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PREFACE

This booklet was prepared by Leslie J. Watson,
water resources engineer of our staff, to explain
the water resources of the City of Honolulu and
to present fundamental facts relatiye to the island'
of Oahu which are important in an understand

ing of our water supply.

'We acknowledge indebtedness to the many en
gineers. geologists, and others who have contrib
uted materially toward our present knowledge.
To name all of them and to describe their indi
vidual contributions would not be practicable in
a booklet of this size.

'Principal published authorities on our subject
are listed in the appendix. We have taken the
liberty of using considerable material from the
said sources without including the formal specific
footnotes commonly found in more technical
papers.

EDWARD J. MORGAN

Manager and Chief Engineer
HONOLULU BOARD OF WATER SUPPLY

January 20, 1955



CONTENTS
Page

Introduction

Oahu and the Hawaiian Archipelago.......................................................... 3

The Waianae and Koolau Volcanoes.._.._ _ _ __ _._ .. __ .._.._.._._____ 4

Valley-fill and Caprock__ ._ _.. __ ._ _ __ _ _ _._ _.._.._... 8

The Recent Craters of the Honolulu Area_._._. __ __ .. __ _.._.._.._.._ 8

The Geologic Structure and Age of Oahu _ _ _. 8

Characteristics of Hawaiian Lava in the Infiltration and
Transmission of Water._ _ _._ _ _._ _ _ _ _._ _.... 9

Hawaiian Soils.._. __ _ _ _ _ _ _ 12

The Ghyben-Herzberg Lens, Honolulu's Great Reservoir.. 15

Water Sources of Early Days_ _ _._ _.._ _.._ _ 16

Artesian Wells ._ _ _.._ _ _ _ _ _ _ _._ _....... 19

Salt Water Intrusion _.._.._ _._ _ _ _ , 20

The Board of Water Supply's Modern "Hawaiian Wells _._ 22

Dike-confined and Perched Ground Water.. _ _ _ _ _ _.27

The Honolulu Board of Water Supply _ _ 28

The Island of Oahu as a Whole _ _ _.._ _.._ _.. 31

Principal Source MateriaL _ _.. __ _ _ _ _.._ _.. 32



ILLUSTRATIONS
Page

1 Well at Beretania Pumping Station Flowing
Under Artesian Pressure Front Cover

2 The City of Honolulu Inside Front Cover

3 The Hawaiian Archipelago.................................................................... 2

4 Typical Hawaiian Volcanic Activity ,..................................... 5

5 Principal Stages in the Building of Oahu 6·7

6 Pahoehoe Lava 10

7 Aa Lava 11

8 The Weathering of Lava into SoiL. 13

9 The Ghyben-Herzberg Lens _ 14

9A Shoreline Basal Springs.......................................................................... 17

10 Geologic-Hydrologic Cross Section of .
Honolulu-Pearl Harbor Region 18

11 History of Artesian Level in Central Honolulu and
Concurrent Salt Water Intrusion 21

12 Historical Precedents in the Development of
Non-Artesian Basal Water 24

13 Honolulu Board of Water Supply Standard Design for
Underground Pumping Stations 25

14 A Dike of Intruded Lava 26

15 Representative Stations of the Board of
Water Supply System ~ 29

16 Map of Oahu 30

17 Map of the Hawaiian Islands Inside Back Cover



INTRODUCTION

Many are interested in learning about the
sources of Honolulu's water and the water sup
plies of the remainder of the island of Oahu. To
some it is surprising that a relatively small island
in the middle of the Pacific has sufficient fresh
water the year round to support a large city,
great Armed Forces activity, and extensive agri
cultural enterprises.

Visitors are often from localities ~here water
is pumped from lakes or rivers and where filtra
tion, chlorination, and other treatment is the pri
mary problem in water works operation. With
minor exceptions, our water requires no treat
ment because we have been so favored by nature.

A considerable portion of the rainfall filters
through surface soil layers, percolates downward
through the lava rock, and comes to rest at eleva
tions of from 12 to 30 feet above sea level. The
water table there is the surface of a great lens
shaped body of fresh water which fills the voids
in the lava, and may be described as. floating
upon the heavier sea water. Thus it might be
said that Honolulu is built over a huge under
ground reservoir.

[ 1 J
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OAHU AND THE HAWAIIAN ARCHIPELAGO

Oahu is 44 miles long, 29 miles wiae, and has an area of 604 square

miles. The highest point, Mt. Kaala, has an altitude of 4,025 feet above

sea level. The general ocean depth in the Hawaiian area is about 15,000

feet.

The latitude of Honolulu, capital of the Territory of Hawaii, is 200 19'

North, approximately that of Mexico City and Central Cuba, and the

longitude is 157 0 52' ''''est, approximately that of Kodiak, Alaska. The

location of Oahu with respect to other islands of the Territory and

principal cities of the Pacific Area is shown inside the back cover.

Geologists tell us that the Hawaiian Archipelago, which extends from

Hawaii, the largest island, to Kure Island just beyond Midway,'a total

distance of about 1800 miles, is a chain of volcanic peaks which were

created by the mounding up of countless thousands of lava flows from

rifts or lines of weakness in the earth's crust as indicated schematically

on Plate 3.
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THE WAIANAE AND KOOLAU VOLCANOES

Oahu is composed of the Waianae and Koolau volcanic domes, the

eroded remains of which are known as the 'N'aianae and Koolau mountain

ranges. The volcanoes were built up by lava flows issuing from cracks

many miles long rather than from concentrated vents such as those which

produced Fujiyama and Vesuvius.

Plate 5 portrays successive steps in the building of Oahu. The Waianae

volcano attained maturity much earlier than the Koolau volcano. The

Koolau lavas flowed against the already deeply weathered and eroded

Waianae slopes, thus forming the central plateau of the island. The flows

above sea level were undoubtedly similar to those shown in the photo

graph of the November 1935 eruption of Mauna Loa on Hawaii, which

is included herein as Plate 4.

It is evident from the deep valleys that the Waianae volcano attained

sufficient height, prior to the maturity of the Koolau volcano, to deflect

the tradewind air upward and thus cause rainfall and the consequent

erosion. The Koolau Range, since its completion, has had the first chance

at the moisture of the tradewinds, and thus the Waianae Range now

has decidedly less rainfall than formerly.

[4}



TYPICAL HAWAllAN VOLCANIC ACTIVITY
MAUNA LOA, NOVEMBER 22, 1935

(Snow-dad summit crater in background)



1

PRINCIPAL STAGES I N THE BUILDING o F OAHU

PLATE 5A PLATE 58

2 Waianae Volcano matured and
eroded. Koolau still active.

The youthful Waianae
and Koolau volcanoes.

.:.. =-= ~-=- =- - -

Waianae Volcano just before reaching sea
level, with later Koolau Volcano (right).

3 Stream erosion well advanced.
Secondary Waianae eruptions.

6 Submerged to present sea level.

4 Submerged to a shore-line about
250 feet above present sea level.

5 Emerged above present sea level.
Secondary Koolau eruptions.Present section through Honolulu coastal plain and Koolau

Range, showing caprock of alluvial and coralline material.

The island at volcanic maturity. (Slopes greatly exaggerated.)
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VALLEY·FILL AND CAPROCK

Through millions of years the shore lines of Oahu submerged and
emerged several times. To some extent this may have been caused by
adjustments in the earth's crust. The principal cause, however, is believed
to have been variations in levels of the sea as a consequence 01 successive
changes in the extent and thickness of the polar and continental ice
sheets. W,e shall see that these sea level movements in relation to the
island were a great factor in giving us our unusual water supply.

Weathering and erosion of the mountain slopes, and changes in sea
level, resulted in the forming of valleys and in the building up of talus
slopes of chunks of lava which had rolled down from the valley sides.
Many valleys were carved to depths far. below present sea level. The
talus, upon further weathering and erosion, was deposited as alluvial
material in the deep valleys and along the coast. As time went on the
alluvium was compacted into a highly impervious "valley-fill" and coastal
plain "caprock." In certain valleys, basaltic ·rock from minor late lava
flows and volcanic sand and ash from late explosive eruptions are inter
layered with the alluvium.

In the lower portions of the valleys and along the sea, particularly in
the Honolulu and Pearl Harbor areas, the valley-fill and caprock also
contain coralline limestone which was formed by marine organisms
during periods of submergence.

THE RECENT CRATERS OF THE HONOLULU AREA

The final important step in the building of Oahu was the comparatively
recent volcanic activity evidenced by the several craters of the "Honolulu
Series" of which the more prominent are the Koko Head Craters, Dia
mond Head, Kaimuki, Punchbowl, Salt Lake, Aliamanu, Makalapa, and
Mokapu.

This activity was characterized by the issuing of lava from concentrated
vents. Many of the lava streams encountered water near sea level, causing
great explosions which blasted through the overlying caprock filling the
air with ash and cinders and occasional volcanic bombs. With the lapse
of time, weathering and other processes have compacted the ash and
cinders to tuff, a fairly firm rock.

THE GEOLOGIC STRUCTURE AND AGE OF OAHU

In summation, the principal geologic structures of Oahu are, in
chronological sequence: the Waianae volcano; the Koolau volcano; al
luvial and marine deposits constituting the coastal plain and valley-fill;
the craters, ash beds and flows of the comparatively recent eruptions;
and the soil and partially weather.ed surfaces resulting from decom
position of the lavas.

All available drill-hole logs, well logs, and tunnelling records lead us
to believe that the building up of the Waianae and Koolau domes was

[8J



a comparatively continuous process. That is to say, there are but few
indications that there were sufficiently long intervals between flows to
produce weathered layers of any consequence except the interval between
the final Waianae and the overlapping Koolau flows. There was also a
long interval between the Koolau activity and the later "Honolulu
Series."

It is supposed that the principal volcanic activity in the Hawaiian chain
occurred between about 100 million or so years ago and a few million
years ago. Thus, since geologists believe the earth to be more than. two
billion years old, our islands are relatively young.

The most recent activity on Oahu is placed at a few thousand years
ago. The island of Hawaii still has two or three active volcanoes, one
of which erupted in May 1954.

CHARACTERISTICS OF HAWAIIAN LAVA IN THE INFILTRATION
AND TRANSMISSION OF WATER

Hawaiian lavas are highly permeable. As a consequence a large frac
tion Of the water that falls as rain seeps into the ground to replenish the
ground water supply. Let us consider the reasons for this permeability.

As molten lava emerges in the manner hown in Plate 4, the dissolved
gases, which had been under great pressure, come out of solution and
expand, thus giving to the lava stream a frothy quality, and the flowing
lava spreads out as-shown in Plate 6A. This type of flow, calleq "pahoe
hoe,·" is characterized by its billowy appearance and by the presence of
gas bubbles or holes in a regular pattern in the resulting rock. I'ahoehoe
lava is a good medium for the infiltration of water because of cooling
cracks and imperfections in the joining of one flow with another as
shown in Plate 6B.

As a pahoehoe stream moves away from the vent it may assume the
"aa" characteristics hown in Plate 7A. In an aa flow the blanket of slag
and clinker which forms on the surface is carried along by the molten
central stream, rolls over the advancing end, and is laid down in a
manner similar to that of a moving caterpillar tractor tread. If, after
cooling, we were to photograph a cross section of such a flow it would
look something like the section shown in Plate 7B. The top and bottom
layers of slag and clinker are hi~hly permeable. The central portion of
the flow cools into a dense, exceedingly impervious rock, commonly
called "blue rock," which is widely used as building stone and for
concrete aggregate and road building.

The bedded blue aa has a high capacity in the infiltration of water
because, in cooling, the lava is fractured into numerous blocks separated
by more or less vertical cooling cracks. Thus a rock mass comprised of
either pahoehoe or aa flows is a perfect medium for the downward
transmission of water.
- It is of interest that the Hawaii~n names "aa" and "pahoehoe" have
been quite generally accepted by geologists and incorporated into various
languages as scientific terms.

[9J



PLATE 6 PAHOEHOE LAVA

A -1935 Pahoehoe Flow with prehistoric Aa
Flow in background, Mauna Loa, Hawaii.

B-Water flowing into Board of Water Supply's Halawa basal
water tunnel from space between successive pahoehoe flows.
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PLATE 7 AA LAVA

A-Front of 1935 Aa Flow, Mauna Loa, Hawaii.

B-Typical Aa Lava at Waialae Quarry, Honolulu.

( 11 ]



HAWAIIAN SOILS

We have found that there is general interest in the explanation of the

origin of the soils of the islands. The soil blanke~, and the underlying

partly weathered lava, are important in water supply because the degree

of weathering or deterioration of the lava rock near the surface determines

the proportion of rainfall runoff and infiltration.

Plate 8 shows some of the stages in the process by which lava changes

into soil. The rock in the photograph was originally aa, like that shown

in Plate 7B. The action of water and the atmosphere on lava caus'es

"weathering," a combined chemical and physical change, in which the

hydration, carbonation, and oxidation of susceptible mineral grains of

the lava cause a swelling and spalling of the surfaces exposed to water

and air. As the weathering works inward from· the cooling cracks the

successiv~ spallings result in an onion-like layered effect or "spheroidal

weathering" of which the ultimate product is soil. This effect is marked

on gentle slopes to depths of twenty feet or more.

[ 12]



PLATE 8 THE WEATHERING OF LAVA INTO SOIL

Spheroidal weathering in basaltic residuum Weathering and
volume increase commence along the major cooling cracks in the
rock mass and work inward, developing spheroidal kernels.

[13 ]



PLATE 9 THE GHYBEN·HERZBERG LENS

~ CONDITION 2

(RAIN)
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THE GHYBEN·HERZBERG LENS, HONOLULU'S
GREAT RESERVOIR

Plate 9 presents a simplified explanation of the lens of fresh water
floating on the heavier sea water within the lava or other uniformly
pervious rock of a hypothetical ideal island. The phenomenon involved
was first recognized and described by Badon Ghyben of Holland in 1889
and, apparently independently, by Herzberg of Germany in 1901, and
for many years has been referred to by geologists and hydrologists as the
Ghvben-Herzberg principle.

As indicated in the top part of Plate 9, if there were no rain at all
on the ideal island, wherever one might drill one would find sea water
at sea level.

The middle part of the illustration, assuming considerable rainfall on
the island, shows the lens-shaped body of fresh and brackish water that
would accumulate. The height of the top of the lens, or "basal water
table," would depend upOn the permeability of the lavas.

The Ghyr.en-Herzberg principle is simply the physical fact that,
wherever a fresh water lens forms' in this manner, it will extend to a
depth below sea level theoretically equal to 40 times the height of the
basal water table above sea level since sea water is 1/40th heavier than
fresh water.

It is of special interest that two prominent Hawaii-born engineers
recognized the same principle as Badon Ghyben and Herzberg without
knowing of the Europeans' writings. In a newspaper article in 1908
Professor W. D. Alexander made t)1e suggestion that the secret of Oahu's
underground water supply is "the pressure of the sea water." Professor
Carl B. Andrews, in his master's thesis at Rose Polytechnic Institute in
1909, elaborated on the same thought and clearly described the principle.
The first generally available publication describing "The Theory of
Badon Ghyben and Herzberg" in the English language is that appearing
in "A Study of Coastal Ground Water" by John S. Brown in 1925 (D. S.
Geological Survey Water-Supply Paper 537) .

Under such conditions as we have described, fresh water springs are
commonly found on the beaches and also below low tide. Further
reference will be made to such basal or seashore springs.

Where there is a nearly impervious caprock, such as that of 'the
Honolulu-Pearl Harbor region, the fresh water lens is thickened in the
manner shown at the bottom of Plate 9.

Although the lens is often referred to as a "fresh water" lens it will
be apparent that, in general, the salinity of the water varies with the
depth from which it is taken. In areas of considerable rainfall and well
controlled draft, such as Honolulu, the water has a chloride content of
less than 30 parts per million at the water table. Under ideal conditions,
the accepted limit of potability, 250 parts of chloride per million parts
of water, would not occur in the upper half of the lens. In the transition
zone which is shown schematically on Plate 9, salinity increases rapidly
from the potable limit until, at -the theoretical bottom of the lens,
salinity equal to that of ocean water may be expected.

[ 15]



WATER SOURCES OF EARLY DAYS

It can be presumed that the earliest Polynesian inhabitants of Hawaii

settled along perennial streams so that they.could grow taro and other

wise enjoy the bountiful flowing water. Later- on, probably because of

population pressures, many settled in dry areas where shoreline basal

springs were the only water sources available.

It was found that, by digging pits to sea level a short distance inland

from such springs, fresh water could be skimmed off free of sand and

unmixed with sea water. Many such "Hawaiian shallow wells" are still

in use for limited purposes at isolated beach lots and favorite fishing

spots and even within the boundaries of Honolulu.

The people of Oahu continued to rely primarily on stream water until

1879 when the great ground water supply underlying a considerable por

tion of the island was discovered. The successful development of this

supply through the use of artesian wells made it possible for Honolulu

Waterworks to discontinue the use of stream water entirely in 1923.

The principal factors impelling this transition were several epidemics,

public dissatisfaction with water quality, the need for a supply greater

than that provided by minimum stream flows, and the absence of sites

suitable for surface reservoirs of adequate capacity.

[16 ]



PLATE 9A SHORELINE BASAL SPRINGS

Typical seashore basal springs in a locality having no caprock. Althoug.h
such springs occur in the extreme easterly portion of Honolulu, econOInlC
considerations preclude their utilization in the municipal water supply.

In some localities where there is caprock (such as at Pearl Harbor Springs),
basal water flows over low places in the inner edge of the caprock, or from
other faulty spots, in sufficient concentrations to be practicable of development.

( 17]



E

A GENERAL! ZED

GEOLOG I C -HYDROLOGI C CROSS SECT I ON
OF THE

HONOLULU-PEARL HARBOR REGION

o

A, B, and C-Artesian Wells
A has become valueless because of salt water intrusion caused by
lowering of basal water table.
B has 'become of limited use because of increasing salinity.
C produces potable water.

D-Basal Water Shaft and Sea-level Tunnel.

E - High-level Tunnel tapping dike-walled compartments.

F - Medium-elevation Tunnel tapping greater dike storage than E.

PLATE 10



ARTESIAN WELLS

The first artesian well in the Hawaiian Islands was drilled in 1879 at

Ewa, near Pearl Harbor, by a California driller, James Ashley, who was

brought here by James Campbell, owner of vast tracts of then barren

land. The venture led to the drilling of an equally successful well in

Honolulu in 1880 and to approximately 430 wells on Oahu between 1879

and 1910. This ground water development was a gTeat factor in the ex

pansion of Oahu's sugar industry and it had a tremendous part in

making Honolulu the "Cross-roads of the Pacific" in travel and trade.

Plate 10, a schematic cross-section through the Koolau mountain range

and the Honolulu coastal plain, shows how effectively the caprock caused

great thickening of the basal water lens in the Honolulu region. As is

shown, the wells were drilled and cased through several hundred feet of

caprock and then further into the water bearing lava rock until the

desired yield was obtained.

The well shown on the cover flows when the valve is opened because

the free water table inland from the caprock is high enough to produce

such an artesian condition. This well is one of a battery of nine whic~

supply water to one of the Board of Water Supply's three steam pumping

stations. Although the nine wells are only one mile from the sea, and

are drilled to about 600 feet below sea level, they yield water which

contains only 40 parts of chloride in a million parts of water, whereas

sea water contains about 20,000 parts per million.

[19 J



SALT WATER INTRUSION

Unfortunately, not all wells produce water of such excellent quality as

described in the preceding section. Not long after the first drilling it

became clear that, in certain localities, and in many of the deeper wells,

the quality of the water was deteriorating because the combined flow

exceeded the recharge of the underground reservoir by rain water.

By 1926 the basal water level in central Honolulu had dropped to

about 23.feet above sea level from the original 42 feet of 1880. During

this long decline many wells "salted up" because for each one-foot lower

ing of the water table, the sea water intruded, theoretically, 40 feet in

elevation.

In Plate 10 well "A" has become useless because of salt water intru

sion, and "B" has become of limited value because of increasing salinity.

Well "C", however, still yields water of potable quality. Nearly all of the

"A" class and many of those in the "B" class have been sealed.

Plate 11 shows how the water table has fluctuated in height and it also

shows the corresponding hypothetical fluctuation of the sea water in
truding from below.

Although the wells at the Board of Water Supply steam stations can

be counted on for a maximum production of between one and two

million gallons each per day, the actual output is under most careful

observation and control.

Since our explanation is so over-simplified it is necessary to state that

the actual interrelationship between depth and salinity is far too complex

to elaborate on in this booklet. Study of the behavior and quality of

the water in the great lens-shaped reservoir is a most important con

tinuing research activity of the Board of Water Supply. Principal facilities

in this program are our chemical laboratory and several observation

wells from which water samples are obtained by means of tubes which

extend to various depths.

{ 20}



PLATE 11 HISTORY OF ARTESIAN LEVEL IN CENTRAL HONOLULU
AND. CONCURRENT SALT WATER INTRUSION
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THE BOARD OF WATER SUPPLY'S MODERN c/"
"HAWAIIAN WELLS"

Let us now refer to Plate 12 which shows the history of non-artesian
basal water development in our islands. The cross-section is representa
tive of several in areas where the caprack is not nearly so effective as in
the Honolulu-Pearl Harbor region. Taturally, where the caprock is de
fective and leaky, the basal water lens is correspondingly thinner.

We have discussed the basal seashore springs and the early Hawaiian
shallow wells shown in the drawing.

In the early 1890s sugar plantation engineers, reasoning that the thick
ness of the fresh water body must increase as one goes inland, excavated
huge pits as far back from the sea as was economically justifiable.

The typical pit was dug from a ground elevation of 30 feet or so to
a few feet above the water table where the bulky steam pumping engines
and boilers of that time were installed. Part of the pit was sunk to sea
level or thereabouts and, upon observing the direction from which fresh
water was flowing, one or more tunnels were driven in that direction
and the water so developed was allowed to flow into the pump sump.
Thus such a pumping station was nothing more than an enormous
Hawaiian shallow well with the machinery added. Oftentimes small
diameter wells were drilled into the tunnel floor to increase the yield.

In or about 1900, plantation interests on the outer islands proceeded
with remarkable development~similar to the shaft shown on Plate 12.
By that time it was known that ground water probably occurs under
each island and that, the greater the distance from the sea, the less would
be the probability of excessive salinity. It was also realized that water
developments some distance from the sea would result in great savings
in pipeline costs. Accordingly, from elevations of as much as 300 feet,
and as far as three miles inland, vertical shafts were sunk nearly to sea
level and horizontal tunnels driven at about sea level. Boilers were
installed at the surface of the ground and the steam pumping engines
were placed in pump rooms just above the water level. Although costly,
the installations were successful and, with modern electrical equipment,
three of the first four stations are still in use. These are the prototypes
of the many shafts and sea level basal water tunnels of today. Such under
ground water projects are often popularly called "skimming tunnels."

(22 )



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.

[23 }



THE UTILIZATION OF BASAL GROUND WATER IN HAWAII

STEPS LEADING TO THE MODERN METHOD

EARLY PLANTATION
EXCAVATED PIT DEVELOPMENT

1894·1899

(About 1/2 mil, from ••olhor. of
Qround ,I'ltotlon of 20 10 30 fun

SPRINGS
iUl[VEI.? . ~; ..~A 3 .. ).,., ~_

PLATE 12 HISTORICAL PRECEDENTS IN THE DEVELOPMENT OF NON·ARTESIAN
BASAL WATER LEADING TO THE DESIGN SHOWN ON PLATE 13

\

PLANTATION
DEEP SHAFT DEVELOPMENT

1900 - PRESENT

(Up to 3 mil.. hom nOlhor, and .lth
,hoft, at 01 much 01 '52 'ut d.pth)

Shofts or••ither ",,'icol or Inclln.d



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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BOARD OF WATER SUPPLY
HONOLULU, HAWAII

MEMBERS

RALPH E. CLARK, Chairman

SIMES T. HoYT, Vice-Chairman

LERoy C. BUSH, Secretary

T AIJIRO MIYAHARA

BEN E. NUTIER

WILLIAM C. VANNATIA

JAMES B. WILSON

MANAGER AND CHIEF ENGINEER

EDWARD J. MORGAN
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