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W. A. Wall, General Manager, 

Water Works Department, 

Honolulu, T. H. 

Dear Sir:-

l+cuun . 
TD3~t 

! 1-\(, LS7 
~ 

Honolulu, T. H., March 17, 1923. 

In accordance with your letter of January 23, 1923, 

I am submitting herewith a btief of existing reports on the 

water supply of the City of Honolulu. 

I am also submitting for your consideration state

ments and recommendations relative to the future water re-

quirements of the City of Honolulu. These statements and rec

ommendations are offered as a result of more than 10 years study 

of this problem from the view point of an interested citizen

engineer, and as a possible help to you in wotking out the 

big problem now confronting you. As stated in the report, 

many of the improvements suggested or recommended are already 

planned by your Department. 

In addition to the unrestricted assistance I have re-

ceived from you and your assistants, I want to acknowledge 

valuable assistance from Messrs. Grainger and Getz, Engineers 

of the Honolulu Iron Works; the Hawaiian Electric Co~pany. the 

City and County Engineer and Building Inspector, and Mr. S. W. 



W.A.W.--2 . 

Tay., Sanitary Engineer for the Territory of Hawaii. The 

latter has briefly reviewed and criticized this report and 

is of the opinion that.---"The estimated population for 

1973 is entirely too high and 10 not based on reliable data." 

Very respectfully, 

G. X. Larrison 
Hydraulic Engineer. 
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COP Y. 

Honolulu, Hawaii. January 23, 1924· 

Mr. G. K. Larrison, 

Honolulu, T. H. 

Dear Sir:-

I wish to inform you that your appointment to 

investigate and brief all eXisting reports etc. on ~e water 

supply of the City and County of Honolulu was confirmed by 

the Board and a few of $1000.00 allowed for the entire 'work. 

Yours very truly, 

w. A. Wall 

General Manager 
Water and Sewer Works Depts. 

WAW:EC 

.. 



PART ONE. 

BRIEF OF EXISTING REPORTS RELATIVE TO WATER SUPPLY OF HONOLULU; 

GENERAL RESUME OF EXISTING ImpORTS. 
( ) 
( For complet e brief see pages 2 to 14) 

Artesian Supply is failing and must be conserved to 

furnish the greater part of the water supply of the city. 

Spring and Normal Surface Run-off should also be 

utilized and flood storage be considered as a potential 

fut ure supply fo r the oi ty • 

D§xelopment of High Level GrOund Water by TUnneling is 

. recommended. 

Metering all privileges is recommended. 

Growth of the Population of Honolulu to 175,000 In 1937 

is predicted. 

It is recommended that a "complete and detailed investi

gation. survey and report upon every phase of every possibl~ 

water source should be made by an expert hy~raulic engineer, 

each possible source being reduced to the common basis of: 

1. Principal cost per million gallons, and 

2. Operating cost per million gallons." 

J . 



PART I. 

EXISTING REPORTS • 

At least 150 reports, letters', memoranda, and 

newspaper articles, all dealing more or less directlY with 

the problem of Honolulu's water supply are available. These 

include VOluminous and detailed reports, pertaining almost 

entirely to sources of supply, by commissions appointed by 

the Territory of Hawaii and the City and County of Honolulu, 

a comprehensive report on high level underground water by 

Professor Harold G. Palmer, Geologist, a report by a watel:' 

works committee of the Honolulu Chamber of Commerce, and 

m~y reports by the Territorial Superintendent of ~ubllc 

Works, the U~S. Geological Survey in co-operation with the 

Territory and (after June 30, 1914, the date on which the 

water system was transferrep from the Territory to the City 

and County of Honolulu) the Department of Water and Sewer 

Works of the City and County of Honolulu~ 

Of thi s mass of valuable data, there are three 

outstanding reports, all made wi thin the past six years, 

which contain' summaries of previous reports and nata and 
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which have admirably covered the question of existing and 

proposed supply. Only two of these, the Territorial Report 

on Artesian Water and Professor Palmer's Report on High 

Level Underground Water, were completed. The investigation of 

the City and County Water Commission was stopped (on the 

grounds of economy) before the work was much more than well 

started. However, this latter report as submitted conte ins 

the most complete collection of data pertainingto all possible 

sources of supply ( excepting artesian water) ever compiled. 

These three reports are: 

1. Territorial Water Commission Report- 1917. 

2. City and County Water Commission Report- 1917. 

3. Professor H. G. Palmer's Report on High Level Ground 

water - 1921. 

TERRITQRIAL ARTESIAN BEPORT - 1917. 

This report deals almost entirely with Oahu artesian 

wells and demonstrates, conclusively, the following conditions 

in December, 1916: 

(a) Between Diamond Head and Red Hill four separate and 

distinct artesian basins exist. Because of lack of 

borings or wellS, the "limits of these basins" have not 

been closely defined but are only apprOXimate, as 

follows: 

3 



(b) 

ijASIN No. I. Diamond Head to somewhere between Manoa 

stream and McCully street. The approximate static head 

on December 10, 1916, was 25.0 feet above sea level. 

BASIN No, 2 From the western limits of Basin No. 1 

to Pauoa stream. Static head December 10, 1916, about 

30.0 feet. 

BASIN No.3. Pauoa stream to Kalihi stream. Static 

head December 10,. 1916, about 31.0 feet. 

BASIN No. 4_ Kalihi stream to Red Hill. Static head 

December 10, 1916, about 29.0 feet. 

The draft on wells on one basin does not affect 

the head of wells in adjacent or other bag ins, but 

40es affect the head of other wells in the same basin. 

(c) The head, or height to which water rises in wells 

when they are not dIscharging or leaking, varies with 

the rainfall on the upper valleys and mountain ridges. 

(d) The heads in Basins 1, 2 and 3 are steadily and 

surely falling because of overdraft and leakage from 

wells within these basins, largely exceeding the re

plenishing supply from raInfall. There have been 

large seasonal variations in heads due to periods of 

extreme drought .and rainfall, but the average heads, 

year in and out, have gradually fallen about 12 feet' 
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since 1889, an average of about two-fifths of a foot per 

year. (See Exhibit I). 

(0) When all of the 109 active wells between Diamond Head 

and Red Hill were flowing or being pumped at normal cap

acities in December, 1916,- about 57 M. G. D. of artesian 

water was being drawn from the artesian basins. Of this 

amount, about 40 M. G. D. SAMe from wells located between 

Diamond Hea.d and Kalihi stream. Of these amounts, the city 

water works syste'm was receiving only about 12.3 M. G. D. 

The above quantities did not include underground leakage. 

(f) The Commission recommended the exactment of a 

1erritorial law which would 

1. Clearl~;.:define artesian water and wells; 

2. CClearly define waste from artesian wells; 

3. Require owners or users of privately owned 

artesian wells to observe the same rules and re

strictions placed on users of water of the City 

system by the Water Works Department; 

4. Require drillers of wells to keep and file within 

90 days, with th~ Territorial Division of Hydrog

raphy, a,complete and accurate log or record of 

strata penetrated. 

5 



REPORT QF TaE WATER CQW.uSS~QN DE tHE CI'l'Y AND COUNTS QF 

HQNOWW - 191'Z. 

This report was in accordance with a resolution 

adopted by the Board of Supervi sors and. appro ved by the Mayor 

on June 23, 1915. The Commission was instructed to: 

1. Ascertain the present status of the water supply of Honolulu; 

2. Investigate and determine whether or not an adequate supply 

of water can be secured for Honolulu; 

3. Make necessary surveys; 

4. Make necessary preliminary explorations; 

5. Do necessary preliminary water development. 

~. On December 11, 1915, on the groundu of economy, the 

Board decided to suspend the investigations but allowed the 

Commission sufficient funds and time to complete work already 

started' and to make a report thereon. A final and c anplete 

report has not been authorized or made. 

The City Commission report, like the Territori~l ar

tesian report, deals almo9t entirely with sources of supply, 

with additional brief statements relative t6 the history, value 

and descriptions of the existing system, "the cause of present 

cond iti ons", the cost of water served and the exist Ing" and 

prospective demand • 

• 
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CAUSE OF PRESENT CONDITION. "Is due to no one man or 

body of men", but to: 

1. Rapid growth of the city; 

2. Belief that the artesian supply Was inexhaustible; 

3. Excessive irrigation demands; 

4. Sewage system demands. 

VALUATION. The Commission fixed the value' of the system 

in 1916 at $~t539,l07.44t and the estimated cost of duplication, 

at that time, at $1,948,506.70. 

DAILY PER CAPITA CQNSijUPTICN. From 55 gallons in 1861 to 

350 or 400 gallons in 1913, and back down to 275 gallons, -with 

6,740 privileges of which 'only 897 were metered, in 1916. 

:E!,U.ESENl' AND PROSPECTIJru WIlAND. The populat ion of the City 

grew from 6,000 in 1847 to 68,000 in 1916. A population of 

175,000 in 1937 was predicted. 

EOSSIBLE SOURCES OF ADDITIONAL SUPPLY. 

The Commission decided that possible sources of ad

ditional supply might be obtained from: 

1. Surface and spring waters from the southern slopes of 

the Koolau range; 

2. The artesian basin~ by pumping; 

3. Development tunnels; 

4. Surface and spring waters from the northern slopes of 
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the Koolau range, .P to be brought to the city by con

centrating ditches and tunnels and a tunnel through 

the Koolau range in Kalih! Valley. 

SUaFAQE AND SPRING WATEliS FaOU TEE SOUTHERN SLOPE OF TIlE 

'COLAU MImE. 

The Commission finds that storm water may be econ

omically stored in upper Nuuan~ and Kalthi Valleys and less 

economically stored in upper Palolo Valley; also that Manoa 

storm flow may be feasibly diverted by tunnels into No. 4 

Reservoir in upper Nuuanu Valley. The Commission also states 

that the following quantities may be obtained from the various 

valleys unde r what it terms "Normal Flow". The quest ion of 

existing water rights is dealt with very meagerly. 

l 
I 

fALQLQ. Roughly estimated at 2 M. G. D. Existing 

records too meagre to gi ve accurate statement. 

Water and land almost entirelYOlVned by Govern-

mente 

KAlIOA. About 3 M. G. D. Water nearly all owned by 

pri vate interests. 

MAKIKI. All low water run~off now used by Water Works 

Department. Believes tunneling should not be 

attempted. - might injure spring flow. 

PAUOA. Reports of quantity available vary from 

8 



NUlJAliU. 

MUjil. 

llQJ\lfALUA. 

, 375,000 to 1,000,000 gallons daily. Estimates 

of cost of purchase and plant to delIver water 

should be secured. 

Government now controls nearly a~l flow. 

Supply now polluted and unsanitary. 

.About 3.5 million gallons available. -nearly 

all owned and utilized by privat~ interests. 

Electricity might beddeveloped, •. 

No water available. 

It was estimated that all valleys might be depended 

upon to furnish an additional total of 12 M. D. D., Biclusive of 
~.~~.~~~1\ 1~~ :t' 

possible stored flood 'water and existing irrigation require-

ments amounting to about 12 U. G. D. 

SURlfACE i\ND SPHIijG WATERS FROM TRE liORTlIERN SLOPES Of THE 

,GOLAU RANQE. 

Mr. Jorgensen estimated that 7,778,700 gallons 

daily might be collected from windward springs and streams and 

delivered to the city via a tunnel through Ralihi ridge. He 

also estimated that the main Kalihl tunnel would develop an 

additional 7,778,700 gallo~s daily, making a total of about 15 

M. G. D. Estimated cost of project, $995,540.00. 

DEYPLOPMENT TmV~"ELS. The above proposed Kallhl tunnel 

and a recommendation to not allOW tunneling in Makiki· Valley 
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are the only tunneling operations referred to in the report. 

ARTESIAN WATER. No report was made because of Territorial 

report. It is stated, however, that "it is the opinion that it 

will be unsound to abandon the use of surface waters and sub-
• stitute the use of pumped artesian water for two reasons, viz; 

1. That the expense of pumping is too high! 

2. That the surface water in question cannot be spared." 

The Commission recommends: 

(al Nuuanu water be protected by excluding road drain

age, a filter plant below Reservoir No.1, and a': man-t Ight 

fence along both sides of the Pali Road to exclude trespassers. 

(b) That all surface run-off from the seven valleys, 

Palolo to Moanalua, inclusive; the windward Oahu springs and 

the water which may be developed in the proposed Kalihi tunnel, 

be considered as potential sources of supply. 

(c) That available artesian water be used, leaking 

artesian wells be plugged, and the drilling of new wells be 

limited until the artesian well heads recover. 

(d) That an hydraulic' engiheer make a "complete and de

tailed inve'stigation, survey and report upon every phase of 

every possible water source, - each source being reduced to 

the common basis of: 

10 
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1. Principal cost per million gallons. and 

2. Operating cost per ~~"lrlion gallons." 

PROFESSQR H. G. PAlMER'S BEPORT ON HmPH LEVEL GROWD WATER. 
"," 

This report deals entirely with high level ground 

water which may be developed or increased by tunneling. After 

describing rather carefully and in detail the geologic forma

tions of the areas examined and the most, favorable conditions 

under which water may ~e expected, he recommends the following: 

AREAS UUFAVQ-RABLE FOR THE DEVELQPMFJlT QF ~RQUND WATF£. 

The valleys of the south branch of Halawa, Xela

wahine. Moanalua, Opu branch of Uakiki. Kaea and Pukele 

branches of Palolo, Xapahulu, Xapalama, Waialae. Wailupe, Niu 

and the valleys eastward therefrom. 

EAIRLY FAYOMBIE PRQJECTS. 

The middle and lower reaches of Kalihi, Xemana Iki 

of Kalini, Herring and main branches of Makiki, upper and 

Lulumaha branches of Nuuanu, upper Palolo. and Pauoa valleys. 

WOH AND FAVQRABIE PROTECTS. 

The proposed Kalihi tunnel to bring windward spring 

and stream water to Honolulu, upper Manoa Valley, and a tunnel 

from the foot of Lulumaha Falls ln upper Nuuanu Valley in 

under Ut. Konahuanui. 



Professor Palmer warns against the assumption that 

the geologist is able to accurately forecast results. While 

,evidence can be adduced to show that a project will probably 

be successful or unsuccessful, it is entirely impossible to 

forecast the amount of. water. which may be obtained. He also 

points out the exceptionally difficult conditions under which 

the geologist must work in nawaii because of the heavy vege

tation which covers outcrops and the inaccessibIlIty of the 

upper valleys due to lack of trails. 

ADDITIONAL REPORTS. 

A preliminary ~eport, (final report never author

ized or completed) made by a water committee of the Honolulu 

Chamber of Commerce' on April 25, 1921, deals entirely with 

sources of supply and the possible development of electricIty. 

NUUANU: Measurements and estimates made on March 23 

and 29, 1921, indicate a tota~ available supply of about 8 

M. G. D., between 700 and 1050 feet elevations, which may be 

used to augment the city's supply. This quantity, apparent

ly, does not include water now furnished by the reservoirs. 

MANOA. The development of springs in the upper valley 

la tocommended. 

PALOLO. The tunnel work already started is commended 

and further deve109ment is urged. The possibIlity of 

12. 



developing additional electricity is suggested but it is also 

suggested that the developed water be measured for 2quite a 

period of time" before the power plant is designed. 

The Committee recommends the following in Nuuanu 

Valley: 

(n,) The construction of a 3 million gallon concr~te 

reservoir above Reservoir No. 1 to store spring an~ tunn~l 

\'Jater. 

(b) The continuation of the tunnel development work then 

being done by the Water Works Department on the Ewn side of 

the Valley and the driving of an additional tunnel on the Lua

Kaha side of the Valley. 

,Tlle report of the Superintendent of Public Works 

for the year ending June 30, 1913, contains much valuable data 

including a "History of the Honolulu Water Worka rt by T. F. 

Sedgwick, and an appraisal of water works and sewer proper

ties by A. C. Wheeler. The latter report contains complete 

descriptions of pumping plants, reservoirs, manholes, Venturi 

meters, pipe, fittings, etc •• and places a valuation on the 

same (the same later used by the City Water Commission). It 

also contains much valuable data on population and per capita 

consumption of vario~s mainland cities and the cost and value 

of metering. 
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The report of the General Manager, Water and Sewer 

Works Department, dated January 10, 1915, recommends spring 

development by tunne'l1ng and a sea water high pressure fire 

system to be bounded by Punchbowl, Vineyard, Liliha, Iwl1el 

and King streets. 

The reports of General Managers of the Water Works 

Department from 1915 to 1918, all urge that the city be metered. 

A report on the artesian system was made in 1922 by 

a committee of the Honolulu chapter of the AmericAn Associa

tion of Engineers, which reviewed and commended the report or 

the Artesian Commission of 1917, invited attention to the 

fact that the artesian head is still falling and recommended 

legislative niief. 
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PART TWO 

RECEla ACTIVITIES PERTAINING TO HONOLULU'S WATER SUPPLY. 

RESUME 

(For complet~ data see pages 16 to 21) 

AHTESIAN WELL HEADS - Still falling b~t less rapidly. 

DEVELOPMENT TUNNELS - Work done thus far has been gener

ally successfUl. Further work should be done. 

PUMPING FLAliTS , - Capacities increased from 1919 to 1922, 

from 18.3 to 34.0 million gallons daily. 
,/" 

RESERVOIRS' -New 2.5 million gallon concrete reservoir 

completed in Nuuanuj 

DiSTRiBUTION SlQTEM - Extended from total about 127 miles 

in 1916 to about 161 miles in January, 1923. Many replacements 

and improvements made. 



PART II. 

RECENT ACTIVITIES. 

AfiTE SIAN WELJ..,S. 

The decrease in head since December, 1916, has con

tinued, but at a reduced rate of about three and one-half 

inches per year instead of about four and one-half inches per 

year, as was the case previous to 1917. (See Exhibit I). This 

is accounted for in two ways: 

1. The practical suspension of well drilling within the city 

area; 

2. The recasing and repairing of a number of leaking wells 

and wells improperly capped, -all in violation of ex

isting laws. The Territorial Division of Hydrography, 

in early 1920, working in cooperation with the Terri

torial Attorney General, took up with the owners of 18 

leaking wells the question of repairing these wells. 

At least five of the wells have been satisfactorily repair

ed or recased. 

The Honolulu Chapter of the American Association of 

Engineers is active in arousing the public to the danger of 

the artesian well situation. 
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DEVELOPMENT TUNNELS 

WUMU VAIJEX. 

In 1919, the spring located between Nuuanu reser

voirs 2 and 3, was cleared and opened up and a pipe line laid 

to deliver this water. to Alewa Heights, part of the McInerny 

Tract and Kalihi-Uka. Some work was also done on ~hree 

others, resulting in small quantities of water. 

In 1920 and 1921 six tunnels, totaling in length 

about 3,000 feet, were driven in upper Nuuanu Valley by the 

Water Works Department, at elevations 810 to 1028 feet. 

These tunnels were connected to the city ~ystem with wood 

stave pipe. Records of the Water Works Department show the

cost of these tunnels and pipe to have been about $43,200.00, 

and the combined dIscharge. from all tunnels to be as follows: 

DATES CQl1IUHED :J:UNNEL DISCIIArulE ALE~A fmIWlJ:a ~EBIHG 
(M. G. D. ) DISCHARGE 

1921 (M.G.D. ) 

Feb. 11 5.6 0.57 
Mar. 19 3.0 0.61 
" 29 3.4 0.56 
Apr. 14 3.4 0.56 
n 22 3.2 0.56 
" 29 3.1 0.56 
May 7 2.2. 0.35 

" 20 3.2 0.50 
Aug. 7 2.5 0.·14 (1) 
Oct. 10 5.2 0.68 
Nov. 1 4.8 0.68 
Dec. 27 5.8 0.68 
122&. 6.7 0.68 Jan. 15 
Feb. 12 5.1 0.56 
Mar. 9 5.9 0.56 
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Additional records covering the dry months in 1922 

are, unfortunately, fragmentary and incomplete. 

, . \ 

On June 24, 1922, H. A. R. Austin and S. W. Tay, both 

capable hydraulic engineers, estimated the combined tunnel dis

charge at between 1.25 and 1.5 M. G. D. This was after a very 

dry period of about three months. 

On December 26, 1922, the tunnels were visited by 

the Manager of the Water Works, Messrs. Burchard and Carson of 

the U. S. Geological Survey, and the writer. At this time, 

after ahout two months of comparatively dry winter weather, 

the tunnels were discharging at a rate of between 5 and 6 mil

lion gallons daily. On January 26, 1923, after the big storm, 

the writer saw a combined discharge of at least 9 M. G. D. 

Judging from available records, it is believed that 

existing Nuuanu tunnels have been dischargeing between 1 M. G. D. 

in dry weather, and 10 M. G. D. after long wet periods. !n ad

dition to the tunnel discharge, the records show that Alewa 

Heights spring has been delivering from 140,000 to 680,000 

gallons daily. On January 26, 1923, after heavy rains and 

with Reservoir No.4 spillway running with a six inch head, 

the tunnel water was as cle~r as artesian water. 

EALOLO VALLEY. 

A tunnel about 280 feet deep has been driven into 
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the right bank of Waiamoa stream just below the lower falls 

and Xaau crater, in upper Palolo Valley. On October 29, 1921, 

the local U. S. Geological Survey Office measured the tunnel 

discharge as 150,000 gallons daily. On August 27, 1922, the 

same authority found 190,000 gallons daily. On January 16, 1923, 

after heavy rains, the writer saw 340,000 gallons daily dis

charging over the weir at the tunnel portal and considerable 

additional leakage around the ends of the weir. The cost of 

this deve lopment wo rk was $4,000.00. 

MAKIn VALIEY. 

In 1920, three prospect tunnels were opened up in 

upper Makiki Valley. Work has been suspended due to the lack of 

funas. About 100,000 gallons daily have been developed thus 

far. The '.'Vork has cost about $4,000.00 to date. 

KALInI ¥AU.EX. 

Three tunnels totaling in length about 500 feet 

were driven in 1922. Two were completed and the third (high

est) was stopped on account of lack of funds after being 

driven in about 50 feet. About 200,000 gallons daily were being 

discharged on January 10, 1923. A combined discharge of 

800,000 gallons, after heavy reins, has been reported by the 

Water Works Department. 
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MANOA AND PAUOA YA IljFrYS • 

Development tunnels planned but no funds available. 

- .. -
EOOING EIANTS AND RESERVOIRS. 

Since 1919, the pumping capacit ie s 0.1 all pumping 

plants have been increased from 18.3 to 34.0 M. G. D., but 

! 

the total covered reservoir capacity of about 9 million gallons 

for clear water has not been increased since 1913. A new con

crete reservoir of 2.5 million gallons capacity 1s now being 

erected near Nuuanu open Reservoir No.1. This structure is 

designed to be used as a distributing reservoir. for Nuuanu 

tunnel water. 

DISTRIBUTION SysTEM. 

The distribution system has been extended from a 

total length of about 105 miles of pipe of all sizes in 1913 

to about 127 miles in 1916, and about 161 miles in January, 

1923. In addition to these extensions,many miles of re

placements. with larger pipes have been made, especially 

since 1918. (See Exhibit II). 

FI BE HYDRANT S. 

In 1913 there were 430 and 34 priva~e fire hydrants. 

In 1916 the city owned and operated 562 hydrants and in January 

1923, this number had been increased to 804. 
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PURIFICATION. 

There are no filtration plants and only Nuuanu 

surface water is ch&orinated. 
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PART THREE. 

FUTUiiE POPULATION, PER CAPITA REQUIREl4TmTS and WATER REQUIRED. 

(For complete date and discussion see pages 24-46.) 

RESUME 

Predtcted Populat ion of Houolulu in 1973 - 400,000 

Eredicted Population of Various Parts of Honolulu 1n 1973 -

(a) Kallhl Pumping Plant Area 125,000 

(b) Beretania Pumping Plant Area 80,000 

(c) Kalmuki Pumping Plant Area 100,000 

(d) Huuanu Supply Area 40,000 

(e) Upper Kalihi, Manoa and Palolo Valleys 
and adjacent Heights 

l?EB CAPITA DAILY REQUIHEMENTS -

(a) Present 

(b) Recommended (after metering) 

INDUSTRIAL NiD COMMERCI,\L REqUIREMENTS -

55,000 

300 gallons daily 

175 " " 

Now about 3 M. G. D. or 10 p~r cent of total 

Probably nev.er more than 15 per cent of total. 

FIRE PROTECTION -

6,000 gallons per minute should now be available for 

down-town or congested district fires; when city populatlqn 

exceeds 200,000, this should be increased'to 12,000 G. P. U. 



"\ \" 
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Part Three - - - Cont. 

For Sparsely settled districts, 500 G. P. M. should be available. 

Salt water system not needed • 

. Fire hydrants should be standardized, - not over 

250 feet apart in down-town or congested districts and 400 feet 

apart in outlying residence districts. Should never be put on 

less than 6-inch mains and should be regularly tested. 

TOTAL \'lATER REQUIRED -

For entire city in 1973 70 M. G. D. 
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FArtT III. 

BONOmm t S FUTURE WATER SupPLY. 

All plans, estimates and recommendations contained 

hereinafter. are based on the estimated requirem~nts of Hono

lulu fifty years hence and during the intervening years. This 

period is generally accepted among englne~rs as the limit beM 

yond which the ordinary course of human and civic affaIrs 

cannot be even approximately foreseen. Fifty years is also a 

very conservRtive estimate of the "life" of cast iron water 

mains. 

The writer has freely interviewed present and past 

officials and employees of the Water Works Department and many 

of the plans and recomme.ndat ions contained he re in are in ac

cordance with plans and suggestions already formulated and 

recommended by these men. 

It should be kept in mind that the time and funds 

alloted for this report do not permit the working out of de

tailed plans and cost estimates dealing with the sizes of mains, 

design of pumps, etc., required fifty years hence. It is the 

writer's intent to endeavor to only broadly outline a plan 

and policy which will control the expansion of and improve-
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menta to the distribution system and the necessary improve

ments to and increases in the supply, storage and fire protec· 

tion facilities - as these are required from time to time-

so that these will probably conform to and be used as parts of 

. the plant required to serve the city wh~n its demands will be 

four or fIve times as great as they are at the present time. 

EQpULAIION TO BE SERVED. 

It is estimated that the City Water Works Department 

will be called upon to serve a population of about 400,000 In 

1973. (See Exhibit III). This estimate is based on 

(a) ~ORRT~EONDiHG GUGWTH OF COMPARABLE CITIES. Exhibit 

III shows the growth of Honolulu (city area proper) since 

1896, - the date of the probable first reliable census, - and 

of 9 mainland cities whose growth may be considered as due, in 

some degree, to the same causes which have caused in the past 

and which may cause in the future, the population of Honolulu 

to increase. However, it should be kept in mind that no two 

cities are absolutely identical as to influences which may 

cause population increases and Honolulu is especially unique 

in this respect, due, primarily, to its isolation and the. 

nature of its industries. It must be admitted that the cities 

selected for comparison of growth have but one outstanding 
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feature in common with Honolulu - climatic attraction. Six 

of the mainland cities ar~ also seaports. Outside of these 

two factors, there is little in common except the fact that 

paactica11y all American cities ~ith popu~ationa exceeding 

50,000 are 'growing. 

• 

Exhibit III also shows the rate of increase. by dec

ades. of the mainland cities before and after they have passed 

the 83,000 mark. - the populatIon of Honolulu in 1920 according 

to the federal census. 

(b) LOCAl. PHEDICTIONS. Exhibit III also shows predic

tions of the population of Honolulu in 1943 by local real 

estate offices and by the editor of the Honolulu Star-Bulletin. 

Dozens of "Kamainas" and all of the local utility corporations 

have been interviewed, but only those quoted have ventured 

pred ictions. Considering the recent rapid growth of the pine.

apple industry. the probabilities of great increase in toanist 

traffic and manufacturing possibilities. the prediction curve 

is believed to be conservative. This curve predicts the 

following: 

IE.AR 

1930 
1940 
1950 
1960 
1970 
1973 
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120,000 
180,000 
240,000 
305,000 
380,000 
400,000 

: ... 



8ELAT1VE GROWTH OF VARIOUS PARTS OF THE 01 TI. 

Reliable data relative to the growth of various 

parts of the city are very meagre. The population of the vari

ous districts of the city as report~d by the 1920 census enum

erators, are available, but an effort to obtain similar data 

collected for the 1900 and 1910 census has been unsuccessful • 
• 

Much valuable information has been obtained from 

school attendance reco~ds for the various city schools, but 

the se can only be used in a general way because of the fact 

that when certain schools become crowded, the school authori

ties are forced to arbitrarily limit the attendance and some 

times 4etach a number of pupils and send them to some other 

school not located in the district in which the pp~l.s live. 

However, the data furnished are valuable in showing relative 

growths covering limited periods of time. (See Exhibit IV). 

Exhibits V, VI, VII and VIII show the increase by 

districts in numbers of consumers- of electricity sold by the 

Hawaiian Electric Company from 1918 to 1922, the quantities 

pumped by the various pumps of the Water Works Department from 

1905 to 1922 inclusive, the increase in number of consumers 

served by the Water Works Department from 1915 to 1922, and 

the estimated costs of building for which permits were issued 

for the various districts from 1919 to 1922 inclusive. 
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Efforts were made to obtain similar data from other 

local utility companies but their records were in such shape 

that an immense amount of labor and several months of time 

would have been required to segregat~ the data so that these 

could be used in this report •. Available tax records, voter's 

registration and vital statistics were also examined but were 

found to have the same status as those of most of the utility 

companies. 

The. 1920 federal census shows that out of the total 
; . 

population of 83,327, almost 86 per cent wore distributed in 

the following 8 districts: 

DIs'fRIC1 

Central - (Bounded by Liliha, 
Wyllie, a line back of Punch
bowl crater, Wilder Ave. and 
Piikoi streets) 
Kaimuki 
Kalihi 
Kapalama 
Makiki and Punaho. 
Manoa 
Nuuanu (above Wyllie) 
Waikiki 

POPULATION 

35,500 
7,708 
5,705 . 

13.167 
5,184 
2,028 
1,725 
2,178 

pf.aCENTAGE ('.F 
TOTAL (a3,327) 

42.6% 
8.0% 
6.8% 

15.8% 
6.2%, 
2.4% 
2.1% 
2.5% 

86.4% 

It sbould be noted that nearly one-half (42.6%) of 

the total population in 1920 resided in the central dis

trict, within an area of about 1,800 acres, or about 3 

square miles ( a density of about 20 persons per acre). The 
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maximum density of 101 per acre occurs only in one small area 

in the down-town Oriental district. 

RELATION OF POPULATION AND WAIER SUPPLIEL. 

Exhibit VI shows the quantities of water pumped by 

the various pumping p~ants or the city. These records are said 

to b~ somewhat erroneous up to and including 1921 and there

fore should be used with discretion. In addition to the pumped 

water. Nuuanu surface, tunnel and spring water has supplied 

Nuuanu and upper Kalihi Valleys and a small part of the central 

district in the vicinity of Punchbowl crater. This quantity 

was generally conceded to ~e about 3 M. G. D. up to 1920 and, 

since that time, considerably more. - due to tunnel and spring 

development work. Makiki springs andPa,lolo spring and 

tunnel water also partially supply Manoa and Palolo Valleys. 

These sources of supply will be more fully discussed in a later 

chapter. 

During extremely wet and dry periods, the pvmped 

s·upply has necessarily increased or decreased accordingly. Pump

ing plant repairs have also increased the load on other plants 

from time to time. However, these records show that the demand 

on the Beretania and Kalihi pumping plants. notwithstanding 

the increased gravity supply from Nuuanu tunnels and springs, 

has increased more repidly during the past few years • 

• 
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than the demand on other pumping plants. They also shww 

that all plants have required additiona.l t!quipment to meet the 

growing demand and tl~t during the past four years the demand 

haa increased at a much more rapid rate than during any pre

vious four ·year period. 

Exhibit VIII shows the approximate areas served by 

the various pumping plants and other sources of supply and the 

approxImate populat ion of the se areas according to the 1920 

census: 
' . . , 

SOURCE DE SUwr..r 
< 

L~2Q POl'ULAT1p' AREA S;::6 vp;n 

Kalini Pumps 27,000 2,000 Acres 
Beretania PileupS 25,000 2,300 " 
Kaimuk! Pump s 9,000 4,000 " 
Wilder and Makik! (a) 2,000 600 It 

Palolo Tunnels 1,000 300 It 

Pacific Heights Spring 300 50 " 
Nuuanu (b) '---..13,500 2,000 If 

(a) Wilder Avenue pumps and Makikl spring supply most 

of this water. During dr.y periods when the discharge of the 

spring is low, the supply is augmented by Be'retania pumps and 

an electric booster pump which lifts the Beretanla water and 

spring water stored in Makiki reservoir durIng the slack night 

periods. Wilder Avenue pumps supply the eastern and lower 

part of Manoa Valley. 

(b) This supply comes from the 4 flood storage reservoirs, 
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a recently developedo spring and a number of development 

tunnels recently driven in upper Nuuanu Valley. 

EiSTIMNrED POPULAT! CNG TO BE SERVED WITHIN AREAS NOW S?RVED 

13Y EXISTING PUMPING PLANTS AND OTH~R SOURCES OF SUPPLY. 

ULIHI PUMPING PLANT ARBA. 

This area contains the pineapple canneries, railway 

yards and shops, docks and approaches, Territorial prison, 

Kalihi ReceIving Station, Insane Asylum, Kamehameha Schools, 

gas works, oil tanks and other industrial plants. Exhibits 

IV and V show that, with the exception of possibly certain 
°oJ 

parts of the central district served by the Beretania pumping 

plant, the population of this area has increased more rapidly 

than in other districts. Exhibit X, (map of the Ka.palama sec

tion by the Planning Commission) shows that the greater part of 

the area is suitable for homes and is still sparsely settled. 

It is probable that both the Kamehameha Schools and the Insane 

Asylum Will, sooner or later, be moved to more remote and leSR 

valuable locations. It is also probable that th~ canneri~s 

and other industries in the Iwilei District s wi 11 continu~ to 

develop into a large industrial cent.er with its concomitant 

demands for employees' homes in the vicinity. 

It is estimated that the ar~a now nerved by the 
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Kallhl pumping station will oontain a population of not less-' 

than 125,000 in 1973. to be supplied in addl~ion to large 

industrial and fire proteotion requirements • 

.lmRiTANI A P VUEI NG E LAllT AREA. 

This area contains th-e "Down town" commeroial area, 

most of the harbor docks and water front, the theatres, most 

of the churches, hotels and boarding houses, Fort Armstrong 

and the Quartermaster area, the Federal and Territorial build

ings, several parks. the iron and steel fabrIcating shops, and 

othe·r industries. It is estimated that at least one-fol.!rth 

of the 2~OO acres is now used for other than r~sidential pur

poses and that this proportion will increase to at least one

half of the total area. 
~ 

It is aleo estimated, however, that the greatest 

growth in apartment houses and hotels will take place within 

this area and that '{"hile the demand for water for residences 

will not increase as rapidly as in the Kalihi area, the de

mands for service to hotels and apartment houses, commercial 

and industrial purpose s and shipping will incree,se much more 

rapidly than in other districts, with the possible exception 

of the Iw!lei industrial section. 

The eastern part of this area (Kewalo and the west 

end of the Waikiki reclamation project) contains large 
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available spaces suitable for building. 

It is estimated th~t water supply for approximately 

80,000 persons, in addition to the fire protecti.on and in

dustrial needs will be required in 1973. 

'AU1UKI PUMPING PLANT AREA. 

This area includes much agricultural and what is 

now considered waste land suitably located for residential 

purposes. The Waikiki reclamation project, the large Xahala 

section now used almost entirely for agricultural and dairy 

purpooes and the now sparsely settled Kapa~ulu section, all 

offer great possibilities for home building. Fort Ruger and 

Fort De Hussy military reservations, the Territorial Fair 

Grounds and Kapiolani Park are the only large are-flS which 

would have to be consider~d as not available for residen.t 1al 

purposes. It is believed that a eomroercial center of con

siderable size will develop in the vicinity of ~aialae Road 

and 12th Avenue. l'he excellent climate of this section is 

sure to draw many homeseekers as the city grows. It is esti-
J 

mated that at least 100,000 persons will live In this area 

in 1973. 

NtJUAliU SUPPLY AREA. 

Approximately 10,500 of the total 13,500 persons 

served by the Nuuanu supply in 1920 were located in about 550 
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acres in lower Nuuanu Valley below Bates Street and in the 

Punchbowl district. There have been times, when the Nuuanu 

supply was curtailed on account of drought, that this area 

had to be served by the Ralihi and Deretania pumping plants. 

This section is now fairly thickly settled but on account of 

its proximity to the city's commercial center, it is very 

probable that many apartment houses and hotels will be built 

within its limits. The greater part of upper Nuuanu Valley 

is contained in water reserves which probably will not be 

opened fvr home building. 

It is estimated that the population of lower Nuuanu 

. and Pauoa Valleys and that portion of the Punchbowl and Makiki 

districts now served by Nuuanu water will be approximately 

40,000 in 1973. 

llPPErl KbLIHI, MANOA AND PALOLQ VALLEYS J\ND AWAC;:~NT HEIGHTS. 

It is not anticipated that the populations of the 

"heights" and upper valleys will increase with anywhere near 

the same rapidity as in the lower portions of the city. It is 

estimated that the recent. and present tendency of the more 

"well to do" financially, to get aWRY from the growing co~

gestion of the lower parts of the city and to bulld homes on 

the higher levels and in the upper valleys, will probably 

continue with increased intensity. However, the ability of 
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this type of citizens to purchase privacy in the nature of 

large ground areas and the remoteness of these upper and 

outer residential districts from commercial and industrial 

centers, indicate that the density of population per acre will 

remain comparatively low for many years to come. 

It is estimated that the combined population of these 

areas ,will not exceed 50,000 or 60,000 in 1973. 

PER CAPITA kEQUIHELiEIfTS. 

It is estimated that about 85% of the total city 

population is supplied by the city water system, or a total 

of about 71,000 persons in 1920 and about 80,000 (85% of 

94,000) in 1923. The total privileges in 1920 were 8,851, of 

which 2,140 were metered, and in 1922 there were 10,268 of 

which 2,458 were metere~. 

In 1920 (a very dry year), the records show that 

the city pumps delivered an average of about 21 M. G. D. The 

recorded discharges of Beretania and Kaimuki pumps are now 

known to have been too high. Allowing a 10 per cent dis

count on the recorded discharge of these two pumps leaves a 

net discharge of about 19.7 M. G. D. of pumped w~ter. It is 

estimated that Nuuanu, Makiki and Palolo Valleys furnished an 

additional 3.5 M. G. D., - or a total supply of about 23.2 
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M. G. D. Of this, about 2.5 M. G. D. was used for shipping, 

industrial and commercial purposes. Allowing a furth~r reduc

gion of about 30 pe;r cent for system leakage and public uses, 

leaV'es a net of 14.5 U. G. D. or a net domestic daily per 

capita consumption of about 200 gallons, with a gross daily 

per capita consumption of about 310 gallons. 

In 1922 ( a normal year'except for a 4 months very 

dry period from April t~ July inclusive ), the city pumps de

livered an average of about 19.7 M. G. D. Nuuanu, Makiki and 

Palolo Valleys furnished an additional estimated supply of 

about 4.5 M. G. D., - a total of about 24.0 li. G. D. OF this 

amount, abJut 3.0 ¥. G. D. was used for commercial and indus

trial purposes ar ... 1 shipping. Allowing an addit lonal 30 per 

cent for system loases and public purposes, leaves a net rally 

domestic per capita consumption (80,000) persons of about 

185 gallons, with a gross daily per capita consumption of 

about 300 gallons. 

In 1922 the Kaimuki p~mping station de livered about 

5.6 M. G. D. to approximately 10,000 persons (including com

bined' garrisons of Ifort Huger and l?ort De Russy of about 500) 

wi th oractically no commercia.l or industrial demands. It is 

in this area that the great~st irrigation demands exist, be

cause of the custom of endeavoring to grow grass and vegeta-
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tion on almost bare rocks, coral ledges and sand. Allowing a 

30% loss for leakage and public purposes in this area, leaves 

a net per capita daily domestic consumption of about 390 

gallons, with a gross daily per capita consumption of about 

560 gallons. 

These consumptions are beyond all reason and are due 

principally to: 

(a) ~nLLti'UL WASTE AND CAllELESSNESS.- due to the fact 

that more than three-fourths of the privileges are not metered 

and there is no incentive for saving water. 

(b) LEM~f.GE. - due to the: fa.ct that the Va.ter Worts 

Department hRs no inspection division and no systematic check

ing up of leakage. 

(c) HIGH IR!:UGbTlvN Dr~A;Ips i due to the perennial grow-
• ing period &nd to the tendency in many parts of the city to 

attempt to grow grass and vegetation on coral, rocks and vol

canic sand by pouring on huge quantities of water instead of 

spending the necessary funds to properly cover the surface 

with good soil. Here again the lack of meters is largely 

responsi ble • 

lillASvl:JAIHE FEU CAPITA COUSliMP'l'ION. 

Water consumption may be sub-divided into the follow-

iog: 
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1. Domestic use, including yard and garden irrigation; 

2. Commercial and industrial. use, including hotels, stores, 

factories, canneries, etc.; 

3. Public use, including fire protection, street cleaning, 

public school use, fountains, etc • 

. In addition to these, reservoir and pipe leakage must 

be considered • 

. According to data compiled by the ~ater ~orks Asso

ciation in 1915, in thirty-five American cities varying in 

size from 3,500 to 730,000 population and located from no~thern 

New York to southern California, the oaily per capita domestic 

consumption including "water not accounted for", ronged from 

27.2 to 85.9 gallons. Of these, the city of San Diego, Cali

fornia, with a populaticn of about 85,000 (and with a climate 

similar to that of Honolulu), had a daily per capita consump

tion, including all water used and lost in every way, of 80.6 

gallons. San Diego is completely metered. 

Allowing liberal quantities for domestic uses with 

daily bathing, for perennial irrigation, reasonable reservoir 

and distribution system losses, fire protection aqd industrial 

and commercial requirements, a daily per capita svpply of 175 

gallons is cunsidered ample for Honolulu, and the nect's!=lf'ry 
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steps should be taken to reduce it to this limit. It is be

bieved that metering is the remedy. 

INDUSTRIAL AND SHIPPING REQUIBSM-SNXS. 

Industrial requirements served by the Water Works 

Department have been comparatively low due to the fact tha.t 

many industrial concerns and public and semi-public institu

tions have their own artesian wells and supplies. With the 

gradual lowering of the artesian head and the consequent ne

cessity fOr more pumping facilities, there has been a recent 

turning to the city Water Works Depa.rtment for water. 'fbere 

have been only two artesian wells drilled in Honolulu since 

1916 au.u vuly one of these for industrial purposes. 

TIle total industrial supply (including army reser

vat ions) furnished by the Water Works Department in 1920, 

amounted to about 2.4 M. G. D., while shipping demands 

amounted to about 150,000 gallons daily. Industrial, commer

cial and shipping requirements now amount to about 10 per 

cent of the total consumption. It is not probable that 

industrial, commercial and shipping requirements will in

crease at any faster rate than the domestic requirements, 

but, should the city and county acquire all existing sources 

of supply and prohibit the drilling or development of 
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additional sources,· the ratio of industrial and comm~rcial 

water to other requirements will probably increase. 

It is probably safe to assume that this class of 

service will never require more than 15 per cent of the total 

supply, and that probably 90.p~r cent of this quantity will 

be required in the areas now served by the Be-retania and 

Kalihi pumping plants. However, furthe-r stUGY of this prob .. 

lem should be made. 

~I HE PHQ1'ECTION. 

One of the principal objects for which wClter works 

are construct~d is to provide ample fire protection for the 

community. The total quantity of '''later used per ye'or for 

thi3 purpose is only a very small p~rcentRge of the total 

consumption, but when needed, it must be delivered quickly 

and at sustained quantity. Honolulu has been very fortunate 

in having but few disastrous fires in its history. iiowever, 

a few recent fires have illustrated the danger due to inadequate 

mains, dead ends and inadequate number of fire hydrants. 

According to a pamphlet issued by the National Board 

of Fire Underwriters, on tlStandard Schedule for Grading Cities 
.... 

and 'towns of the United States, with Reference to their Fire 
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Defences and Physical Condition", in 1917, - the "Fire Flow" 

ret;luired· for cities of various populations is as follows: 

t> .ID:- rrV'j'llT'--,i\T' 
~ 

80,000 
100.000 
125,000 
150,000 
200,000 

FIRE IlLC$l 
Gallons per minute 

8,000 
9,000 

10,000 
11,000 
12,000 

Over 200,000 population. - 12,000 G. P. M. with 

2,000 to 8,000 gallons additional for a second fire. 

It is estimated that the quantity of water VJhich 

should alwC'.ys be a.vaila ole for individual fi res in outlying 
, 

districts where houses are small and not close tog~ther, 

should not be less than 500 G. P. M. In the dewn-town or 

other congested districts, 6,000 G. P. H. should be avail

able in 1923 and the quantity should be ~ncr~ased to 12,000 

G.P.M., with an additiona.l supply of 6,000 G. P. M. held 

in rese rve in case of a sec ond fire, in 1945. Distr lbut! on 

system mains and d isti'i bution reservoirs should be pla.nned 

accordingly (S~e pages 75 to 86). All of these estimates 

are based on the assumption that sufficient and efficient 

fire pumping engines and hydrants are available. 

A salt water fire protection distribution system' 

for the down-towndistrict has been considered and rough 
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est !mates of the coat thereof pre pared by the Wat er Works 

Department. It is believed that a fire boat should be al-

ways aval~able for shipping and wharf protection, but so 

long as the fresh water ~upply seems adequate for all needs, 

salt water should not be resorted to for fire protection of 

stores, warehouses, hotels, etc., ~her~ sHIt water would cause 

much greater damage to contents than fresh water. In an emer

gency, fire pumping engines can at the present time be run along 

side of sea walls and wharves and effectively pump sea water 

onto fires ~hich may be located within 500 or 600 feet of the 

water front. 

Separate high pressure systems, designed to eliminate 

the use of pumping englnes, are very costly and are also oan

gerous in case of broken mains. 

li'l BE HYDRANTS. 

The total number of fire hydrants served by the 

city's distribution system in J"anuary, 1923, was 804, of 

which 64 were privately owned. All hydrants were installed 

and are maintained by the Water Works Department. With about 

214 miles of streets (Port Shafter to Kahala inclusive) it 

is obvious that many more hydrants are needed. 

The maximum distances between hydrants in the down

town or other congested districts, should not exceed 250 feet, 
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and in outlying residence districts, 400 feet. Hydrants 

should be so located that at least two fire streams not over 

500 feet long may be applied to opposite sides of a fire in 

the outlying residence districts, and at least 16 streams 

may be contered on a fire in the down-town or congested dis

trict. Practical experience has shown that single hose lines 

should not exceed 500 feet in length for good service and a 300 

foot 11mi t in length 1 s much more desirable. For lengths ex

ceeding 500 feet, it is much better practice to use two 

lengths of hose and "siamese" these into a single nozzle. 

(See pages 396 to 409 and 643 to 652 of "Conveyance and Dis

tribution of Water for Water Supply", by Edward Wegmann, - for 

further and detailed data on this subject). 

Fire hydrants should, of course, be standardized. 

The standard hydrant adopted by the Hawaiian Department for 

all army posts in Hawaii in accordance with specifications 

prepared by the writer, require that all hydrants have two 

2-1/2" hose and one 4" steamer outlet; all outlets to have 

independent gate valves and National Standard Threads, to be 

installed on no main less than 6" in diameter and to have a 

gate valve installed between the main and the hydrant so. 

that the hydrant can be cut off without interruption of 

service in the main. 

43 



All hydrants should be inspected and tested for 

flow and pressure (Pi tot tube) at monthly intervals at least. 

OTliER PUBLIC USES. 

In addition to fire protection, the greatest demand 

made on the water system for public ~urposes is for park and 
....... ; 

school ground irrigation. The demands for public buildings, 

sewer flushing, street cleaning, etc., are not excessive. 

TOTAL WATER REQUIRED. 

It 1s believed that facilities to deliver into the 

mains a mean daily supply of 175 gallons per capita will pro

vide an abundance of·water for all legitimate purposes, in

cluding reasonable leakage losses. According to Exhibit III, 

the following quantities will probably be required: 

DAR ESTIMATED POPULATION WATm RECur RED 

1923 95,000 
1930 120,000 21.0 M.G.D. 
1940 180,000 31.5 " 
1950 240,000 42.0 " 
1960 305,000 53.4 " 
1970 380,000 66.5 " 
1973 400,000 70.0 " 

These est irnates are all based on the condi tlon 

that all privileges will be metered. 

It is also estimated that the mean daily re

quirements in 1973 for the various areas to be served by the 

Water Works Department, with the city completely metered, 

will be as -follows: 
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!{alihi Pumping Plant 
Beretania Pumping Plrunt 
Kaim~ki P~mping Plant 
Lower Nu~anu and Punch
bowl Area 
Manoa Valley 
Other Upper Valleys and 
Heights 

Totals 

ESTIMATED POPULATION WATER RBQUIRED 

125,000 22.0 M.G.D. 
80,000 14.0 tt 

100,000 17.5 .. 
40,000 7.0 tt 

25,000 4.5 .. 
~Q.QQQ 5.Q .. 

400,000 70.0 .. 



PART FOUR. 

AiAI LAl2LB SOURCES OF SuppLY. 

(FaD complete discussion seo pages 47 to 58). 

REmmE. 

Artesian water 40 M. G. D. 

Tunnel Water (dry weather) 10 M. G. D. 

Springs and dry weather stream run-off 15 M. G. D .. 

Stored flood water 15 U. G. D. 

Total 80 M. G. D. 



PART IV. 

AVtULABIE SOURCES OF SUPPLY. 

Four classes of water supply are available: 

(a) Artesian water; 

(b) Springs and normal low surface run-off; 

(c) Infiltration tunnels; 

Cd) Stored flood water. 

ARTESIAN WATnR. 

The 1917 Territorial Water Commission report shows 

that in December, 1916, about 57 M.G.D. of artesian water 

was being taken from the four basins located between Diamond 

Head and Red Hill, and about '40 M.G.D. from the three basins 

located between Diamond Head and Kalihi stree,m, - all in ad

dition to underground leakage. The records also show thnt 

the overdraft and consequent lowering of head in the Kalihi

Red Hill basin ienot nearly so great as in the- other three. 

No water is pumped from this basin by the \Vat~r Works Depart

ment. This supply will be required probably within 20 years. 

When the supply Is required, a battery of wells should be 

drilled and the discharge therefrom either delivered to Kalihi 

pumping plant or an additional plant installed on the Ewa side 

of Kalihi stream. 

Because of repairs to well heads and valves in 1921, 

the closing in 1922 of the artesian well formerly used by the 
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Hawaiian Electric Company for condensation purposes (which 

formerly discharged nearly 3 million gallons of water daily 

into the harbor) and the fact that there have been only 2 

wells drilled in the Honolulu city area since 1916, it is be

lieved that the daily draft from the four ba.sins has not been 

increa~ed since 1916, notWithstanding the increased draft in 

the artesian basins by the 3 large city pumping plants. Fur

thermore, through the efforts of the Territorial Division of 

Hydrography, sufficient wells with underground leakage have 

recently been recased to effect an estimated saving in under

ground losses of about 5 M.G.D. Notwithstanding these im

provements, the artesian well heads in the basins located be

tween Diamond Head and Kalihi stream continue to fall year 

by year; however, the average mean fall since 1916 has ap

parently beGn at a reduced rate of about 3.5 minches per year 

instead of the previous fall of about 4.5 inches per year. 

It Is estimated by the engineers who have carefully 

studied this problem that the four artesian basins under the 

city may be depended upon to furnish about 40 M.G.D. without 

overdraft or permanent lowering of the artesian heads. 

This 40 M,G,D, of pure clear available water must 

be conserved as the main supply to be depended upon to serve 

the city. The Government (preferably the City and County of 
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Honolulu) must acgui~or control all existing wells (both 

old and new ) betw~en Warlupe and Wort Shafter Military Reser-
~ 

vat ion an~~st prQhlbit the drillini of additional wells by 

pr!IS~~~rtieQ within the?e limits, Every privately owned 

w;ll in this area is taking water from the same sources which 

now slmpl~ the city water system Qrwhich must be depended 

upon to eUPRly the city water system in the near future. 

SPRINQS AND NORMAL HUN-OFF. 

It 1s probable that the normal low water discharge 

of springs a.nd streams located between the city limits at 

elevations high enough to supply the city system by gravity 

will not aggregate more than 5 M.G.D. Lower level discharge, 

however, which would be available for pumping, and which are 

now largely used for irrigation of rice and taro, will probably 

add at least 10 M.G.D. more. A few high level springs like 

the "Alewa Heights" spring located at elevation 850 feet in 

upper Nuuanu Valley, which was recently cleaned out and which 

iR said to be delivering about 500,000 gallons daily to Alewa 

He 19hts and upper Kalihi Valley, as well as the Kallhiwal 

spring, at elevation about 600 feet, in upper Pauoa Valley, 

which has a dry weather discharge of around 300,000 gallons 

daily, and which is only being used for irrigation, should be 

utilized to the utmost. Low level springs and stream. run-off 

must be considered as potential sources of supply when the 
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demand has exceeded the other available supplies. 

It is estimated that at leaiJt 15.0 M. G. D. can be 

secured from these sources in normal dry weather~ The great~ " 
\ 

er part of this supply would have to be pumped up to filtra- \ 

tion plantae 

PROPOSAL TO BRING 7lINDWARD SPRING AND sua FACE WATF1\ TQ 

BONOLULU VIA A TUNNEL. 

This project has been recommended by both Mr~ J. 

Jorgensen, &9 a member of the City Water Commission, and by 

Professor Palmer. However, I think the latter has probably 

been mi slead by Mr. Jorgensen t (ij ve ry low estima.tes of cost 

and high estimates of water to be found in windward springs 

and to be developed in the proposed main tunnel. Mr. Jor

gensen estimates the cost of this tunnel at ~ 955,540.00, de-

tailed as follows: .. 
1, "Tunnel - KalilHl'ianeOh&, 8100 ft 0 $40.00 . $324,000.00 

2. Side Tunnels :t' Kaneohe-Waihee, 37420 ft CI $12. -449,040.00 

3. Trails, Camps, etc. 5,000.00 

4. Pipe Line - Ke.lihi Valley 600 feet elevation to 
Ka11h! Road and School Street -

, 15,500 ft 24 ft Pipe @ f?5.00 77,500,.00 

5. Development tunnels above main line IOO,QCOeOQ 

. Total $ 955,540,.00" 
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This estimate makes no provisions for the purchase 

of the water ri ght s for the estimated if7. 778, 700 if gallons per 

24 hours to be diverted from its present use. It also stat~s 

that 15,500 lineal feet of 24" pipe (supposedly cast iron as 

it cannot be b~lleved that an engineer would sp~ciry wood stave 

pipe for ~). proj ect of this magnitude) can be placed. fo r $5.00 

per lineRl foot. The Honolulu price of 24-inch Cla.ss "C" pipe 

(average head of 300 feet) at the present time (February 10, 

1923) is about 310.00 per lineal foot (i60.00 per ton). The 

price of 24-inch wood stave pipe for 300 foot head is $5.30 per 

lineal foot. ·It is estimated thr,t 15,500 lineal feet of 24-inch 

caat iron pipe in place in this project would cost approximately 

$330,000. 00, and the same quanti ty of wood stave pipe abo ut 

$155,000.00. The writer questions the "7.778,700" gallons of . 
high level spring and low wat~r run-off said to be available for 

this project. Short time m~asurements made in the winter months 

(in this case in February, 1916) are practicqlly worthless for 

determining the mean annual or low water discharges of springs 

or streams. 

Unless this project could be undertaken in conjunction 

with a vehicular tunnel, it should be considered only as a last 

resort after all other sources had failed. 
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INFILTRAllCiN TUNKEW.:.(See alao pages 17 to 20). 

NUUANU VAIJ.EY. 

Available discharge records are meagre and ,not very 
, 

satisfactory, due to poor design and installation of weirs and 

broken records. It is believed, however, that the existing 

Nuuanu tunnels will discharge nGt less than 1 U. G. D. in ex

tremely dry weather and somewhe~ around 10 M. G. D. after 

heavy rains. The cost of this water as compared with pumped 

or artesian or fIltered surface water is very low. The 1922 

cost per million gallons of water pumped from the 3 large 

pumping plants was about $41.~Ot - sub-divided as follows: 

(a) 

(b) 

(c) 

Cd) 

(e) 

( fj 

(g) 

Operating Costs 

Interest on Bonds 

S inkirJ.g I:~und 

Service Department 

Overhead and Engineering 

Maintenance ind Hepairs to 
Pumping Plant 

Reservoirs, Tools and Equipment, 
Fire Hydrants and General 
Supplies 

Total 

50.0% 

18.0% 

,8.3% 

9.7% 

6.0% 

4.3% 

4.6% 
100.0% 

'20.65 

7.43 

~.43 

4.01 

2.48 

1.40 

1.90 
$41.30 

The ,pump operatios cost varied from $44.83 for the 

Beretania high lift (224 feet) steam pump to $15.10 for the 

Kalihi steam pump (174-ft head). 
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It has been estimated that the cost of a slow sand 

filtration plant to deliver 6.0 K.G.D. would be about 

$250,000.00 and the cost of opera.tion from $6.00 to $8.00 per 

million gallons. 

The cost of the Nuuanu development tunnels, and the 

wood stave pipe connecting these with the city distribution 

system, is said to be abo ut $43,200.00. Three million gal" 

Ions daily is surely a most conservative estimate of the year 

'round average tunnel discharge, and it is probable that the 

average is considerably higher than this. At the average 

operating c'ost of pumped artesian water of about $20.65 per 

million gallons, this water is worth about $22,000.00 per year. 

Additional tunnels should be driven in the vicinity 

of Lulumaha. It is believed that this additional tunneling will 

develop a dry weather supply of clear tunnel water large 

enough to supply all of the area originally supplied in lower 

Nuuanu Valley and the Punchbowl district by the old Nuuanu 

reservoir system and in addition, in wet weather when the tun

nel discharges are greatly increased, - a considerable portion 

of the lower areas now served by Beretania and Kalihi pumps. 

PALOLO VALLEY. 

The tunnel here has replaced the old spring which 

formerly discharged about 20,000 gallons daily in dry weather. 
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Available discharge data indicate that the discharge from 

Palolo tunnel will vary somewhere between 150,000 gallons 

daily, in dry weather, to 500,000 gallons daily after long 

periods of heavy rainfall. It is believed that this dis· 

charge can be more than doubled by drilling additional tun

nels in this vicinity. 

The original 6-incb galvanized iron pipe line as 

located down the bottom of the valley has been washed out by 

floods in spots and the broken portions temporarily replaced 

with sections of 2-inch pipe. Any big flood 1s liable to put 

the line out of commission as it is now located, and a new 

line should be constructed near the top of the ridge on the Ewa 

side of the Valley. The cost of the Palolo tunnel is said to 

have been about $4,000.00. At $20.00 per million gallons, a 

dry weather discharge of 150,000 gallons daily is worth about 
'!o 

~l,200.00 per annum. It is believed that this quantity can 

probably be doubled by driving additional cross tunnels from 

the existing main tunnel. 

KALIRI AND MAKIKI VAIJ,EYS. 

About $25,000.00 has been expended for tunnels thus 

far in Kalihi and Makiki Valleys. The Kalih! dry weather dis

charge probably ranges between 100,000 and 20~000 gallons 

daily. The cost was about $10,000.00. Work on two favorable 

54 



projects farther up the valley has been suspended on account 

of lack of funds. The work in Makiki has thus far been un-

successful, but higher level shallow prospect tunnels seem 

to justify Professor Palmer's prediction that the chances of 

finding high level underground water in this valley are fairly 

good. No attempt at tunnel development work in upper Manoa 

Valley has been made. According to Professor Palmer's report, 

this is one of the most likely p~aces to find water. 

TUNNEL WORK JUSTIFIED. 
In the writer's opinion, work already done is more 

than justified by the results obtained and further work along 

this line should be done, especially 1n upper Manoa Valley. 

It is believed that sufficient tunnel work may be developed 

to supply all of the city located above the 200 foot leve~ 

and during wet weather, to supply sufficient water to serve 

part of the lower levels, thus permitting the shutting down 

for considerable periods of time of some of the pumping units. 

The question of whether these tunnels will affect ex

isting low level springs and the artesian basins, is not taken 

very seriously, for. even should this happen, the lower springs 

and artesian basins cannot be deprived of any more water than 

is taken out above and the additional value of the water as 

a high level gravity supply over any supply which would have 
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to be pumped, is obvious. Furthermore, it should be kept 

in mind that the tunnel water is a perfectly clear and prac· 

tically pure supply which will probably not even require 

chlorination. For laundry purposes, this water is much "softer" 

and much more desirable than artesian. 

It is estimated that tunnel w~ter may be developed 

in all -Honolulu upper valleys to the extent of about 10 M.G.D. 

in normal dry weather and at least twice that amount during 

long wet periods. It is believed, however, thAt accurate, 

well designed and installed measuring devices should be install

ed at once to measure -all tunnel discharge and at least five 

years continuous records of discharge (including four dry 

seasons) obtained before permanent pipes are installed. In the 

meantime, small wood stave pipes (as are now installed in upper 

Nuuanu Valley) may be installed at low cost to deliver the tun

nel discharge to the city's distribution system and reservoirs. 

STORED FLOOD WATER. 

Flood storage facilities in upper Nuuanu Valley, 

consisting of four open reservoirs with a total capacity of 

about 550 million gallons, are capable of furnishing a normal 

dry weather daily supp~y of about 3.0 million gallons, except 

in periods of extreme drought when the supply practically fails. 

This water is composed of run-off from practically uninhabitated 
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water reserves but with danger of pollution because of the 

puolic highway which palses through the entire length of the 

valley and the difficulty in keeping "hikers" from trespassing. 

While thi~ supply is chlorinated and there is little danger of 

epidemic from it, this source, after a heavy rainfall, is muddy 

and distasteful and is unfit for human consumption. 

Additional feasible storage reservoir sites exist in 

upper Nuuanu, Kalihi and Manoa Valleys. The project recommend

ed by the City Water Commission to divert flood water from upper 

Manoa Valley and deliver the same by tunnels to the existing 

No.4 reservoir in upper Nuuanu Valley, is also feasible. 

iAIAHOLE WATER. 

The water license issued by the Territory of Hawaii 

to the Waiahole Water Company, under which the latter pays the 

Territory 115,000.00 per annum for water formerly discharged 

by Waiahole springs, provides that the TerritorY may take back 

(at the Waiawa portal) this water whenever it is required for 

public purposes, as follows: 

In 1942 - 4 M. G. D. 

In 1952 - 6 M. G. D. 

In 1962 - all water. 

As this original spring water Is now mixed with sur

face run-off within the main tunnel, it is impossible to seg

regate it from the surface and, at ~imes, flood w~ter run-off. 
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This source of supply should be kept in mind as an addition-

. al 6 or 7 M.G.D. should the time come when other more desir

able and accessible sources of supply are exhausted. It is 

feasible to take deliver,y of the water at th~ Waiawa (south) 

portal of the Waiahole tunnel. and deliver it by pipe line to 

No. 1 reservoir (El. 393 feet) in Nuuanu Valley. 

It is estimated that sufficient flood water (including 

Waiahole supply) can be stored at elevations high enough to 

provide a gravity filtered supply of about 15.0 M.G.D. in 

normal dr,y weather. 

TQTAL AVAI LABLE SUPPLY. 

1. Artesian water 

2. Springs and normal low 

3. InfIltration tunnels 

4. Stored flood water 

40.0 M.G.D. 

stream run-off 15.0 ft " 
10.0 ft 

15.0 " 
Total 80.0 M.G.D. 
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PART FIVE. 

PUMPING PLANTS AND RESERVOIRS, 

(For complete description and discussion see pages 60 to 72) 

RESUllE 

EXISTING PUMPING PLANT CAPACITY - 34 U, G. D. 

EXISTING STEAM PUMPING PLANTS OBSOLETE AND IN
ElFFICIENT. 

ESnS'TING ELECTRI C PUMPS in good order but more expen-

sive for regular service than modern steam pumps. 

MODERN STE/~ PUMPS should be adopted as standard units 

for regular service and the replacement of the old steam plants 

with these new units should be started at once. 

ELECTRIC MOTOR DRIVEN Cr~TRIFUGAL PUMPa should be 

adopted for intermittent service, such as boosting. 

SEiRVICE RESERVOIRS with capacities equal to at least 

half the normal daily requirements and so located as to be 

available for excess tunnel water should be provided. The 

proposed 6 million gallon reservoir to be located back of 

Punchbowl Crater should be constructed in 1923, to provide dry 

weather night storage for Beretanla pumping plant as well aa 

wet weather excess tunnel discharge. The proposed 1.5 million 

gallon Round Top reservoir should be constructed alao in 1923 

to relieve the existing dry weather shortage in Manoa. 
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PART V. 

~XISTING PUMPING PLANTS AND RESERVOIRS. 

The City is now regularly operating 6 pumping 

plants of which 2 are used only for boosting purposes,; -4 of 

these plants pump artesian water and have a combined maximum 

capacity at normal heads of about ;34.0 million gallona daily. 

The two booster plants have a combined capacity of about I 

M. G. D. at normal loads. The 4 "supply" plants can deliver 

water to 6 cov~red reservoirs with a combined capacity of 

about 8.0 million gallons. One of these. located in lower 

Makiki Valley at 160 feet elevation, is used for storage of 

excess Makikl Spring water and also as a relay reservoir for 

water pumped by the Beretania pumping plant (when the Makiki 

Spring discharge is low) for use in Manoa Valley. An electric 

,pump (720,000 gallons daily capacity) lifts water from this 

reservoir to upper Manoa Valley. 

Three additional covered reservoirs with a combined 

capacity of 920,000 gallons are located in Palolo, Alewa and 

Pacific Heights and are used to store and distribute spring 

and tunnel water. A new 2.5 million gallon concrete reservoir 

in upper Nuuanu Valley, designed to store tunnel water, is 

now practically complete. An old uncovered masonry reservoir 
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of 720,000 gallons capacity is located at elevation about 

250 feet at the ~unction of tbe Pukele and Waiamoa brancbes 

of Palolo Valley. This reservoir is not used at tbe present 

time and is in poor condition. In 1919, a 300,000 gallon 

capacity concrete reservoir was constructed at the old open 

reservoir site at about 740 feet in upper Makiki Valley, to be 

used to store spring water. The bottom is said to bave col

lapse~ permitting muddy storm water to enter and the reservoir 

1s not used at the present time. 

The 1913 report of the Superintendent of Public Works 

to the Governor of Hawaii. contains a complete history and in

ventory of the Water Works Department and equipment at that 

time. All pumping plants existing at tbat time are described 

in detail in that report. Fuel oil is used for generating 

steam at the 3 large plants. Briefly, the pumping plants and 

reservoirs as these exist today, are as follows: 

JmRETANIA PUMPING PLANT AND RESEWO IB. 

Qne"Blake" acosl compound horizontal type steam pump 

installed in 1895. recently overhauled and now in fair condi

tion. Capacity 4.0 M.G.D. against 154-ft. bead. 

One "Blsdon" cross compound horizontal type steam pump 

installed in 1910, - in fair condition. Capacity 3.5 M.G.D., 

against a head of 325 feet. 
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One "Allis-Chalmers" electric motQr driven 8" singlc 

stagc centrifugal pump installed in 1920, - capacity 3.0 U.G.D. 

against a head of 164 feet. 

Total capacity of Beretania pumping plant 10.5 M.G.D. 

SOURCES OF SupPLY. Two 10-inch artesian wells 580 feet and 

615 feet deep, respectively, driven in 1895, and two l2-inch ar

tesian wells 607 feet and 616 feet deep, respectively. driven in 

1909. The casings of the two older wells are believed to be 

worn out. When all three pumps are operating at full capacity, 

the supply is unequal to the draft. 

RESERVOIR CAPACITX. 1.5 million gallons, located at eleva

tion about 150 feet on the makai slope of Punchbowl near the 

intersection of Prospect and Alapai streets. This reservoir ca

pacity is entirely inadequate. During extremely dry periods 

when Makiki springs fail, the Beretania plant also pumps water 

to Makiki reservoir from which the Makiki boost.er pump lifts 

water to Manoa Valley. 

KALIRI PUMPING PLANT AND RmEBVOI R. 

One "Allis-Chalmers" vertical triplex single act ins 
steam pump installed in 1899, • capacity about 5.0 M.G.D. 
against a head of about 200 feet. This pump has been operating 
almost continuously for about 23 years without a general over
hauling and is. apparently. still in fair condition. 

Dne "Allis-Chalmers" single stage 10" c6ntrifugal 
pumP operated by a "Kerr" steam turbine, installed in 1918.· 
capacity S.OM.G.D. againat a head of 185 feet. This unit 
Is in good condition but is used but rarely because of high 
operating cost •. Total capacity of Ralihi pumping plant, 
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about 10 M. G. D. 

SOURCE OF SUPPLY. Three 12-inch artesian wells 495 feet, 

475 feet and 460 feet deep, respectively. The first well was 

drilled in 1900 and the two latter, in 1899. Apparently all 

wells are in fair condition. 

ijESERVOIR CAPACITY. 3.2 million gallons, located at 

abou"t elevation 170 feet .. on slope of Kapalama ridge, on east 

side of upper Kalihi Valley. 

KAlMUKI PUMPING PLANT AND RESERVOIRS. 

Two "Risdon" cross compound horizontal type steam 

pumpp, each capable of delivering 3.0 M.G.D., against a head 

of 300 feet. One pump installed in 1898. The second pump 

was purchased "second-hand" from Hawi Plantation Company and 

was installed in 1915. Both pumps and boilers have recently 

been overhauled and are in fair condition. 

One "Allis-Chalmera""clectric motor driven unit, com-

posed of a 400 H.P. motor and two 8-inch single stage centrif

ugal pumps set in series, - capacity 5.5 M.G.D., against 300-ft 

head, - installed in 1920. This unit is in excellent condition. 

Total pumping capacity 11.5 M. G. D. 

aOURCES OF SuppLY. Four 12-inch artesian wells,· two" 

drilled in 1898 are 260 feet deep; the remaining two, drilled 

lU 1912 are 236 feet and 245 feet deep, respectively. All 
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wells arc apparently still in good condition. 

RESEHVQIR CAPACITY. Kaimuk! reservoir, capacity 683,000 

gallons, located at elevation about 240 feet on ridge back of 

Diamond Head, and Diamond Head reservoir, - capacity 876,000 

gallons, located at elevation about 150 feet on Waikiki slope 

of Diamond Head. Total reservoir capacity about 1.5 million 

gallons. 

WILDER AVENUE PUMPING PLANT AND RESERVOIR I" 

One "Deane" vertical motor driven Triplex pump, - ca-

pacity 1.5 U,G.D., against head of 265 feet. Installed in 1914. 

This unit is used only as a relief pump because of continuous 

gear breakage and noise and is now in poor condition. 

one "AlIi s-Chalmers If electric motor driven 6" sIngle 

stage centrifugal pump, installed in 1920, - capacity 2.0 gal

Ions. daily, against a head of 260 feet. 

Total pumping capacity 3.5 M, G. D. 

RESERVOIR CAPACITY. Rocky Hill reservoir, capacity 

726,000 gallons, located at elevation 267 feet on grounds of 

Oahu College in lower Manoa Valley. 

MAKIKI PtillPING PLANT AND BESERVQIR. 

One "Allis-Chalmers" electric motor driven 2 stage 4" 

eontrifugal pump' with 75 h,p. motor, - installed in 1920, 

capacity 720,000 gallons daily, against a head of 300 feet. 
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This unit is in good condition and is used to boost stored 

Makiki spring water or water relayed from Beretania pumping plant. 

Two old Triplex pumps, one driven by a 3-cylinder 

"Standard" gas mot or and the other.!;;P,y a 50 h. p. electric motor, 
, ',! 

are in bad condition and out of commission. The first of these 

1s installed in a shaft 125 feet below the surface of the ground 

and is connected with the surface w1th pump rods 125 feet long. 

This pump formerly lifted water from a l2-inch artesian well 

about 800 feet deep. The well is said to be in good condition. 

The second unit was used for the same porpose as the 

present centrifugal pump. The two old pumps had capacities of 

about 1.0 M.G.D., against a head of 130 feet and 0.5 M.G.D., 

against a head of 250 feet, respectively. 

This plant can also deliver water to Rocky Hill reser

voir (capacity 726,000 gallons) in Manoa. 

HESERVQIB CAPACITY,- (from which water is boosted) 

759 t 000 gallons. 

PAC I m: C HElGiiTS PLANT. 

A small electric motor driven 8 staie 1" centrifugal 

~, located on Pacific Heights, at about elevation 650 feet, 

is capable of boosting about 20 gallons per minute (288,000 

gallons daily) of Pauoa Spring water to three small 
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reservoirs and tanks located at about elevation 900 feet. 

During existing dry weather when Pacific Heights Spring fails 

to supply the requirements, a small gas motor driven pump Is 

operated at the lower Pauoa Springs to pump water up to the 

electric booster pump. 

PUMPING PLANT EQUralENT REQUIBED. 

Recent mainland practice has demonstrated decisively 

that, except in rare instances where large hydro-electric pro

jects furnish very cheap power. self contained steam pumps in 

large units, are much more economical than electric pumps. 

Among the larger cities which have either adopted steam in 

pr~ference to electricity or which have tried and discarded 

electricity for steam, are Buffalo, Chicago, Clev~land" Kansas 
\ 

City. Louisville, Milwaukee, Pittsburg, St. LoUis, and many 

others. 

With old partially worn out and obsolete horizontal 

type steam pumps, which are probab"ly :30 per cent less efficient 

than modern vertical triple expansion steam pumps, the local 

Water Works Department is pumping water at approximately the 

same cost as the new electric motor driven centrifugal pumps. 

The advantages of the steam pump over the electric 

pump are: 
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(a) Self-cQntained units, - Not subject to shut down on ac

count of power plant or transmission line break down. 

(b) More efficient, - Due to directly applied power. 

(c) More economical,- In large units working the treater 

part of the time, probably 30 per cent cheaper operation and 

maintenance. 

(d) Greater flexibility of each unit to serve varying 

loads. 

(e) Longer service. - Estimated that the life of steam 

pumps Is· probably 40 per cent longer than for electric motor 

driven units. 

The disadvantages are: 

(a) Much greater first co at. 

(b) Larger housing facilities required. 

(c) More competent personnel required. 

(d) Dirtier and noisier than electric pump. 

Fuel shortage would affect both ~ypes equally. 

It is estimated by competent local pump engineers 

that the difference in first cost between the steam and elec

tric plants required at any one p~riod would be amortized by 

saving in operation cost 1n from 8 to 10 years. (See Ex-

hibi t IX). 

Each pumping plant should always have in reserve at 
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least one pumping unit and about one-third of its total pump

ing capacity. 

I~ has been the experience of most mainland cities 

using pumped water that it 1s cheaper to install and operate 

sufficient additional pumping units to take care of peak loads, 

than to provide sufficient reservoir capacity for this purpose. 

However, Honolulu is now receiving a considerable amount of water 

by gravity from tunnels and springs, and it is probable that in 

the future surface and stored flood water run-off will have to 

be supplied to augment the other sources of supply. These 

gravity supplies requi~ storage facilities. 

The existing Nuuanu tunnels are now discharging dur

ing wet weather more water of excellent quality than cpn be 

absorbed by the distribution system during slack diurnal per

iods and by available suitably located reservoirs (including 

the new 2.5 million gallon Uuuanu reservoir). This cheap sur

plus tunnel water, now being wasted, would replace costly pump~ 

ed water during periods of peak demands if storage facilities 

were available. On the other hand, during dry periods the 

truulcl discharge Is and probably will continue to be low enough 

so that the distribut ion system could absorb it all at all. 

times. When this is the case, the available storage space 

could be economically utilized for storing pumped water· during 
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periods of slack demands. 

Also, Honolulu is very fortunate in having convenient

ly located foot hills suitable for reservoir sites. 

It is, accordingly, believed that reservoir capacity 

for about one-half the daily normal requirements should be 

available to provide for the peak demands and that each pumping 

plant should (in addition to its reserve equipment) be equip

ped with pumping facilities to provide for only the mean normal 
,.~ . ~ ,." 

daily requirements. 

It is also believed that standard pumping units should 

be adopted and adhered to wherever possible. At the present 

time the most ·flexible and suitable pumping unit would be one 

of about 7.5 M. G. D. capacity against a normal head of about 

300 feet. Each of these units could be r~gulated so that it 

could serve less than half of its normal capacity economically 

and could likewise be speeded up considerably if the occasion 

demanded. After the population has doubled its present size, 

larger sized units would undoubtedly be more economical •. How

ever, it is believed that in selecting equipment for each plant, 

the important factor of flexibility should be kept in mind so 

that the pumping capacity may be increased or decreased econ

omically to allow for seasonal demand fluctuations and the 

widely varying quantities of cheap tunnel water available. 
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It is also believed much more economical to at once 

begin to scrap the old steam pumps and to install new stand

ard units than ,to keep the old pumps operating. Existing steam 

pumps at the various City pumping plants are from 23 to 29 

years old. Recent overhauling (except Ralihi steam pump) have 

put these plants in fairly good shape, but, as previously stat

ed, it is estimated that their efficiency 1s probably 40 per 

cent leas than modern pumps. 

It is now costing approximately $0.09 per million 

gallons per foot head to operate these pumps. According to 

Exhibit XI, the cost of operating the new pumps should not 

exceed $0.053 per million gallons per foot head. • 

SSRVIOE HESIDtVOIHS REQUIRED. 

It is estimated that service reservoir capacities of 

at least half of the normal daily r~quirements should always 

be available for each pumping plant and so located that these 

may also, be used for tunnel and other gravity supplies. 

The present total service reservoir capacity is about 

12.0 million gallons, including the new 2.5 million gallon 

Nuuanu reservoir. Of this, however, about 3.5 million gallons 

are limited to tunnel and spring water supplies and cannot 'now 

be reached by the pumping plants. 

Beretania and Y~imuki pumping plants and Manoa Valley 
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are now lacking in reservoir capacities. The Beretania plant 

is served by Punchb!owl reservoir (elevation 170 feet). capa

city about 1.5 million gallons. It can also pump into lower 

Makiki reservoir (elevation 160 feet). capacity about 750,000 

gallons, - a total of about 2.25 million gallons. The Kaimuki 

plant is served by Kaimuki reservoir (elevation 248 feet), ca

pacity about 683.000 gallons. and Diamond Head reservoir (ele

vation 150 feet), capacity about 876.000 gallons, - a total of 

about 1.5 million gallons. Kalihi has reservoir capacity of 

about 3.2 million gallons (at elevation 170 feet) and Wilder and 

Kakiki booster pump may deliver irito Rocky Hill (Manoa) reser

voi r (elevation 267 feet), capac ity about 726,000 gallons. 

The present plans of the Water Works Department in

clude two additional service reservoirs designed primarily for 

tunnel water storage and distribution. One of these is to be 

of 6.0 million gallon capacity and located in the saddle back 

of Punchbowl crater, at elevation (top)of about 320 feet. It 

is be lleved that the construction of this' reservoir within the 

next year is desirable, to serve both for wet weather tunnel 

discharge and dry weather pumped water night storage. 

The second reservoir now planned is a 1.5 million 

gallon unit to be located on the slopes of Round Top at eleva-
~ 

tion about 500 feet. The high elevation 1s selected to provide 
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a gravIty supply for upper Yanoa valley. This reservoir is 

now needed to serve the upper valley, but it is believed that 

its elevation should be dropped to about 400 feet. This lower 

elevation will permit the proposed tunnel~ in upper Manoa Val

ley to be driven at lower ·levels than otherwise,. if this should 

be found advisable, and will also bring it within the efficient 

service range of the existing Makiki booster pump. It will 

also be high enough to serve practically all of the houses in 

upper Manoa Valley. Should later tunnel development work in 

Makiki and Manoa Valleys prove successful, the Makiki booster 

plant can be shut down at least the greater part of the year 

and this reservoir used for tunnel or spring water storage and 

distribution. This reservoir should be constructed in 1923 

as the fairly thickly settled portions of middle and upper 

Manoa Valley now has inadequate service in dry weather. 
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PART SIX. 

DISTRIBUTION SYSTEU, INSPECTION, WATfR RATES, and S"£4RVICE ZONES. 

(FOft complete description and discussion see pages 75 to 86.) 

RESUME. 

llrSTRIBUTION SYSTEM. A base 'plan designed to meet e stimat

ed needs 50 years hence should be adopted as rapidly as street 

lines and grades are fixed by ordinance, and all replacements 

and extensions made accordingly. 

EXISTING SYSTEU just grew, - was not planned for future 
~ " , ~ , '. :' '(~,~~:~~, t -

expansion. Now has'#>161 miles of pipe of all sizesddown to 

1-1/2 inches. 

DISTRIBUTION SYSTEM REPLACEMENTS AND EXTENSIONS now planned 

by Water Works Department should not be madeunt il base plan Is 

adopted. 

INSPECTION DIVISIQH should be organized at once. Will more 

than pay for itself in saving of leakage, etc. 

WATER RAIES. Now too low, - should be based on "fixed 

service" and "consumption" charges and should be suffIcient to 

prov ide fo r: 

(a) Operation and Maintenance 

(b) Bond Interest and Sinking Fund Payment 

(c) ·Fund 'for Replacements, Improvements and Extensions 



Part Slx--Cont. 

All consumers should be placed on same basis except 

shipping, which should pay adequate increased rates to cover 

additional service required. 

WATER WORKS DEPARTMENT should be reimbursed for service for 

development of electricity, purchase, maintenance and inspection 

of fire hydrants and for ·fire protection service. 

SERVICE ZONES. Create water service zones and limit ser

vice thereto. 



PART VI. 

D[STRIBUTION SysTEM, 

Honolulu's distribution system has expanded in ac

cordance with no general plan looking toward the demands of 

even a decade in advance, but generally as protests of citI

zens over lack of water or pressure for domestic use, or fire 

protection, have resulted in local replacements and exten

sions made to still these protests. During the past two or 

three years many replacements, made with a view of early 

future requirements have been made and the Water Works De

partment is now planning additional replacements and exten

sions which would greatly improve the system. However, I can 

find no plan based on the estimated demands of the city be

yond the next five years. Exhibit II shows existing mains and 

proposed immediate improvements. 

The following table shows the growth of the distri

bution system since June 30, 1913, the date on which the system 

was turned over to the City. 

TOTAL LENGTHS QF EIPE OF ALL SIZES IN DISTRIBUTIQN SYSTEM (all 

sizes down to and including 1-1/2"). 

June, 1913 
December, 1915 
December, 1918 
December, 1922 
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'XQTAL I,FJNGTHS IN MILES 

105 
122 
136 
161 



The approximate lengths of various sizes of mains 

in December, 1922, were as follows. These include all wood 

stave pipes recently installed to deliver tunnel water, Pa1olo 

Valley 6-inch line and the Nuuanu Reservoir No.4 30-inch line. 

SIZE OF MAIN 

30" 
18" 
15" 
14" 
12" 
8" 
6" 
4" to 1-1/2" (approximate) 

Total tt 

LENGTH IN MI LE S 

2.0 (a) 
5.3 
1.8 (b) 
1.4 

15.0 
26.0 
40,5 
PSl,O 

(a) Reservoir No. 4 to electric plant. 
(b) Luakaha weir to Reservoir No. 1 

92.0 

161.0 

According to Exhibit II, replacements and exten

aions planned for 1923 include the following: 

SIZi OF MAINS 

4" 
6" 
8" 

12" 
18 " 

Total 

';I!OTAL IENGTH IN MIIES 

5.5 
47.0 
11.5 
15.0 

0,9 
79.9 

About 50 per cent of these improvements are to be 

made in Kaimuki in connection with the proposed road improve

ment di str ict. 

While these proposed replacements and extensions 

are urgently needed at the present time, it is believed that 
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they should be temporarily abandoned until a base plan to meet 

the estimated requirements of from 30 to 50 years hence can be 

worked out. It is estimated that this plan can be worked out 

within the next· six months. 

USE PLAN FOR m STRI BUT I ON 
SYSTEM. 

A base distribution system plan should be prepared. 

This plan should be prepared on the theory that all mains put 

in place will remain there for not less than 50 years. 

In planning these mains it is gelieved wise to limit 

the size to 24 inch and to meet the growingtrequirements by in

stalling secondary mains on parallel streets. The proposed 

4-inch mains ahould be discarded and 6-inch mains adopt~d as 

th e minimum. 

Except under unavoidable Circumstances, dead ends are 

to be avoided and the whole system shoul~ be well equipped with 

gate valves to permit the segregation of small areas in case of 

trouble. It: the vic.inity is not sufficiently built up to jus

tify the installation of fire hydrants at the time the main is 

laid, tees and gate valves should be installed at proper inter

vals so that hydrants may be quickly installed at some future 

time without interruption to the service. 

The writer believes that the laying of service mains 

under street pavements, wherever it can be avoided, is a mistake 
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and that these mains should be laid between sidewalks and gut

ters, with service loops (usually 2 inch) carried across 

streets. 

This base plan must gake cognizance of the following 

fundamental necessities: 

(a) FIRE HYDRANTS: AbilIty to deliver not less than 

12,000 G.P.M. to fire hydrants located within 500 feet of a 

possible fire in the down-town or other congested district, and 

not less than 500 G.P.M. to fire hydrants located within 500 

feet otaa possible fire in the outlying small residential 

districts. 

(b) DOMESTIC REQUIREMENTS. Ability to serve the "peak" 

demands due to the habits of the people. 

(c) QOMMERCIAL AND INDQSTRIA~. Ability to serve industrial 

and commercial needs 50 years hence, including hotels, clubs, 

etc., insofar as these can be foreseen. This phase should be 

given further careful study. 

(d) PUBLIC REQUIREMENT~. Ability to serve schools, public 

parks, sewer flushing, etc., at regular intervals. 

These mains can be dug up, service connections made, 

and fire hydrants installed or removed with no damage to pave

ments or interruption to traffic. In down-town districts where 

sidewalks extend to the curb and are congested with foot traffic 
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or cover basement extensions, this, of course, oannot be done. 

All mains should have at least 30 inches of earth 

cover between the outside of the bells and the bottom of the 

pavement, as a safeguard against breakage by heavy truok or 

other loads. 

A city plan with established street lines and grades 

is absolutely essential before aoy larse mains Can be installed, 

and the Water Works Department is surely justified in hesitating 

to install mains where any doubt exists as to the permanency of 

the installation. In this connection, various departments of 

the city should keep all other departments whose plans could 

possibly be affected, advised well in advance of any proposed 

work. This policy should also be extended to and expected of all 

privately owned utilities using the streets either above or be

low the pavement. 
'. 

INSPECTION DIVISION. 

The Water Works Department should immediately organize 

and equip an inspection division whose duty will be to contin

ually inspect and test for leakage and breakage of mains and 

service connections. House to house pressure tests for s~rvice 

leakage and Pitot tube or fire hose meter tests for losses in 

mains should be made regularly at monthly interv~19. 

It is believed that this inspection work will result 
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in savings that will greatly exceed the cost of the work. This 

work can also be co-ordinated witbthe preparation of detailed 

plans showing the location, size, depth, etc., of mains, valves, 

etc., now being prppared. The personnel of this division should 

in 1923, consist of one assistant engineer, two assistant~ and 

two inspectors. 

work: 

The following equipment should be ordered for this 

Two (2) P1.tot tubes with recording devices. 

Two (2) 2-inch compound type meters with connections 
threaded to fit 2-1/2" fire hose. 

Six (6) Small pressure' guages calibrated to read from 
10 to 80 pounds pressure. 

Two (2) Pressure guages, 10 to 80 pounds, to screw on 
2-1/2" fire hydrants outlets. 

Two (2) Aquaphones. 

WATER RATES. 

FINANCIAL POLICY. 

M.unicipally owned and operated wate,r works should 

furnish service at cost, but just what may be considered "Cost" 

ls'a question of policy to be determined by the proper author

ities. At the present time the cost of Honolulu's water Is . 

supposed to include only the items~of operation and ~~lntenanceJ 
bond interest and sinking fund payments and the income is in-
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adequate to meet even this oost. There should be added a 

fourth item, -a 

REPLACEMEN'l'. IMPROVEMENT AND EXTENSION :roND. 
, 

Annual inventories should be made and valuations 

fixed on all physical property and real estate, writing off 

depreciations and writing on improvements, extensions, eto. 

The Committee on Depreciation of the American Water 

Works Association adopted in 1920 the following "depreciation" 

schedule: 

PROBABlE LIVES OF WATER WORKS ELEMENTS. 

The Committee on Depreciation of the American Water Works 
Assooiation summarized broadly in its final report the conclu
sions drawn from data collected by it concerning the life of 
the elements of a water works plant. In still more condensed 
form the figures are: 

Large storage' reservoirs, well located 
Heavy earth or masonry dams 
Large masonry conduits and tunnels 
Cast iron pipe, large 
Cast iron pipe, small 
Wrought iron or steel pipe, large 
Wrought iron or steel pipe, small 
Wood stave pipe, large 
Services, wrought iron and steel 
Services, wrought iron and lead 
Small distribution reservoirs 
Stand-pipes, wrought iron and steel 
Stand-pipes, reinforced concrete 
Valves 
Hydrants. 
lleters 
Pumping machinery, high duty, large units 
Pumping machinery; high duty, small units 
Pumping maohinery, ordinary direct-action 
Pumping" , centrifugal, not geared 
Pumping " , centrifugal, geared 
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Life in Years 
75 to 150 
75 to 150 
75 to 150 
75 to 125 
30 to 70 x 
30 to 75 
25 to 40 
30 to 60 
15 to 30 
40 to 80 
50 to 75 
30 to 60 
50 to 60 
40 to 60 
30 to 50 
20 to 30 
35 to 60 
25 to 50 
25 to 50 
20 to 30 
15 to 25 



steam engines 
Boilers 
Electri c generators and mot ors 
Filter plants, masonry 
Filter plants, wood 
Buildings, masonry 
Buildings; wo od 
Stacks, masonry 
Stacks, stee 1 

Life in Yeara 
20 to 40 
15 to 30 
20 to 30 
30 to 50 
15 to 30 
30 to 60 
20 to 40 
25 to 50 
10 to 25 

x In slow-growing and small cities, 50 to 90 years. 

Explanatory remarks and qualifying conditions are 
riven in the report, which has been printed as a 38 paget,~;1lp
plement to the September Journal of the American Water Wdtks 
Association. Discussion of the entire report on depreciation, 
for presentation to next year's convention of the American 
Water Works Associati on, is invited by J'. M. Di ven, secretary, 
47 State St., Troy, N.Y. 

I can see no good reason why this schedule should 

not be as affective here as on the mainland, especially when we 

can eliminate the freezing hazard. 

The annual value of the system and plant should be 

fixed as the "capital stock" and a "dividend" rate of say 5 per 

cent thereon be fixed to provide for normal replacements, im

provements and extensions, - in addition to t?e rates fixed for 

operation and maintenance, bond interest and for sinking fund 

payments. 

The present system ,and plant are so inadequate and 

obsolete that ·it Is estimated that approximately $2,250,000.00 

(see Cost Estimates) wil~ be required In the nature of "Capital 
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stock n in the next three years, in addition to the water re

ceipts, to put the system on an efficient basis. Of this amount 

about $750,000.00 is no.w avai lable. With these funds the De

partment should be able to keep ahead of normally required re

placements, improvements and extensions with its "dividends". 

In this way it is believed that there will soon be established 

a revolving fund which will permit the complete amortization of 

outstanding bonds and which will put the department on a sound 

business basis. 

FOR EXAMPLE: Assuming that the 1925 valuation of the system 

and plant to be fixed at $7,000,000.00;· the outstanding 4.5 per 

cent bonds at $1,000,000.00 and the 5.0 per cent bonds at 

$2,250,000.00;- the mean annual sinking fund payments at 2 per 

cent,· the operation and maintenance cost at $327,500.00; and 

the gross amount of water served at 12,000 million gallons, -

Operation and Maintenance 

Bond Interest 
4.5% on $1,000,000.00 
5.0% on $2,250,000.00 

Sinking Fund - 2% on $3,250,000.00 

$327,500.00 

45,000.00 
112,500.00 

65,000.00 

Replacement, Improvement and Extension Fund 
5 % on Valuation of $7,000,000.00 35Q,OOO,QQ 

Total $900,000.00 

This should work out a rate of about $0:075 per 

thousand gallons. 
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PRESENT WATER RATES. 

Existing water rates are too low and are inadequate 

to meet the cost of operation and maintenance, bond inte~est 

and sinking fund requirements. These rates are less than half 

the average household rates charged by the average mainland 

city of equal or larger population than Honolulu, (See Ex

hibit XI). 

PROPOSED METHOD FOi FIXING BATES. 

First of all, as frequently and persistently mentioned 

in this report, every privilege should be metered at the ear

lies~ possible date, and in addition to the consumption charge, 

either a flat meter charg~, based on the size or capacity of the 

meter, or a "fixed service charge" made. Should the flat meter 

charge be adopted, the rate should be ample to cover mainte

nance, reading, testing and renewal when the meter is worn out. 

In some cities this meter charge is absorbed in a 

"fixed service charge", with an additional consumption charge. 

"The fixed service charge" covers the cost of service and does 

not vary as the amount of water consumed, but as a constant 

charge comprising two elements of cost, - namely, the capacity 

or readiness to serve cost and the consumer's cost. The capa

city or readiness to serve cost is the cost of labor, material 

and interest appurtenant to that part of the plant which is 

idle when the norma.l demand exists, but which is held in readi~ 
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ness to supply the maximum demand. The consumer's charge cover' 

the cost of reading meters, etc. and varies but little." The 

"capacity or readiness to serve" charge for each privilege is 

also based on the max imum capacity 0 f the se rv ice meter. "This 

fixed service charge is made whether the consumer has used water 

or not as the water plant must be held in readiness at all times 

to deliver his maximum demand". (For full discussion on this 

subject, see an article entitled "Economic Aspect of Water Work. 

Management", by V. Bernard Siems, Associate Civil Engineer, 

Water Works Dept., Baltimore, Md., on pages 89 to 92 inclusive, 

of the January 10, 1923 number of "Engineering and Contracting". 

~uotations above are taken 'from this article.) 

The "fixed service" charge is undoubtedly the most 

j uat and reasonable achemeF,yet dev ised and should be adopted 

by Honolulu. 

After the "fixed service" charge, the consumer should 

be charged according to the water, delivered to him. With an 

abundance of water there should be a downward sliding scale as 

the quantity of water used increases, but at the present time, 

with the existing t~ndency to waste water, it is believed that 

all consume rs should pay the same rate per thousand ga lIons, ex

cept shipping which should pay adequate increased rates,to cover 

additional service required. 

The Water Works Department should also be relieved of 

its present burden of expense due to maintenance and opera-
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tion of that "'part of the Nuuanu gravity supply used entirely 

to develop electricity and also of the bond interest and sink

ing fund payments due on this portion of the system. It should 

a1s0 be reimbursed in some way for fire protection service, -

for the additional bond intere_st and sinking fund charges it 

has to pay because of the fact that the system and water supply 

facilities have to be much greater to provide proper fire pro

tect~on than for all other purposes and also for the purchase 
. 

and maintenance of fire hydrants. The Water Works Department 

of the City of Baltimore received a flat annual payment of 

$40,00 per hydrant for fire protection service. 

SERVICE ZONES. 

Water service zones should be created and service 

limited to these areas. The present tendency of citizens 

building up small residence districts in remote places and 

upper val~eys. far from existing water supply facilities, and 
t 

then demanding service is unfair to the Wat~r Department and 

tax paye rs •. 

These zones should include only such areas as are 

sufficiently settled to make adequate returns ft3r the capita 1 

outlay and service required without plaCing unfair burdens 

a~@a the balance of the system. 
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PART SEVEN. 

RECQMMENDATI01iS FOR PERIOD 192;3 - 1925, and ESTIMATES OF COST. 

(For complete data see pages 88 

Fund. Required 1923 to 1925 

Fund8 Available 

Additional Funds Required 

to 94 ). 

EESUME. 

$2,250,000.00 

.750.000.00 

$1,500,000.00 



PART VII. 

liECOW.,mNDATI ONS. 

It i8 recommended that the following changes and 

improvements be made .in the period 1923 to 1925. These are all . 
most urgently needed at the present time but, most important of 

all, is some immediate definite action required to stop the ex

isting waste and leakage from the artesian basins. Next in im-
f 

portance is the necessity for completely metering all privileges. 

1. ARTESIAN BUPFLY. 

Ask the 1923 Territorial Legislature to pass an Act 

authorizing the City and County to:-

(a) Condemn and acquire every existing well between 

.the western boundary of Wailupe and the eastern bound

ary of ~"ort Shafter military reserv~tion, and to pro

hibit drilling of new wells within this area by 

private corporation or person; or 

(b) Condemn and acquire all wells known to be leaking, 

or in bad condition, or abandoned by their owners; to 

regulate tl:.e flow from other existing wells; and to 

prohibit the drilling of new wells, - all in the area 

specified in the above sub-paragraph (a); - or 

(0) Prohibit drilling of new wells in this area. 
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In case the Territory fails to provide some remedial 

measure to stop the present waste, or to provide funds 

for the investigation and enforcement of the existing law, 

the City and County should take over this responsibility 

insofar as the area outlined above is concerned. 

II. ARTESIAN WELlB REQUIRED. 

Each pumping plant to be equipped with one l2-inch 

artesian well for each 2.0 million gallons of water pumped 

from this source. All wells should be at least 50 feet 

apart. There should be drilled within the next year the 

following wells to augment the eXisting wells: 

Kalihl Pumping Plant - 4 12-inch wells. 

(Now has 3 l2-inch wells 23 years old.) 

Beretania Pumping Plfmt -4 l2-inch wells. 

(Now has 2 10-inch wells drilled in 1895. prob
ably in bad condition, and 2 l2-inch wells 
drilled in 1909. ) 

Kaimuki Pumping Plant -3 l2-inch wells. 

(Now has 2 l2-inch wells drilled in 1895, prob
ably in bad condition. and 2 l2-inch wells 
drilled in 1912. ) 

III. METEES. 

Install meters on all privileges. 

I V • lJI ST HI BUTl ON SYSTEM. 

Prepare base plan to serve estimated demands 40 to 50 
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years hence and make all replacements and permanent ex

tensions in accordance therewith. Prepare this plan only 

for those portions of the city ~here the street lines and 

grades have been established by ordinance. 

V. TUNNErs. 

Complete tunnels now -started in Kalih1, Makiki and 

Palolo Valleys and drive additional tunnels in east side of 

Nuuanu and Palolo Valleys and in upper Manoa and Pauoa 

Valleys. 

VI • 1!UMPING PLANTS. 

Adopt for regular pumping service, standard steam 

pumping units consisting of vertical triple expansion 

steam pumps, each capable of delivering-7.5 M.G.D., 

against a' head of 300 feet and install one each (with nec

essary new boilers) at Kalihi, Beretania and Kalmuki pump

ing plants, scrapping one old horizontal cross compound 

type steam pump-at each of the two last named plants. 

Adopt for intermittent boosting service, standard 

electric motor driven centrifugal pumps, . each capable of 

delivering 5.0 M.G.D. against a head of 240 feet. In

stallone each of these units (with small pump house) at 

~he existing Punchbowl reservoir (~o boost Beretania 

pumped water to the proposed new 6 million gallon reservoir 
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to be located back of Punchbowl crater) and one at the ex

isting Rocky Hill reservoir (to boost Wilder Avenue pumped 

water to the proposed new 1.5 million gallon reservoir to 

be located on the lower slop~ of Round Top). 

Connect the Beretania bo~ster pump to the proposed 

6 million gallon reservoir with an 18-inch cast iron pipe 

line. 

Connect the Rocky Hill booster pump to the proposed 

1.5 million gallon reservoir with a IE-inch cast iron pipe 

line. 

VII. RESERVOIRS. 

Construct the proposed 6 million gallon reservoir back 

of Punchbowl crater and connect same to existing 18-inch 

line at Judd street with a new 18-inch cast iron pipe line. 

Construct a new 1.5 million gallon concrete reser

voir on lower slopes of Round Top, to serve Manoa and Ma

kiki districts, and connect same with existing Makiki 

booster pumping plant with a 12-inch cast iron pipe line. 

VIII. WATER SERVI CllJ ZONES. 

Establish water service zones and limit service 

thereto. 

IX. WATER RATER. 

Immediately raise all water rates 50 percent until a 
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new water rate schedule based on "fixed service" and "con

sumption" service can be worked up. This new schedule to 

be high enough to provide for: 

1. Operation and Maintenance; 

2. Bond Interest and Sinking Fund Payments; 

3. Replacement, Extension and Improvement Fund. 

Qbargc all privileges except shipping the same rate. 

x. DISCHARGE RECORDS. 

Install on all tunnel outlets, springs and other 

possible .sources of supply, continuous record measuring 

devices and maintain same for at least 5 years before In

stalling permanent pipe lines. Enter into agreement with 

the local office of the U.S. Geological Survey to operate 

and maintain these devices. 

XI. INSPECTION DIVISION. 

Organize an inspection d~vision to make regular month

ly house to house and main inspections, to locate and re-

pair leaks, broken pipe, etc. 

XII • PERSommL~ 

Increase engineering and cost accounting personnel 

. to properly provide ·for invest igat ions, surveys, plans, 

speCifIcations, contracts, inspection, inventories, and 

cost accounting. 
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L. 

FONDS REQ,UlRED FOR PERIOD 1923 to 1925. 

METERS, 

15,000 Meters 5/8" to 1-1/2" at 
average price or $15.00 

15,000 Meter Boxes at $2.50 

Installing Meters and Boxes -
15,000 at $6.00 

Total 

$225,000.00 

37,500.00 

90,OOO.PO 
$352,500.00 

II. ARTESINl WELLS. 

11 Wells - 5,200 rt at $9.00 47,000.00 

I II. PImpING EQlIIPMENT ANn ACCESSQRIES. 

3 Standard Steam Pumping Units 
(with boilers, etc.) 540,000.00 

2 Standard Electric Pumps and 
Shelters -18,000.00 

Pipe Lines, hooster plants to 
Reservoirs -
6000 ft 18" C.I~ Pipe in 
place at $12.50 75,000.00 
2000 ft 12" C.I. Pipe in 
place at $7.50 Ip,QOO,QO 

Total 648,000.00 

IV. RESERVOIRS. 

1 6 million gallon Reservoir $225,000.00 

1 1.5 n n " 
5,000 ft 18» C.I. Pipe in place 

at $12.50 -
1,800 ft 12" C.I. Pipe in place 

at $7;50 
Total 
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62,500.00 

13,5QO,OQ 
361,000.00 



V. TUNNEL WORK AND TEMPORARY PIPE LINES. 150tOOO~00 

VI.DiSTRIBUTION SYgTEY AND NEW FIRE HYDRANTS 500,000.00 

VllI. EtiGINEEIUiiG. INSPEC'L'ION AND COST ACCOUNTING. 90,000. (J) 

VIII. QOljTINGENCIES AND IUCIDENTALS. L01,500.00 

Total $ 2,250,000.00 
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Honolulu, T. H. February 28, '1923. 

, " 
Uri G. K. Larrison, 
HO,nolulu, T. H. 

I 

Dear Sir:-

/ Referr ing to your verbal request we are pleased to 
give you the following information regarding the cost of in
s,talling and operating steam driven and electrical driven 
pumping machinery. 

As a basis for this comparison we have, at your 
suggestion, considered units having a capacity of seven wrl 
a half million gallons per day against a head of 300 meet. 
For these conditions we have made estimates covering Vertical 
Triple Expansion steam driven pumping engine and electrical 
driven centrifugal pumps.--

The Vertical Triple Expansion pumping engine having 
a capacity of seven and a half million gallons per day against 
a head of 300 feet, would cost approximately at the present .,/>,~ 
dny prices $160,000, delivered and erected. The necessary 
boilers to operate this 'pump would cost in place about $8,000. 
The motor driven centrifugal pump for the same conditions in
cluding the necessary electrical equipment would cost about 
$15,000 in place. 

The Committee on Depreciation of the American Water 
Works Association in its final report, gives the following 
values for the life of various types of equipment: 

High duty pumping machinery large units 

Pumping machinery, centrifugal pumps not 
geared -

35 to 60 years 

20 to 30 year 8 

Boilers 15 to 30 years 
Using the minimum values and allowing six per cent 

interest rate, a life of 35 years would require an annuity of 
0.9 per cent. A life of 20 years would require an annuity of 
2.72 per cent and a life of 15 years, an annuity of 4.3 per 
cent. 

Exm BI T XI. 
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Assuming that the maintenance repairs and supplies 
for each type of pumping machine would be two per cent, and for 
the boilers five per cent, the total charge against each type 
would therefore be for the V.T.E. 8.9 per cent, centrifugal 
10.7 per cent, and boilers 15.3 per cent. 

The V.T.E. type of pumping engine is an extremely 
economical unit and would require approximately only 9900 bar
rele of oil per year, on the assumption of cant inuous opera
tion 24 hours per day, 365 days in the year. Assuming the 
cost of fuel all to be S2.00 per ba.rrel, the total cost of 
fuel per year would be $19,800 • .. 

It is our understandil~ that you are contemplating 
recommending some type of pumping machinery which would be 
the standard for all municipal pumping stations and under 
theQe circUMstances the above assumption is justified. Had 
you been considering a single pump installation, it might be 
necessary to take into account the percentage of time during 
which the pump was in operation. 

A motor driven centr'ifugal pump for the same condi
tio~s operating with a pump efficiency of 82 per cent and a 
motor efficiency of 92 per cent would require 3,440,000 K.W. 
hours per year. Taking the cost of current of 1.3 ¢ per ~.W. 
hour this would give a figure of $55,000 for the cost of 
curr-ent. 

It is a little cUfficult to e.stimate the cost of 
attendance,which would undoubtedly be somewhat greater with 
the steam driven type than wi th the e.lectrical driven. It ia 
manifestly wrong to base atten(lance charges on hav ing fu~l 
crews to operate a single pump. We have therefore assu~ed 
that the amount chargeable to each type for attendance would 
be for the V.T.E. $8,000 per year, and for the centrifugal 
pump:<. i5, 000 pe r year. 

Combining the above items of expense for each type, 
would make up the toual yearly charge. We find that for the 
V. T. E. unit thi s would amount to about $43,260 and fa r the 
motor driven centrifugal about $61,600. It is therefore evi
dent that there would be a saving in favor of the steam 
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driven type of $18,340 per year. Capitalized at the yearly 
charge assumed above for the steam driven equipment, this 
would justify an additional expenditure of about $200,000. In 
other words you could more than double the price paid for this 
type of equipment and still pump water more cheaply. 

The cost of pumping based on the above figures 
would be $15.80 per million gallons pumped for the steam driven 
type compared with $22.50 for the electrical type. Another way 
of expressing it would be that with oil at $2. 00 per barre 1 
the electric current would have to be purchased ·at about Ii, per 
K.W. hour to break even. 

All of our figures above are slide rule calcula
tions and are thE;refore not exact. 

There are of course other considerations in making 
a selection of a type of pumping equipment than mere cost of 
installation and operation. The V.T.E. type of machine ha. 
great flexibility. It will operate over a wide range of heed 
a.od capacity a·t very nearly maximum economy, the reduction in 
efficiency from full load down to one-half capacity, being not 
more than five or six per cent. 

A motor driven centrifugal pump is essentially a 
constant capacity machine and variations' in either head or 
capacity can only be obtained at considerable sacrifice in 
efficiency. 

A. regards the reliability of the steam driven type, 
we refer you to the records of the V.T.E. pumping engine 
which has been in operation at your Kalihi station for over 
20 years. We are giving you Ofl the attached sheet the names 
of 30 large ctities in the United States which have installed 
the V. T. E. type of pumping engine. We are also giving Y0ti a 
list of45 smaller cities where the demand was not sufficient 
to justify a V.T.E. unit, and where horizontal cross compound 
steam driven units are being used. We do not know any large 
city in the United States which uses electricity for pumpl,ng 
its main water supply. 

''\, 
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In many of these cities the motor driven pumps may 
be used for booster stations, or for pumping water to filters, 
or some similar purpose where the other type is not suitable. 
A motor drivon centrifugal pump suitable for pumping 5 million 
gallons per day against a head of 240 feet, would cost approx
imately tlO.OOO install.ed. Pumps of this type would be usea to 
advant~ge in pUmping from ~ reservoir to higher levels in 
Honolulu. 

Many cities in the Untttd StRtes have gone very thor
oughly into the question of the type of pumping equipment to 
use: In some cases the price of electric eurrent was AO low 
that it at first seemed that this type would be"justified. We 
have here copies of many of the reports made by experts for 
theBe Cities, and some of them are very complete in all their 
details and represent an extensive and unbiased opinion. The 
few l~rge cities which Lave tried the electric type, have so 
£9.r as we know, a.ll gone back to steam. 

We trust tllat the foregoing analysis is whitt you de
sire bu.t will be very glad to give you any other information 
which we have available. 

Very truly yonrs t 

waG: Ell (Signed) Wm. H. Getz 

l":ERCHANDISE DEPARThlENT 

----- ---- .. ---- ---------



Pg. 5 
G.K.L. 

Louisville, Ky. 
Milwaukee, VIIs. 
Cleve land, O. 
Grand H-.,plc.s, Ulch. 
Phillipsburg, N. J. 
Springfield, C. 
Peoria, Ill. 
Toledo, O. 
Pittsburg, P",. 
KRUSkH City, 110. 
Lowell, Mass. 
Whee lin.g, ',,/. Va. 
S~ Antonio, Tex. 
Na9hville, Tenn. 
Washington, D' C. 

CITIES USINQ VeT.Ee PUMPIN~ 
EljGI!IES 

-- .. ... .. - .. - .. 

Chic a.go, Ill. 
Bal t imore, Md. 
New Orleans, La. 
Newport, R. I. 
Terra Haute, Ind. 
Toronto, Ont. 
Reading, Pat 
Omaha, U~b. 
Alleghany, Pat 
Boston, IJiCl.SS. 
netro it, Mioh. 
st. Louis, Mo. 
St. Pau.l, Minn. 

. St. Palll, l.?inn. 
Albany, N'. Yo 

01 TIES USI113 HQfiIZQUTAI .. ChQS~ C CMPQUND STEAM DRIV7.N PUUpING 
ENGINES. 

IndiarJ.~.polis,. Ind. 
Michigan Cltyql Ind. 
Bellefontaine, 0. 
Mii..dlson, Wis. 
Pe ab ody, 11-.83. 
Ttllsa., Okla. 
Ashtabula, O. 
Lorain, O. 
Allentown, Pat 
Jacksonville, Jla. 
Kansas City, Ras. 
Ne'lVton, Iowa 
Sheboygan, Wis. 
DIJ.rha}], Ii. C. 
Kenosha., Wis. 
Marshalltown, La. 
N. Tonawanda, N.Y. 
Cedar Rapids, la. 
Woodbury, N. J. 
Perth Amboy, N.J. 

Marlborough, Ma~s. 
Fremont, Neb. 
Iowa City, la. 
Escanaba •. Ulch. 
Bay Cit y, Mich. 
La Crosse, ·,ns. 
Los Angeles, C~lif. 
Topeka, Kas. 
Winfield, Kas. 
'.';aoo, (lexas 
S. Bend, lnd. 
Independence, K~s. 
M~son City, la. 
Temple, Tex. 
La Porte, Ind. 
Fargo, N.D. 
Oskaloosa ... la.. 
Logansport t Ind. 
Montclair, N. J. 
New Haven, Conn. 



WATER SUPPLY STATISTICS. 

Tabulation of Data frQm over 1,000 Cities 
in the Unites States and Canada. 

Alabama 
ArizQna 
Arkansas 
California 
Colorado 
Connecticut 
Deleware 

Average Highest 
Meter Rate Per 
1,000 gallQns 

.313 

.9?5 
.4?5. 
.244 
.205 
.286 

Dist. of Columbia 
Florida 

.10 

.10 

.34? 
Georgia 
Idaho 
Illinois 
Indi&.na 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Marylani 
Massachusetts 
Miehigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 

.259 

.409 

.304 

.229 

.406 

.328 

.288 

.291 

.296 

.215 

.396 

.235 

.33? 

.35 

.45? 

.4?6 

.312 

.433 

.256 

.33? 

.30 

.330 

.3?2 

.455 

.3?2 

.469 

.28? 

Average Best 
Commercial Rate 
per 1,000 ials. 

.140 

.295 
.168 
.15 
.?3 
.105 
.186 
.06? 
.116 
.151 
.119 
.13 
.092 
.1?5 
.11 
.159 
.094 
.118 
.135 
.1?5 
.10? 
.1?4 
.162 
.231 
.09 
.142 
.245 
.082 
.216 
.10 
.123 
.158 
.168 
.154 
.138 
• 126 

EXHIBIT XII. 

Average 
Yearly 
MinimUM 
12.33 
20.00 
11.83 
11.68 
15.02 
8.44 

1 0.00 
10.00 
·9.00 
10.10 
16.40 
6.26 
?29 
6.95 
?51 

11.32 
8.?0 

1?66 
?66 
8.58 
6.03 
6.14 

12.43 
?3? 
8.25 
?03 

12.00 
9.54 
8.?1 

24.00 
? .39 
8.52 
4.20 
?30 
9.90 

11.?3 . 



Average Highest Average Best Average 
Meter RRte Per Commercial Yearly 
1,OOOgallone Rate per Minimum 

1,000 gals. 

Pennsylvania .295 .114 10.12 
Rb.ade Island .33 ·.174 15.00 
South Ca.rolina. .335 .• 135 10~32 
South Di.kota .354 .142 7.S7 
Tennessee .272 .122 9.68 
Texa.s .491 .22 10.10 
Utah .073 .06 5.00 
Vermont .253 .81 5.70 
Virginia .191 .077 10.42 
WaShington .524 .219 12.41 
West Virginia .294 .084 9.60 
Wisconsin .262 .092 6.35 

" Wyoming .70 .217 ·15.00 
Canada .274 .106 9.70 

Average .• 338t .168t $10.09 

Honolulu .10¢, .05¢' 6.00 

., 
.'1 \ 
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