 10 feet near the coast at Waialua to at
least 15 feet inland under the lower slopes of the
Schofield Plateau. A wedge of caprock, similar to
that surrounding southern Oahu , but much thinner,
prevents the easy escape of the fresh water into the

sea. Instead, it either passes into the caprock or
emerges as springs along and in the streams dis
charging into Kaiaka and Waialua Bays.

Sea water encroachment has caused deterioration
of the ground water quality in the coastal part of
the region. The deepest penetration of the encroach
ment is in the Waialua area where many wells are
heavily pumped. Inland, the water qual ity remains
good.

The northern hydrologic boundary of this Waia
lua region probably consists of the deep fill of sedi
ments that underlies Anahulu Valley. The undeter
mined western boundary may represent either the
unconformity between the Koolau and Waianae
lavas or a fault plane caused by downward displace
ment of the Waianae Series of rocks .

In the Mokuleia region, the fresh water heads
vary from 16 to 20 feet with the hydraulic gradient
sloping away from Waialua. A thick wedge of cap
rock , contiguous on the surface with, but consider
ably deeper than, the Waialua caprock, extends four
miles along the coast, pinching out westward toward
Kaena Point. In general, the ground water quality
is good and sea water encroachment has been minor.

Before the caprock disappears to be replaced by
unweathered lavas reaching to the coast, another
hydrologic discontinuity apparently occurs. Heads
drop from 16 feet to 10 feet over a distance measur
able in hundreds of yards. T he extent of this fourth
isopiestic area is at present indeterminable because
only one well has thus far been drilled there, but it
undoubtedly is small. The rocky region near Kaena
Point contains no basal ground water resource what
ever.

At present, little is known of the hydrology of
northern Oahu other than its broad general outline.
It is apparently highly complex, but enough is un
derstood to suggest that the water resources of the
region are great and may be comparable to those
of southern Oahu.
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Top-The town of Waialua, built around the Waialua Agricultural Co., sugar mill, is the economic and population center of S erv-
ice A rea 5. Bottom Left-A plantation reservoir amid cane fields on th e northern slope of the Schofield Plat eau.

Bottom Right-Waialua Agricultural Co. pump 4 produ ces an average of five million gallons of w ater per day [rom. shallow
we lls by Ukoa Pond.

SERVICE AREA 5
PRESENT DEVELOPMENT AND
WATER SOURCES
Population and Economy

Service Area 5, like Service Areas 3 and 4, is still
more apropos of the era of the dominance of sugar
cane in Hawaiian economic history than of the new
bustling, booming urban-suburban-industrial com
plex of southern Oahu. Most of the Area is covered
by a spectrum of greenery ranging from chartreuse
of ripening cane fields to immutable viridian of the
mountains. Typical still are vast expanses of native
forest and cultivated fields uncluttered by houses or
paved roads.

Sugar cane is cultivated on more than 10,000
acres from Kawailoa to Mokuleia, in the valleys,
on the foothills, and on the slopes of the Schofield
Plateau. Soils are deep and fertile, and the yields of
sugar per acre are among the highest in the world.
A single plantation, Waialua Agricultural Company,
Ltd., grows and mills all of the sugar cane in the
region.

Ranching and dairy farming are practiced on a
considerable scale. Pineapples are grown on the high
er portion of the plateau, and diversified farming
also prospers.

Only 8,220 people live in the Area. More than
half live in two small adjacent towns, Waialua and
Haleiwa. The others live near the sea or in little vil
lages, called "camps" by way of Hawaiian plantation
nomenclature, that serve several ranches and the
plantation.
Consumption

As might be expected in a region entirely rural
and predominantly dependent on plantation agricul
ture, the Board of Water Supply is only one of sev
eral distributors of water for domestic consumption.
The Board serves about 70 per cent of the popula
tion . Another 15 per cent depend on Waialua Agri
cultural Co., and the remainder are served through
ranches and lesser sources.

Waialua Agricultural Co. distributes an average
of 0.31 million gallons per day . The Mendonca Es
tate serves 315 people with 0.05 million gallons per
day, and the other smaller suppliers distribute a total
of 0.04 million gallons per day . Thus, the 2,359
people dependent on the private systems consume an
average of 0.40 million gallons per day.

The average demand made on the Board of Water
Supply system is 0.70 million gallons per day, but
the maximum day requirement may be as high as
1.3 million gallons. The Board operates only one
station, consisting of two deep wells on the Schofield
Plateau above the town of Waialua. The wells are
drilled to basal ground water, and each has a sustain
able capacity of 2.0 million gallons per day.
Agricultural Requirements

Waialua Agricultural Co. is the largest producer
of water in the region. From 15 well fields and one
shaft it pumps an average of 41.2 million gallons of
ground water per day, and from surface water
sources it obtains an additional 33.5 million gallons.

AVERAGE DAI LY GROUND WATER DRAFT

BY WA IALUA AGR. CO.

<Il 60
z
o
--'
--'
<l
<9 50
LL
o
Cf)

z
c:2 4 0
--'
--'
~

z
30

l
LL
<l
a::
o

20
~
<lo

~ 10
<l
a::
w
>
<l

o
1930 193 5 19 4 0 1945 1950 1955 19 60

YEAR

Ground water pumped by Wai alua Agricultural Company
f or irrigation and sugar mill use. Th e year 1945 was one
of the driest on record.

Thus, its average daily requirement for irrigation
and mill operations amounts to 74.7 million gallons,
more than one hundred times the demand made on
the Board of Water Supply system.

The largest proportion of the plantation require
ment of ground water is obtained from the Waialua
basal ground water body. Eleven well fields with
about 70 producing wells yield 32.7 million gallons
per day . From the Mokuleia aquifer 3.2 million gal
lons is pumped daily from three well fields. The thin
basal water lens in the Kawailoa region provides 5.3
million gallons per day from about 15 shallow wells
in a single well field.

Also in the Kawailoa region a dairy operation
withdraws about one million gallons a day by means
of a shaft development. A few shallow wells, most of
which yield non-potable water, are drilled .near the
coast . A number of wells to supply requirements of
small farms and ranches withdraw ground water in
the Waialua and Mokuleia regions . The Kaena iso
piestic area west of Mokuleia is not being exploited
at this time.

The grand total of ground water developed from
all four isopiestic basins in Service Area 5 is ap
proximately 45 million gallons per day, only a frac
tion of the potentially developable supply. Further
utilization of ground water for agriculture has not
been necessary because of the availability of surface
water. Nowhere else on Oahu have streams been
exploited so successfully. Nearly half of Waialua
Agricultural Company's irrigation needs are satis
fied by streams originating in the wet Koolau moun
tains. An extensive system of reservoirs , ditches and
transmission tunnels has been constructed since 1900
to effectively utilize the flashy runoff from these
mountains.

Although high-level dike water occurs in the Area,
no attempts have been made to exploit it. The
perched water that seeps along the cliffs in the Moku
leia region is too small in volume at any particular
place to be economically developable.
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The Waialua region will continue to grow sugar cane for many years to come.

19 8 0
' I

New Sources
A new well field will be constructed on the slope

between Anahulu and Opaeula Valleys to serve the

Haleiwa and Kawailoa regions. Its sustainable ca
pacity will be at least 2.0 million gallons per day.
In addition, an old well installation, once the chief

source of supply in Haleiwa, can be reconstructed
to yield about 0.5 million gallons per day to help
serve the town .

As residential development encroaches through
out the Mokuleia region, a new well field will be
required to accommodate demand. The field will
have a sustainable capacity of 2.0 million gallons
per day and will consist of two wells. It will be lo
cated in the western portion of the Mokuleia iso
piestic area.

Fresh water resources are plentiful throughout
Service Area 5 and need never limit growth, whether
it be agricultural or residential, or a combination
of both. Much of the Area is still unexplored with
reference to its hydrology. Like Service Area 3, it
may have more water than can be utilized in its
development, and it may therefore serve as a po
tential exporter of fresh water.
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Averag e daily quantity of wetter in millions of gallons distributed by the Board of Wat er Supply and the former Subur
ban Water System in S ervice Area 5.
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series of smaller ones on the slopes of the plateau.
Subsequent water development projects have been
subsidiary to the basic network of wells and reser
voirs established during the first decade of the cen
tury.
Population and Consumption

The population of the Area probably did not
change significantly between the era of aggressive
development and 1960. Quite likely, more people
lived and worked in the Waialua region at the turn
of the century than do now. In the coming 20 years,
however, steady growth is expected to raise the
population from its present level of somewhat over
8,000 people to about 12,000.

The Board of Water Supply will be prepared to
serve most of the population in 1980 should the
necessity arise. The anticipated average daily re
quirement is two million gallons per day for the
entire population and the maximum day demand,
three million gallons. The current sustainable ca
pacity of the Board's operating installation is more
than sufficient to meet these expected demands, but,
nevertheless, new primary pumping stations will
have to be located to minimize the cost of construct
ing and maintaining long transmission mains.

SERVICE AREA 5
1980 DEVELOPMENT AND
WATER SOURCES

A spectacular increase in population is not ex
pected over the next two decades in Service Area
5. Growth will follow the normal pattern for north
ern Oahu-steady, but at a much slower pace than
that anticipated in the southern half of the island.
History of Development

The Area has had a long and interesting history
of development. As early as 1865, attempts were
made to grow sugar cane commercially. Fields were
planted by perennial streams and near coastal
springs because ground water had not yet been dis
covered. The initial acreage was small and the ven
ture unprofitable, but in following years more land
was planted to cane. Rice and bananas were also
grown by plantation methods, chiefly on the wet
lands of the coastal plain.

By 1880, about 400 acres of cane land produced
600 tons of sugar annually, still without the benefit
of ground water. But the discovery the year previous
of artesian ground water in southern Oahu created
an immediate interest in the possibility of a similar
discovery in the flat, dry plain surrounding Waialua.
Successful wells were drilled in 1882, and from then
on the sugar industry flourished. As a matter of fact,
the large-scale production of sugar on Oahu was ac
complished first in the Waialua region.

By 1895, 19 producing artesian wells had been
drilled on the coastal plain. Several years later, in
1898, the lands between Kawailoa and Mokuleia
were coordinated under the newly formed Waialua
Agricultural Co., and the scope of plantation opera
tions increased greatly.

The high mark of water development took place
in 1900 when 28 wells were drilled in that single
year. A few years later extensive exploitation of
surface water was accomplished with the construc
tion of a large reservoir on the apex of the Schofield
Plateau near Wahiawa in Service Area 6 and a
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charge that sustains the basal water lenses. On the
Pearl Harbor side the basal head near the boundary

. averages about 26 feet. On the Waialua side it prob
ably is of a similar magnitude.

Although the basal water is in continuity with
sea water, the possibility of sea water encroach
ment in Area 6 is exceedingly remote because of the
proximi ty of this part of the lens to the recharge
area and its distance from the coast.
Surface Water Resources

The lateral axis of the plateau also represents the
surface water divide between northern and southern
Oahu. Extremely high rainfall in the Koolau Range
sector of the Area gives rise to the most productive
streams of leeward Oahu. The headwaters of Wai
awa, Kipapa, Waikakalaua, Kaukonahua and Poa
moho Streams drain the rain -forested Koolau slopes.
Each of these strea ms is perennial in its mountain
portion, although the heavy flows they gather high
in the range may be lost entirely by seepage under
ground before reaching the sea. Waiawa, Kipapa
and Waikakalaua discharge in Pearl Harbor, while
Kaukonahua and Poamoho flow to Waialua Bay.

No perennial streams flow from the Waianae
Range on to the plateau. A thick apron of talus and
alluvium, surrounding the lower foothills of the
range, occasionally gives rise to small discharges
that pass into the stream beds. These flows are soon
lost through percolation, however.

The topographic divide of the plateau is also the
approximate ground water divide between northern
and southern Oahu. Separating the basal ground
water lenses, whose respective hydraulic gradients
are toward either Waialua on the north or Pearl
Harbor on the south, is a zone of high-level water
two to three miles wide. It underlies Schofield Bar
racks and the town of Wahiawa and is commonly
called the Schofield High-Level Water.

Little is known about this resource, but apparent
ly it is an offshoot of the high-level water of the
dike zone in the Koolau Range. It may be coexten
sive with the dike water that reaches beyond the
crest of the range to windward Oahu. Its lateral
boundaries have been roughly defined, but its west
ern terminus has thus far remained indeterminate.

The elevation of the water table in the central
portion of the Schofield High-Level Water body
varies between 270 and 285 feet above sea level. To
ward the Koolau mountains the gradient increases,
while toward the Waianae Range it decreases. The
water, as far as is presently known, is confined to
the region between the valleys of Waikakalaua
Stream on the south and Poamoho Stream on the
north . The quality of the water is exceptionally
good.

On either side of the high-level water body, basal
ground water occurs . Leakage from the confined
zone contributes a substantial portion of the re-

SERVICE AREA 6
HYDROLOGY

Geography and Climate

A 77-square-mile, land-locked rectangle stretch
ing from the crest of the Koolau Range across the
apex of the Schofield Plateau to the crest of the
Waianae Range comprises Service Area 6. From its
southeast corner, Puu Kaaumakua at 2,681 feet
above sea level, it reaches northward five miles
along the Koolau crest, then turns to the west for
13 miles over the plateau to the highest point on the
island , Mt. Kaala, at an elevation of 4,025 feet, in
the Waianae Range. The arch of the plateau be
tween the crenulated foothills of the mountain
ranges lies about 1,000 feet above sea level, but on
either side of the trace of the arch the limits of the
Area reach downslope to an elevation of about 500
feet.

Average temperatures on the plateau are several
degrees lower than on the dry leeward coastal plain
because of the difference in elevation. Rainfall is
moderate over most of the region and extremely
high near the top of the Koolau mountains. An
average of about 300 inches per year falls at the
headwaters of Kaukonahua Stream, which lies oppo
site Kahana Valley in Service Area 3. On the pla
teau the rainfall averages between 40 and 50 inches
per year. It increases on the slopes of the Waianae
Range to an annual norm of 60 inches near the
crest of the mountains.

Ground Water Resou rces
The Area has an abundance of ground and sur

face water resources. Either high-level or basal
ground water underlies the entire region, and sev
eral productive streams originate in the Koolau
mountain section. Minor springs seep along the
flanks of the Waianae Range where small bodies of
water are perched on impermeable layers in the Wai
anae Series of rocks .
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Distribution pattern of rainfall in th e cen tra l leeward por
tion of th e Koolau Rang e. Th e rainfall reaches a maximum
of about one-half mile leeward of th e range cres t, then
decays exp onentially toward the S chofield Plat eau.

Kiptup« S tream responds quickly to rainfall but loses flow
rapidly during d1'y periods. Th e minimum flow of th e
str eam is less than one million gallon s per day, A ccording
to th e curve, the flow is 10 million gallons or ar eater per
day for only 40 days of th e year.Kaukonahua Stream cuts a deep canyon across the Schofield Plateau.
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Area's 37,000 people engender an average daily re
quirement of 7.5 million gallons.
Other Wate r Developm.ents

Several wells in the western part of the high-level
water zone provide an average of 2.5 million gal
lons a day for non-domestic purposes at a U. S. Navy
installation. Much of this water after use is dis
charged onto the plateau, where it rapidly sinks into
the ground above the basal water lens.

Waialua Agricultural Company obtains the major
share of its surface water for the irrigation of sugar
cane in Service Area 5 from a reservoir, the largest
on Oahu, that impounds stream flow of the Kauko
nahua drainage basin. During times of severe
drought, such as those experienced in 1953, 1959
and 1962, the reservoir may be nearly empty, but
ordinarily the plantation withdraws an average of
26.4 million gallon s per day from it. The capacity
of the reservoir is 2,540 million gallons.

Becau se pineapple is not normally an irrigated
crop , little or no water is developed for agricultural
use within the Area.

Several small surface dams have been constructed
in deep valleys of the lower Koolau foothill s. Al
thou gh not used at present, they may supplement the
U. S. Army supply should Schofield Barracks ex
pand. The largest of them, Ku Tree Reservoir, has a
t apacity of 293 million gallons.
Total Water Developed

Service Area 6 is exceedingly well-endowed with
water resources. Currently, nearly 10 million gallons
per day is pumped from the Schofield High-Level
Water body, and 0.2 million gallons from the basa l
lens south of it. Surface sources yield daily about
27 million gallons.

The full extent of the water resources of the Area
is not yet known. It is likely, however, that the pres
ent development can be appreciably expanded
should the need arise. Although the Area is distant
from centers of heavy demand, it may in the future
become an exporter of water .

which ever since have proved extraordinarily pro
ductive.

Libby, McNeill & Libby, one of the pineapple
plantations, supplies about 290 people with water
taken from the Waiahole D i t c h, which passes
through the Area. The California Packing Corpora
tion , another pineapple grower, serves 840 people
in Kunia Camp by means of a well drilled to the
basal water aquifer of southern Oahu.
Consum.ption

The average daily demand made on the Board
of Water Supply system is two million gallons. This
quantity is now being obtained entirely from wells,
although a stream-fed surface reservoir, which had
until recently contributed more than half of the de
mand , is maintained as a stand-by source. The sus
tainable capacity of the wells is 2.3 million gallons
per day. The surface reservoir can be relied upon to
yield a daily flow of about 1.3 million gallons.

The U. S. Army system distributes an average
of 5.1 million gallon s per day. The small communi
ties dependent on the pineapple plantations consume
an average of 0.3 million gallons per day. Thus, the

A sma ll portion of the Wa hia1va R eserv oir, Th e re
servoir fills th e narrow, deep valley of Kaukonahua Stream.

tary agencies is about 17,500. The remaining 1,100
people living in the Area are served by the pineapple
plantations on whom they depend for employment.

Sources
A single well field consisting of three wells, two

of which are currently operated, that penetrate to

the Schofield High-Level Ground Water is the pri

mary water source of the Board of Water Supply. A

supplemental surface water system that depends

upon flow from the North Fork of Kaukonahua

Stream has also been used in the past.

The requirements for Schofield Barracks and the
other military installations are also obtained from
the high-level water body. The producing units are
three wells that were drilled from a chamber 566
feet below the level of the ground at the bottom of
an inclined shaft. Originally, the shaft had been con
structed in the belief that it would have to be driven
nearly to sea level to reach developable water. Test
drilling during construction showed, however, that
fresh water stood 276 feet above sea level, obviating
the necessity to tunnel further . Wells were sunk,

The town of Wahiawa stre tches across the apex of the
S chofield Plat eau. Th e Waianae Range is in the background.

Pineapples are ex tensive ly grown on the S chofield Plateau.
The Koolau Range is in the backoround,

SERVICE AREA 6
PRESENT DEVELOPMENT AND
WATER SOURCES

From a vantage point on a peak high in the moun
tains of central Oahu, the inhabited portion of Serv
ice Area 6 appears as a narrow ribbon of houses,
roads and military barracks extending across the
top of the plateau from the foothills of the Koolau
Range to the steep slopes of the Waianae Range.
Symmetrically patterned pineapple fields, dark-green
rows of plants separa ted by umber strips of earth,
descend from each side of the ribbon on the flat
portion of the plateau , and ascend the lower slopes
of the Waianae mountains. A few hundred acres of
sugar cane form a yellow-green enclave in the car
pet of pineapple near the southern boundary of the
Area. Open fields, the training grounds of the U. S.
Army, transgress on the lightly forested ridges radi
atin g from Mt. Kaala.
Population

Nearly 37,000 people, about half of whom are
in the U. S. Arm ed Services, live in the Area. The
civilian population is centered in the town of Wa
hiawa, which lies in the Koolau section of the pla
teau. Others live in the smaller communities of Whit
more Village, Kunia Camp , Waipio Camp, Poamo
ho Camp and Waipio Acres. In 1960 (U . S. Cen
sus), Wahiawa had a population of 15,500, while
approximately 4,000 people resided in the smaller
communities.

The military population consists predominantly
of U. S. Army personnel stationed at Schofield Bar
racks, the largest Army establishment in the State of
Hawaii. Some U. S. Navy and Air Force personnel
also live in the Area. Practically all of the military
forces are supplied with water from sources devel
oped and owned by the U. S. Government.

The Board of Water Supply serves somewhat over
18,000 people. The combined total supplied by mili-
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of the region and the other to supply the lower
portion. Each will have a sustainable capacity of

at least 2.0 million gallons per day.

Military Require:ments
The U. S. Army expects to increase its average

daily supply to about 7.5 million gallons by 1980,
most, if not all, of which will be pumped from the

high-level water body. During World War II, the
military forces at and around Schofield Barracks
required up to 10 million gallons per day, of which
7.4 million gallons were taken from wells. The re
mainder was obtained from surface reservoirs in the
Kaukonahua drainage basin. Authorities estimate
that un d e r full mobilization Schofield Barracks
would require an average of 10 million gallons daily.

The Army has ' access to a considerable flow of

surface water and is actively engaged in determining
whether this resource would be more economical to
develop than the high-level water. The Koolau and
Ku Tree Reservoirs, and Canon Dam belong to the
Army but are not currently being utilized. They were

constructed and used before the discovery of high
level water; but once a bountiful supply of clear,
pure ground water became available, the use of sur
face water fell into disfavor.

Much remains to be learned about the occurrence
and amount of developable water in Service Area 6.
The Board of Water Supply is aggressively pursuing
a program of research aimed at delineating the out
lines of the high-level water. Equally as important is
a project whose goal is to determine the feasibility
of collecting and treating more surface water. Excel

lent cooperytion between the U. S. Military agencies .
and the Board of Water Supply has proven fruitful
in the past, and continued consultation will allow
the region to be developed efficiently in the future.

Consum.ption and Sources

By 1980 the Board of Water Supply expects to
distribute an average of six million gallons per day,
and as high as nine million gallons during periods
of maximum demand. Expansion of the town of Wa
hiawa will account for part of the additional re
quirements, but the construction of an entirely new
urban-suburban-agricultural complex envisioned in
the region bet wee n Waikakalaua and Kipapa
Gulches will provide most of the anticipated new
demand. The proposed development, tentatively
called the Waipio New Town, will encompass about
9,000 acres on the southern slopes of the plateau
between elevations of 300 and 1,000 feet. About
4000 acres will consist of urban-suburban districts,
with single family residences, apartment areas, recre
ational and civic areas , and commercial and employ
ment centers. The remaining acreage is reserved
for agriculture, principally for pineapple cultivation
and secondarily for sugar cane and diversified crops.
Only a portion of the development is expected to be

completed by 1980, however.
To accommodate the higher demand in the Wa

hiawa area, a new well field, originally with only
one well, is planned, and the third well in the present
ly used field will be put in operation. The sustainable
capacity of each of the two wells will be 1.5 million
gallons per day. The installations serving Wahiawa
will then have a combined sustainable capacity of
5.3 million gallons per day. Surface water sources
will also be retained to supplement the wells when

necessary.
The Waipio New Town will be served by two new

well fields, one located to supply the higher portion

Average daily quantit y of water in millions of gallons dis
tributed by th e Board of Water Supply and the [orm er
Subur ban Water System in S ervice A rea 6.

19 4 0 1945 1950 19 5 5 1960 19 6 5 19 70 197 5 1980
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SERVICE AREA 6
1980 DEVELOPMENT AND
WATER SOURCES
Population

The cool climate of the Schofield Plateau has at
tracted many civilian residents to Service Area 6
and will be an incentive to many more in the future.
Although about 25 miles by automobile from Hono
lulu, the main roads are excellent, and commuting
to places of employment in the city is a common
practice. In addition, economic opportunities, deal
ing chiefly with agriculture and enterprises devoted
to serving Schofield Barracks, exist and will be ex
panded as the region develops.

Within 20 years the civilian population of the
Area is expected to more than double to a total of
about 42,000. The military component may not in
crease significantly under peace-time conditions, but
it probably will amount to about 20,000. The Board
of Water Supply will be prepared to serve the non
military population, but the extensive distribution
system of the U. S. Army centered around Schofield
Barracks will undoubtedly continue to serve the
personnel there.
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A bove- Level fields now in pineapple wi ll be conver ted
to residentia l communi ti es according to the Waipio Town
plan.

Right- Pum ping test being conducted on a new Board
of Wdt er Supply w ell tapp ing th e Schofield high-level
around water. Flow during th e test was held at 2,000 gal
lons per minute.

B elow-Ku Tree R eservoir', a U. S. Army water 're
serve, with a capacity of 293 million gallons .
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Upper Right-Mt. Kaala,
the high est point on Oahu.

Right-Makaha Valley
is separat ed [rom. Waianae Valley

by a lateral ridg e extending
from Mt. Kaala to th e sea.

Below-The Waianae coastline
is precipitous in places but consists

of wide sandy beaches elseiohere.

SERVICE AREA 7 A
HYDROLOGY

In many Board of Water Supply reports the 138
square-mile region whose inland boundaries extend
from Kaena Point southward along the crest of the
Waianae Range to Pohakea Pass, then turn eastward
across the Schofield Plateau to Kamehameha High
way, then south again to Middle Loch of Pearl Har
bor, is treated as a single unit, numbered Service
Area 7. It has been practical to treat this large area
as a unit because much of its water supply is ob
tained from the Pearl Harbor area and transmitted
over a long distance to consuming centers in the
Waianae District.

In this report, however, the Area has been divided
into two sub-areas, Service Areas 7A and 7B, to fa
cilitate description. Service Area 7A is restricted to
the region west of the Waianae Range crest and is
coextensive with the Waianae District. Service Area
7B includes the southern foothills of the Waianae
Range, the entire Ewa Plain, and the lower slope
of the Schofield Plateau.
Geography

Service Area 7A contains 62 square miles con
strained between the 22-mile-long arc of the Wai
anae crest and 18 miles of shoreline. Its average
width is about 5 miles and its maximum somewhat
over 6 miles.

The highest peaks on Oahu fall on its inland
border. Mt. Kaala at 4,025 feet and Puu Kalena at
3,504 feet are both higher than the highest point on
the Koolau Range at 3,150 feet. Its shoreline varies
from wave-pounded cliffs to broad sand beaches in
terrupted by rocky headlands. A coral platform up
to one-half mile wide fringes much of the coastline.

Broad amphitheatre valleys penetrate deeply into
the range. Elongated ridges with steep sides separate
the valleys by striking from the main mountain mass
toward the sea. All of the major valleys-Nanakuli,
Lualualei, Waianae, Makaha and Makua - have
amphitheatre heads and are the result of profound

erosion that was complicated by changes in the sea
level datum following the cessation of volcanic ac
tivity.
Climate

The first impression the sensitive visitor experi
ences on entering the Waianae District is one of dull
and drab dryness. The great explorer Vancouver, on
viewing the region from offshore, described it as a
barren, desolate plain . Only the distant mountains
appear moist and green. The flat coastal lowlands,
the valley floors, and the rock-strewn ridges that
plunge into the sea are covered with scattered gray
green growth, much of it withered to brown. In
many lowland areas where ground water occurs
near the land surface, kiawe trees (Prosopis) flour
ish, adding a light-green cast to the landscape.

The leeward coast of the Waianae District ex
periences the lowest rainfalls on Oahu. Less than
20 inches of rain per year is normally recorded in
some places. In the valleys and on the intervening
ridges the annual average ranges between 20 and 30
inches.

Only deep in the mountains does an appreciable
quantity of rain fall. In the vicinity of Mt. Kaala
about 100 inches per year is normal, the highest in
the Area. Much of this total results from orographic
conditions, but the rain that falls in the dry regions
is derived almost exclusively from winter storms.

The trade winds are less common and weaker in
this part of the island than elsewhere. On many days
a sea breeze rather than trade wind flow is dominant.
Starting in the late afternoon, air from the sea moves
inland, then drifts back to the sea late at night . The
days tend to be several degrees warmer than in most
other parts of the island.
Geology and Water Resources

The Waian ae mountains are not only the oldest
part of Oahu but in many ways the most geologically
complex also. Three distinc t suites of volcanic rocks
make up the mountain mass. The oldest, called the
lower member of the Waianae Series, consists of

primitive basalts and olivine basalts. Lying above it
is the middle member, also composed chiefly of ba
salts. The Series is capped by the upper member,
which consists principally of basaltic andesites. Erup
tions that occurred late in the history of the volcanic
dome scattered pyroclastic material over large areas,
particularly on its southern flank.

Dikes intrude to the surface throughout much of
the Area where volcanic rocks are exposed. The
valleys are filled with marine and terrestrial sedi
ments, and where they meet the basaltic ridges great
talus aprons have been formed.

The Waianae District is poorer than any other
Service Area with respect to fresh water resources.
Low over-all rainfall is primarily responsible for this
condition but the complex geology of the region also
is influential.

The chief resource is high-level water confined be
tween dikes, particularly at the heads of Waianae
and Makaha Valleys. Dike water also occurs in the
lateral ridges between valleys. Toward the coast this
water may be contaminated with sea water that has
encroached into the dike compartments.

Because dikes intrude the volcanic flow rock
throughout the region, basal water in the sense of
a continuous, extensive lens does not occur. The sedi
ments of the valleys, however, serve as aquifers for
poorly developed ground water lenses. Perched wa
ter occurs in a few areas, but in limited quantities.
The stream channels carry water only during periods
of heavy rain.

Except in the main mountain core and in the
lateral ridges well inland from the sea, the quality
of the water throughout the Area is poor and un
suitable for consumption. The high-level water in the
dike compartments on the flanks of Mt. Kaala is
unusually good. That confined in the lateral ridges
is somewhat poorer, but still well within the limits
of potability. The ground water in the sedimentary
fill is highly variable, much of it being too saline for
most uses.
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SERVICE AREA 7 A
PRESENT DEVELOPMENT AND
WATER SOURCES

Only the valleys of Service Area 7A have been
utilized to any extent for residences, industry and
agriculture. The mountains are too remote and steep
and the ridges too sharp, even where they plunge
into the sea, for easy development. Most activity is
limited to the seaward portions of the valley floors
and to the shoreline.

Much of Lualualei Valley and practically all of
Makua Valley are used for military purposes. Nana
kuli, Waianae and Makaha Valleys contain residen
tial communities and diversified farms, and a portion
of Lualualei Valley is also devoted to residential and
farming purposes. A basalt rock quarry in Nanakuli
Valley , limestone quarries in Lualualei and Waianae
Valleys, and a cement plant in Lualualei Valley com
prise the Area's industrial base .

P opul a tion and Consumption
Somewhat over 16,000 people live in the Waianae

District. The Board of Water Supply serves about
75 per cent of the residents , the remainder depend
ing upon private and military water systems. All of
Nanakuli Valley, large portions of Lualualei and
Makaha Valleys, and a part of Waianae Valley
are served by the Board. The military (U. S. Navy)
water system is restricted to Lualualei Valley. Most
of Waianae Valley and the inland portion of Maka
ha Valley are served by two separate private systems,
both of which are owned by the same holding com
pany.

Upper L ef t- Maile at the mouth of Luulualei Valley is tY7Ji
cal of th e scattered communities of th e Waianae Distri ct ,

Lef t-The broad arid. regions near the Waiana e coast are
random ly spotted with small iarms, homes and induetrial
activity. (Photo by A. R . Ty ler)

R1'ght-Lualualei Valley, fiat and spacious, .acc01.n
modai es a military installation, small farms and residentiai
communities .

The Board of Water Supply distributes an average
of 3.5 million gallons per day to more than 12,000
people. The U. S. Navy system in Lualualei Valley
serves about 1,100 people with nearly 0.4 million
gallons per day. At Makaha the private system daily
serves 970 people with 0.7 million gallons, much of
which is used in agriculture. In Waianae Valley
more than 2,300 people, including many farmers.
depend on a private system for an average of 1.2
million gallons per day.

W ater Sources and Capacity
The known reliable fresh water resources of the

Area under Board of Water Supply control are in
sufficient to satisfy demand. As a result, water
pumped from the basal lens of southern Oahu is
transmitted over a distance of about 16 miles to sup
plement the supply obtained locally.

More than half of the demand, however, is de
rived from sources within the district. A develop
ment shaft on the flank of the ridge forming the
northern boundary of Makaha Valley produces an
average of 0.4 million gallons per day . An addi
tional 1.8 million gallons is obtained from a tunnel
driven over 10,000 feet into the base of Mt. Kaa la
at the head of Waianae Valley. Both stations de
velop dike water.

The remaining daily average of 1.3 million gal
lons comes from the Pearl Harbor region from two
well fields, Kunia and Hoaeae, each with two op
erating wells. These well fields also supply commu
nities and industries in Service Area 7B.

The sustainable daily capacity of Makaha Shaft
is 0.8 million gallons and that of the Waianae Tun
nel is 2.0 million gallons. As presently operated, the
Kunia and Hoaeae well fields can each produce a
sustainable yield of 3.0 million gallons per day, of
which approximately 1.5 million gallons can be ar
bitrarily reserved for the Waianae District.

The U. S. Navy system in Lualualei Valley ob
tains its supply from a high-level tunnel that pene-

trates the steep mountain face at the head of the
valley, and from a well drilled into a dike compart
ment on the flank of a ridge. Most of the combined
average draft of about 0.4 million gallons per day
is taken from the tunnel.

The private system serving Waianae Valley uses
water derived from several tunnels located high on
the slopes of Mt. Kaala. A single tunnel yields most
of the water developed.

The portion of Makaha Valley served by a private
system also consumes water obtained from a tunnel.

Wells in th e Valleys
The sediments filling the large valleys act as aqui

fers, although the water in them is not suitable for
domestic use. Small farmers, however, utilize such
water where it is not excessively saline for irrigation,
and industrial concerns employ it where possible.
The level of the water may reach several feet above
sea level.

In Lualualei and Waianae Valleys more than 100
shallow wells have been drilled or excavated into
permeable sediments . The least saline water gen
erally occurs far thest inland. Near the coast the wa
ter often is too saline for agricultural use.
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to grow in population until water again became an
acute problem, but now in relation to people rather
than sugar cane . Finally, in 1959, after the Board
of Water Supply accepted responsibility for all of
Oahu, the decision was made to develop water out
side the district for use within it. Since then, water
supply has ceased being a severely limiting factor
to growth.

The population of the Area is expected to under

go a large expansion by 1980. Residential commu

nities, industrial centers, farming tracts, resort areas

and military operations are all expected to con
tribute to the Area's development. An increase in

population to about 38,000 people is anticipated.

The Board of Water Supply expects to serve every

one except those dependent on the U. S. Navy sys

tem at Lualualei.

Average daily demands made on the Board in

1980 will approximate 7.4 million gallons. The pres

ent sources operated by the Board will use more of

their capacity to help meet demand, but additional
sources will also have to be developed.

A new well field in upper Honouliuli in the Pearl
Harbor region will provide a sustainable capacity
of 3.0 million gallons per day from two wells. A
second additional source may consist of the old
plantation tunnels in Mt. Kaala after they have been
redeveloped, from which a sustainable capacity
of at least one million gallons per day is feasible.
The new sources in combination with the presently
operated stations will guarantee the Area a total sus
tainable capacity of nearly 10 million gallons per
day.

Efforts will be made to locate and develop more
water within the region. It is likely, however, that,
with the exception of the Honolulu District, Service
Area 7A will become the largest importer of water
on Oahu.

Population and Consum.ption

At the nadir of plantation operations III 1946,

the population of the Area amounted to only a few
thousand people. The sugar mill and pumping sta

tions were abandoned and the plantation lands sold.
Some of the cane lands were subsequently subdi

vided into small farms; some were developed for

residential communities. The population underwent
a gradual increase. By 1960 the town of Waianae

counted 4,100 people compared to a population of

only 1,000 in 1950.

The old plantation tunnels driven into Mt. Kaala
became the source of water for distribution to farm

ers and residents by a private water system. The
Board of Water Supply's predecessor in the region,
the Suburban Water System, developed water from
the shaft at Makaha purchased from the Waianae
Development Co. and a 10,000-foot-Iong tunnel it
constructed in upper Waianae. The Area continued

tween dikes. Many wells were driven into valley
sediments, and some of these also developed good
water initially. Horizontal collecting tunnels were
excavated into permeable fossil coral reefs and al
luvium of the valley sediments, and a basal shaft
was driven into the basalts of the ridge on the north
side of Makaha Valley . At full development, 17
pumping stations had been constructed. Two of
these pumped water from dike compartments, eight
from alluvium, and seven from coral ledges.

The water produced by the pumping stations
varied greatly in quality. At the time of maximum
plantation operations an average of about 6.0 mil
lion gallons per day was pumped, the chloride con
tent ranging from 250 to 8,000 parts per million.
Much of this water was unsuitable for agriculture,
and very little could meet domestic standards. It was
inevitable that large-scale irrigated agriculture in the
district would wither and die.

History of Development

Lack of abundant fresh water III the Waianae

District had always hampered its development

until 1961 when the large transmission main con

necting it to the extensive resources of southern

Oahu was completed. However, commercial agri

culture in the region has had a long history, dating
back nearly a century. As early as 1880, sugar cane

was grown on a moderate scale, 500 tons of sugar

having been produced from 240 acres in that year.
But even then the scarcity of water limited expan
sion. The struggle of the sugar entrepreneurs against
the penury of nature went on until 1946, when the
cumulative effects of perennial water shortages
forced the cessation of all sugar cane cultivation.

The small streams that cascade down the lower
slopes of Mt. Kaala at the head of Waianae Valley
raised expectations in the pioneer cane growers that
were never fulfilled. The early planters, on locating
the sites where streams issued from the ground,
drove tunnels in attempts to increase flow. In com
mon with all high-level water resources where dikes
are pierced, the initial tunnel discharges were
greater than normal stream flow, and to profit from
the apparent unlocking of untapped resources more
lowland acres were opened to sugar cane. But the
flush discharges from the tunnels soon reduced to
normal stream flows, forcing the search for more
water to satisfy the new acres of cane. At the height
of plantation activities 16 high-level tunnels had
been excavated in upper Waianae Valley and 11
in Makaha Valley .

Wells were first drilled in 1882, shortly after
Campbell's discovery of artesian water in the Ewa
Plain. Some of the wells at first were highly success
ful, especially those that tapped water confined be-

SERVICE AREA 7 A
1980 DEVELOPMENT AND
WATER SOURCES
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Upper Right-A paved road will eventually cross
the rocky terrain at Ka ena Point to mak e th e Waianae
District accessibl e from north and south.

Centet'-Makaha Vall ey from th e cres t of th e
Waianae Range. Only th e lower portion

has been developed so fat', but
plans have been formulated to put

most of th e valley to economic us e.

Bottom Right-Kiaw e trees and scrubby
growth now cover fertile lands

that once w ere planted wit h sugar cane.
Th e availab'ility of water will

hasten th eir developm ent.

Below-Avemge daily ground water draft by th e
Waiana e Plantation during th e 16 uears prior

to its dissolution in 1946. Th e salin ity of th e ground
water used in irriaaiion by th e plantation was always

unusually high and sensitive to chang es in draft,
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Water from Kunia and
Haaeae Well s

Water from
Honoul iuli Well s
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Streams drainiru] th e mountain s loose th eir flow shortly on leaving th e w et forests except during rainy periods. Th e
S chofield Plateau is diss ected by many non-perennial streams.

54 A bove- T he gentle slopes of th e Schofield Plateau, covered with sugar
cane, m erg e into the Ewa Plain.

Below-The Ewa Plain is underlain by th ick masses of fossil coral.

SERVICE AREA 7B
HYDROLOGY
Geography and Climate

The flat Ewa Plain, the convex southern slopes
of the Waianae Range, and a portion of the gently
dipping Schofield Plateau above Pearl Harbor con
stitute the 76 square miles of Service Area 7B. The
Ewa Plain, reaching from the sea to the talus apron
of the lower Waianae hills, is a monotonously level
lowland formed from deltaic muds and fossil coral
reefs, now capped with the verdure of growing sugar
cane. The Waianae slopes follow the ellipsoidal arch
of their parent volcanic dome, on which small erup
tive cones were later embossed. The fertile Scho
field Plateau laps against the Waianae foothills and
gradually descends to the lochs of Pearl Harbor.

Except in the mountains, the Area is covered
with deep, rich soils, ranging from red latasols on
the plateau to grey-brown hydromorphic clays on
the plain. Only two streams, Kipapa and Waikaka
laua, have carved deep valleys through the thick
overburden into bedrock. Both streams originate in
the wet Koolau mountains, and they join about
three miles from Pearl Harbor to form Waikele
Stream, which empties into the West Loch of the
harbor. On the Waianae slopes only one stream,
Honouliuli, has made a significant indentation. The
stream flows only during storm periods.

The Ewa Plain is hot and dry, rarely receiving
appreciable rainfall except during the winter months.
Less than 20 inches of rain normally falls each year
on much of the plain. The maximum average annual
rainfall in the Area, which amounts to just 50 inches,
is restricted to the higher sections of the Waianae
Range. The plateau receives between 20 and 40
inches per year. Throughout practically the entire
Area the rainfall is insufficient to sustain vigorous,
plant growth.

Geology
Both the Waianae and the Koolau Series of rocks

serve as aquifers for the immense basal water lens
underlying most of the Area. The Waianae Series
plunges beneath the Ewa Plain and Schofield Pla
teau but is exposed along the Waianae coast. The
younger Koolau Series forms the sub-stratum of the
plateau, having ponded above the more ancient
Waianae lavas. It also dips below the Ewa Plain,
although not at as steep an angle as the Waianae
Series. Where the two series of lavas meet an un
conformity exists, marked by the presence of a buried
soil bed that had formed on Waianae rocks, only to
be innundated by the fluid Koolau lavas. This un
conformity acts as a partial barrier to the free flow
of ground water between the two sets of rocks.

The entire area below an elevation of approxi
mately 100 feet consists of caprock. The whole of
the Ewa Plain is underlain by a wedge of sediments
that thickens to greater than 1,000 feet off the shore
line. The inland portion of the plain is covered by
alluvial muds and gravels, which are gradational to
marine clays and ancient coral reefs toward the
coast.

Caprock also veneers the lowlands at the inland
margin of Pearl Harbor and extends up Waikele
Valley. The harbor itself is but a shallow indenta
tion in the caprock, having been formed by the
drowning of stream valleys through a rise in sea
level following the last great glacial age.

At the head of West Loch of Pearl Harbor the
caprock is thin and has been eroded by fluvial and
marine action to an extent such that springs dis
charging from the basal lens under artesian pressure
have breached it. Most of the springs are restricted
to Waikele Valley at elevations below about 20 feet,
the approximate regional head of the basal water.

Water Resources

Basal ground water in the basalt aquifers is the
most important water resource in the Area. No high
level water occurs, and only insignificant flows of
perched water trickle from the Waianae flanks. The
caprock is saturated with ground water, but of a
quality unsuitable for domestic use. Storm waters
from Waikele and Honouliuli Streams may someday

prove usable, but currently they waste to the sea.
The basal ground water occurs in an essentially

continuous lens throughout southern Oahu, although
in its movement across the Koolau-Waianae un
conformity the continuity of the hydraulic gradient
is disrupted. Most of the water in the lens originates
in the Koolau Range and moves in the direction of
Pearl Harbor and the Ewa Plain. In the Koolau
basin the head reaches at least 25 feet above sea level
beneath the Schofield Plateau, but decreases to
about 18 feet at the coast of the harbor. A loss of
several feet of head takes place across the uncon
formity so that in the Waianae basin the heads
range from about 20 feet down to 14 feet.

A second, but poorly understood, hydrologic
barrier occurs in the westernmost part of the Wai
anae basin. Here a drop in head of nearly 10 feet
takes place within a linear distance of less than a
mile. This barrier apparently is comparatively im
permeable.

Of critical importance in the maintenance of a
high head throughout the Area is the recharge of
excess irrigation water to the basal water body.
Sugar cane, which covers much of the tillable por
tion of the region, is of necessity heavily irrigated
because the soils are highly permeable. Approxi
mately half of the irrigation load returns to the
aquifers through percolation below the root zone
of the plants. However, where cane is grown on the
caprock, the percolant fraction is lost to the basal
aquifers and is caught up in the permeable portion
of the sediments instead.

Sea water encroachment has lowered the quality
of the water throughout much of the seaward por
tion of the Area, particularly in the Ewa Plain.
Along the shore of Pearl Harbor encroachment has
been least, especially in the vicinity of the basal
springs. Inland of the plain and the harbor, the
ground water, where carefully developed, is suitable
for domestic consumption.
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SERVICE AREA 7B
PRESENT DEVELOPMENT AND
WATER SOURCES

P opulation
Nearly 25,000 people live in Service Area 7B.

This population is distributed among towns, planta
tion villages and military establishments. The prin
cipal towns and their respective populations accord
ing to the 1960 census were Waipahu with 7,626
people, Ewa with 3,244 people and Ewa Beach
with 2,481 people. The largest military base is Bar
bers Point Naval Air Station.

Over the last two years both Waipahu and Ewa
Beach have grown significantly, while the town of
Ewa, whose single purpose has been to serve Ewa
Plantation, has remained about the same. Also , since
1960, much Capehart Hous ing near the military
bases has sprung up, further swelling the region's
civilian population. In addition, new communities
distant from present centers of popul ation have been
started, attracting new residents to the Area.

Consumption
Less than half the population is served by the

Board of Water.Supply, although the Board is the
largest single supplier of domestic water in the re
gion. About 10,000 people draw on the Board 's dis
tribution system. In addition, a large industrial com
plex in the southwestern portion of the Ewa Plain
depends upon the Board for its requirements.

The U. S. Navy serves at least 7,500 people, most
of whom are centered at Barbers Point Naval Air
Station and the Puuloa Naval Reservation on the
west shores of Pearl Harbor. Many of those served
are dependents of naval personnel living in Cape
hart Housing.

Plantation systems also accommodate about 7,500
people . These consist mainly of employees of the

Th e town of E wa, surrounded by ir ri aated fields of sugar
cane.

plantations living in the towns of Waipahu and Ewa
and in camps nearby.

The Board of Water Supply distributes an aver
age of 2.3 million gallons per day for all purposes.
The entire region west of the town of Waipahu is
supplied from the Kunia and Hoaeae Well Fields,
which also send water to Service Area 7A, while
Waipahu is served by a well field a few thousand
feet northeast of the town. Each well field develops
water in the Koolau aquifer.

From the Kunia and Hoaeae Wells the com

munities of Ewa Beach and Honouliuli are served.

These same wells supply the entire requirements of

the Campbell Industrial Park, amounting to some

what over a million gallons per day. The core of the

Industrial Park consists of an oil refinery and pri

mary cement plant, but also included in it are such
diverse industries as a small iron and steel works
and a brick factory.

The U . S. Navy distributes an average of two
million gallons per day, all of which is obtained
from a shaft and collection tunnel penetrating to
basal water in the Waianae basalt . The Ewa and
Oahu Sugar Co. plantations each produce about half
a million gallons daily from wells in the Koolau
aquifer for their domestic needs.

Irrigation Requirements

In comparison with the quantity of water pumped

each day for the irrigation of sugar cane in the Area,

the approximately five million gallons distributed for
domestic and industrial utilization is vanishingly

small . A single plantation pumping station often

produces more water than is consumed by the en

tire population of the region .

Two large plantations grow sugar cane in south
ern Oahu. Ewa Plantation Co. has 8,590 acres under
cultivation, all of which are on the Ewa Plain, and
Oahu Sugar Co. farms 11,954 acres, about two-

third s of which are included in the Area. Every acre
of cane is irrigated.

Ewa Plantation satisfies all of its irrigation re
quirements with ground water, about 90 per cent of
which is withdrawn from the basalt aquifers and the
remainder from caprock. From five well fields and
one shaft penetrating to basal water, the plantation
pumps an average of about 75 million gallons per
day. Only one of the pumping stations, a well field,
derives its supply from the Waianae aquifer. From
shallow excavations in the caprock an additional
10 million gallons is obtained.

Oahu Sugar Company produces about 40 million
gallons a day of ground water in the Area from four
well fields and a basal spring-tunnel station in the
Koolau aquifer and one well field in the Waianae
aquifer. The plantation also utilizes a large quantity
of surface water. Most of the Waiahole Tunnel Sys
tem's average production of 33 million gallons per
day is distributed on cane fields in the Area. The
plantation also diverts about five million gallons
daily of surface flow from Waikakalaua and Kipapa
Streams. Oahu Sugar Company's total average daily
use of water for irrigation in Service Area 7B is more
than 80 million gallons , three-fourths of its total
consumption in southern Oahu.

The combined irrigation requirements of the two
plantations in the Area are somewhat in excess of
160 million gallons per day, 30 times more than the
domestic-industrial consumption. The plantations
pump about 115 million gallons of basal ground
water daily, 110 million gallons more than the
amount pumped by the Board of Water Supply.

Not all of the water used for irrigation is of a
quality suitable for domestic use. Much of the water
pumped by the Ewa Plantation from their wells on
the Ewa Plain has a chloride content greater than
250 parts per million. The plantation stations inland
of Pearl Harbor produce better water, nearly all of
which falls within domestic standards.
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Ewa in 1879, the pace of development was slow.
Not until 1890 were large sugar plantations organ
ized. Once Ewa Plantation harvested its first crop
from the Honouliuli region, however, sugar cane
cultivation and the concomitant development of
ground water boomed.

In its first year, Ewa Plantation drilled 10 wells;
13 were drilled in the following year. Oahu Sugar
Co. put in its first wells in 1897. By 1908, Ewa Plan
tation was pumping 70 million gallons per day from
57 wells and Oahu Sugar Co. approximately the
same amount from 60 wells. In addition, an esti
mated 25 miscellaneous wells were producing a total
of at least one million gallons per day.

The sources from which the plantations derive
their irrigation supply have held up remarkably well
over the years, even under the duress of heavy and
sometimes careless pumping regimes. A number of
stations that were located too far down the hydraulic
gradient or that were drilled unnecessarily deep have
had to be abandoned, but new pumping stations in
better locations have replaced them.

Heavy draft from deep wells has induced sea
water encroachment in some areas but apparent
stabilization has set in. It is likely, however, that
some plantation stations now periled by saline in
trusion will have to be either operated differently or
replaced.

The introduction of more efficient irrigation prac
tices will tend to reduce the total agricultural draft
on the aquifers. The investigation of caprock water
may show that more of this source could be used in
irrigation. Any decline in sugar cane acreage will be
reflected in lower water requirements.

The basal ground water lens underlying southern
Oahu represents an enormous source of fresh water.
However, only through sound regional development
and management of this critically important resource
can its safety from deterioration by sea water in
trusion be assured.

ent components, the total population may approxi
mate 40,000.

The Board of Water Supply will be prepared to
serve all of the population not dependent on the
military water systems, and all industry as well. An
average daily requirement of over six million gal
lons and a maximum day consumption of at least
nine million gallons is anticipated. To meet these
needs, new well fields will be constructed and present
sources will be developed more fully. The new wells
will help supply adjacent areas also.

In upper Honouliuli, a well field designed to serve
both Service Areas 7A and 7B is planned. A sus
tainable capacity of 2.5 million gallons per day will
be assigned to Area 7B. From a new well field lo
cated in Panakauahi Gulch in Service Area 8, about
one million gallons per day can be contributed to
Area 7B. The currently operated Waipahu station
will have its capacity increased by 1.5 million gal
lons per day to a total of 4.5 million gallons per day.
Thus, the daily sustainable capacity available to
Area 7B in 1980 will be 11 million gallons, an in
crease of five million gallons over the present.

Irrigation RequireDlents
The quantity of water developed by the planta

tions is not expected to be altered substantially be
fore 1980. Actually, the amount used for irrigation
has remained relatively constant over the past 50
years. Full plantation development had already been
reached as early as 1910.

Compared to the Waialua region, the advent of
sugar cane cultivation was late in coming to southern
Oahu. The parched dry plains through which no
perennial streams flowed discouraged landowners
from attempting any large-scale agricultural activity
except ranching. Although along the rim of Pearl
Harbor large volumes of water poured from the
ground as basal springs, it was uneconomical to
transport the endless flow to the distant plains.

Even after the discovery of artesian water near19 80
I

7A
7A

1960
1

Because of its topography, its fertile soils, and its
bountiful supply of water, Service Area 7B will con
tinue as one of the chief agricultural regions of
Oahu. But also because of its proximity to Hono
lulu and its nucleus of heavy industry, it will grow
as a residential and industrial center. Military op
erations will remain as a primary activity in the Area.

Population and Ooneuznptdon
The already burgeoning towns of Waipahu and

Ewa Beach are expected to at least double in popula
tion by 1980. A new community on the slopes of
Makakilo in the southern Waianae Range overlook
ing the Ewa Plain has been started and will grow to
several thousand people over the next two decades.
Other new communities are in the planning stage.
Additional Capehart Housing is anticipated. By
1980 the civilian population of the Area dependent
on municipal services is expected to reach about
32,000. Including the military and military-depend-

SERVICE AREA 7B
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Top-Campbell Industrial Park as seen [rom. Makakilo. The Park will expand considerably in coming years, and the slopes in
the foreground are scheduled for residential development.

Bottom Left-Pumping units at the Board of Water Supply Hoaeae Well Fi eld. The station serves both S ervice Areas 7A and 7B.
Without it, developm ent of th e Waianae District could not expand.

Bottom Right-Avem.ge daily quantity of water in millions of gallons distributed by the Board of Water Supply and th e former
Suburbom. Water System in S ervice A 'reas 7A and 7B combined.
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and Kala uao Valleys. Here, an average of 18 million
gallons per day pours from a five-acre crescent at the
inland edge of the caprock.

The Waiau Springs, just west of the estua ry of
Waimalu Stream, are less voluminous, discharging
about seven million gallons per day on the average.
Adjacent to and continuou s with Waiau are the Wai
mano Springs, the largest of the five. Approximately
26 million gallons each day issue from the Waimano
area . Waiawa Springs are smaller, giving a daily
average of 13 million gallons. Th e Waikele Springs
of Area 7B discharge about 15 million gallons per
day.

The stream valleys of Waiawa, Kalauao, Aiea and
Halawa also act as springs where they cut below the
regional head of the basal ground water body. A
combined total of at least five million gallons a day

of spring water is contributed by these streams. They
also carry storm flows, which, if uniformly dis

tributed over the year, would amount to a total of
about 30 million gallons per day.

The flow at the springs is directly related to the
head of the basal water body. Springs can emerge
only where the topographic level is below the re
gional ground water level. Where springs do occur,
their flow varies with the regional head , increasing
as the head goes up, decreasing when it goes down.
At Kalauao, a change in regional head of one foot
causes a change in spring flow of nearly two million
gallons per day.

The greatest visible discharge of ground water
on all of Oahu issues from the Pearl Harbor Springs.
Under normal conditions, the total spring flow is
greater than 80 million gallons each day. Not all of
the discharge is of high quality, however. The pro
portion suitable for domestic use is not definitely
known, but it probably approximates nearly half of
the total flow. The springs represent one of the larg
est untapped fresh water resources on the island.

Oahu, varying from wet mountains to a parched
shoreline. Near the crest of the Koolau Range, an
average of about 200 inches of rain falls each year.
In the direction toward the coast, the rainfall de
creases sharply, until over the harbor it amounts to
only 30 inches per year.

Geology and Hydrology
The Koolau basalt is the primary rock formation

throughout the region. It constitutes the aquifer for
the basal ground water lens that underlies much of
southern Oahu. The deep red soils of the plateau
and gentle ridge facets surrounding the harbor have
evolved directly from it.

Below the 100-foot contour the basalt is covered
by caprock sediments consisting principally of
stream-laid alluvium and deltaic muds. Beneath the
waters of Pearl Harbor marine sediments intercal
ated with terrestrial muds predominate. Pearl City
Peninsula and Ford Island are exposed remnants of
an ancient coral platform.

The caprock around the inner rim of the harbor
is comparatively thin and consequently less effective
as a ground water seal than elsewhere in southern
Oahu. As a result, it has been breached in several
areas by artesian springs that discharge great vol
umes of basal water.

Because the ground water can escape with relative
ease through the springs, the inner margin of Pearl
Harbor is the chief discharge sink for the basal water
lens of south ern Oahu. Ground water moves toward
the springs from as far away as Honolulu on the
east and Waipahu on the west.

Pearl Harb or S p rin gs
Five large spring areas, called in total the Pearl

Harbor Springs, account for most of the ground
water that surfaces. Four are in Service Area 8 and
one in Service Area 7B. The best-defined in Area
8 are the Kalauao Springs lying between Waimalu

S E R VICE A REA 8
HYDROLOGY
Geog r ap h y an d Cli:mate

Fifty-six square miles of the south-central portion
of Oahu draining into Pearl Harbor constitute Serv
ice Area 8. Sandwiched between Service Areas 1 and
7B, it stretches from the harbor up the Schofield
Pla teau to Service Area 6 and to the crest of the
Koolau Range where it meets Service Area 2.

The ditches and tunnels of the Waiahole trans
mission complex, from midway on the plateau, nine
miles along Waiawa Valley to a peak overlooking
Waiahole Valley in Windward Oahu, form its north
ern boundary. Middle and East Lochs of Pearl Har
bor bound it on the south, and Red Hill , the divide
between Halawa and Moanalua Valleys, separates
it from the Honolulu District. It shares five and a
half miles of the Koolau crest with the Koolaupoko
District.

Several major streams, rising in the wet upper
part of the Koolau Range, drain the Area. The
largest is Waiawa, then Waimalu, which is followed
by Kalauao, Aiea, and North and South Halawa. Not
any of these streams are perennial throughout their
courses. Above the forest reserve line they may con
tain water most of the time, and near the coast,
where ground water rises to the surface, they main
tain a constant flow. In their mid-portions they are
dry except during periods of heavy rain.

A narrow coastal plain borders Pearl Harbor, ex
cept at Pearl City where it protrudes as a finger into
the harbor. The lower slopes of the Schofield Plateau
coalesce with the plain, forming a continuous sweep
of tillable land. Although the mountain terrain is
rugged, the ridges that strike toward the harbor
flatten into wide interstream facets that merge almost
imperceptibly into the harbor rim.

The climate of the Area is typical of leeward
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Th e slopes betw een Aiea and Pearl City are rapidly being covered with homes.

aquifer from five well fields and spring flow from
Kalauao and Waiawa Springs. Only a small portion
of the spring discharge is withdrawn by the pumps,
however. A daily average of about 1.5 million gal
lons of stream water from the mountain section of
Waiawa and Waimalu Valleys is also used.

Watercress growers at Pearl Harbor's edge grow
their crops in running spring water and , in addition,
allow approximately 15 million gallons per day to
flow from shallow artesian wells. Most of this water
is channeled out to sea after passing through the
watercress patches.

The Hawaiian Electric Company uses an average
of 14 million gallons per day as cooling water and
for boiler feed. Of this total, six million is taken
from a horizontal collecting tunnel in the basal lens
near sea level; two million is taken from wells; and
six million is obtained from Waiau and Waimano
Springs.

Another industrial user of water is the California
and Ha waiian Sugar Refining Corporation in Aiea.
Ab out 1.5 million gallon s per day is pumped from
wells operated by the company.

A summary of the quantity of water developed
in the Are a forcefully illustrates the extremely large
water resource that is constituted by the basal ground
water lens und erlying southern Oahu . On the aver
age, pumping stations and ar tesian wells in the Area
produce 50 million gallons a day for domestic and
industrial use (including the quan tity sent to Hono
lulu ) ; 23 million gallons for the irrigation of sugar
cane (to which seven million gallons of water re
cycled from Hawaiian Electric Company may be
added) ; and about 15 million gallons for use in
watercress culture. In addition to the above quanti
ties developed for use, abo ut 65 million gallons of
spr ing water visibly escapes each day into Pearl
Harbor.

Service Area 8 may well be considered the great
fresh water reserve upon which the growing city of
Honolulu can rely.

sists of a shaft with horizontal collecting tunnels near
the top of the basal lens. The largest is Waiawa
Shaft, which yields an average of over 16 million
gallons per day . From the shaft, water is piped
throughout the Pearl Harbor Naval Base and to
Hickam Air Force Base.

Shafts at Red Hill and in lower Halawa Valley
supplement the Waiawa Shaft. The Red Hill shaft is
pumped at an average rate of three million gallons
a day, and the Navy Ha lawa Shaft yields about one
million gallons each day . The total average daily
load on the entire Navy distribution system around
Pearl Harbor is approximately 20 million gallons.

Agricultural a n d Indus trial Bequfeemerrts

Several thousand acres of sugar cane are planted
in the Area by Oahu Sugar Co. To irrigate this, the
plantation uses about 30 million gallons of water
daily . Twenty-three million gallons are obtained
from primary pumping stations operated by the
plantation and the remainder from the Hawaiian
Electric Company's generating plant where it is first
utilized in plant processes.

The plantation pumps ground water of the Koolau

12 million gallons a day is sent from the Area to
Honolulu from the Board 's Halawa shaft.

The Pearl City area draws an average of 1.3 mil
lion gallons per day from two well fields and the
Pearl City Shaft. A single well field yields a daily
average of 0.3 million gallons to the Waimalu re
gion, and three well fields serve the Aiea-Halawa
area with about one million gallons a day. The total
average daily requirem ent made on the Board for
consumpti on within the Area is 2.5 million gallons.

The sustainable capacity of the Board's stations
is of the order of four times the average demand.
The sustainable capacity at the Pearl City sources
total s 4.5 million gallons per day ; at Waimalu it is
nearly one million gallons; and in the Aiea-Halawa
region it is about 5.5 million gallons daily.

U. S . Navy Syste:m
The 30,000 people who rely on the U. S. Navy

for their requirements are either directly connected
with the Armed Forces or are military dependents
living in housing developments closely tied in with
the military bases. The Navy's system produces
water at three pumping stati ons, each of which con-

SERVICE AREA 8
PRESENT DEVELOPMENT AND
WATER SOURCES

More ground water is apparent and measurable
in Service Area 8 than in any other Service Area
described. As a result, the resources of the Area
have been effectively exploited for many years.
Heavy requirements are posed by each of the three
primary categories of use-agriculture, industrial
and residential.

Sugar cane , which requires irrigation, is widely
grown, and several lesser crops, in particular water
cress, are important. The largest facility for the
generation of electric power on Oahu is located in
the Area, and light industries have been started.
A nearly continuous suburbia that serves Honolulu
follows the hills and coastal plain along Pearl Har
bor from Halawa to Pearl City. The largest military
complex in the Pacific , the Pearl Harbor Naval
Base, is centered in the harbor and on the adjacent
land around it.
Population and Consu:m ption

Close to 50,000 people, including military per
sonnel, lived in Area 8 when the U. S. 1960 Census
was taken, but the number has und oubtedly in
creased since then. Th e largest town is Aiea, which
is closely followed in size by Pearl City. Both towns
act as end points to a band of residential develop
ment that has sprung up along the main highway.
Newer subd ivisions have been started on the facets
between stream valleys.

T he Board of Water Supply serves approx imately
18,000 people, not quite 40 per cent of the total.
The remainder, with the except ion of about 900 at
the State Institution at Waimano, depend upon the
U. S. Navy water system. Waimano Home obtains
its supply from its own deep well.

T he Board produces water for use in the Area
at seven stations, six of which arc well fields and the
other a shaft. All stations pump water from the
basal lens in the Koolau aquifer. In addition, about

Below-Watercress requires a large supply of cool,
running wa ter . In the Pearl Harbor region, the abundant
flows of sp riru) water sustain a sizeable watercress industry.

Above-A rtesian wells have been dri lled in spring
areas to augment the flow of water for -ioatercress culture .
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used for other purposes will not seriously affect the
acreage that could be planted in watercress. The
availability of land will be the limiting factor in the
stablization of this acreage.

The industrial requirement for fresh water at the
Hawaiian Electric station is not expected to increase.
Any changes in generating capacity that would lead
to greater water use should be designed to accept
saline water.

Water for Honolulu

The surplus of fresh water in Area 8 that visibly
wastes to the sea each day immediately suggests the
opportunity to export water for use in the Honolulu
District. Already more than one-fourth of the fresh
water consumed in the city is obtained from Halawa
Shaft, located near the eastern boundary of the Area.
Over the next 20 years, three additional stations de
signed to pump water to Honolulu are planned.
These stations will be located inland of the Pearl
Harbor Springs and will intercept fresh water before
it discharges at the springs.

By withdrawing ground water by wells rather than
at the springs where it surfaces, the quality of the
water can be controlled. Also, during periods of
stress when the regional head is low and demand is
high, the storage facilities of the basal water lens
can be exploited to provide large quantities of high
quality water for limited periods. On the other hand,
at the springs, the quantity of water of acceptable
quality that could be withdrawn would depend en
tirely upon the regional hydrologic pattern. At low
heads, which generally reflect poor recharge condi
tions and high demand, less water could be pumped
than at high heads, when the demand is low.

Service Area 8 is extraordinarily rich in water re
sources. It is now, and will continue to be, the larg
est exporter of fresh water of all the Service Areas:
The continued growth of Honolulu depends upon
an abundant supply of high-quality water from
Area 8.

A well field will be constructed on the west ridge
of Panakauahi Gulch between Waipahu and Pearl
City. At least one million gallons a day will be
utilized in Area 8; another million gallons per day
will be available for Area 7B just across Kameha
meha Highway.

To serve the residential development planned on
the Kalauao facet overlooking the Kalauao Springs,
a well field with an initial sustainable capacity of
one million gallons a day will be constructed. As
other similar slopes are developed between Kalauao
and Pearl City, either additional well fields will be
located or the distribution system from already ex
isting stations will be extended.

The current capacity of the U. S. Navy system is
thought to be sufficient to meet its future require
ments. As of this writing, no new pumping stations
are planned. Should expansion occur, however, ad
ditional developments will be made in consultation
with the Board of Water Supply.

Agricultural and Industrial Requirem.ents
As residential subdivisions intrude on the fertile

foothills and coastal plain, sugar cane retreats. In
the last few years, agriculture on sections of the
Aiea and Halawa facets was abandoned and re
placed with housing. The Kalauao slopes have had
their last sugar crop, and within 20 years the facets
west of Kalauao will no longer be covered with
blankets of cane. By 1980, only the region west of
Pearl City is expected to remain cultivated.

The reduction in cane acreage will lead to a
matching reduction in water developed for irriga
tion. It is anticipated that the decrease in irrigation
requirements over the next 20 years will amount
to at least 20 million gallons a day.

Watercress culture in the flooded spring areas
will continue but probably on less acreage. The
spring water used by the growers is the undeveloped
portion that ordinarily wastes to the sea. Even a sub
stantial increase in the fraction of spring discharge

Population and Consum.ption

The region between Aiea and Pearl City over the
last decade has become one of the most rapidly de
veloping residential and light industry centers on
Oahu. Its rate of growth through 1980 is expected
to continue at an aggressive pace, and its population
by then will trail only the Honolulu District and
Service Area 2 in magnitude.

Before the early 1950's only Aiea and Pearl City
had an appreciable population. The census of 1950
counted 3,714 in Aiea and 2,663 in Pearl City.
Within 10 years, Aiea had grown to 11,749 people
and Pearl City to 8,101, increases of greater than
200 per cent. Portions of the foothills sloping to the
Pearl Harbor shore between the towns also devel
oped during the interval. By 1980 a continuous
swath of housing will connect the two towns and will
extend beyond them. Because of its proximity to
Honolulu, the region will serve the city as one of
its most important suburbs.

The Board of Water Supply expects to serve about
51,000 people by 1980, a threefold increase over
the present. The U. S. Armed Forces will continue
to take care of their own needs, which will very likely
at least match their current requirements. The
Board's system will distribute nearly 10 million gal
lons an average day and up to 15 million gallons for
maximum day consumption.

SERVICE AREA 8
1980 DEVELOPMENT AND
WATER SOURCES

Sources
The sustainable capacity of the Board's currently

operated pumping stations could accommodate the
average demands expected in 1980 and could easily
satisfy maximum day requirements because of the
vast storage inherent in the ground water body.
However, additional stations will be constructed to
most economically and conveniently handle local
problems of supply.
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Below-Residential developments
encroaching on sugar cane

lands above Pearl City. The
sugar cane is being burned as

part of th e harvesting process. On
much of th e acreage above th e East

Loch of Pearl Harbor, agriculture
is scheduled to cease by 1980.

(Photo by A. R . Tyler).

Riqhi-s-A oenu;« daily quantity of water
in millions of gallons distri but ed. by

th e Board of Water Supply and th e
former Suburb an Water System

in Se rvice Area 8.

64



I

TO BE DEv ELOPED BY 198 0

o
D

WELLS

SHAFTS

TRA NSMI SSION MAI NS

WATER S OUR CE S

o
D
~

LEGEND

SERVICE AREA 8

CURRENTLY USED

~ AREA CURRENTLY SERVED BY BOARD OF WATER SUPPLY.

c=J ADDITI ONA L AREA TO BE SERVED IN 1960 BY BOARD OF WATER SUPPLY.

mIIIIIill AREA SERVED BY U. S. GOV ERNM ENT AGENCIE S.

~ SUGAR CANE.

~

WATER SOURCES AND AREAS SERVED
1980

N

o
Wate r to

Service Area I

Woter to
Service Area I

P EARL

HARBOR

Pearl City
Well s I

PEARL
CITY

\ 3000 0 3000
E3 H H e----a FF3

6000 9 0 0 0 12000 F E ET
Fa E+3 e--3 i

-- -_ ........ WATER CONV EYING DITCH or TUNNEL

PAC I FIC O CEA N



SUMMARY TABULATION
POPULATION SERVED, WATER REQUIREMENTS AND SOURCE CAPACITY

Per Cent Per Cent
1980(3) Increase 1962 1980(3) Increase

75 53 68.7 112 63

18 114 13.3 27 103

1.4 367 .6 2.1 250

.8 300 .4 1.2 200

1.9 171 1.3 2.8 115

5.8 190 2.4 8.7 262

7.4 }
} 9.5 II }134 9.3 1146.2

9.7 288 4.5 15 233

WATER REQUIREMENTS

SERVICE
AREA Per Cent
NO. AREA SERVED 1960 (1) 1980(2) Increase 1961

I Moanalua to Makapuu Pt. 278,184 384,500 38 48.9

2 Waimanalo to Waikane 57,729 117,000 103 8.4

3 Kaaawa to Malaekahana 3,221 8,800 173 .3

4 Kahuku to Waimea 1,386 5,300 282 .2

5 Kawailoa to Mokuleia 5,862 11,900 103 .7

6 Wahiawa 18,326 41,800 128 2.0

7A Nanakuli to Kaena Pt. 12,022 38,000 216 }
7B Waipahu to Barbers Pt. 9,981 32,000 221

5.8

8 Halawa to Pearl City 17,968 51,000 184 2.5

Total or Average 404,679 690.300 71 68.8

(1) Population actually served by Board of Water Supply.

SUSTAINABLE CAPACITY FROM SOURCE(4)

Average Daily
in Million Gallons

Present Sustainable Total
System Capacity .Sustainable

Sustainable to be Added Capacity
Capacity by 1980 1980

53 27.5 80.5

12.1 15 . 27.1

2.2 2.5 4.7

0.8 2.0 2.8

4.0 4.5 8.5

2.3 7.0 9.3

5.8 4.0 9.8

6.0 5.0 11.0

10.9 2.0 12.9

97.1 69.5 16793189

Maximum Day
in Million Gallons

97.7

(3 ) Estimates based on population and an increased per capita consumption.
(4) Sustainable capacity refers to the quantity of water that can be with

drawn from a source over an indefinite period without affecting the
ability of the source to supply water suitable for domestic purposes.

83126

Average Daily
in Million Gallons

POPULATION SERVED

Estimated population to be served by Board of Water Supply.(2)

to irrigate about 35,000 acres of sugar cane; a vast
military complex depends upon reliable sources; and ~

a large and expanding population requires an ever
increasing share of the total supply. Fresh water is
truly the primary natural resource of the island.

The history of the growth and development of
Oahu is a study of the close interdependence of eco
nomic progress and the exploitation of fresh water
resources. In times long past , ignorance of the oc
curence and extent of the island's ground water re
sources resulted in economic stagnation. Also in an
era gone by, the careless development of these same
resources, then thought to be limitless, led to the
peripheral destruction of the basal water lenses by
sea water encroachment and to unnecessary drainage
of the high-level water of the dike zones. Alarms and
agonizing fear that the great subterranean reservoirs
were being destroyed rallied the voices of reason and
gave rise to careful development and management
techniques now employed in producing water.

Today, the availability of fresh water is no longer
the severely limiting factor to growth that once it
-vas. Future requirements have been planned for, and
there is no reason to fear that the supply will ever
fall behind demand.

The accompanying tabulation summarizes the
role required of the Board of Water Supply in meet
ing the steady expansion of Oahu's population and
economy.

SUMMARY
Oahu is truly unique with respect to its fresh water

resources. Circumscribed by the sea, it is entirely
dependent on the fresh water occuring within its lim
ited land area , and ultimately to the rain that falls
upon it. Fortunately, a marvelous set of natural
phenomena combined to enable the island to act as
a tremendous reservoir of fresh water sitting in the
middle of the Pacific Ocean.

Extremely heavy rainfall, soaking the mountains
throughout the year, percolates rapidly into the
porous ground to accumulate in extensive aquifers.
Much of this water moves slowly toward the sea, but
near the coast its progress is inhibited by a ring of
relatively impermeable sediments, the caprock. Un
able to escape easily into the sea, the fresh water
fills more and more of the permeable basalt under
lying the island until it forms a vast lens floating on
heavier saline water. By means of wells and shafts
the water may be pumped to the land surface to be
put to profitable use.

Po portion of the percolant rainfall of the wet
mountains becomes trapped between nearly imper
vious dikes, .~ ' ,v 'e it remains until it seeps away as
springs or is drained by tunnels. A smaller portion

flows in ctieams directly to the sea.
The ecor.omy of Oahu is based upon an abun

dance of ~ ·. esh water. Immense quantities are utilized
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A CK N ,WL DGM E N T S '
Concern with the adequacy of the water resources of

Oahu to sust~i ' a large 1Popul~tion and an expanding econ
omy over the year~ has 'ilie~it~t:ly resulted in numerous
investigations aimed at;.delineating, and evaluat ing these •
resources. More than i~oi'years ago surveys were inItiated ,
to locate wate r supplie for Honolulu. 'The great impetus to '
the study of the island's"water resources, however, followed _
the discovery of ar tesian, ground, water in 1879. ,,' :':"

In vestigations began in ear nest' a round the turn of t he
cent ury and are cont inu ing today:' Much 'of this report.:{s
based on the discoveries made and the data collected over
the last 50 years. ' "

Several government agenci es and private organizations
have provided the framework within which the invest iga
tions ha ve been conducted. Foremost among them has been '
the Boa rd of Water Supply and its predecessors, partie:
ula rly with reference to the utilization of the knowledge
gained. Th e United , States Geological Survey has made '
fundamental scientific st udies on the hydrology and geology '
of the island, and the Hawaiian Sugar Planters' Assbda
tion has conducted water surveys in the interest of the sugar..
plantations. Other organizations that have made valuable
contributions include State ,(pr eviously Territorial) ana
Federal agencies concerned in general with forestry, agri
culture and soil conservation. '

Many prominent engineers ' and geologists have devoted
th eir careers to studying Oahu's water resources. Among
the engineers are Frederick Ohrt and J. F. Kunesh of the
Board of Water Supply, A. R. Tyler, head of the Suburban
Water System until its merger with the Board of Water
Supply, G. K. Larrison, K. N. Vaksvik, M: H. Carson, and
H. S. Leak of the U: S. Geological Survey. Others include
W. A. Wall ; T. F . Sedgwick, .J ohn .]\,1cCoinbs and H. A. R.
Aust in. ' '

Fundam ental geological -hydrological investigations were
' car ri ed out by C. K. Wentworth of the Board of Water Sup
ply; H. S. Palmer ,of the .University ~ of ,Hawaii and the
Boa rd of Water Supply; H. T. Stearns and~G. A. Macdonald
of the .U, S: 'Geological Survey; an d 'W. O. Clark and D. C.
Cox of the Hawaiian Sugat 'P lanter s ' Associa tion. Addi
tionalstudies have been made by other representatives of
the Board of Water Supply, the U. S. Geological Survey
and the State Division of Water and Land Development.

, Th e Board of Water, Supply currently maintains a Water
Resources Division, headed by L. J. Watson, whose chief
task is to investigate and plan the use of the island's water
resources. The Division includes J. F. Mink, hydrologist
geologist ; K. H. Lee, planning enginee r ; and C. K. Lum,
water resources development engineer. Population and con
sumption statistics are the responsibility of the Boar d's Hy
draulic Design -and Planning Division under K. K. Wallace., ..

The Members of the Board of Water Supply, under the
chairmanship of R. E. Clark, have been especially sym
patheti c to the needs of water ,resour ces planning, and the
Manager and Chief Engineer, E . J. Morgan, has aggres
sively pursued 'Program~ designed to optimize the develop-

.ment an ? management of the island's water supply.

The U. S. Geological Survey, presently headed by D. A.
Davis, District Geologist, and M. M. Miller, District En
gineer, continues to conduct basic geological and hydro
logical studies in close cooperation with the Board.

In the bibliographic index that follows, an attempt has
been made to list contributions that relate principally to
water re sources and their utilization. A few refer ences to
the general geology, meteorology and hydrology of the is
land are also listed. More has been written than can be
included in the index; however. k more complete listing'iis
available at the Board of Water Supply.
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