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TERRITORY OF HAWAII

HAWAII WATER AUTHORITY

HONOLULU, HAWAII

Honorable William F. Quinn
Governor, Territory of Hawaii
Iolani Palace
Honolulu, Hawaii

January 15, 1959

Dear Governor Quinn:

Under mandates of Act 150 and Act 22 of the 1957 Legislature and Act 245 of the 1953
Legislature, as amended in 1955, the Hawaii Water Authority in 1958 began its Territory-wide
water resources study, started construction of the Molokai Irrigation Project tunnel, and
undertook studies and construction work for the development of an adequate water supply at
Kona. This report describes the aforementioned activities and also discusses the status of
projects which were proposed or initiated in previous years.

The Commissioners held eleven regular meetings during 1958, all in Honolulu except for
meetings in March at Kaunakakai, Molokai, and in June at Kona, Hawaii to which the public was
invited. Field trips to the Molokai tunnel and to the Kona exploratory well sites and catchment
experimental plots were taken in conjunction with those meetings. Representatives from other
governmental agencies in the Territory, from Federal departments, and from private organi
zations attended various meetings of the Commissioners to discuss matters pertaining to the
Authority's program.

In February, the Commissioners met with representatives of private organizations and gov
ernmental officials interested in the Pearl Harbor area to discuss water rights and control.
This was the first of several meetings on water rights initiated by the Hawaii Water Authority.

Commissioner Arthur Akinaka delivered a paper written by the Manager-Chief Engineer on
"Irrigation Practices in Hawaii" at the American Society of Civil Engineers convention in June
at Portland, Oregon.

In December, the exploratory well at Keei, South Kona, provided a good quality of water,. in
dicating that potable ground water can be developed for Kona.

The Commissioners wish to thank you for your active interest in the progress of these
studies and projects, and for your efforts to obtain Federal funds to supplement Territorial
appropriations for the Molokai Irrigation Proj ect.

Respectfully submitted,

Chairman

Commissioner



TERRITORY OF HAWAII

HAWAII WATER AUTHORITY

HONOLULU, HAWAII

January 10, 1959

Chairman and Commissioners
Hawaii Water Authority
Territory of Hawaii
Honolulu, Hawaii

Gentlemen:

It is my pleasure to submit herewith the Fifth Annual Report of the Hawaii

Water Authority.

The Report covers the activities of the Authority during 1958 and includes

financial statements and statistics.

I wish to express my appreciation to the Commissioners for their counsel

and guidance in carrying out the Authority's program and to members of the

staff whose cooperation and loyalty have made the past year's achievements

possible.

Respectfully submitted,

Manager-Chief Engineer



PROJECT NO.1-WAIMANALO, OAHU

The Hawaii Water Authority has been
operating the Waimanalo Irr igation System
since November, 1953, on an interim basis
pending completion of plans for subdividing
this area into farm lots. In 1958, the land
Commissioner contracted with Harland
Bartholomew and Associates for a study of
the Waimanalo area and recommendations
for its redevelopment. The proposed plan,
if implemented, would alter the present
pattern of agricultural enterprise in Wai
manalo.

During its fifth year of operation under
the HWA, the System continued to show a
deficit, which has averaged $22,894 for the
past 5 years. The 1958 deficit was $21;399
as compared to $20,436 in 1957. Well-

Charles Okimoto, cited for excellent soil
conservation work, at his asphalt-lined
pond serving a 9-acre vegetable farm.
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distributed rainfall during 1958 lessened
the need for irrigation water, thereby re
ducing income from water sales. Other
factors, such as high maintenance costs for
obsolete facilities, storm damage repairs,
and a reduction in acreage, contributed to
the deficit.

Harold Tamashiro, Waimanalo fruit, flower
and vegetable grower, produced 90,000 lbs.
of hybrid guavas on seven acres in 1958.

At the end of 1958, the Irrigation System
was serving 85 consumers, as compared to

onlJ
88 in 1957. There have been,,3 additions
to the 54 patents held at the end of 1957,
due chiefly to uncertainty of land tenure
until final plans are made for redistribu
tion of agricultural lands. Gross acreage



LEGEND

~ Land Homesteaded

1-:-:::-:-:-:) Land Under Revocable Permit

C·:·:·:·:·;·:3 University of Hawaii Experimental

SCALE IN THOUSAND FEET

/

/
(

".

".

WAIMANALO IRRIGATION PROJECT
Island oj oahu

~I

ISLAND OF OAHU

1(0/0"iO"00/I

tctaled 881, compared to 925 acres at the
end of 1957. The average area under irri
gation during 1958 was 314 acres. Home
steaders on 57 farms own 491 acres in fee
simple, over half the acreage in the Sys
tem. The University of Hawaii operates
an Agricultural Station on 119 acres
and the rest of the land is farmed on
month-to-month revocable permits by 27
farmers.

Only emergency repairs have been made
in recent years to the transmission and
distribution system, which consists prin
cipally of wooden flumes, u~ined open
ditches and small reservoirs. Seepage is
high in unlined ditches and erosion is a se
rious problem, with ditch repairs after the
March 5, 1958, storm, totaling $3,210.

Major agricultural trends as shown by
records since June, 1955, show increased
'plantings of green onions, sweet corn, cu-
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cumbers, guavas, alfalfa and flowers, with
decreases in watermelon, sweet potatoes
and passion fruit. Flower production has
increased from six acres in 1957 to ten
acres in 1958, with 13 farmers adding
large floral plantings or converting to
flower production.

The University of Hawaii Experiment
Station has demonstrated that aUalfa can be
grown in Waimanalo with a cutting period
of about 23 days, dehydrated and sold to
stock raisers. It is now being grown on ten
acres of one farm and marketed to Oahu
dairy farmers.

PROJECT NO.2-WAIMEA, HAWAII

The Waimea Irrigation Proj ect, its main
reservoir and transmission pipeline com
pleted in 1957, awaits development of the
farmlands to be located in the Territory'S



semi-arid Lalamilo lands. Construction of
a distribution system and reservoir in La
lamilo will not be undertaken until the Land
Commissioner has completed plans for
development of farm lots in that area. By
the end of 1958, the Land Commissioner's
office had prepared contour maps, made
soil surveys and delegated planning for
various phases of the project to several
committees.

Construction of the Waimea project was
started in 1951 with the installation of
about 10,000 lineal feet of concrete pipe by
the Hawaiian Homes Commission. In 1953,
the completion of the project was assigned
to the Hawaii Irrigation Authority. Ini
tially, the project was planned to serve ir
rigation water to small truck farmer s in
Waimea, a community pasture and farm
lots in the Hawaiian Homes Puukapu lands,
and farm lots in Lalamilo.

Irrigation projects, planned to be self
supporting, require year-round usage to be
economically feasible. In Waimea, farm
ers need irrigation water only two or three
months a year, and are not willing to pay
on a twelve-month basis. Further de
crease in irrigation water needs resulted
from the decision by the Hawaiian Homes
Commission to forego its plan to establish
an irrigated community pasture. For these
reasons the irrigation facilities at Waimea
have not been put into service.

Acreage on the Urner farm in Waimanalo
With overhead irrigation from HWA water
sources, increased from 27 to 40 in 1958.
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Governor Quinn with Chairman W. M.
Wachter and Manager-Chief Engineer
L. H. Herschler at the Waimea Reservoir.

PROJECT NO. 3-MOLOKAI

Excavation work was begun on Janu
ary 20, 1958, for the 27, OOO-foot Waikolu
tunnel between Kaunakakai Gulch and Wai
kolu Valley, designed to bring 12 to 14 mil
lion gallons of water a day from Windward
Molokai to the Hoolehua and Mauna Loa
areas of the island. The Hawaii Water
Authority awarded a $4.4 million contract
to Hawaiian Dredging and Construction
Company, Ltd., and Morrison-Knudsen
Company, Inc., working jointly on the tun
nel construction.

By the end of 1958 excavation had pro
gressed 9,163 feet and the work was pro
ceeding on schedule. No water was en
countered in the tunnel in 1958, but it is
expected that water will be found in the
dike complex of the last mile of tunnel.
Difficult tunneling operations are antici
pated at that time. This dike-confined



Work on access road for Molokai tunnel in rugged Kaunakakai area took 6 months.
Excavation of West Portal began on January 20, 1958, after access road was built.

water will supplement stream water and a
well field in Waikolu Valley. A small di
version dam will be constructed on the
Waikolu Stream and water will be conveyed
to the tunnel both for irrigation and to re
charge the dike complex.

The Authority's engineering staff is de
signing the five-~ile transmission pipe
line from the Kaunakakai Gulch portal, a
distribution reservoir, about 23 miles of
distribution pipeline in the Hoolehua area,
and the transmission line to Mauna Loa.
The distribution system in Mauna Loa will
be constructed by the consumer in that
area.

The Molokai Irrigation Project was ori
ginally authorized by the Territorial Leg
islature in 1943 with a $2.5 million bond
issue. This project was assigned to the
Hawaii Irrigation Authority in 1953 and the
Territorial Legislature appropriated an
other $2.5 million in 1955 to startthe five
year construction program, which will cost
approximately $8.2 million.

During 1958, Governor Quinn, working
with the Hawaii Water Authority and the
Department of Interior, undertook action to
obtain a $3.2 million interest-free loan
from the Federal government to complete
financing of the project under current es-
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timates. It is expected that a special bill
requesting the loan will be introduced dur
ing the 1959 Congressional session. (A
joint request by the Hawaii Irrigation
Authority and the Molokai Soil Conserva
tion District in 1956 for Federal financial
assistance under provisions of the Water
shed Protection and Flood Prevention Act
failed to get approval from the U. S. De
partment of Agriculture.)

It is expected that the Waikolu tunnel will
be completed about April 1, 1962, and that
sufficient water will be developed in the
dike complex to start irrigation about a
year to fifteen months earlier. Thus it will
be necessary to start construction of the
transmission pipeline from the tunnel to
Kualapuu, the reservoir at Kualapuu and
the distribution system in Hoolehua about
July 1, 1959, if this dike water is to be put
to use as soon as available. The Authority
will need additional funds, estimated at
$3.2 million, to construct these facilities
and the transmission line to Mauna Loa.

PROJECT NO.5-KULA, MAUl

The Hawaii Water Authority submitted a
report tothe 1957 Legislature on the feasi
bility of an irrigation project in the Kula



tion was to be spent under certain specified
conditions. To date there has been no ap
propriation for the irrigation project,
which has remained dormant during the
past biennium.

PROJECT NO.7-WAIANAE, OAHU

Since the Hawaii Water Authority sub
mitted its findings on the feasibility of an
irrigation project to serve the Waianae
District of Oahu, which it recommended to
the 1957 Legislature, the City and County
of Honolulu has been directed by Act 150 to
plan and construct transportation of water
from the Pearl Harbor area to Waianae.
This proposed water system would nullify
the need for an irrigation project at Waia
nae; therefore no further action on the
Waianae Irrigation Project has been under
taken by the Hawaii Water Authority.

tunnel
work.

George Underwood, contractor's
superintendent, directing portal

The type of lava layers which will be
encountered throughout the 5-mile bore.

area, concluding that despite the potential
benefits to Kula farmers, the project would
not be economically feasible under existing
conditions. The Authority recommended
that the present Kula domestic water sys
tem be extended to develop additional water
in the Waiakamoi-Honomanu watershed,
which would provide temporary relief to
farmers.

Under Act 150, the 1957 Legislature ap
propriated $1,150,000 in Territorial funds
for extension of the Kula domestic water
system by the Water Department of the
County of Maui, which has initiated this
project. A preliminary report by consult
ing engineers employed by Maui County has
been completed, and the Hawaii Water
Authority's engineers are cooperating with
the County agency in reviewing these pre
liminary plans.

PROJECT NO. 6-KOKEE, KAUAI

In 1957, the Hawaii Water Authority sub
mitted its preliminary findings on the fea
sibility of the proposed Kokee Irrigation
Project and recommended that the Legis
lature appropriate $250,000 for detailed
engineering and geological studies of the
proposed reservoir site. This appropria-

9



TERRITORIAL WATER RESOURCES STUDY

During 1958, the Hawaii Water Authority
completed the first two phases of a water
resources study authorized under Act 22,
which the Territorial Legislature passed in
1957, appropriating $125,000 to carry out
the program.

Act 22 provides for investigating, study
ing and compiling an inventory of the water
resources of all the islands, reporting on
water utilization and presenting a compre
hensive plan for development and conser
vation of water.

Hydrographic areas were set up for each
island-six areas on Oahu and Hawaii, five
on Maui and four on Kauai and Molokai -to
facilitate field work. A study of water use
on all islands, to determine how much wa
ter has been used annually from 1953 to
1957, was carried out during the year.

The first report in a special study of
crest stream-flow on Oahu was made in
October, under a cooperative agreement
between the HawaiLWater Authority and the

Field surveys of water facilities were
carried out for water resources report.
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I'm Hutchinson in HWA office compiles
data used in Territory-wide water study.

City and County of Honolulu, which each
contributed $3,000, and the Territorial Di
vision of Hydrography, which contributed
$6,000 and conducted the survey. The
Authority also is contributing to the annual
maintenance and reading of these crest
gages.

In January, 1958, the Authority employed
a meteorologist with the U. S. Weather
Bureau in Honolulu on a year's contractual
basis to compile rainfall data for the water
resources report, and to make a special
study of rainfall in Kona, Hawai i.

The Territory-wide water resources re
port, to be published early in 1959, will in
clude a discussion on water rights, with
recommendations for ground water control
legislation for Oahu. In connection with
this phase of the water resources study,
the Manager-Chief Engineer of the Author
ity conferred with Mainland authorities on
water rights systems now in effect in the
United States.

The first report to the Legislature will
not include water development planning,
which is the final phase of the program
awaiting further study of the data being
compiled.



KONA WATER RESOURCES STUDY

When an expanded water supply for Kona
was being considered by the 1957 Legisla
ture, it was decided that this problem re
quired adequate studies of all potential
sources of water before a final plan was
developed. Accordingly, the Legislature
appropriated $50,000 to the Hawaii Water
Authority for a comprehensive study of
water development in Kona.

Prior to the start of this study, very
little was known about ground water re
sources of Kona, and there were limited or
unreliable records on rainfall and runoff in
the watershed area. In order to obtain es
sential information, the Authority devel
oped a study program of four major
phases:

Robert T. Chuck, design and construction
chief, observes Kona catchment devices.

1. Evaluation of distant sources of water
and determination of costs for pipelines,
PUmping stations and other equipment re
quired to import such water to the Kona
area.

2. The study of ground water sources in
Kana to determine if potable ground water
could be developed.

3. Investigations of the potentialities of
developing surface water by diversion of
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stream flow, construction of reservoirs
and waterproofed catchment areas.

4. Comparisons vf economic and engi
neering feasibilities of the several methods
of developing water and preparation of a
preliminary plan for a Kona water system.

Engineering studies under the first
phase have shown that the importation to
Kona of water from outside sources would
result in high-cost water, and the cost of
construction would exceed the appropria
tion by the Legislature.

The study of ground water sources is
based on the fact that the mauka area of
Kona has relatively good rainfall (up to 80
or more inches a year), although most of it
percolates into the porous ground. How
ever, the total amount of ground water is
considerably more than needed to supply
Kona's residents. The problem is to obtain
good quality water before it mixes with salt
water.

To learn more about the ground water
and develop this potential source at less
cost than for other methods of water sup
ply, the Authority investigated over 100
wells along the coastline of Kona and made
geological studies to determine suitable
sites for exploratory wells. The first
well, adjacent to Palani Road approximate
ly two miles north of Kailua Bay, at an
800-foot elevation, and inland about two and
one-half miles, was started on May 9,
1958, and completed on September 12, 1958.
Water from this well was found too brack
ish for domestic or agricultural use.

The second exploratory well, on lower
midcD.e Keei Road, at an elevation of about
750 feet, was started on October 1, and
was completed on December 16, 1958.
This well, at a depth of 780 feet, brought in
potable water with a salt content of 10
grains per gallon at a pumping rate of 100
gallons per minute.

Arrangements have been worked out to
make this water available, free of charge
at the well site, to local residents, pending
the construction of transmission and dis
tribution facilities.



Under Study Phase 3, the Authority has
initiated two field research projects in
mauka Kona, to determine means of in
creasing surface water catchment. In re
cent year s, many waterproofing materials
have been developed which are much less
costly than corrugated roofing, long in use
in Kona for obtaining individual household
supplies of water. Testing of these mate
rials has been carried out for several
months at two Kona sites.

One of the proj ects is under the direction
of the U. S. Geological Survey as a coop
erative effort, the cost being divided be
tween that agency and the Hawaii Water
Authority. An area of 16,900 square feet
along the Waiaha Stream, about one mile
mauka of the Belt Road at Holualoa, has
been paved with catalytically-blown asphalt
to determine the amount of rain that can be
collected.

Governor Quinn at Keei well site signs
allotment for Kana water project as Mr.
Wachter and James Kealoha, chairman of
the Board of Supervisors, Hawaii, observe.
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L. H. Herschler, A. L. Marks, Arthur Aki
naka and HWA secretary Priscilla Kaluna
at mauka Kana exploratory well site.

HWA test plot at Keahou, Kona, is water
proofed with one of the various materi
als used in water-catchment experiments.

The second proj ect, constructed by the
Hawaii Water Authority in mauka Keauhou,
includes ten waterproofed plots, each 1,000
feet square. Various materials have been
used, some left exposed, others protected
by soil or cinder covers. Observations
during the fir st few months of testing indi
cate which materials are most durable and
suitable for catchment purposes.

Other studies made under Phase 3 in
clude a survey of rain gages in the Kona
area and a pilot weather station at the



mauka Keauhou research project. The
Authority's meteorologist prepared a re
port on Kona's rainfall which was published
in October, 1958.

Any development of surface water in the
mauka area would consist of the diversion
of stream water, the collection of water
from waterproofed areas and the storage
of such water in lined, earthen reservoirs.

Under Act 22, the 1957 Legislature
authorized $1,500,000 in bond funds for the
final design and construction of water faci
lities. Study Phase 4 of the current pro
gram will involve a thorough analysis of
the data and an evaluation of various meth
ods which are feasible for Kona water de
velopment. These methods include storage
and development of stream water; ground
water development; surface catchment
areas; importation of water from outside

sources, or demineralization of brackish
or sea water.

Information on future water require
ments has been provided by a study of the
economy of Kona by the Stanford Research
Institute in 1957, at the direction of the Ha
waii Water Authority, and a recent study
made under the direction of the Territorial
Planning Office, to which the HWA contrib
uted $2,500.

To help meet current needs in Kona, the
Authority began constructing, at the end of
1958, an extension of pipelines two miles
beyond the intakes of the existing system.
This extension taps stream water in the
Waiaha area which percolates into the
ground and did not reach the intakes. The
project was financed by $30,000 from the
$1,500,000 bond fund for development of
domestic water in Kona.

PERSONNEL

The Authority's staff as of the end of
1958 consisted of 35 persons, 23 at its
headquarters in the Territorial Office
Building, nine at Waimanalo, Oahu, two on
Molokai, and one at Waimea, Hawaii.

Supervisory positions were held by Rob
ert T. Chuck, chief of the design and con
struction division; Kwan You Chang, civil
engineer in charge of investigation and re
search; Raymond K. Chun, proj ect engi
neer for the Kona water development pro
gram; Robert K. Maeda, departmental
fiscal officer; Walter O. Watson, Jr., and
Takeo Fujii, design and construction divi
sion assistants; Mrs. Priscilla Kaluna,
administrative secretary, and Toshio Su
gita, manager of the Waimanalo Irrigation
System.

New personnel joining the staff in 1958
included Mrs. Julia Matsumoto, account
clerk; Mrs. Marie Viele, statistical clerk;
Mrs. Janet Faure, technical publications
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writer; James Yoshimoto, civil engineer,
and Vernon Funn, supervising engineering
aid. Mrs. Nancy Young, draftsman, left the
Authority as of October 31, 1958.

William J. Taliaferro, general service
meteorologist with the U. S. Weather Bu
reau in Honolulu, was employed on contract

Commissioners Akinaka and McGuire with
L. H. Herschler (right of car) and engi
neers from Japan visiting Molokai tunnel.



complete financial state ments are given in
Appendix A.

from February 1, 1958, to January 31,
1959, with a six-months' extension of con
tract in 1959, to survey rainfall stations,
analyze and evaluate rainfall data for the
Territory as part of the Authority's water
resources study.

Authority Revolving Fund
Receipts .
Expenditures .
Balance .

$ 136,821*
102,505
68,567

*Includes reimbursements from other funds
for advances during prior years.

76,435
35,481

34,096
6,297

264,712

24,129
2,271,795

204,076

$ 17,094
184,921

$

$ 108,421
1,391,579

$1,155,627
1,096,330

Act 273, SLH 1955
Expenditures .
Balance .

J.~olokai Project Bond Funds
Chap. 317, RLH 1945

Expenditures .
Encumbered Balance ..
Unencumbered Balance

Act 273, SLH 1955
Expenditures .
Encumbered Balance .
Unencumbered Balance .

Act 150, SLH 1957
Bond Authorization .... $ 370,000

Water Resources Fund

Expenditures $
Balance .

Waimea Project Bond Funds
Act 240, SLH 1951

Expenditures .
Balance .

Kana Funds, Act 150, SLH 1957

Domestic Water Study
Expenditures. . . . $
Balance .

Domestic Water System
Expenditures .
Balance .

RECOMMENDED LEGISLATION

1. That continuing recognition and sup
port be given tothe need for investigations,
studies and long-range planning in the de
velopment and conservation of the Terri
tory's water supplies to the end that these
valuable resources can be put totheir max
imum beneficial use for domestic, agri
cultural, and industrial purposes to sup
port and broaden our economy.

2. That, unless there is reasonable as
surance before the Legislature adjourns
that Congress will approve a reimbursable
loan of $3.2 million tothe Authority for the
completion of the Molokai irrigation and
water utilization project, the Legislature
appropriate this amount in general obliga
tion bonds to the Authority; otherwise, the
transmission and distribution system of
this project cannot be completed in time to
make use of the water when it becomes
available from the Molokai tunnel now un
der construction.

3. That funds be appropriated as may be
needed to carry out sound plans for the de
velopment of the Territory's lands in Wai
manalo, Oahu, and Lalamilo, Hawaii, which
are or will be served by the Authority's
irrigation facilities.

4. That Section 8 (f) of Act 150, R.L.H.
1957, be amended to provide for repayment
of construction costs with respect to the
supplying of "domestic water" rather than
"irrigation service" as now stated in Act
150.

FINANCIAL SUMMARY

Expenditures during 1958 from the vari
ous funds under the Authority's jurisdiction
are summarized below. Balances indi
cated are as of December 31, 1958. More

Ionic Membrane and Well
Appropriation $ 23,500

Kauai Fund, Act 150, SLH 1957
Domestic Water System

Bond Authorization .... $ 200,000
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APPENDIX A

SUMMARY STATEMENT OF FINANCES, 1958

Revolving Fund:
Act 245, SLH 1953 .•...•.•••••.•••.

Molokai Project:
Chapter 317, RLH 1945, Bond Fund •.•.•.
Act 273, SLH 1955, Bond Fund .•••.....

Waimea Project:
Act 240, SLH 1951, Bond Fund •••••••••
Act 273, SLH 1955, Bond Fund ••.•••.••
Act 150, SLH 1957, Bond Fund .••.••.••

Water Resources:
Act 22, SLH 1957, General Fund ••..••••

Kona Water Study - Domestic:
Act 150, SLH 1957, General Fund .•.•.•.

Kona Water Development:
Act 150, SLH 1957, Bond Fund •.•.•••••

Kona Water System - Ionic Membrane:
Act 150, SLH 1957, General Fund .•••••.

Kauai Domestic Water System:
Act 150, SLH 1957, Bond Fund •••••.•.•

Balance
Initial as of

Appropriation 12-31-57

$ 500,000 $ 34,251

2,500,000 2,251,957
2,500,000 2,500,000

1,000,000 202,015
400,000 264,712
370,000 370,000

125,000 111,916

50,000 40,393

1,500,000 1,500,000

23,500 23,500

200,000 200,000

Balance
Receipts Expenditul'es as of

1958 1958 12-31-58

$136,821a $ 102,505 $ 68,567

1,155,627 1,096,330b
24,129 2,475,871c

17,094 184,921
264,712
370,000

76,435 35,481

34,096 6,297

108,421 1,391,579

23,500

200,000

'Includes reimbursements from other funds for advances during prior years. bEncumbered $1,096,330. cEncumbered $2,271,795; unencumbered $204,076.

REVOLVING FUND
Receipts and Expenditures, 1958

Receipts:
Appropriation Balance at Beginning of Year .

Revenues:
Water Charges , ...........•
Reimbursement from Other Funds .•...................................
Miscellaneous .

Total Receipts .

Expenditures:
Personal Services ..............................•.................•
Supplies .........................................•..............
Communication Services .
Travel (including board and lodging) .
Printing and Binding .
Rentals .
Repairs to Building and Equipment ........•..............................
Maintenance and Repairs to System-Materials ...........•...............•.•.
Motor Vehicle Upkeep .
Purchase of Maunawili Water .
Other Current Expenses .......................•......................
Equipment Purchases .

Total Expenditures .

Balazx:e as of December 31, 1958 .
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$ 34,251

$ 35,170
101,266

385 136,821

$ 171,072

$ 78,645
1,679
1,277
1,186

52
1,415

109
2,924
1,765
8,000
1,696
3,757

102,505

$ 68,567



SUMMARY OF EQUIPMENT PURCHASES, 1958

687
109

2,961

$ 3,757Total .

Office Furniture and Equipment $
Engineering Equipment and Books .
Motor Vehicle .

WATER RESOURCES
Receipts and Expenditures, 1958

Receipts:
Appropriation Balance at Beginning of Year, Act 22, SLH 1957 $ 111,916

Expenditures:
Personal Services .
Other Personal Services .
Travel (including board and lodging) .
Other Current Expenses .
Equipment Pur chases . .

Total Expenditures .

Balance as of December 31, 1958 ..............................•......

$ 59,258
6,896
2,454
2,397
5,430

76,435

$ 35,481

KONA WATER STUDY
Receipts and Expenditures, 1958

Receipts:
Appropriation Balance at Beginning of Year, Act 150, ::)LH 1957 .

Expenditures:
Other Personal Services .
Travel (including board an:llodging) .
Other Current Expenses. . . . . . . . .

Total Expenditures .

Balance as of December 31, 1958 ...........•..........................

$ 40,393

$ 28,860
3,095
2,141

34,096

$ 6,297

MOLOKAIIRRIGATION AND WATER UTILIZATION PROJECT
Receipts and Expenditures, 1958

Receipts:
Appropriation Balance at Beginning of Year, Chapter 317, RLH 1945 .
Appropriation Balance at Beginning of Year, Act 273, SLH 1955 .

Total Receipts ...............................................•..

$2,251,957
2,500,O~

$4,751,957

Expenditures:
Construction of Tunnel

Contract Payments .
Engineering, Inspection, Travel, etc. . .

Total Expenditures .

Balance as of December 31, 1958----

$1,032,375
147,381

$1,179,~

$3,572,~a

aUnencumbered $204,076; encumbered $3.366,125.
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WAIMEA IRRIGATION AND WATER UTILIZATION PROJECT
Receipts and Expenditures, 1958

Expend itures:
Construction, Engineering, Inspection, Travel, etc•............................

Balance as of December 31, 1958 .....•...............................

Receipts:
Appropriation Balance at Beginning of Year, Act 240, SLH 1951 .
Appropriation Balance at Beginning of Year, Act 273, SLH 1955 .
Appropriation, Act 150, SLH 1957 .

Total Receipts . ............................................

$ 202,015
264,712
370,000

$ 836,727

$ 17,094

$ 819,633

KONA WATER DEVELOPMENT PROJECT
Receipts and Expenditures, 1958

Receipts:
App1'opriation Balance at Beginning of Year, Act 150, SLH 1957

Expenditures:
Exploratory Wells:

Contract Payments . . . . . . . . . . . . . . .
Engineering, Inspection, Travel, etc .

Pipeline to Additional Sources - Waiaha:
Contract Payments .
Engineering, Inspection, Travel, etc. . .

Total Expenditures .

Balance as of December 31, 1958 .

$ 88,552
12,945

5,485
1,439

$1,500,000

108,421

$1,391,579

WAIMANALO IRRIGATION SYSTEM
Monthly Billings, Rainfall and Temperature Data, 1958

Water Sold Acreage Service Additional Water Total Rainjallb Mean
(Gallons) Served Charges Billingsa Charges Charges (Inches) TemperatureC

Janu;l.ry ...... 5,804,271 924.964 $ 2,312.41 $ 3.62 $ 464.34 $ 2,780.37 2.39 71.81
February ..... 3,301,213 890.696 2,226.74 3.62 264.06 2,494.42 1.84 71.63
March ....... 4,795,207 890.696 2,226.74 3.62 383.6 2,613.97 21.36 71.06
April ........ 12,286,808 890.696 2,226.74 3.62 982.97 3,213.33 1.36 73.81
May......... 13,018,998 885.796 2,214.49 3.62 1,041.55 3,259.66 1.60 74.92
June ........ 25,555,107 885.012 2,212.53 3.62 2,044.39 4,260.54 .88 77.60
July ........ 15,307,680 881.096 2,202.74 3.62 1,224.63 3,430.99 2.03 77.65
August ....... 8,964,500 881.096 2,202.74 3.62 717.13 2,923.49 4.17 78.95
September .... 19,103,812 881.096 2,202.74 3.62 1,528.28 3,734.64 .90 79.67
October ...... 12,553,265 881.096 2,202.74 3.62 1,004.24 3,210.60 3.95 77.58
November..... 6,384,119 881.096 2,202.74 3.62 510.73 2,717.09 1.33 74.42
December .... 2,745,228 881.096 2,202.74 3.62 219.61 2,425.97 5.51 72.35

Total ..... 129,820,208 887.870 $26,636.09 • $43.44 $10,385.54 $37,065.07 47.32 75.12
(Av.) (Annual) (Av.)

'For lots less than 3 acres. bUniversltyof Hawaii farm at Waimanalo, Koolaupoko, Oahu. Lat. 210 20' 16" N, long. 1570 42' 50" W, elev. 58 ft. cDegrees FahrenheIt.
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APPENDIX B

Water developed for irrigation in Hawaii
is about equally divided between gravity
sources and pumped supplies. The total
water used for sugar cane irrigation per
year is estimated at 471 billion gallons.
The sour ce and amount of water used for
irrigation by the various plantations have
depended upon availability and the eco
nomics of development. Since pumping
costs for ground-water supplies are a con
tinuing and important factor in sugar cane
irrigation, gravity supplies have been de
veloped to near their economic limit.

In most areas ofthe world where surface
water is util ized for irrigation, the run-off
water in the streams and rivers is stored
in large impounding reservoirs from which
water can be withdrawn throughout the
year. In Hawaii, because impounding res
ervoirs are not generally feasible, irriga
tion by gravity supplies is largely geared
to the low-water flows of the streams. In
spite of the fact that many areas in the Ha
waiian Islands have heavy rainfalls, the
low-water flows of the streams are small
at times and far below the mean flows.
These low-water flows consist mainly of
ground water which finds its way into the
stream beds through seepage and natural
springs, and from man-made high-level
tunnels which tap the ground water im
pounded within dike formations or on top of
imp ervious beds of ash or alluvium. The
freshet floods of heavy rains in general
exceed the capacities of the small reser
voirs and ditch systems with the result
that a considerable portion of this water is
lost to the sea.

If it were possible to construct large
impounding reservoirs in the Territory,
Hawaii's irrigation problems would be far
different than they are today. With the ex
ception of a few favorable sites on the Is
lands of Kauai and Oahu, it has been found
that large reservoirs cannot be success
fully constructed in Hawaii. The volcanic
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material of which the islands are com
posed, mostly basaltic lava flows, are not
favorable to reservoir construction be
cause of their high permeability. This fact
is evidenced in the high rates of leakage
experienced by many reservoirs in the
Territory.

Additionally, the topography of the Is
lands does n<t lend itself to economical
construction of impounding reservoirs as
most of the valleys are nar row and steep
sided with valley floors sharply inclined to
the sea. Thus, the cost of dam construc
tion is high for the volume of water storage
that can be created.

There are, however, some exceptions
where soil and topographic conditions are
favorable for the storage of water, and
several relatively large reservoirs have
been successfully constructed. These in
clude the two-billion gallon Wahiawa res
ervoir on Oahu, completed in 1907 andtwo
reservoirs constructed on the island of
Kauai, the two-billion gallon Koloa reser
voir and the one-billion gallon Alexander
reservoir. In general, successful con
struction of reservoirs in the islands of the
Territory bears a direct relationship to
the ages of the various islands. Thus
Kauai, being the oldest geologically, ex
hibits more complete and deeper weather
ing of its soil, an important factor in the
retention of water. The island of Hawaii,
being the youngest, is at the other extreme
and offers little or no prospect for the
successful construction of large impound
ing reservoirs.

Ground water in Hawaii is derived from
rain which falls on the permeable surfaces
of the islands, particularly the mountainous
area, and percolates downward until it
either becomes confined in dike structures
or perched on impervious beds, or reaches
sea level where it floats on the intruded
sea water as basal water in the form of a
fresh-water lens in accordance with the



familiar 40:1 ratio of the Ghyben-Herzberg
theory.

Bodies of fresh basal water occur on all
of the islands but under differing hydro
logic conditions which materially affect
their development. In the older islands of
the group, notably Kauai and Oahu, the
greater weathering of the lava flows has
resulted in favorable coastal plain or cap
rock formations on the lee coasts. These
formations tend to prevent the fresh water
from escaping to sea and hence build up
thicker lenses of fresh water making it
possible to extract a large percentage of
the infiltrated rain without serious salt
water contamination. The caprock forma
tion of the Honolulu-Pearl Harbor area on
Oahu is outstanding in this respect, creat
ing an aquifer with artesian heads of the
order of 15 to 30 feet above sea level. In
the geologically younger islands of the Ha
waiian Group, effective coastal plain for
mations are not found and the lenses of
fresh water are usually too thin for suc
cessful extraction of the water. Although
thicker lenses of fresh water can be found
in the mountainous interiors of the islands,
the recovery of such water is uneconomical
because of the high pumping lifts required.

The relative proportions of infiltration
and runoff vary tremendously with different
islands of the Hawaiian Group. On Kauai,
for example, the runoff from the heavy
rainfall area of Alakai Swamp, which over
lies a tight soil formation, probably greatly
exceeds the infiltration. In contrast, the
situation on the island of Hawaii is just re
versed. Cox 1 states: .. On much of the
island of Hawaii where there are fresh
lava flows at the surface, there is no run
off, even with maximum rainfall. No per
ennial streams reach the shore in 165
miles of Hawaii's 225-mile coastline, and
not even mappable intermittent streams
reach the shore in most of that distance. "

While the infiltration of rainfall is high-

1. Cox, Doak C., 1954. "Water Development
for Hawaiian Sugar Cane Irrigation." Hawaiian
Planters' Record, Vol. LIV, No.4: 175-197.
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est on the island of Hawaii, the recovery of
ground water there is lower than on any of
the other major islands of the Territory.
The rainfall over the entire island of Ha
waii on an average day is apprOXimately
14.4 billion gallons, yet the total yield from
springs, tunnels and wells is only about one
percent of the rainfall. In ccntrast, the
comparative figures for the islands of Maui
and Oahu are approximately ten percent
and twenty percent, respectively.

IRRIGATION FOR SMALL-SCALE FARMING

Irrigation of small taro patches was
carried out extensively in Hawaii during
earlier days, but since then the practice
has gradually declined with the decreased
consumption of this food staple of the Ha
waiian people. other irrigation, in the
category of small-scale farming, was
largely confined to the production of rice
which, once widely-grown locally, is now
almost entirely imported. Very limited
consideration has been given to the irriga
tion of vegetables in Hawaii heretofore ex
cept during World War II when some of the
sugar plantations entered this field as a
war-time measure to help produce more
locally-grown food for the islands.

By the passage of the Irrigation Act of
1953, the Territorial Legislature took the
first major step towards developing water
for the irrigation of diversified crops. The
purpose of the Act is to provide irrigation
for small-scale farms (defined in the Act
as a maximum of 60 acres of diversified
crops or 100 acres of irrigated pasture) to
increase the production of food for local
consumption in order to provide job oppor
tunities for the growing labor force and to
stimulate the production of additional crops
for export in order to broaden the base of
Hawaii's economy. It is the intent of this
Act to develop unused sources of water and
provide the facilities for transporting and
distributing the water on a self-supporting
basis.

The Authority now has under operation a
900-acre irrigation system at Waimanalo,



Oahu, serving the farming area there which
is currently being developed by the Terri
tory for sale to individual farmers.

A second project at Waimea, Hawaii, is
partly constructed and will provide suffi
cient water for irrigation of approximately
1,200 acres. Of interest is the 60-million
gallon reservoir constructed with a con
crete lining for about three-fourths of the
side area and a compacted clay bottom. It
will obtain water from the Upper Hamakua
Ditch which formerly supplied water to the
sugar plantations along the Hamakua Coast.

A third proj ect, the long-proposed Molo
kai Irrigation System, now under construc
tion, will serve Central and West Molokai
by bringing stream water and ground water
(from a well field) through a tunnel system
from Waikolu Valley on the north coast of

Molokai. The development of this project
is estimated to cost $8.2 million and will
include the longest tunnel in the Territory
(five miles).

Three other irrigation projects have
been studied and reported on by the Hawaii
Water Authority, viz: Kokee, Kauai; Kula,
Maui; and Waianae-Mikilua, Oahu.

In making studies of irrigation projects
for small-scale farming many factors must
be evaluated before the feasibility of proj
ects can be finally determined. These in
clude: (1) the availability and economics
of developing an adequate source of water;
(2) the suitability of the project site/for the
intended agricultural purpose; (3) the po
tential market for the agricultural prod
ucts, and (4) the availability of construction
funds and plan of amortization.

(This is an excerpt from a paper written by Louis H. Herschler,
Manager-Chief Engineer of the Hawaii Water Authority, on "The Story
of Irrigation in Hawaii," which was presented at the annual meeting of
the Hawaii Section of the American Society of Civil Engineers, Honolulu,
February 15, 1958.)
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MOLOKAI TUNNEL PROGRESS REPORT
The cover portrays varlOUS phases in construction of the 27,000-foot tunnel which will convey

water from Waikolu Valley on windward Molokai to dry but fertile west-central Molokai. The
map, above, shows the location of the tunnel and the areas to be irrigated, which include 13,650
acres of pineapples am diversified crops in the Hoolehua and Mauna Loa areas.

Details of the tunnel project are indicated on the cross-section below, which is based on
engineering data and geological maps. Water from the Waikolu Stream will be diverted at an
elevation of about 985 feet and transmitted to the East Portal of the tunnel. The water will
flow by gravity through the five-mile tunnel, which has a slope of 3.4 feet per mile. From the
West Portal, the water will be transmitted five miles to the Hoolehua area.

The cross-section shows a netwcrk of volcanic dikes which confine water between their
impervious walls. p'erched water which may be released from these dike compartments will
be added to the supply from the Waikolu Stream.

The front cover photograph shows workmen beginning tunnel excavation on January 20, 1958.
Progress of excavation as of December 31, 1958, is indicated on the diagram and can be
followed as work proceeds toward completion of the tunnel in 1962.
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