
The high cost of this type of water development precluded (j.dditional
projects for many years, -except for a few relatively short shafts, but right
after World War I, plantation and government interests proceeded with
many basal water projects. The Honolulu Board of Water Supply has
been a leader in the perfection of the design of such underground sta­
tions, and its installation in Halawa Valley is widely accepted as one of
the best examples to date.

The Board now has three stations similar to the one shown on Plate
13. A 30-degree approach shaft is preferred so that a cable car may be
used instead of an elevator. Furthermore, under geologic conditions in
the Honolulu region, it is important that pump sumps be located as far
as poss.ible from impervious valley-fills which would restrict the effective
drawdown area.

The general specifications for such a project are simply stated: A shaft,
pump room, and sump ar.e excavated, and the pump room floor is placed
at an elevation determined from a consideration of maximum water level
to be expected in the locality and the type of pumps to be installed. From
the sump the skimming tunnel is driven near sea level in the direction
from which it is supposed most of the lava flows came. This is important
because, although most lavas transmit large amounts of water, there are
some flows that are relatively impermeable. A tunnel driven in the direc­
tion from which the lava came will pierce a maximum number of the
seaward sloping flows, thus increasing the probability of finding layers
which yield water.

Aside from designing for the best possible tunnel direction, the prin­
cipal problem is to have sufficient pumping capacity installed during the
construction period to keep the tunnel unwatered. Representative sta­
tions have tunnel lengths of up to 1,000 or 1,200 feet but, in some loca­
tions, sufficient water has been developed in the sump itself with little or
no tunnel. The developed yield of the best tunnels of this type is from
15 to 30 or more million gallons per day.

The fact that water taken from the top of the lens is usually of mini­
mum salinity, while in many areas water from deep artesian wells is
deteriorating in quality, indicates that future basal water development
will be almost exclusively either ef the skimming tunnel type or of
vertical wells drilled into the top of the basal water lens.
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THE UTILIZATION OF BASAL GROUND WATER IN HAWAII
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SCHEMATIC CROSS SECTION THROUGH A

TYPICAL UNDERGROUND PUMPING STATION

HONOLUW BOARD OF WATER SUPPLY

PLATE 13



PLATE 14 A DIKE OF INTRUDED LAVA

Dike of later lava intruded into partially weathered bedded Waianae
flows. Complexes of such impervious dikes often form water-tight com­
partments which, when tapped by tunnels, become valuable water sources.
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DIKE-CONFINED AND PERCHED GROUND WATER

Thus far we have considered only the vast lens-shaped body of fresh
basal water which floats in hydrostatic balance on the denser sea water.
As we have said, this water occurs under an artesian condition in certain
areas and with a free water table in others. Such sources supply about
95 per cent of Honolulu's needs.

The next important category of ground water which furnishes a small
but valuabkportion of Honolulu's supply is that confined in dike-walled
compartments.. For each lava flow there must have been an' avenu,e
through which the molten lava was forced to the surface. As-i-nIDGa-t€d
. Flate 1 the impelling force may have been overcome by resistance to
further intrusion before the flow reached the surface, or the intruding
lava stream may have broken through the surface, in which case there
would have been a lava flow. In either case, the intruded lava. upon cool­
ing, would become a "dike" of exceedingly dense rock}An excellent
example is shown in Plate 14.

Many dikes are interconnected so as to form watertight compartments
which, in areas of sufficient rainfall, have been filled with water during
the course of time. Water spilling over from such compartments appears
as springs on the surface of the ground.

In early days, although the function of the dikes may not have been
known, it was realized that the high-level springs must be fed by unf.ailing
water sources, so tunnels. were excavated at or somewhat below the
springs Such projects tap the dike-walled compartments in the manner
show on Plate 10. he Board of Water Supply has short tunnels of this
type near the ends of Manoa and Waiomao Valleys which are typical ot
many similar water projects elsewhere in the Territory. Water so de­
veloped is of· unusual value for gravity distribution to consumers at
upper levels.

A third category of ground water is that held up or "perched" within
the great mass of pervious lava by some more or less horizontal im­
pervious layer such as ash or tuff, intruded lava, alluvium, or soil. The
occurrence of such water is very spotty but its presence is often evidenced
by surface springs. Although of only minor importance in Honolulu's
water supply such springs have been d;eveloped to give valuable supplies
here and there in the Territory.
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THE HONOLULU BOARD OF WATER SUPPLY

In 1929 the Territorial Legislature created the Honolulu Board of
Water Supply to manage, control, and operate the water system serving
the City of Honolulu which is co-extensive with Honolulu District of the
island of Oahu. The Board is a semi-autonomous agency of the City and
County of Honolulu, the combined city-county government of the entire
island.

The Board consists of seven members of whom five are appointed by
the Mayor for staggered five-year terms. The other two are- the Superin­
tendent of Public Works of the Territory and the Chief Engineer of the
City and County Department of Public Works.

The Board is operated as closely along corporation lines as is prac­
ticable under public ownership and is required to be financially self­
supporting.

Three artesian well stations and three underground stations pump into
a cross-town trunk main which has a total length of about 15 miles and
is 42 inches in diameter for a considerable portion of its length. Service
reservoirs of this "low service" system have an overflow elevation of 180
feet. Other units at the three artesian well stations pump directly into
high service mains and reservoirs having an overflow elevation of 405
feet. Residents of the heights and ridges back of Honolulu are served
by a system of booster stations and reservoirs.
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A typical Honolulu Board of Water Supply Booster Station on Pacific Heights
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THE ISLAND OF OAHU AS A WHOLE

We have purposefully emphasized "The Water Sources of Honolulu"

because the development and conservation of Honolulu's water sources

is the greatest responsibility of the Board of Water Supply. This booklet

would not be complete, however, if it contained no integration of Hono­

lulu with the remainder of Oahu.

Some of the fundamental factors relative to the economy and natural

resources of Oahu are indicated in the following land use tabulation.

The figures are the percentages of the island's 604 square mile area

devoted to the respective use categories:

Land Use Per Cent

Forest Reserve 32

Sugar Cane Plantations 9

Pineapple Plantations 6

Vegetables, Fruits; Taro and Nuts 1

Grazing -8

Armed Forces _ 15 -

Cities, Towns, Roads, and Miscellaneous.............. 29

100

The areas beyond Honolulu are served from water sources similar to

those that we have described and, in addition, a considerable amount of

surface water from mountain streams is utilized, by two of the four sugar

plantations.
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PRINCIPAL SOURCE MATERIAL

1. Reports of Honolulu Board of Water Supply, Frederick Ohrt,
Manager and Chief Engineer 1929-1952.

2. "The Geology of the Honolulu Artesian System" and "The
Geology of the Honolulu Ground Water Supply" by Dr. H. S.
Palmer, Professor of Geology, University of Hawaii, published by
the Honolulu Sewer and Water Commission and the Honolulu
Board of Water Supply in 1926 and 1946 respectively.

3. USGS Water-Supply Paper No. 616 "Geology and Water Re­
sources of the Kau District, Hawaii" by Dr. H. T. Stearns and
W. O. Clark, with a chapter on "Ground Water in the Hawaiian
Islands" by O. E. Meinzer, published in 1930.

4. 'The Bulletins of the Hawaii Division of Hydrography (a joint
enterprise of the USGS and the Territory of Hawaii) prepared
under, and written principally by, District Geologists Dr. H. T.
Stearns and Dr. G. A. Macdonald, and published 1935-1947.

5. Numerous papers and manuscripts by Dr. C. K. Wentworth,·
Geologist, Honolulu Board of Water Supply 1934-1951 and Dr.
Wentworth's. "Geology and Ground Water Resources of the
Honolulu-Pearl Harbor Area, Oahu, Hawaii" published 1951.

6. All illustrations in this booklet were prepared by or for the Board
of Water Supply except as follows:

Plates 4, 5B, 6A, 7A, 9A, and 16 are from the United States
Geological Survey and Division of Hydrography bulletiris. Plates
9 and 10 are from somewhat similar drawings by Palmer and
Stearns, respectively.
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but none to waste.



=



UNIVERSITY OF HAWAII

11~~\\I\\I\\I~II~IIII~I\~I\nl\1
10000307506

/






