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This file contains a reasonably complete record
of the september 10 meeting of our Committee.

Certain of the reports are exactly as presented,
although in some cases the speakers omitted portions of
their papers because of time limi ta tion. Other "r'eports ll

have been prepared from notes taken at the meeting or
supplied by the speakers, so it will be appreciated that
there may be minor differences between the sUbject matter
as presented and as reported herein.

It is believed that there never has been a period
of greater interest than the present in the planning of
possible projects having as their objective greater utili
zation of the Territory's water resources. Since the
Conservation Council is comprised of practically all
organizstions concerned with the development of the Terri
tory's resources those of us who represent the organiza
tions are in a position of great responsibility in
furthering conservation and greater utilization of our
greatest assets.

Once again I shoula like to thank the speakers,
other members of. the committee~ and guests who made our
September 10 meeting possible. I wish also to acknowledge
the assistance given by Mr. Leslie J. Watson, alternate
Board of Water Supply member of the Council, for the
writing and editing incidental to the recording of the
proceedings.

Edward J. Morgan
Chairman

Standing Committee on Water
Conservation Council for Hawaii
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OPENING COMMENTS BY CHAIRMAN EDWARD J. MORGAN
AT WATER CONSERVATION 1ffiETiNG

FRIDAY, SEPTEMBER 10, 1954 -
BOARD OF WATER SUPPLY CONFERENCE ROOM

I would now like to call this meeting of the Conservation

Council for Hawaii to order.

In April of this year we sent to all members a proposed

statement of objectives for the Standing Committee on \~Jater Con-

servation and you unanimously adopted the long-term objectives

after some very helpful suggestions which you submitted were

incorporated. I would like to read these objectives quickly to

familiarize ourselves with some of our long-range problems.

STATEMENT OF OBJFCTIVES OF THE STANDING COMJ'.:ITTEE ON WATER
CONSERVATION COUNCIL FOR HAWAII, 1954

The conservation, orderly deyelopment, proper use and control
of the water resources of' the Terri tory of Hawaii is recognized as
an essential element in the progress and well being of our economy.

In order that the members of the Standing Committee on Water
may at all times have as a reminder an outline of the Committee's
ultimate aims and contribute towards their attainment, the follow
ing statement of objectives has been approved by the cow~ittee

members:

1. To stimulate public interest in water conservation and to
create an awareness of the necessity of putting the water
resources of each of the Islands to the best possible use.

2. To encourage each Island, which should be considered as a
unit in any conservation plan, to compile a su~nary of
important water conservation problems and to initiate
comprehensive, long-range plans for water conservation
'and for the prevention of misuse and unjustified waste.

3. To support and recommend broad plans for the inventorying
of all types of water resources, their quantities,
quality, availability and fluctuations.

4. To facilitate the dissemination of conservation informa
tion on water and related conservation activities.

5. To support agencies responsible for the management of
watershed forest reserve lands to the end that they may
he protected and preserved.
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6. To encourage, support or initiate continued and extended
scientific investigations, surveys and measurements
pertaining to the following:

a. A more accurate determination of rainfall, evaporation
and transpiration and an accounting of water bene
ficially exploited and of water wasted.

b. Investigation and measurement of ground water and the
gaging of streams.

c. Recharging of ground water reservoirs through the
application of surface water.

d. Experimental work aimed at a better unders tanding
of the lag and characteristics of the zone of diffu
sion in the Ghyben-Herzberg lens.

e. Research, including experimental work, aimed at
developing a better understanding of the characteris
tics of occurrence and movement of water in the
various aquifers of the Territory.

f. A study of pollution or potential pollution and means
of its correction or prevention.

Water shortages shouldn't happen, but they do. There are

water shortages now in Hawaii and there will undoubtedly be others

again and again as natural deficiencies and unnatural requirements

combine to overwhelm developed resources.

To any water conservation program, there are two possible

approaches--a request for voluntary cooperation and an enforcement

of restrictive legislation. From almost any viewpoint--but

particularly from that of p~blic relations--the voluntary approach

is preferable.

One of our objec tives is, "To encourage each Island, v,h ich

should be considered as a unit in any conservation plan, to compile

a summary of important water conservation problems and to initiate

comprehensive, long-range plans for water conservation and for the

prevention of misuse and unjustified waste."
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I think this is a sound plan and I feel too that this is a

large order. But on a long-range basis much can be accomplished.

For this meeting I feel that we would be making some progress

if we could make a start on compiling a summary of important water

conservation problems on each Island. We could say that is our

objective today.

This is all I have to report to you now and feel that we should

get on with our agenda.
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SOME CONSERVATION FUNDM.ffiNTALS

(Notes from a talk before the Water Conservation Committee of
the Conservation Council for Hawaii by Arthur R. Tyler,
Engineer and Superintendent, Suburban Water System, City and
County of Honolulu, September 10, 1954.)

A good place rrom which to start is to consider what is meant

by "conservation. lI In as few words as possible, we may say that

conservation is the most efficient utilization of a natural re-

source for its most beneficial purpose.

Such a definition is neither absolute nor permanent. It is

subject to repeated analysis and interpretation. The use that we

make of our water and the requirements for additional uses will

determine the most beneficial use from time to time. For example,

usually we look upon domestic purposes as the most beneficial and

highest but domestic purposes include a multitude of activities in

the home such as drinking, cooking, transport of h~~an waste,

washing, and irrigation. Washing includes vvashing of household

utensils, clothes, auto, food and persons.

It is possible for general service uses to become so important

that vital domestic uses must ·be curtailed but, in the end, the less

beneficial uses of water must yield to higher uses. So long as we

hold this view, agricultural, industrial, and commercial processes

will be sUbject to curtailment or even deprivation of fresh water.

We ,are using pure, fresh water in a great many cases where

water of lower quality would suffice. In many localities of water

scarcity, a great deal could be done if we were to recognize that

the use of potable water for agricultural purposes is not justifi

able.

There are great possibilities of conserving water in many

localities by limiting the use of potable supplies for uses demanding
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water of high quality and requiring that uses not requiring potable

water be served by any non~potable supply that may reasonably be

made available. Water that rr~y be reclaimed from sewage is a good

example. Just to show the potential of this supply, let us con-

35.7
33.3
30.4 Min.
42.3
49.1 Max.
43.2

46.2
48.2
45.2
38.4
43.0
39.8
40.2;&
40.2

Month WaterJi Sewage
mg mg

1953
July 42.5 15.2
August 46.2 15.4
September 52.6 Max. 16.0 Max.
October 35.7 15.1
November 30.6 Min. 15.0
December 35.2 15.2

1954
January 32.5 15.0 Min.
February 31.3 15.1
March 33.4 15.1
April 39.6 15.2
May 35.4 15.2
June 38.2 15.2

TOTAL 453.2 182.7
Ave. 37.6 15.2

sider recent operational statistics with reference to the Wahiawa

Water System and the Wahiawa Sewage Treatment Plant.

Sewage/Water %

X Includes Whittmore Village and poamoho Camp which
are not sewered.

Note that maximum water demand, by months, is 1.72 times the

minimum and 1.40 times the mean. The minimum is 81% of th~ mean.

The sewage flow, however, is much more constant. The

maximum month's flow was only 1.07 times the minimum and 1.05 times

the mean. The minimum was 98% of the mean.

It is significant that the variation in sewage flow was so

small. This indicates that the essential activities of a household

are relatively unchanging. Any increase in water delivery does not

reach the sewers but finds it way into irrigation, cooling systems,

cleaning of cars, etc. Thus, one would expect water reclaimed from

sewage to be practically a constant source.
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If such reclamation were applied to Kailua, for example, we

might reclaim 218 mg of water per year or about one million gallons

per working day. This does not seem much but when we consider our

ever-increasing water requirements each million gallons per day

becomes very important.

Such reclaimed water would be entirely suitable for agricul

tural purposes after only a minimum treatment to remove any danger

of disease.

Reclaimed sewage water is only cited as an example. There

are many other possibilities of comparatively simple projects by

which water could be made available for non-potable purposes.

Brackish water from shallow wells has considerable potential in

certain areas and in some localities greater use of low-level

stream water should be possible.

There is probably much that we can do provided we plan well.

Let us include in our thinking the possibility of conservation by

using potable water for potable purposes and non-potable water for

other purposes.
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WATER CONSERVATION POSSIBILITIES ON THE
ISLAND OF OAHU FROM THE VIEWPOINT OF THE

PUBLIC WATERWORKS SYSTEMS

(This paper was presented in somewhat shorter form by
L. J. Watson before the Water Conservation Committee of
the Conservation Council for Hawaii on Sept. 10, 1954.)

In discussing water conservation possibilities on the

Island of Oahu from a pUblic waterworks viewpoint, it is somewhat

difficult to draw the line between conservation on the one hand

and the exploitation of known supplies on the other. Since many,

inclUding Secretary of the Interior McKay in a recent feature

article in TIME, define conservation as "wise use," perhaps we may

say that the intended scope of our Committee is to consider ways

and means by which presently exploited water sources may be used

more wisely.

The establishment and maintenance of a program of a~equate

protection for watershed and infiltration areas clearly comes

within our interest but we will only mention it today.

Within Honolulu District there is considerable possibility

of conservation of stream water either by means of recharge tunnels,

such as those planned by the Board of Water Supply, or through fil

tration and treatment plants. There is also the possibility of

utilizing the low-level normal flows of several streams of rural

Oahu such as Kahaluu, Waihee, Kahana and Punaluu. There exists

considerable prejUdice locally against the use of treated water

supplies but, as time goes on, this prejUdice will have to be

overcome.

Within Honolulu District there is a considerable use of

"caprock water" particularly in air-conditioning insta.llations and

for various other uses for which potable water is not needed. It
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is believed that there are great possibilities of further

development of water of this class.

The experience of farmers in the Windmill Tract beyond

Koko Head and in certain portions of Lualualei homesteads in the

Waianae District has proved that a great deal can also be done

with shallow wells in other aquifers.

In the Waianae District there is the possibility of putting

to use the brackish water supplies formerly utilized by Waianae

Plantation. This would probably involve considerable duplication

in water distribution systems but would be consistent with the

point that Mr. Tyler has just emphasized to the effect that wher

ever potable water is scarce it should not be used for purposes

for which other supplies can be made available.

Mr. Tyler has commented on the possibilities of effective

utilization of effluent water from sewage treatment plants at

Wahiawa and elsewhere.

Drainage water, such as that in the Kailua Ponds, also

offers possibilities in agriculture.

The most spectacular combined water conservation and

exploitation possibility on'Oahu is undoubtedly that which con

templates putting to beneficial use the water now flowing from

Pearl Harbor Springs into Pearl Harbor. The total flow so wasted

amounts to a minimum of approximately 56 mgd of which a portion is

used by Hawaiian Electric Company, Ltd. as cooling water before

being turned into the Harbor. In addition to the 56 mgd an aver

age of some 12 to 14 mgd of the water of the springs is utilized

by Oahu Sugar Co. in cane irrigation.

The first known report tangibly proposing extensive

development of the springs was that prepared in 1889 by Messrs.
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Schuyler and Allardt, mainland civil engineers, for Mr. Benjamin

F. Dillingham when Mr. Dillingham was engaged in promoting Ewa

Plantation Co., Kahuku Plantation Co. and the Oahu Railway. In

addition to recommending an artesian well program (which was

adopted), Schuyler and Allardt pointed out the possibility of

developing the water of Pearl Harbor Springs and pumping it to the

Ewa plains. It is especially interesting that their measurements

indicated that a reliable flow of approximately 75 mgd was avail

able because this checks reasonably well with the figures already

mentioned. The engineers expressed the view that there would be

no particular difficulty in leading the water of each group of'

springs to a pump sump and pumping into a steel pipe line extend

ing through all of the spring areas and on to what are now the Ewa

Plantation cane lands.

The so-called "Kunesh Plan" which was developed in 1928 by

the Honolulu Sewer and Water Commission (drawing referred to) is

essentially the same as the schuyler-Allardt plan excepting that

it contemplated reversin~ the direction of flow and thus making

the water available to Honolulu. The 1929 report indicates that

it was then thought that there would be no particular diff~culty

in constructing "properly designed collection chambers ll at each

of the springs and pumping the water into a pipeline. The plan

proposed a booster pump at Kalauao in order to put the water

through a 240-foot elevation tunnel through Red Hill ridge. It

appears to have been thOUght that a worthwhile quantity could be

exploited within permissible salinity limits and it was not con

templated that there would be serious problems of turbidity or

bacteriological contamination.

-3-



The next well known report was written by Dr. Harold stearns

in 1931 (drawing referred to). Stearns' recommendation was very

simple--merely that water be developed by a Maui-type shaft and

sea level tunnel some distance mauka of one of the spring areas.

An interesting but not much pUblicized proposal was that

presented by the L. L. McCandless interests in. the 1938 or 1939

retrial of the condemnation suit in which the federal government

obtained title to the present Naval Ammunition Depot area at

Lualualei. In the retrial several local engineers testified for

l~r. McCandless to the general effect that the valuation placed on

the Lualualei lands should have reflected their potential as a

sugar cane producing area. The witnesses claimed that it would

have been feasible to develop the Pearl Harbor spring water and

pump it to Lualualei.

The most recent proposal with reference to the springs was

that made by Dr. C. K. Wentworth in 1945. The proposal (chart

referred to) covers a combined "spring repair" and development.

It was proposed that low and defective sections of the caprock be

repaired by cut-off walls behind each group of springs to be

developed and that the water be pumped from a deep trench mauka

of the walls. Dr. Wentworth would agree readily with critical

engineers that it would be quite a problem technically, financially

and legally, to carry out such a project. Any increase in head

resulting from the cut-off walls would increase flow under the

walls through imperfections in the caprock and whether or not the

walls could be terminated in each direction in a manner that would

not result in water escaping around the ends is questionable.
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The fact remains that the whole question of Pearl Harbor

Springs will be a great challenge until something is actually done.

(As Mr. H. A. R. Austin pointed out in his discussion at this

point, considerable development of the springs of the Waiau area

has been carried out incidental to the operation of Hawaiian

Electric Co's. Waiau plant. The quantities of water involved were

taken into consideration in giving the figures stated above.)

In the maintenance of water quality, which is a matter of

true conservation, all local water system operators control their

pumping programs by means of laboratory testing of samples. The

Board of Water Supply system of research sampling wells will be

commented on in another paper later on this afternoon.

The well surveys and well-sealing programs which have been

carried out for many years by the Board of Water Supply are also

effective conservation measures. Dozens of wells from which great

quantities of water escaped into the caprock through defective

casings have been either sealed or recased. An additional conser

vation measure is that of encouraging private well owners to not

pump beyond certain salinity limits.

In the maintenance of quality as a conservation meas~re,

one runs into the question of quality standards. Thus far the

Honolulu Board of Water Supply has been fortunate in being able to

deliver to its consumers water of not more than 60 ppm salinity

or thereabouts except in a few localities. Certain of our most

respected advisors have expressed the view that, in view of the

fact that there would be less waste throu&"1. the caprock into the

sea if we operated at generally lower water levels, it is inevita

ble that at some distant date such a practice will be unavoidable

in order to conserve water.
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All seem to be agreed that operation at planned lower basal

water levels would result in increased salinity in the water pumped,

even if it is all taken from the surface by sea level basal water

shafts and tunnels. It.is recommended by Dr. Wentworth in his 1951

pUblished report that the inevitability of such a change be recog

nized and that it be accomplished gradually. He has therefore

suggested accepting a salinity of within the 100 to 150 ppm range

as the future Honolulu Board of Water Supply standard.

Preponderant opinion, however, is that any such change in

policy ought to be deferred. Some are of the opinion that it may

never become necessary. Be that as it may, it will be seen that

Dr. Wentworth's suggestion poses a valid question with reference

to the conservation of quality as'we are using the word "quality."

Some of us believe that the question solves itself in a

consideration of the amount of water that it is advisable to hold

in storage in the aquifer. Operating experience gained in the

practically unprecedented period of rainfall deficiency from April

1953 to June 1954 inclusive, has more than justified the present

practice of holding heads as high as we find reasonably possible

by building up storage in the portions of the aquifer from which

there is the least leakage.
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WATER CONSERVATION PROBLEMS IN HAWAII

(Presented by Mr. William H. Chun, Manager-Engineer, Hawaii
Board of Water Supply before the Water Conservation Committee
of the Conservation Council for Hawaii, September 10, 1954)

In a recent issue of the Hilo Tribune-Herald, there appeared

an editorial entitled "Hawaii's Land and Water". I would like to

quote a few pertinent paragraphs from said editorial for our present

discussion.

lIMankind can live and prosper wherever there is good land
and ample water, providing these two basic elements for
existence can be brought together.

liThe territory has great resources of both, but 'we still
have far to go bringing our water resources to areas of
land where rainfall is insufficient for production.

lIThis is particularly true on the Big Island with more
than twice the land mass of all the other islands in the
archipelago. lI

Our answer to this editorial is as set forth in our Committee's

Statement of Objectives, viz:

tiThe conservation, orderly development, proper use and control
of the water resources of the Territory of Hawaii is recognized
as an essential element in the progress and well being of our
economy. II

There is no better outline for me to draft this summary report

than to follow the outline of objectives as set forth by ou~

Standing Committee and I am going to appraise what data are avail

able and how up-to-date they are before I present the problems

facing the Big Island.

Before trying to draft this report, I have reviewed all the

bulletins issued by the U.S.G.S. on Surface Water Resources and

Ground Water Resources by Stearns & McDonald, Climatological Data,

U.S.D.C., Hawaiian Planters' Record, and have written certain

members of the Committee, Plantation Managers, Government Agencies
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and Ranchers for data and suggestions relative to the problems that

should' be presented at this meeting.

I have prepared a Map of the Island~ and delineated thereon

the following information: (1) forest ~eserves and watershed areas;

(2) dug wells; (3) drilled wells; (4) Maui-type wells; (5) rain

gage stations; (6) springs; (7) wate~-holes; (8) stream gaging

stations; and (9) ditch gaging stations. This map I shall submit

as Exhibit 1.

1) OBJECTIVE NO.1: To stimulate public interest. My suggestions

are as follows:

a) Distribute more widely such pUblications as the U.S.G.S.

bulletins on Surface and Ground Waters, Hawaiian Planters'

Records, and other reports on conservation by any Govern

ment agencies, Federal, Territory or County, and private

concerns.

b) Regular write-ups in the newspapers, pUbliciZing the ex

perimental work being done by any agencies, both pUblic

and private.

c) Call discussion groups on each island, semi-annually'or

annually, for panel discussions.

d) Publicize the Water Right Problems of the Territory relative

to the rights of the Ahupuaas, the Ilis, the Kuleanas, etc.

2) OBJECTIVE NO.2: To compile summary of important conservation

problems.

a) This could be done if all agencies would send copies of

their experiments and reports to each island depository and

also to the central depo9i~ory of each division of activi

ties, such as the Surfae~ ftnd Ground Water Services, the

Climatological Service, the HSPA, etc~

~-



b) After such data have been collected, evaluated and discussed

in group panels, we can then initiate such co~prehensive,

long-range plans for water conservation and for the preven-

tion of misuse and unjustified waste.

c) It is suggested that we first organize a local group

representing all government agencies, plantations, irriga-

tion companies, ranchers and other interes~ed individuals.

3) OBJECTIVE NO.3: A broad plan for inventoryinb.

a) It is suggested that we compile a list of all water sources

and resources, from available pUblications, reports, public

and private, and then solicit the cooperation of all.

b) Organize a card or fi le sys tem Whereby we may furnish to

any interested parties the following information: (1) lo

cation; (2) elevation; (3) type of source and manner of

yield, daily (actual or estimated); (4) quality; (5)

salinity; (6) static head; (7) drawdown per draft;

(8) present ownership; (9) usage; (10) record of discharge

for past years; (11) record of head and salinity; (12) rain

fall at gages; (13) wind movement; (14) air temperature;

(15) water surface temperature; and (16) atmospheric'

humidity.

This sytem should be uniform for the territory.

c) Financial support should be contributed by all agencies who

will have access to these data so collected, indexed and

filed.

(Note: The Board of Water Supply will be happy to do the
work; but certain expenses must be met by contri
butions from all agencies and certain endowment
for scientific researches.)
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4) OBJECTIVE NO.4: Facilitation on dissemination of information.

a) From the files we can furnish information on any requests,

for any particular source or area. (This could be handled

by the Board of Water Supply in its formative stage. Later

we can organize this service into a permanent setup.)

b) Prepare for distribution, annually, new data collected and

evaluated. This could be in mimeographed form or in printed

form, if and when fund is available.

(Note: The writer has compiled from the bulletins of the
U.S.G.S. Surface and Ground Water Sources,

1) Appendix "A", tabulating the location,
elevation, max. and min. and ave. flows or yields
of each stream or ditch, recorded for the Big
Island. The duration of the observation and dates
of observation are also tabulated.

2) Appendix "BlI
, tabulating all data on (1) drilled

wells; (2) Maui-type wells; (3) salt contents of
dug wells, springs and water-holes, Kona Coast,
Hawaii; (4) chemical analyses of spring, tunnel,
well, stream and ocean water.

5) OBJECTIVE NO.5: Support program of agencies for watershed

forest reserves:

a) We should look over the present areas set aside for

watershed forest reserves, on their adequacy or inadequacy.

b) If additional lands should be set aside, we should all

support the agencies to acquire sa~e by purchase or by

government-approved exchanges.

6) OBJECTIVE NO.6: Encouragement, support or initiation of

continued and extended scientific investigations, surveys and

measurements.

a) Rainfall, evaporation, transpiration and accounting of

water beneficially exploited and of water wasted:
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1) Rainfall: Checking with the tabulation of rainfall

gaging stations and the accompanying map spotting these

stations, We are apprised that there are insufficient

stations, more particularly in the Kohala Mountain

area, the leeward side of the Big Island, the Kau and

Puna Districts. More stations and data so collected

will permit us to work out a more accurate Isohyetal

Line Map for the Big Island. Vore automatic monthly

recording equipment is needed to cover the island

economically. Manpower is too expensive. Government

aid, both on the Federal and Territorial level, is

needed badly. "OPERATION SHOVoJER" in Hilo during

October 1954, by a group of scientists from the various

parts of the world should be observed by this Committee.

It is hoped the results of this group finding may be

broadly pUblicized.

2) Evaporation and Transpiration (Evapo-transpiration):

The person best to cover this subject should be

Mr. Wendell A. Mordy, Department of Meteorology, P.R.I.

We have a few open reservoirs in Hawaii, and we

are desirous of having experiments conducted on our

island. A travelling team of workers with the neces

sary equipment should be created and supported on a

Federal and Territorial level and should be initiated

as soon as possible.

3) Water Beneficially Exploited:

a) The Kohala Sugar Company has spent much money,

approximately ~;::25,OOO, on portable overhead
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irrigation equipment to supply emergency irrigation

for 400 acres of 12- to l8-month old cane, once a

month during dry spells.

b) Parker Ranch 1s experimenting with excess water

from the Waikoloa Stream by diverting same into a

system of irrigation ditches to improve its

pastoral lands.

4) Water Wasted: Owing to the mechanical harvesting of

cane, much water is being used in washing the cane.

Presently, we cannot do much about this wastage. In

the North Kona District, the Board of VIa ter Supply has

required all privilege holders to utilize, as much as

possible, their brackish water supplies for toilet

facilities and lawn irrigation. Potable water is fur

nished them for domestic purpose only.

b} Investigation and measurement of ground water and gaging

of streams:

In looking over A:ppendix "A" and Appendix liB", you will be

apprised that the U.S.G.S. has covered most data, available

at the time of their reporting and pUblication, and they

did a wonderful job. However, there are a few wells and

streams about which we suggest more work should be done,

viz. :

1) Test well at elev. 2925 ft. near Upper Hamakua Ditch.

It should be drilled to a depth of 1500 ft. before

being abandoned. This site, we were advised, lies on

the axis of the southeast rift zone where dikes are

more numerous.
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2) Test wells mauka of Kawaihae Village, to develop

satisfactory basal water for use to supply all coastal

houselot areas along the coast from Kawaihae southward.

This will relieve high-level water for vVatmea and

vicinity.

3) Test wells along the 1200 ft. contour in thickly

populated areas in the North and South Kona Districts.

4) Test wells for fire protection purpose and toilet

facilities along the coast from Kailua to KeaWlOU.

5) Test wells at Pahoa and Kapoho for domestic and fire

protection purposes.

6) The establishment and/or continuation of the gaging of

the follovdng streams: Haunani Stream, Waimea; Kiilae

Stream, S. Kona; Waiaha Stream, N. Kona; \Vaima, Alakahi,

Kawainui and Koiawe Streams, Kohala Watershed Reserve;

Kahoama and Wailuku (at Pukamaui), South Hilo.

7) Investigate the high level ground water in the Kohala

Mountain, between Waipio and Hanokane Nui Canyon.

8) Investigate the potable basal water along the Hamakua,

Hilo and Puna coasts.

c) Recharging ground water reservoirs:

With more Maui-type and drilled wells by the plantations,

we may suggest methods whereby they can recharge these

basal reservoirs with water from their cane-washing plants,

and/or by irrigation ditch patterns, divert stream flows to

mauka areas of their wells.

d) Experimental Work: Lag and Characteristics of the zone of

diffusion in the Ghyben-Herzberg lens.
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There are several wells, located in the South Hilo and Puna

Districts, wher~ such experimental work could be done.

However, this must be done on a Federal-Territorial level.

VIe are anticipating drilling three (3) deep wells in

the Panaewa Forest Reserve near the 4-Mile Bridge in Hila,

and we would welcome such experimental work.

e) Research & Experimental VJork on characteristics of

occurrence and movement of water in the various aquifers

in Hawaii: We welcome such research but again this must be

done on a Federal-Territorial level.

f) Study-of Pollution and its prevention:

This can be best done by the Health Department, with the

cooperation of all pUblic and private agencies. Said

Department has the necessary sanitary inspectors and

engineers, and the bacteriological and chemical laboratory

and personnel to maintain same. It is suggested that we

support it for both Federal and Territorial aids to permit

it to have the necessary bUildings, equipment and personnel

to expand its program, to cover this phase of our activities.

In conclusion, may I suggest the following:

1) Memorialize Congress to pass and make into law HB 2843 which

provides an appropriation of $2,000,000 for water resource

investigation in the Territory.

2) Support an adequate program of financing by the Legislature,

with Federal aid, to permit the U.S.G.S. Surface and Ground

Water Services to carry out the objectives of the Standing

Committee.
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3) Prepare pertinent material for the Committee to be submitted at

the hearings to be conducted by Chairman Miller of the Interior

Affa.irs Committee on the terri.tory's water and land :resources.

4) Memorialize our Legislature to appropriate funds for adequate

buildings, equipment and personnel, to carryon a program of

bacteriological and chemical analysis work posed by our com-

prehensive program of water conservation, pollution and preven-

tion.

5) 1',Temorialize our Legislature to make the necessary appropriation

for the construction and maintenance of a pilot plant for the

desalting of seawater and/or brackish water along the Kona

Coast.

(Note: The map and the several tabulations
included with Mr. Chun's original report present
unusually complete information. Copies of the
complete report were given to certain of the
members and others who may be interested will
probably be able to obtain copies directly fronl
lfir. Chun.)
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WATER CONSERVATION PROBLEMS OF 1ffiUI

(This report was submitted by Mr. Y. Tsuji, Manager and Chief
Engineer of the Maui County ~aterworks Board and presented by
Mr. Joel B. Cox, f:Tanager, Land Department, Alexander & Baldwin.)

The problem of supplying adequate water for domestic and
agricultural purposes is manifold. With current search for new
industries and extension of present farming acreage in developed
areas as well as on virgin land, water has come to the fore as a
major requirement in this quest for economic stability of the
Territory.

On Maui, private industries and governmental agencies have
been in constant search of more water, underground as well as
surface supply, for co~servation, control and proper use.

Industries have contributed considerably toward this goal-
East Maui Irrigation Co., Ltd., Wailuh~ Sugar Company, Baldwin
Packers, Ltd., and Pioneer Mill Compa~y, Ltd. with their miles of
ditches into forest reserves, and the plantations and others with
their numerous wells sunk to tap underground supply. In brief:

Research on rain-making in Koolau Forest Reserve

East Maui Irrigation Co., Ltd.

Development of underground supply (wells)

Hawaiian Commercial & Sugar Co., Ltd.
Wailuku Sugar Company
Maui Pineapple Company, Ltd.
California Packing Corporation (Molokai)
Hawaiian Pineapple Co., Ltd. (Lanai)

Farmers in Kihei have also dug private wells for irrigation p~rpose

to conserve domestic supply.

Government agencies contributed in the following manner with
whatever funds available~

Reforestation of Haleakala slopes and certain sections on
Molokai

Board of Agriculture and Forestry

Development of underground supply

Hawaiian Homes Commission, l\Iolokai

Research--Saline water irrigation under IRAC in cooperation
with

Molokal Ranch Co., Molokai
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Collection of Surface water (from Waikolu, Molokai)

Plans by Hawaii Irrigation Authority

Measurement of Stream Flows

Dept. of Interior, Geological Survey

The Maui County Waterworks Board is faced with a major problem
of inadequate water supply in addition to supplying its numerous
systems serving small communities in widely scattered areas. Prac
tically all of the water supply is bought from plantations, estates
and East Maui Irrigation Co., Ltd. The sources owned by the govern
ment are few, as follows:

On the Island of Haui:

1. Hana Sys tern
2. lao Tunnel (1,000,000 gpd)
3. Two deep wells, in I'ja:iluku, drilled in 1953
4. Kanaha Stream, Lahaina (500,000 gpd)

On the Island of I\lolokai:

1. Makaeleele Stream and Kawela well for Kaunakakai
2. Ualapue well for East Molokai System

The more immediate problem is furnishing of water to hjgh
level areas in the Kula district to meet extensive farming needs.
The Kula system is dependent solely on surface runoff of rainfall
in the Koolau Forest Reserve above the 4200 ft. elevation. There
is not enough water for both domestic ~~d agricultural purposes
during some months of the year as experienced in 1953 and early
1954. Studies are now being made for the extension of collecting
flumes further into the reserve to Honomanu Stream and the construc
tion of additional storage facilities, both very costly under
takings for an embryo organization like Maui County Wate~vor~s

Board. Because of continued farming expansion in this area, it is
generally felt that its water needs can never be entirely satis
fied. The Hawaii Irrigation Authority, presented with this problem,
is investigating the possibilities of developing Kula as an irriga
tion dis trict.

The Maui County Watenlorks Board since its inception and the
County of Maui previously have taken steps toward conservation and
proper use of available water. In brief:

On the Island of Maui:

1939
1940

lao Tunnel Project, which ended with Wailuku Sugar
Co. extending tunnel into their lands. Of the
average daily flow of 2.34 mgd, 1.0 mgd belong
to Maui County Waterworks Board.
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1943 Installation of 250 RP 24 stage pump, at lower
Waiakamoi, with pumping capacity of 1.0 mgd from
lower level of approximately 3100' to Waiakamoi
supply line at elevation 4200' when upper level
supply diminishes.

1951 Huluhulunui Spring Tunnel. Rehabilitation and
extension of old M.A.Co. tunnel, and piping it
to Kokomo and East Maui area. Tunnel supplies
100 gpm.

1953 Development of Punahoa Spring (Rana District) by
Kaupo Ranch Co. and HeWB.

1953 Piping from Alaeloa Spring in Honolua (Lahaina
District) for domestic us~.

1954 Installation of two deep well pumps in Wailuku,
with well depth of approximately 600'; 350 HP
each at 2800 gpm; length of column, 370'; static
water level +22.75'. Pumps will be in service
late September, 1954.

1954 Proposed erection of concrete dam at upper
Waiakamoi Stream (contract already let out on bid).

On the Island of Molokai:

1950 Electrification of existing deep well pump
(500 GPM at 150' head) at Kawela by installing
25 HP motor. Supply main from Kawela pump to
Kaunakakai enlarged.

1950 Installation of 20 HP deep well pump, capacity
200 GPM at 250' head, at Ualapue.

Future Plans. The Maui waterboard's future plans includ~ the
following:

For the Island of Maui:

1. Development of East Kuiaha Springs to augment
Huluhulunui Spring tunnel supply.

2. Extension of Awalau Supply Line to Halehaku Stream.

For the Island of Molokai:

1. Extension of system to Punaula Stream ·for gravity
supply for East I.~olokai system.

2. Enlargement of Makaeleele Supply Line for maximum
use of gravity source~

3. Sinking of second deep well at Kawela pump site.
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Recommendations. To relieve the present critical situation on
water supply, the following recommendations are made:

1. Continuation of saline water irrigation experiment.

2. HIA to investigate areas for development as irriga
tion districts:

a. Kula District
b. Kihei
c. Molokai

fresh water
saline water
saline and fresh water

3. Continuation of government subsidy of rain-making
experiment.

4. Continuation of reforestation prograln.

5. Prevention of forest reserve area encroachment.

6. Investigation of underground water possibilities,
tidal fluctuation of fresh water table, and study
of the characteristics of the Ghyben-Herzberg lens.

Maps. Attached are maps of the Islands of r.laui and I':tolokai
showing annual average stream flow and developments, as far as can
be ascertained, in recent years. You will note that private indus
tries have constructed an extensive ditch system to collect most
of the available surface water from the watershed areas.
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REPORT ON WATER CONSERVATION PROBLEMS OF KAUAI

(Presented by Mr. George Yuen, Sanitary Engineer of the Honolulu
Board of Water Supply, from notes by 1~. David F. Wong, Manager
and Chief Engineer of the Kauai County Waterworks Board.)

(1) Generally speaking our conservation problems are similar

to those of other areas. As far as public water systems are con-

cerned every effort should be made to educate the consumers at all

times on the need of conserving water.

(2) All services whether on public or private systems should

be strictly metered to restrict unnecessary use of water and ex

cessive waste which is in evidence thru out many plantation water

systems where their consumers pay a nominal flat rate monthly

charge with no restrictions as to the amount used.

(3) All water systems, both public and private, should provide

sufficient storage in reserve to meet any demand during seasons of

drought and shortages. There are seasons thru out the year where

the consumption drops to a low level, and for surface supplies

large reservoir storage would certainly give a longer period for

emergency action after the need for additional supplies becomes

evident.

(4) Encouraging the application of methods to use waste water

for non-potable purposes such as fanl irrigation thru out the

Territory.

(5) All watershed areas should be under the direct jurisdic-

tion of the Territorial Government. This would centralize the

control of all watershed areas and eliminate the variation in

prices when water is purchased from private agencies.

Water. js God's free gift to man for his use.
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KA UKONAHUA RUNOFF STUDY

(Presented by Mr. William Crosby, Territorial Forester,
before the Water Conservation Committee of the Conser
vation Council for Hawaii on September 10, 1954)

The large areas of uluhi or staghorn fern developing in Forest

Reserve areas where the former forest cover was destroyed form a

dense matted growth from two to as much as five and six feet deep

through which no other form of tree or shrub growth can reproduce

itself.

This fern does not grow readily under normal forest shade but

where it is established on the edge of the forest or in an open

area within the forest it will push in to any opening in the forest

cover very rapidly.

The relatively high cost of clearing and planting such lands

made it a matter of interest to secure some indication of the

relative value of such fern areas as watershed pover compared with

the usual forest complex.

Two adjacent gulch areas, branches of the main Kaukonahua

Gulch above Wahiawa of comparable area were located; one of some 29

acres area was covered almost completely with uluhi and the adjacent

gulch covering some 37 acres, contained a good cover of native and

planted trees.

The areas were checked by geologists and found to be of the

same soil and rock formation, weirs were constructed and calibrated

under the direction of the Division of Hydrography, U. S. Geological

Survey, and recording instruments adopted by the U. S. Forest Serv-

ice for close measurement of rainfall and stream flow were installed.

All instruments were working satisfactorily by February 1951

and records started of the rainfall and runoff in the two areas.
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Records are kept by storm periods counting a storm from the date

and hour rain started until resulting runoff ceased to flow over

the weir or runoff from the following rain started the water level

rising at the weir.

Since February 1951 a total of 136 weeks of comparative

measurements of rainfall and runoff on the two gulches have been

made with the Fern Gulch in its original cover condition.

The measurements showed a consistently higher rate of rWloff

from the Fern Gulch, ranging from an average difference of 0.64%

for storms following one to two weeks of dry weather through 13.45%

during storms of light rainfall when soil moisture was high fronl

previous storms to 27.65% during heavier storms with soil moisture

at or near saturation.

With this number of records showing a consistent pattern of

greater storage capacity and retardation of runoff by tree and

shrub growth compared with a cover of uluhi, the fern gulch was

burned during August 1953 and the area planted to trees, in order

to secure comparative measurements of runoff resulting from a

change in cover in the same area.

The relatively light rainfall during much of the time, and

the shorter period of measurements, together with the relatively

bare condition of the fern gulcll does not give us data on which we

can base definite conclusions at this time.

However, with the data so far obtained we do feel that we are

getting an indication of a suspicion we have had, that the root

masses of dense staghorn fern growth tend to form a water shedding

thatch over the soil.

Judging from the information so far gained from the experiment

the Territory will be faced with great expense in placing large
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areas of its watersheds in efficient condition.

We have spent considerable time in hunting for another pair

of tree and fern covered gulch areas for comparative and check

measurements, but have not been able to find a similar setup. We

are now considering the longer term collection of runoff data on

another fern gulch followed by runoff records after clearing and

planting, without the check of an adjacent forest covered area.
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WATER CONSERVATION AND THE TERRITORY'S IRRIGATIOn PROGRAM

(Presented by Mr. L. H. Herschler~ Acting Manager-Engineer,
Hawaii Irrigation Authority before the Water Conservation Committee

of the Conservation Council for Hawaii, September' 10, 1954)

It has been said that water is the life-blood of our

civilization. No one who has studied history or who is familiar

with today's manufacturing industries, agricultural pursuits,

power developments, inland watenlays or domestic water systems

can doubt the accuracy of such a statement. It is befitting,

therefore, that this group should be assembled today for the pur

pose of discussing and evaluating means for best utilizing and

protecting Hawaii's most important natural resource. As indica-

ted in the title of this paper, it is my intention to discuss

water conservation from the Territorial standpoint of a water

using agency. Before doing so, however, I would like to make a

few general remarks.

A dictionary definition of conservation is lI a conserving,

preserving, guarding or protecting; a keeping in a safe or entire

state; preservation". Such a definition appears to be too re-

strictive for a water conservation program and if applied too

literally to our thinking might work adversely to the best inter-

ests of the Territory. A better way to state our real aim might

be through a brief policy statement setting forth the purpose of

water conservation to be more or less as follows: the maximum

economic development and utilization of our total water resources

with due regard to the needs of future generations. Within the

limitations of such a policy it is believed that the principles

of a sound water conservation program could be developed which

. would bring maximum benefit to the Territory.



Since essentially all usable sources of surface and ground

waters originate as rainfall on the surface of the earth B.nd there

after continue in motion until, by many devious and sometimes

tortuous and complicated paths, they eventually reach the ocean,

man's recovery and use of such waters serves only to interrupt

Nature's cycle of "rainfall to ocean". Ultimately all water used

by man reaches the ocean and the interruption of this cycle can be

only temporary at best. In its broadest sense then water conser

vation can be divided into three general categories: (1) the

development, protection and preservation of watersheds to provide

for the maximum recovery of rainfall, (2) the construction of

facilities for maximum capture of water during the rainfall-ocean

cycle without resort to harmful !lmining of waterll or other prac

tices detrimental to the best interests of the Territory, and (3)

the conservation of the captured water throu@1 promotion of

efficient methods and practices for utilization of such water to

prevent unnecessary waste.

v¥.hile a sound program covering these three categories of

water conservation is desirable, it is essential to keep in mind

that the effective implementation of any such program will be

largely controlled by economics. Only by being realistic in this

respect can we hope to make significant progress.

At this point it might be of interest to make some con~ari

sons of water usage on the Mainland with that of the Hawaiian

Islands. Althou&~ such figures as are available may not be en

tirely accurate they will serve satisfactorily for comparative

purposes. The mainland United States consisting of an area of

1904-million(1) acres of land, with a mean annual rainfall of

approxima tely 30" (2) ranging from below 5" to about 100-120" ( 1) ,
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uses an estimated l70-billion(3) gallons of water per day exclusive

of water used for hydro-electric power, transportation and recrea-

tion. This amounts to about 1100 gallons of water per capita per

day. The comparative figures for Hawaii show a total area of 4.1-

million acres of land with a mean annual rainfall ranging from

about 10" to 400" and an annual consumption of water of approxi-.
mately 400-billion gallons of water per year which is equivalent

to a little more than I-billion gallons of water per day. The

daily per capita consumption for Hawaii is roughly 2200 gallons of

water. These figures show that Hawaii uses about 3 times as much

water on an area basis and twice as much water on a per capita

basis as does the Mainland. In the matter of irrigation, the

Mainland irrigates 26-million acres of cropland, mostly in the

West, which is six per cent of the total cropland. In contrast,

Hawaii irrigates half of its cane lands, a good portion of its

pineapple land and some areas of diversified crops or something in

excess of forty per cent of its total croplands.

While Hawaii has intensively developed much of its economi-

cally available wat~r, a far greater part finds its way to the

ocean without being used. On the Island of Hawaii for example,

with a daily rainfall of l3,085~OOO,OOO gallons of water, huge

amounts of water discharge from basal springs at sea level all

around the Island. The average discharge from springs and tunnels

on perching structures, from tunnels in the dike complex of the

Kohala Mountains and wells producing from the basal structures

amounts to only 145-million gallons per day or approximately 1.1%(4)

of the total rainfall. If we add to this the visible discharge of

the sea level basal springs, which are almost entirely unused, we
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find that the total visible discharge of ground water on the Island

of Hawaii amounts to only 328-million gallons daily or 2.5%(4) of

the total daily rainfall. In comparison the total visible dis

charge of ground water on the Island of Oahu is 25.6%(4} of the

rainfall--a remarkably high percentage figure.

There are several reasons for Hawaii's failure to make use of

more of its rainfall. In general, our areas of higher rainfall are

remot~ from points of usage so that the developed water must be

transported long distances at high cost for irrigation and other

purposes. The topography of our valleys and the high permeability

of our soils and rock formations do not lend themselves favorably

to the construction of large dams and rese~10irs so that much of '

the freshet water and winter flows of our streams are lost to the

ocean. Ground water extraction is usually expensive because of

impeded flow due to the presence of dikes or because large local

withdrawals are hampered by sea water intrusion.

Although there is much water in the Territory still available

for irrigation and other purposes, the plantations have, by and

large, developed most of the "cheap water ll
• In this respect·the

Hawaii Irrigation Authority, created by the 1953 Legislature to

develop irrigation water for small-scale farming, finds itself in

a "Johnny come latelyI' position. As an agency of Territorial

Government the Irrigation Authority is desirous of following poli

cies and practices that will best promote water conservation in the

Territory. Sometimes, however, conservation measures must be care-

fully weighed against cost since irrigation projects established by

the Authority under the provisions of the Irrigation Act must be

developed on a self-supporting basis.
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The Ho10kai Irrigation project presents several interesting

problems in conservation of water. As most of you know an abun-

dance of water cascades down waterfalls and stream beds, especially

durL~g the winter months, in the three valleys of Waiko1u, Pelekunu

and Wai1au on the windward side of the Island of Mo10kai. The pro-

posed development of this water through an extensive tunnel system

and its conveyance to the dry farming areas of central and west

Mo10kai would be a big step in the direction of conservation of

water and an economic boon to Mo10kai and the Territory as a whole.

There is also much water, upwards of several million gallons at

least, flowing into the ocean from the basal water supply along the

lee coast of Mo10kai. At low tide this water can easily be seen.

y€t, with the exception of the American Sugar Company's unsuccess-

fu1 attempt in the early 1900's, only a limited effort has been

made to capture this water. With our present knowledge of basal

water occurrence the development of this water appears to be

feasible. The Authority now has under way intensive studies to

determine the best methods for developing both the windward valley

and basal sources of water on Mo10kai and there is good reason to

believe that a self-supporting irrigation project can be constructed.

The Waimea irrigation project at Kamuela, Hawaii, contains
•

several features of interest to water conservationists. The Author-

ity will soon award a contract for the construction of a 50-million

gallon reservoir as part of the project to provide storage for the

Upper Hamakua Ditch supply, the water of which would not otherwise

be of very much practical value for irrigation purposes since its

flow ranges from a minimum of a few tens of thousands of gallons

per day to 75-million gallons a day during peak periods. This
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reservoir is of interest for several reasons. It will be the

largest lined reservoir in the Territory and represents, as far as

is known, the first attempt in Hawaii to use an air-blown asphaltic

membrane for waterproofing the bottom of a reservoir. Of addi

tional interest is the fact that all transmission and distribution

lines installed to date in this project are of concrete pipe which

will keep losses due to seepage and evaporation to a minimum.

The Waimanalo irrigation system on Oahu is now being operated

by the Authority. All of the sources of water formerly used by the

plantation are available to the Authority which, in their total

amount, are more than sufficient to take care of tne irrigation

needs of this area. In addition, it is thought that ground water

of good quality can be obtained in the mauka section of Waimanalo

although more exploratory drilling will be required to determine

the quantity of this water that can be developed and the economics

of such a project. The distribution ditches in this system are

unlined and considerable water is lost through seepage. Studies

of various types of linings are being made and an asphaltic type

may be installed at some future date if the cost can be just.ified.

The Authority is giving thought to recharging of ground-water.

supplies by using surplus water when available for all of its ten

tative projects. The proposed tunnel plan on J>:Iolokai is especially

interesting in this respect since water will be pumped from inter

dike compartments of the tunnel whenever this water is needed to

supplement the Waikolu stream flow and these compartments inter

mittently recharged whenever the streamflow of Waikolu Valley ex

ceeds the irrigation needs. This method will make maximum use of

the waters from Waikolu Valley.
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In conclusion it can be said that the Authority is giving

maximum consideration to conservation of water in its development

of irrigation projects in the Territory wherever such conservation

procedures can be shown to be feasible. ~~ile it is true that most
,

of the cheap water supplies in the Territory have been developed

there is still much additional water available even though perhaps

at development costs higher than heretofore thought economical.

Further development will depend on the cost of procuring addi.tional

water just as the institution of water conservation measures will

largely depend on their economics. Nevertheless, every effort

should be made to encourage the conservation of our water resources

without, however, attempting to unwisely restrict the use of our

present developed sources of water in order to save "cheapll water

for the unknown needs of future generations.
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RESEARCH WELL ACTIVITY OF THE
HONOLULU BOARD OF WATER SUPPLY

(A paper presented in somewhat shorter form before the
Water Conservation Co~~ittee of the

Conservation Council for Hawaii on September 10, 1954)

PART I by Leslie J. Watson
Head of Water Resources Division

Honolulu Board of Water Supply

The Honolulu Board of Water Supply's research well program

which was mentioned earlier this afternoon has as its purpose the

acquiring of greater understanding than we now have with respect

to the behavior of the great Ghyben-Herzberg lens under the Hono-

lulu and Pearl Harbor regions, particularly in respect to the

depth-salinity interrelationship and the manner in which it changes

with changes in head and in draft patterns.

Because of time limitation it will be presumed that most of

the audience understand the Ghyben-Herzberg principle which was

first enunciated by Badon Ghyben in 1889 and by Baurat Herzberg in

1901. The Herzberg paper gives certain information with respect

to a test well and salinity determinations made as the well was

drilled.

The first extensive study with reference to relations

between depth and salinity that we find adequately described is

that written by J. M. K. Pennink in 1904 which is smmnarized in

the well known USGS Water Supply Paper 537 by John S. Brown.

(Published in 1925.)

Our first chart is an enlargement of Pennink's cross section

of a 5.47 mile width of sand dunes between the North Sea and the

ancient sea of Haarlem. On the chart Penninl{ has shown his several

test wells and the salinity of the water at various depths in each



of them. Although the aquifer is of an entirely different nature

than ours, the discoveries which were n~de gave the Pennink paper

a milestone status.

A few records are available of the salinity of mixed samples

taken from local wells as the wells were drilled but it is believed

that the first move towards determining the salinity-depth relation

ship in Hawaii was that made by Dr. C. K. Wentworth in a 1941 manu

script report in which he recommended the drilling of a major

Itdiffusion zone test hole" to a depth extending two or three hundred

feet into water of a salinity equal to that of sea water. Wentworth

proposed the installation of permanent tubes to give continuous

flows from several levels for the purpose of obtaining salinity

information to be considered in applying his theories relative to

the lag in adjustment between the top and .bottom portions of the

lens in the transfer of fresh water between "top storage" and

"bottom storage."

Instead of a single research well project, it was finally

decided to install sampling tubes in whatever suitable wells might

become available.

The first installation was that made personally by Wentworth

and one or two assistants. A 3/S-inch tube was installed in Well

No. 24 in the Vicinity of BWS-Kaimuki Pumping Station in December

1944. This tUbe, giving continuous flow from 397 feet below sea

level, remained the only research well for some years but the pro-
f~

gram was subsequently considerably extended and we now have from 1

to 5 tubes in the several wells whose aquifer portions are shown in

black on this lfGeologic-Hydro1ogic Cross Section, Pearl Harbor

Honolulu Region. If The points from which samples are regularly·

obtained are indicated.
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In the vicinity of Kaimuki Station (referring to drawing,

"BWS Sampling Tubes Vicinity of Kaimuki Station") we now have a

total of 6 tubes in 3 wells giving samples from up to a horizontal

distance of 1900 feet from the station and from depths of as much

as 600 feet below sea level.

The results to date from the several Kaimuki sampling points

are shown in these curves. Note that the salinity curves have been

plotted with the salinity scale descending from bottom to top and

that there is a marked parallelism between the head and salinity

curves; that is to say, increasing head.is usually accompanied by

decreasing salinity and vice versa as one would expect. Although

no significant lag is apparent it should be emphasized that none of

the curves cover a sufficiently long period to justify making con

clusions at this time.

Although we wish to emphasize that this is a long-range

project, we have already found that the results help us considerably

in deciding on distribution of draft. We believe that after some

years those who analyze the data then available will be able to

arrive at an understanding of our water sources that will result in

greater conservation than we are presently able to achieve.

As our knowledge is increased we find that there are various

paradoxes which illustrate the complexity of the over-all problem.

Most of us may be of the opinion that there are but few examples

apparently contrary to the general rule that salinity increases

with falling head and increasing draft, but now let us look at some

of the exceptions:

The head-pumpage-salinity relations at the Navy's Halawa

Underground Station, a Maui-type development, show rather convinc

ingly (referring to chart) that for any given head there is a
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strong tendency to a decrease in salinity as daily pumpage is

increased and that for any given rate of pumpage, salinity tends to

increase as the area head increases. From close examination of the

chart it will be noted that there are not many stray points--that

is to say, the curves that we have drawn seem quite consistent with

the data.

At Well 201 near Pearl City the head-salinity relationship

is also peculiar. As our chart shows, each decline in head is

accompanied by a decline in salinity and each increase in head is

accompanied by an increase in salinity. According to our informa

tion the valve setting has not been changed over the 14 years which

we have shown.

Our second chart with reference to Well 201 shows a mauka

makai cross section through the well and also a plotting of head

against salinity for each chloride determination. Although we have

not attempted,to draw curves through the plotted points, many will

agree that the points arrange themselves into two patterns. The

group of circled points to the left represents chloride determina

tions for the period 1940-1946 which was characterized by a general

decline in head. The solid points to the right represent chloride

determinations for the period 1947-1953 which was characterized by

a general rise in head. It would be interesting to speculate as to

just what all of this means.

Another paradoxical fact is that at no BWS station did the

highest salinity in our records occur during the heavy draft and

low rainfall period of World War II. To the contrary, at two of

the Board's five principal stations the maximum salinity was lower

during the war tirre years than ever before or since (at Ka1ihi deep

well station in 1943 and at Kalihi ahaft in 1944).
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There may also be something appearing to be paradoxical--or

at least partially irreconcilable--in the fact that the Honolulu

BWS considers it advisable to hold salinity ranges to very narrow

limits and yet the plantations operate over a salinity range of

several hundred ppm, as they must during "pumping season, II and

apparently without permanent deterioration of the basal water

source. The fact that the heaviest plantation pumping does not

continue all year is probably the answer. The location of some of

the plantations' deep-well stations back of the Pearl Harbor Springs

is probably an important factor in the return of water salinity to

former levels after intensive pumping periods. In Honolulu whatever

leakage there is through the caprock is probably inconsequential

compared to the Pearl Harbor Spring flow so the salinity behavior

of the Honolulu and Pearl Harbor deep well waters are not directly

comparable.

In the past many have given emphasis to interrelationships

between head, draft, salinity and rainfall. Although undoubtedly

realized by all, perhaps not enough has been said relative to the

very important fifth factor--how a water sys tem is opera ted•.

There is probably no simple over-all head-depth-salinity

raltionship. Contributing factors may include the Imown non

homogenity of lava flows; varying caprock characteristics; the

effect of the valley-fill barriers; and the distribution of draft.

Perhaps the best summation is to say that it is far too

early to present conclusions, but it is important that all conduct

active research program to build to a wiser use of water sources in

the future.

Mr. L. T. Bryson, chemist for the BWS, who has given a great

deal of attention to the gathering of facts and particularly to
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depth-salinity curves will now comment on the several curves that

he has developed.

PART II
Comments by.L. T. Bryson, Chemist

Honolulu Board of Water Supply

In commenting on Mr. Watson's description of Pennink's

figure representing a cross section of a Ghyben-Herzberg lens along

the coast of Holland (Chart No.1), Mr. Bryson explained that the

head above sea level was scaled from the drawing as approximately

14 feet. At one of the representative wells the water was indicated

as of good quality (chloride less than 200 parts per mi~lion) down

to - 300 feet, 'but at a level only about 100 feet lower, the salinity

was that of sea water. The latter has been assumed as 17,840 milli

grams per liter, according to the analysis of a sample at Dieppe,

France, reported by Clarke in Bulletin 770, 5th ed., of the Geolo

gical Survey.

Charts 2 and 3 were presented showing tI'ansition curves

of chloride against depth at four of the Pennink wells. For pur-

poses of comparison the drawings also showed a transition curve for

the Kaimuki (Honolulu) area based on five points, which included

the surface of the free water table (chloride 20 i 2 ppm) and data

from four point-sources in research wells 24, 25 and 26. The two

charts were identical except that in No. 3 the salinity was repre-

sen ted on a logarithmic scale in order to clarify the shapes of the

curves in the low-chloride ranges which are of primary practical

interes t.

A third drawing (Chart No.4) represented the results of a

laboratory diffusion experiment in which the points of the curve
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were evaluated by a conductivity technique. As initially assembled,

a I-liter cylinder was filled to the 500-ml mark with a 3.3 per cent

salt solution, upon which was overlaid distilled water up to the

zero mark. The readings were made after a lapse of 46 hours. The

depth scale, of course, was not comparable with those of charts

2 and 3. (An omitted point was an .explanation of divergences

of the laboratory test from field conditions: the assembly con

tained no solid material (aquifer), and was entirely self-contained,

without inflow or withdrawal of fresh water; and the indicated

mixing was due entirely to ionic diffusion under static conditions.)

Points emphasized were:

(a) The aquifers differed in physical structure. In

Holland the aquifer was sand and gravel, while in Honolulu

it is lava rock.

(b) In the flat portions of the curves, chloride/

elevation ratios were respectively 400 ppm per foot of

depth and 83 ppm per foot in Holland and in Honolulu.

(c) The factual data for the Kaimuki curve are limited

to those furnished by the point-sources at the research

wells. Below elevation - 600 feet, the curve was extra

polated according to the probable expected shape.

(d) The Kaimuki transition curve, based on salinity

as chloride, can be very roughly interpreted as also

representing a hardness gradient. Hardness-chloride

ratios vary with locations, reaching 1.20 as maximum.

For public water supplies hardness should preferably not

exceed 150 ppm.
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The Spreckelsville Mixing-Zone Test Well

One of the principal uncertainties in estimating the safe yield
of Hawaiian basal ground-water bodies, those of the Ghyben-Herzberg
type, concerns the importance of bottom 1ag--that is, the lag between
changes in head and changes in the depth of the fresh-salt contact
zone. Measurement of the depth of the contact zone is complicated
by the fact that it is not a sharp contact but a zone of mixture. A
diamond drill hole drilled at the Maui Fair grounds in 1936 confirmed
the applicability of the Ghyben-Herzberg theory and suggested the
general nature of the mixing curve but the hole was not cased, and
the sampling technique did not permit restriction of inflow to
sampling points. Several suitably equipped test holes in Honolulu
are now providing important data on the upper part of the zone of
mixture, but because of the great depth of the Ghyben-Herzberg body
here, none here are deep enough to sanlple the near-sea water part of
the zone.

Both because of the economy of testing in an area of low head
and low ground elevation and because of the desirability of testing
in an area of relatively simple ground-water conditions, the Maui
Isthmus appeared to be especially desirable as an area for further
mixing zone testing. In consequence, Hawaiian Commercial & Sugar
Co., Ltd. has had drilled a test well especially for this purpose
near Sprecke1sville, on the north coast of the Isthmus.

The well is 8 inches in diameter and 229 feet deep. It was
drilled within a pit carried from the surface at 14-foot elevation
to two feet below mean sea level. The static head at the site
averages about 2 feet. A preliminary sounding with a conductivity
cell after the hole was drilled indicated that most of the change in
salinity occurred between 50 and 85 feet below sea level.

The well has been cased with 14 flexible plastic pipes, termi
nating at depths differing by increments ranging from 50 feet at the
bottom, to 25, 15, and finally 5 feet in the area of maximum change,
and then back to 15 feet at the top. The bottom 1i feet of each
pipe was finely perforated. The pipes were carried down by a con
crete cylinder cast around the bottom of the deepest one, and w~re

taped together as they went down, to make a single package. The
hole was then back-filled around the tubes to 15 feet below sea
level with fine crushed rock.

It is intended that when the installation is completed the
pipes will flow continuously by gravity into a small pump in the
pit, the flow being valved to a trickle. A small pump will drain
the sump, discharging the water 800 feet seaward. Water-stage
recorders will plot the fluctuation of water in the upper, unfilled
part of the well, and in any selected one or two of the deep pipes.
Salinity sampling will probably be weekly, though a special program
will have to establish the optimum sampling interval. Temperature
and density measurements will also be made, and a temperature sur
vey is planned before draft is started.

It is hoped that important data on the nature of the mixing
curve and on its changes in position and character may be provided
by this well.

Doak C. Cox
september 1954



THE UNITY OF THE WATER SUPPLY PROBLEM

Chester K. Wentworth

There are several technical aspects of the problem of

water supply on which I might talk on this occasion when

Mr. Morgan seems to have given me complete freedom. Some one of

these might seem to be more definite but also might lead me to

talk too long. I prefer to take a thread from here and a thread

from there and try to set forth the idea that our problem is an

over-all one, that the future course is more and more one where

all the participants are operating in a kind of coordinated drive.

There are several ways in which this unity can be demon

strated. yirst, just a parallel with other supply problems. In

pioneer days or in early days the world over, hunters or fishermen,

using personal brawn and skill, went out to l{ill or catch what

food they needed. Nowadays, we carryon a less glamorous struggle

in our job or profession, with our budget, and the complexities of

modern merchandising and get our meat or fish at the market. There

is a parallel in water supply, early successes in developing water

were due to individual co~non sense, perhaps rather accidental.

Later, there was application of technical principles to specific

localities. Nowadays, the larger bonanzas have been revealed;

water supply search will increasinglJ' take the form of comparative

inventories, re-examination of areas once thought unfavorable or

the use of methods that earlier seemed uneconomical. The change

is from the direct application of individual prowess with a
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measure of luck to a more systematic analysis of the whole problem

with success which may show in the data, but which is less evident

at a particular time or place.

We have achieved some notable and brilliant successes in

water development in Hawaii; there will perhaps be a few more of

the same as larger costs of exploration can be borne, but the

emphasis is increasingly on the areas of leaner possibilities as

it commonly is in later stages of mining. Such studies will rely

more heavily on the development of general pictures, on inventories,

compiled data and on methods of drilling and other testing which

require a more continuous surveillance both in time and space.

Here the unity of the whole problem is evident.

If we look at the main underground basal water body of

the Honolulu-Pearl Harbor area, we see clearly what a notable unit

it is. It takes a little time for certain effects to be trans

mitted from one part to another, but in the long run, notwithstand

ing the partial separation of isopiestic areas, it is clear that

it behaves so much as a whole that the property rights j.n tunnels

and exploitive machinery cannot very effectively be applied to the

water or to postulated boundaries.

Some similar breakdowns in boundaries between distribution

systems and areas of consumers show a parallel unity. Urban land

and water use on leeward Oahu is now nearly continuous from Koko

Head to Barber's Point, and the breaks are narrowing all t~e way to

Kaena Point. Despite the division of the area among several supply
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and service agencies, it is clear that the business of getting water

to urban and residential areas is a unit one which requires coordi

nation and working interconnection between systems. Despite the

surviving £igment that water is private property and can be sold

or withheld at will, it is obvious in practice that the supplying

of water is not simply merchandising but is a public utility

service.

A very important step in the unification of supplying of

water has been taken in the establishing of Water Boards for the

counties of Hawaii, Maui, and Kauai. Each of these Boards has its

own territory marked out as a unit; we can see no possibility of

interconnecting pipes between islands. Each of these Boards has
,

its own peculiar island pattern of rainfall which sets the shape

and magnitude of ultimate development and which poses an intrigUing

sUbject for analysis and research. There are similarities between

the islands, but also many differences, as for example between

Kauai and the various components of Hawaii.

Some of the same factors that are seen in rainfall and

hydrologic patterns in the counties are also seen in the arrange

ment of agricultural ventures and settled communities of these

counties which make demand for water, whether presently from

private or pUblic supply.

The plantations have long had a common approach to their

technical problems, including water, through their Hawaiian-Sugar
"-

Planters l Association and the Pineapple Reserach Institute. Some



- 4 -

degree of common approach for the Itislandsu is offered by the United

States Geological Survey, in its Surface Water and Ground Water

offices, in cooperation with the Territory. There is an indis

pensable advantage in the leadership and basic competence offered

by the Geological Survey. but the Federal Agency cannot do all the

needed local work. A channel exists, through the Territory, for

expanding specific studies of water supply and hydrology in the
through

counties / cooperation with the geological survey. It would be

advantageous if comparable arrangements were to be made by the

several counties for such cooperation.

In the measurement of rainfall, the longest records are

those started by private individuals or agencies. The weather

bureau has been operating in Hawaii for 50 years; in the main its

pattern of interest falls short of public water supply needs.

The Pineapple Research Institute-Hawaiian Sugar Planters'

Association program has made a great advance but it ~ikewise is not

centered on the problems of the island Boards. Here also is a

problem where the Boards have common needs and where a cooperative

initiative is needed. I am sure that the Pineapple Research

Institute-Hawaiian Sugar Planters' Association office would gladly

cooperate but the island Boards are the operating agencies with

expanding needs and equal gains to be made.

Whether through this committee or otherwise, should we

not have a continuing association of the counties in a sort of

hydrologic work table for exchange of ideas and methods? This is

the unity I am thinking of, in practical oper~tion.



RESOLUTIO~

WHEREAS, the Water Conservation COlmnittee of the Conservation

Council for Hawaii, at its meeting held September 10, 1954, heard

several papers on the importance of water conservation and conserva

tion possibilities in furthering the economy of the Territory; and

~ffiEREAS, the Constitution of the Council sets forth the

following in its preamble:

A. One of the primary responsibilities of any current

generation is to maintain the environment in such

condition that they and their successors may find it

a fit place to lead happy and satisfying lives; and

B. The conservation of both exhaustible and renewable

resources in its broadest sense is their wise manage

ment, protection and restoration; and

C. A program of conservation is clearly to be evaluated

in its long run relationship to human welfare.

NOW THEREFORE, BE IT RESOLVED, by the Water Conservation

Committee of the Conservation Council for Hawaii that the Chairman

be directed to address a letter to the Honorable Samuel Wilder King,

Governor of Hawaii, thanking the Governor for his interest and

support in conservation matters and urging that, in his message to

the 1955 session of the Territorial Legislature, he" recommend that

appropriations be made, and support given, to projects which empha

size ways and means of protecting, conserving, and putting to wiser

use all water sources and watershed areas;
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AND BE IT FURTHER RESOLVED that in the said letter the

Governor be urged to include in the General Fund BUdget, which is

now in preparation, a.n allocation of. suffic1.ent funds to the Division

of Hydrography to enable it to conduct, in cooperation with the

United States Geological Survey, a much greater program of investi

gation of water resources than has been possible under recent

bUdgets.

INTRODUCED BY:

September 10, 1954
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CONSERVATION COUNCIL FOR HAWAII
STANDING COMMITTEE ON WATER

P. O. Box 3410
Honolulu 1, Hawaii

September 16, 1954

Honorable Samuel Wilder King
Governor of Hawaii
Iolani Palace
Honolulu, Hawaii

Dear Governor King:

At last Friday's meeting of the Water Conservation
Committee of the Conservation Council for Hawaii, I was
directed to present the enclosed Resolution to you and to
further urge your favorable action on the sUbject matter
which is essentially the entire field of planning towards
a greater and more wise use of the water resources of the
Territory.

In addition to generalities, the Resolution asks
specifically that in the general fund bUdget, which you
now have in preparation, a more adequate allocation be made
to the Division of Hydrography than in past years so . that
an enlarged program will be possible under the cooperative
agreement between the Territory and the U. S. Geological
Survey.

Very truly yours,

(3) E. J. MORGAN

E. J. Morgan
Chairman

Enc.
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