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To His Honor the Mayor and Members
of the Board of Supervisors of the
City and County of Honolulu, T. R.

Gentlemen:

,--, ---------------;--

I \)

In accordance with a communication from the local chapter of

the American Association of Engineers, addressed to the Honorable

Mayor and Board of Superv isors, City and County 0 f HO!-'lOlulu, 0 f which

the following is a copy:

Com. No. 3674
Honolulu, Hawaii, September Ie, 1922.

The Hon. Mayor and
Board of Supervisors,
City and County of Honolulu,
Honolulu, T.Il.

Gentlemen:

Recognizing the imperative neen for a comprehensive plan
for the development of an adequate Water Supply System for the
City of Honolulu, the local Chapter of the American Association of
Engineers, after mature deliberation, respectfully requests that
the Mayor and Board of Supervisors

(1) Appropriate the necessary funds and authorize the
Manager of the Water and Sewer Departments to employ a competent
hydraulic engineer familiar with local conditions who shall, with
such additional help as may be required, compile and brief all
existing reports and other data pertaining to the Honolulu Water
Supply; and

(2) Direct the Manager of the Water and Sewer Departments
to prepare and submit to your Board not later than January 1, 1923,
a report containing a comprehensive plan or program for' future water
development recommended by him and containing also all briefs and
computations upon which such plan or program is based.

This Association will be pleased to review the report and
plans of the General Manager and submit its recommendations or
cooperate in any other way that the Board of Supervisors may desire •

\
'~

,
.,.

Respectfully,

T. J. McGrath,
President, Honolulu Chapter,

A. A. E.

I"","""
The appointment of an engineer as requested was somewhat

delayed, but in due time, with the approval of the Board, an appro-

priation of $1000.00 was made and became available on the 3rd of

January, 1923. In selecting an engineer for this work, I wished to
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REPORT ON FUTURE WATBR SUPPLY FOR THE CITY OF HONOLULU

There seems to be a difference of opinion from variou3 sources

on the question of the future growth of the city of Honolulu. As this

is one of the first questions to settle, I have gone into the matter

qUite thoroughly. The following tabulation of cities in the United

states and various parts of the world showing popUlation per square

mile of area, popultition per acre, percentage of growth, etc. will

show my reason for deciding on a population of not over 250,000 fifty

years hence •. I hove taken the years 1910-1920 in each comparison and

the results are very interesting •
•

From a carefUl study of the popUlation of cities tabUlated, I

have figured the popUlation of the city of Honolulu to be in 1973 as

follows:

1920

83,327
52,183

1910

52,183

1923

95,000

31,144,;10:::3,114, 1 yr, :x50 - 155,700
250,700

Allowing a density of population of 15 per sere, (which

Increase in 10 years,

is very high) to accommodate a popUlation of 250,000 would require an

area of 27.6 square miles, or 16,795 acres.

The total area of Oahu is 600 square miles, or 384,000

acres, and the total popUlation in 1920 was 123,946, or approximately

one person to each 3.1 acres. A popUlation of 250,000 on the island

of Oahu would be one person to each 1.53 acres.

Population of the Territory of Hawaii, 1920-1910

Maui 1920 36,083
1910 28,625

Increase~mr29.5~

64,893
55,382

9,513, 17.150

Hawaii 1920
1910

Increase

123,946
81,993
41,953, 51.15;~

Oahu 1920
1910

Increase

Kauai 1920
1910

Increase

29,438
23,952

5,486,

Molokai 1920 1,784
4 1910 1,791

22.9~ Decrease 7
Total popUlation in group 1920,

1910
Increase

255,912
191,909

64,003, 33%

64,003~10=6400 x 50 ~ 320,000 x population 1920, 255,912~ 575,912
Total area, 3,935,680-93.6 per sq. mile or one person to each 6.83 acres



lutEA3 011' CITIES .?RO?ER

1920
Population

City Area in Acres PopUlation per acre

New York 191,360 5,620,048 29.5

Baltimore 50,566 733,826 14.5

Boston 27,870 748,060 26.9

Chicago 123,382 2,701,705 22.0

Detroit 49,839 993,678 20.0

Los Angeles 334,037 576,670 2.5

.Philadelphia 81,920 1,823,779 22.0

Pittsburgh 25,517 588,343 22.0

st. JJouis 30,040 772,897 25.7

San Francisco 26,880 506,676 18.8

Oakland 29,248 216,261 7.3

Average - 19.3 per acre

The resistration city of London coincides in area

with the municipal hud pe.rliamentary city of London. It contain:!!

675 acres and in 1921 it had a night population of 17,706, or 20.3

to the acre.

The resistration county of London coincides in area

with the administrative county of London. It contains 74,816 acres

and in 1921 it held a popUlation of 4,483,249, or 60 per acre.

The area of the so-called greater London, comprising

the registration county of London and the outer ring, is about

693 square miles (443,449 acres.) In 1921 its population was

7,468,168, or 16 per acre.

Av. pop. per sq. mile of Greater London-l0,789~443,449acres~16 per acre

New York -17,841-751,887 acres=15.2 per acre



POPULATION OF CITIES AND SUBURBS (1910-1920)

SHOWING PERCENTAGE OF GROWTH.

Percentage:Popu1ation:Popu1ation: Area Acres:Popu1ation ..
· Increase · 1 9 1 0 · 1 9 2 0 1 9 2 0 :Per Acre 1920:• · ·

Baltimore · 18.6% 663,810 · 787,458 244,160 3.6 .· · •
New York 20.5% :6,566,859 :7,910,415 · 751,887 15.2•
Boston · 15.7% :1,531,138 : 1,772, 254 365,073 4.9·Chicago · 29.4% : 2,455,942 : 4178, 924 469,569 6.8•
Detroit 126.6% 514,086 : 1,165, 153 175,253 6.6
Los Angeles · 89.1% : 464,841 · 879,008 831,605 1.0• ·Philadelphia · 21.4% :1,983,306 : ?407, 234 · 483,439 . 5.0• · •
Pittsburgh · 16.9% : 1,033,052 : 1~07, 514 · 422,040 2.8• ·St. Louis · 14.9% · 828,733 920,012 197,757 4.8· ·S.:B'. and Oakland: 29.8% · 686,873 · 891,477 286,501 3.1· ·Honolulu · 60,0% 52,183 83,327 12,559 6.6·Oahu : 50.0% 81,993 123,496 384,000 3.1 ,· -,·



Country Population

England 35.678,320

Belgium 7.684,272

United states 105,.710.,.620

United Kindgom 43,307,601

France 30,402.800

Japan(Empire) 77,105,112

Oahu 123,496

1 9 2 0

Popylation
Per sQ.rnile

701.31

670.0

36.0

389.0

185.3

295.3

208.6

Acreage
Per person

1.1

1.0

18.0

1.6

3.4

2.1

3.1

(.

15.3
Hawaii,t Maui, Oahu,
,Kaui, Molokai .256,,000

area. 0 f. the

420;0
I,

In comparing Oahu ,wi th the' above co I1ntrie s,; the
island has been used, and the, population as of 1920.

-A... ~,~
v

.
total

DailyConsumpti On Includ in~ "Probable Present
Water llfU" Capi'ta Shipping Consumption Capacity

25.6M.G.. 28.5 M.G. 21.. 8 M.G•. 46.4 MG
~r
1923

1927

1931

1935

1939

1943

1947

1951

1955

1959

1963

19f~

19~1

Estimated
Population

95,000

107,400

119,800

132,200

144,600

157,000

169,400

181,800

194,200

206,600 .

219,000

231,400

243.800

36.1

39.5

46.2

49.6

53.0

56.4

59.9

63.1

66.3

32.2

43.4

47.1

50.8

54.5

58.2

61.9

65.7

69.4

73.1

24.7

27.5

30.4

32.2

36.1

39.0

41.8

44.6

47.5

50.3

53.2

56.1

1973 250,000 68.1 75.0 57.5
~ Estimated consumption, 1923, 273 gallons per capita.

Note the reason for figuring the per capita consumption
daily at 300 gallons is to take care of the increased
shipping to supply the demand and need of a population
of 250,000, or the percentage of increase from 1923-73.

Possible consumption if meters were installed.

Total amount of water available daily, pump and mauka
water.



x
Basis of figures, report of F. H. Newell to
Congress, 1909.

xx
Percentages figured on totals.
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ARTESIAN WATER

The artesian basin on the island of Oahu is

the most wonderful in the world, end can pro0uce more water

per square mile than any other known. The mere fact that we have

this wonderful supply of art~sian water is no reason why it should

be wasted, as is now being done, through leaky wells, wells run-

ning wild (allowed to flow without regulation), without consideration

for the amour~t requireo for irrigation or other purposes.

The artesian basins (4) between Diamond Head and

Red Hill are now producing, not including leaks or underground

waste, approximately 50.0 M.G. daily. The Honolulu Water Works

Department is pumping 19.0.M.G. daily and supplies the entire

lower levels of the city to an average hei~~ of 150 feet with

water for domestic purposes, irrigation, shipping, etc. The

question now is what is being done with the remaining 31.0 M.G.

daily. Is it being used in a judicious manner, or is it being

wasted? This should be investigated and a remedy applieo immediately.

Through tl1e efforts and recommendation of the local

chapter of the American Association of Engineers and the superin­

tendent of Hydrography, Division of Hydrography, Territory of

Hawaii, House Bill No. 380, An Act to Amend Act 156 of the Session

Laws of 1917, relating to the use of water from artesian wells,

was introduced April 10, 1923, by R. A. Y.itousek. Should this

bill become law, the question of wasting artesian water will soon

be solved, and the proper remedies applied to restrict and pre­

vent any future waste. The Water Works Department believes the

Artesian Basin should be conserved for the future uses and

benefit of the city, as well as the present. This will be fur­

ther discussed in connection with the development of water in the

several valleys back of the city.

The following exhibits show conclusively that the

artesian head is diminishing and the probable reason or cause.



Also the amount of water pumped by the Honolulu Water Works,

1916, and of flowing wells used for irrigation by private

parties. Also showing the amount of water pumped on the

island of Oahu.

See EXhibits, #1 & 2.

•



SEC'fION FHC,M DIAMOND HEAD TO RED HILL.
1_9_1_6

Flowing wells 36.0 M.G. daily
Fort Shafter (P) 0.8
Oahu College (P) 1.3
City Water Works (P) 12.3

Total- 50.4 M.G. daily
Total Island-Water Pumped

1_9_1_6

City Water Works
Ewa Plant
Honolulu Plant
Oahu Sugar Go.
Waialua Sugar Co.
Kahuku Plant
Waianae Plant
Waimanalo Plant
Fort Shafter
Oahu College

12.3 M.G.D. (1922-l9.0M.G.D.)
53.0
40.0
47.0
24.0
10.5

no record
no record

0.8
1.3

Total - 188.9 ~.G.D.

Flowing wells, Diamond
Head to Red Hill,

Ewa District (approximately)
Waialua District,

Total from artesian basin

36.0
25.0
9.0

- 258 9 9 M.G.D. approximately

You will note that the increase in pumping by
Water Works Department was 6.7 M.G.D. from 1916 to 1922, or an in­
crease of 1.1 M.G.D. per year.

With the proper conservation of the artesian

supply and the present rate of increase in demand on the Water Works

Department, the artesian basin would supply all demands up to and

including 1940. The Water Works Department would then be drawing

approximately 40.0 M.G.D. Personally I have no fear of the artesian

basin not being able to supply all needs of a city of 250,000, with

the assistance of water developed in the. valleys back of the city.

The following shows a most remarkable record

of the Ewa Plantation

Pump Station - No. 1
No. 2
No.3
No. 5
No. 7
No.lO

artesian basin:
~ ~ l~~ Difference

1890 31.0 26.3 -4.7
1910 23.1 22.5 -0.6
1902 25.7 28.9 +3.2
1902 22.1 22.5 ~0.4

1902 26.3 24.9 -1.4
1909 16.7 15.6 -1.1

Yearly
Average
-0.18
-0.04
effi.25
+0.03
-0.10
-0.16

The total amount pumped daily was 53.0 M.G.
(average)

• • • • • • • 0 • • • • 0



PIHE lITDRA.Hj?S, AHD WATER Iii RESERVE FOR FIRE .2ROTEOTICU

The fire hydrants in the central section of the City are

located within 250 feet of each other, and supplied with water from

the Xalihi ?umping Station - 10.0 - M.G.D. capacity, with a storage

capacity of 3.0 - M.G. in the Kalihi Reservoir, Beretania Pumping

station with a pumping capacity of 10.5 M.G.D. and a storage capacity

of 1.5 M.G. in Punchbowl Reservoir:

Nuuanu Valley with 5.0 - M.G.D. from tunnel supply, and a reserve

of approximately 40.0 - M.G. stored in open reservoirs to be used

in c~se of necessity. This department fells that it has more water

for fire protection, and can deliver to the oongested sections of the

City faster than the Fire Department oan use it. The Fire Department

has a pumping cE.pacity of approximc.tely 4,800- gallons per minute,

or LPFroximately 7.0 - in 24 hours.

The City of llonol Iu is slightly different from u city on

the mainlhnd where bUildings ::.;.:ce from t\Jelve to fifteen stories high.

It ID::.;.y be interesting to J;:nOTiJ th:......t the Oi t;; of San Pr;:;.nci 3CO h<::cs u dtd-

ly cap<::ccity of----36,OOO,OOO U.G.

In the outer sections of the City of Honolulu, the fire

hydrants are spaoed from 250 to 500 feet apart, Gnd installed on m~ins

not smaller th2.Ln 6 inches in size. I I1ight sh"te that this hES been

the problem of the Department since August, 1919. Prior to that date,

fire hydrants were installed on 4 inch mains which was a mistake. The

DepCirtment hti8 replaced many Sy%ll L5.ins with 6Jr
, 8 ff and 12 f1 since

1919, and installed fire hydrants. (See mup showing water mains which

was a mistake and fire hydrants; Exhibit B.) All fire hydrants are

tested bJ the Fire Depal'tment. ~7hen repairs are neeuerl, this Def.....rt-

ment is notified, and repairs are made as soon as ~ossible.

\



PRESSURE 01I WATER I1ALTS DURIUG FIRES:

The average pressure on w~ter mains in the central p&rt of

the Oity is 35 ~ounds. During fires, the pressure is raised to

~pproxiuately 60 pounds. This is in sections of the city covered by

the pumping ~lants. A gravity system fron lluuanu Valley has pressures

varying from 140 pounds to 40 pounds acoording to locations. The

fOllowing is a tabulation of a few cities in the United states showing

normal pressure on w~ter mains, and ~ressure during fires:



I~

FlEE PRESSURE 1

Commercial
pistrict

40 - 60

Pressure
Increased for Fire
10 lbs; on special
call above 10 lbs
none
none
none
none
none
none
none
1 0 lbs rarely
none
15 lbs
none
none
none
none
none
none
50 lbs.
30 lbs.
50 lbs.
50 lbs.
none
none
none
none
none
none
none
none
40 lbs. rarely
5 - 10 lbs.
none
15 lbs. rarely
none
15 - 25 lbs.
none
none
none
4 lbs.
none
55 lbs.
none
none
none

40
30 - 50

35
35 -40

25
40

35 .. 40
49
30
50

28 - 30
30
65

50 .. 65
40
57
45
42
45
45

30 - 65
40

55 .. 60
25 - 45
25 - 50
30 - 70

-40
-55

60 .. 65
30
60
25
60
60
40
45
40
52
35

45 - 50
32

30 - 50
34 - 57

Normal Pressure-Pounds
per square inch

Residential
district

60

40
50
35

35 .. 40
30
50

35 - 40
57
65
55

28 - 30
35
65
50
40
38
50
42
45
45
55
60
67

45 - 60
50 - 55
30 - 70

40
50

65 - 70
30
75
25

30 - 66
20
40
45
50
52

35 - 40
45 - 50

40
30 - 50
32 - 64

.Qi.U
Atlanta, Ga.

Atlantic City, N.J.
Buffalo, N.Y.
Camden, N.J.'
Charleston, S. C.
Chicago, Ill.
Cincinnati, Ohio
Cleveland, Ohio
Columbus, Ohio
Dallas, Texas
Denver, Colorado
Detroit, Michigan
Elizabeth, N.J.
Erie, Pat
Fl int, Mi chigan
Fort Wayne, Ind.
Haverhill, Mass.
Hoboken, N.J.
Indianapolis, Ind.
Jersey City, N.J.
Knoxville, Tenn.
Lancaster, Pa.
Lansing, Mich.
Lawrenc e, Mass.
Macon, Ga.
Milwaukee, Wis.
Newark, N.J.
New Haven, Conn.
New york, N. Y.
Niagara Falls, Ii. Y.
Norfolk, Va.
Oakland, Cal.
Philadelphia, Pa.
Reading, Pat
Richmond, Va.
Sacramento, Cal.
Saginaw, Mich.
st. Louis, Ho.
Savannah, Ga.
Springfield, Ill.
Terre Haute, Ind.
Trenton, N.J.
Washington, D. C.
Wi Imingt on, De 1.

1
Abstract of article by Charles R. Henderson,

Journal of the American Water Works Ass'n., July 1922•
• • • • • • • • • • • • • • • • • o ••••••••



; pressure of 60 POilllds (138) feet will supply all but

very high buildings with & ~tisf~ctor sup~l Ior do~e tic ~ur~oees

without re um~ing ut the uUilding; then, if the o&ins are of the

proper size, the fire de~' rtoent can btain en ugh \a er ~or uny fire

at good pl~essure. Such a pressure is ample for autollit tic sprinklers

and is good enough for small ~ires requiring one or two lines of hose.

Ordinaril-, firemen do not require more than 40 to 45

pounds pressure at the base of the nozzle. Large fires require more

pressure than &Uy ordin&ry wa er or-s c&n s'fely carry, oecause to lay

m'ny lines of ho~e requires some very long lines. ~arge nozzles require

either more than one line of hose to supply them or else high velocities

in the hose line and that re ires hi 11 ~ressure . t the hydrant. ?ower­

ful streams require more than 4G pounds ~t the nozzle.

It .... hould e the duty of the \J Ter de ~ :;:t .lent to furni sh

the water in u ic~eL t qu~ntity at ordinary

good domestic service and all higher pressures r quired should be

rovided by the tire department ueing umpers or fir engines.

In the larger cities, auch s le~ Yor~, ~hil~delphia ~nd

B ltiwore, ni"h ~ressure hydrants su~~ ied _re~sure

m~in~ are uvailable in high value districts und thLt, 0 curse, ic

good pr ctice <.Lnd "i,'i11 doubtl s extend to in ti e.

The Illinois ectio a th

tion, the Indian<... nit· 1'y 'nd h t 1 Supply the IO\I~

rei:>

01l'ai .... ilg

:·e,;..,[;O 1,;_0 (.L d

dvoc tin

eric

Ii

ecti on oJ.: th

~ not t 't d ~oo cr.

~ournal, J'nu ry, 1922, p.138

1 _.. , .601



HYDRANT RENTAlS

Popullition Ownership
City oliYS
fentlil,{

City pays
for water?

Arizonli

Clifton
Florence

4,163 P
M

$2.50 each
per month
$500 per yr

Regular Rates
Fire Dept.

Arkanslis
Ba.tesville 4,299

31,000 peryr
45 hydrants No

Californili

Fullerton
Ladi
Redondo Beach

San Francisco
Ukish

Colorado

4,850
4,913

630,000
2,505

M
14:
P

P
P

Charge tq Fire

Dept. fund No
$6.00 per year $2.50 per mo.
$2,000 per year

for 50; remainder Yes
$1.50 each per mo.
$36.00 each 36i per M
$5.00 each per mo. Yes

Ault

Connecticut

Plainville 4,114 P

$25.00 each

$25.00 each

No

Regular rates

Illinois

Lincoln

Indiana

11,882 P

Pays for fire
protection based
on size of mains No

Newcastle
South Bend

Des Moines
Rock Rapids

Kansas

Manhattan

Kentucky

Barbourville

Maine

Augusta

Massachusetts

14,458
70,983

126,468
2,172

7,989

1,633

14,114

M
AS:

114

P

$40.00 each
$40.00 each

$350.00 per
of pipe

$3,000 year

$30.00 each

$40.00 year

$1,000 year

mi.

Yes
Regular Rates

No
20, per M

No

Yes

No

Natick 10,907
North Attleboro 9,238
Sharon 2,060
Swampscott 8,101
Waltham 30,981

M
M
114
M
M

$10.00 per yr.
i 7,000 year
$ ~,OOO year for all
$ 1,000
$ 5.00

Yes
Yes
pun,oses
Yes
Yes



I ,~



City pays
for Water?

Ontarip

Brockville
St. Catherines
St. Thomas
Stratford
Walkerville

Population Ownership

M
M
M
J4
P

...............

City pays
rental?

'3,000 year
$20.00 each
$8,000 year
$30"00 each
$30.00 year

No
Yes
Yes
No
Part

r;



WATER DELI VERED TO THE CI TY FROM
VARIOUS SOURCES OF SUPPLY, DURING
TEE YEAR 1922.

• • • • • • • • • • • • •

Pump stations, etc. · Area served · Population · Source of supply ·· · • ·(Acre s) ·
Kalihi Pump

•· 2,190 Z7,200 · Artesian Wells• ·Bretania Pump · 2,160 25,000 Artesian Wells•
Nuuanu Valley · 2,180 18,000 · Tunnels• •
Pacific Heights · 135 · 300 · Springs• · ·Makiki · 380 600 · Springs· ·Wilder Ave. Pump 610 · 2,800 Artesian Wells
Kaimuki Pump ·· 3,940 · 11,000 · Artesian Wells
Palolo · · ·· 690 · 800 : Tunnels· ·Total 12.285 85,700

The Makiki Reservoir, which was formerly supplied

with water from the Beretania low lift pump, being he Iped out during

extremely dry periods by the Wilder Avenue pump, is now supplied at the

rate of •••• 800,000 gallons daily by the Nuuanu tunnels, thereby help­

ing the Wilder Avenue and Beretania low lift pumps. The 18" main at

the Beretania pump which is connected to or with the Nuuanu system so

that the Beretania high lift pump can supply water to the Nuuanu system

up to and including Bates Street, is now used to let Nuuanu tunnel

water into the lower levels of the city. The pressure on this line

at the pump with the valve closed is 145 pounds, and with the valve

opened up, the pressure is reduced to 125 pounds; this pressure being

sufficient to supply the Nuuanu system. The concrete reservoir from

which this water is drawn is supplied from the tunnels in Nuuanu

Valley through a 15" cast iron main. The pipe line is running to full

capacity, and water is being wasted mauka, the line being too small

to take the full flow of tunnel water at the present time. In regard

to a larger pipe line, I will deal with later.

(See Exhibit No.3-A)

I"



II

'PRE ESTIMATED POPULATION TO BE SErtVED ViI~HIl'l ariEA l~OW

SPR~D, AND EXTENSIONS THERETO BY PRESENT PUMPING
PLANTS AND 0THER SOURCES ARE TABULATED AS FOLLOWS: (1922)........................

: Acres: Present: M.G. Per Capita: Future: Future
;Population; Daily Consumption; Area . SUpply -.

Kalihi Pump : 2, 190 · 27,000 5.68 . 209 gal. 3,390 :25G,000· .
Beretania Pump:2,160 · 25,000 · 7.23 280 I · 2,160 :population· • ·Nuuanu Valley t.2,180: 18,000 3.40 190 2,680 :15 per acre.

xx Pacific Heights 135: 300 .04 133 .. 135·xx Makiki Springs: (a) 380 : 600 .15 250 880
Wilder Ave.Pump(b)6l0: 2,800 · :J.J20 428 xxx 2,410 ~6,795 A.•
Kaimuki Pump (a)3,940: 11,000 5.45 490 3,940 26.2 Sq.
Palolo Tunnelsfd) 690: 800 .30 377 1,200 Miles.

Total - . 12,285 85,700 23.45 :16,795.

(a) Development should be made in Makiki Valley to eliminate this pump.
(b) Development should be made in Manoa Valley to eliminate this pump.
(c) Development should be extended in Falolo Valley to assist pumps.
(d) Pipe line of sufficient size should be installed to take care of

the present flow of tunnels and prov ide for future deve lopment.
The subject of development work and pipe lines will be taken
up later.

(I) Includes shipping. Shipping taken out approximately 0.5 M.G.
Daily 270 gallons per capita.

(xx)

(xxx)

Booster Pumps.

Pumped into Makiki Reservoir part of the time.

From the above tabulation it is plain to be seen where meters
should fi rst be installed.

In the Palo10 section, water is being sold by meter to farmers
fo r cult ivat ion.

See Exhibit -A.

, • • • • • • • • • • 00. • • • • • • • • • • • • •



The 1922 cost per million gallons of water

pumped by the three large plants, viz: Kalihi, Beretania and

Kaimuki, was $41.30 sub-divided as follows:

Operation Cost 50.0% $20.65

Interest on' Bonds 18.0% 7.43

Sinking Fund 8.3% 3.43

Service Department 9.7% 4.01

Overhead and Engineering 6.0% 2.48

Maintenance & repairs to
pumping plants 3.4% 1.40

Reservoirs 2.0% .83

Tools, Equipment, etc. 2.6% 1.07
100.0% $ 41.30

From the above cost data, the value of the

developed water can be calculated.

(See tabulation of pump costs.)
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FLO OD WATER UPPER MANOA VA LIE Xi
(Proposed tunnels 4 t x 6 1 estimated at

3.0 - M.G. D&ily)

$308,265.00
102,755.00

$160,308.00
26,400.00
3,900.00
9,640.00
5,000.00
7,000.00

75,000.00
J, 500 00

$288,748.00
14,437.00

5,080.00

Tunnels: Length, 8906 ft. @ $18.00
Tunnels: 1320 cu. yds. concrete @ $20.00
Lulumahu stream and ditch excavation, etc.
Concrete lining
Diverting tunnels
Water Rights, etc.
Filtration and chlorination: 3.0 -M.G.
Head work at ditch

Engineering and expenses: 5%
Interest loss during construction

Total cost
Cost of producing 1.0 -~.G.

ANNUAL REVENUE, COST OF QINTENAHCE & RETIREMENT
30 YEARSi

$. 36,828,36
Profit per yr. $ 17,921.64
or .058% per annum

I

x 365
$54,750.00

Receipts:
Sale 0 f Water:

~10,950.00 3.0 - M.G.D.
x $50.00

Disbllrsements:
FiIt rat ion:
3.0 M.G.D. x 365 x $10.00
Ch10 ri nat ion:
3.0 - M.G.D. x 365 x $1.25 l,368.75
Patrol & Repairs; $300.00 P.Mo. 3,600.00
Interest; $308,265.00 @ 5% 15,413.25
Sinking Fund @ 4% 5,496.36

Total cost per year: $36,828.36

YAUJE OF WATER FOR POWER.

A - Reservoir No. 4 to Power House: 563 foot head.
B - Reservoir No. 3 to Power House: 413 foot head.

(A) Reservoir No.4: 3.0 - M.G. 24 hrs. -4.642 cu. ft. per second -4/642 x
563 x .1134 - W.H.P.: 296 x 85% (Effcy.water wheel) - 251 H.P. at
w.w. shaft: 251 x .746 - 187 K.W. at water wheel shaft: 187 K.W. x
(Gen. Efcy.) - 161 R.W. at switchboard.· 86%

(B) Reservoir No.3: 3.0 -M.G. 24 hrs. - 4.642 x 413 x .1134 -217 w.h.p.
217 x 85% (Effcy. water Wheel) - 184 H.P. at W.W. shaft: 184 x .746­
137 K.W. at water wheel shaft: 137 K.W. x 86% (Gen. Effcy.)-118 K.W.
at switchboard.

(A) 161 K.W. @ .015 - ~2.415 per hr. x 24 - $57.96 x 365 - $21,155.40 peryr
(B)ll8 K.W. @ .015 - $1.770 per hr. x 24-- $42.48 x 365 - $15,505.20 "

TffiRTY YEAR BOND ISSUE

Cost of Power Plant $40,000.00
(A) Interest on $40,000.00 @ 5% - ~2,000.00 per annum

Sinking Fund @ 4% - 713~20 per annum
Operation 7,200,00 per annum

Total expense for yr9,913.20

Total value of power $ 21,155.40
Less operation, etc. 9,913,20
Net profit of power sold i 11,242.20
Net profit of water sold 17,921.64

Total profit for year: $ 29,163.84 or profit on total invest­
ment of .0837% per annum.



upPER MANOA VALLEY. Gont.

(B) Total value of electric power
Less operation, etc.

Net profit on electric power
Net profit on water sold

on total investment of .0675%

$15,505.20
9,913,20

~ 5,592.00
17,921.64

$23,513.64
per annum.

or profit



SURFACE SupPLY -NUUANU VAT.Tjfty

producing 4 -M.G.D.
• • • • • • • •

Reservoir No.
No.
No.
No.

Filtration &
Maole Ditch

1
2
3
4 including pipe

line,
chlorination plant

$27,508.00
14,000.00
15,000.00

298,563.00
100,000.00

30,OOO.OiO
$485,071.00

Engineering and expenses, 5% on
$100,000.00 5,000.00

Interest loss during construction 833.00
Total cost, $490,904.00

Cost of producing 1 M.G. $122,726.00

ANNUAL REVENUE, COST OF MA !NTENANCE AND RET! BEMBN T
THIRTY YEARS

Disbursements

Filtration 4 M.G.D. x 365 x $10.
Chlorination 4 M.G.D. x 365 x 1.25
Patro~ and Repairs,
Interest, $490.904.00 @ 5%
Sinking Fund

Total cost per year,

$14,600.00
1,725.00
5,000.00

24,545.50
8,752.80

$54,623.30

Receipta

Sale of Water,
4.0 M.G.D. x 365 x $50,

$73,000.00

Cost per year $54,623.30

Profit $18,276,70

A.

yALUE OF WATER FOR POWER.

Reservoir No. 4 to Power House, 563 ft. head 30", 4M.G.
No. 3 413 15", 3

A. Res. #4: 4.0 M.G./24 hrs. -6.189 c.f.sec. 6.189 x 563 x .1134 - 395 WHP
395 x 85% (Eff'y. water wheel) - 336 H.P. at ~N Shaft
336 x .746 - K.W. at shaft - 250 K.W.
250 K.W. x 86% (Gen. Eff'y.) -215 K.W. at switch­

board.
B. Res. #3: 4.0 M.G/ 24 hrs. - 6.189 c.f.sec. 6.189 x 413 x .1134 -290 WHP

290 x 85% (Eff1y water'whee1) -246 H.P. at W.W.Shaft
246 x .746 ... K.W. at shaft - 184 K.W.
184 K. W. x 86% (Gen. Eff'y.) -158 K·W. at switchboard.

215 K.W. @ .015 - $3,225. x 24 ... 77 p 44 x 365 - $28,251.00

B•. 158 K. W. @ .015 ... $2.37 x 24 - 56.88, x 365 - $20,861.20

• ••••••••••••••••••



TID RTY YEAR BOND I SSW

A.

B.

c.

Powe r Plant,

Interest on $58,000 @ 5%,
Sinking Fund, @ 4%,
Operation per yr.,

Value electric power,
Less cost operation,

Net value, electricity
water

Total net value,

Profit per annum, 6.43%

Pro fi t on water,
electricity,

Profl t per annum

$2,900.00
1,133.00
7,200.00

$11,233.00

$28,251.00
11,233.00

$17,018.00
18,276.70

$35,294.70

18,276.70
9,628.20

$27,904.90
5.1%

$58,000.00

• • • • • • • • • • • • • • 0 • • • •



The following is an estimate of the cost

to hring water from the windward side of the island, as proposed by Mr.

J. Jorgenson, and recommended by Professor Palmer in his report on

Underground water. I feel that both have been mislead as to the cost.

The' greater portion of the water estimated available is surface water.

Wate r rights and rights 0 f way wo uld have to be purchased, wh ich Vlill

bring the estimated cost up to approximately three times the estimate

of Mr. J. Jorgenson. Filtration plants would have to be built, stor-

age reservoirs, settling tanks, chlorination plant, etc. The estimate

of this department is as follows:

Surface and TUnnel Supply, Kalihi-Kaneobe Tunn~ls

producing 16.0 M.G.D.

Elev. discharge
600 ft. above sea
level

166,688.00

$324,000.00
449,040.00
30,000.00

330,000.00
100,000.00
600,000.00
225,000.00

400,000.00

Main Tunnel, 8100' @ $40.00
Side Tunnels, 37,420 @ $12.00
Trails, camps, etc.
Pipe line, 24" C.I. Class C,

15,060' @ $22.00
Development and feeder tunnels
Rights of way and water rights,
Reservoir, 5 M.G.
Filtration and chlorination plant,

, 16 M.G.
Additional pipe line to connect

with city system ••••• 30,DOO.OO
$2,488,040.00

Engineering and expense, 5% 124,020.00
Interest loss during construction 87,000.00

Total cost of pro-$2,699,060.00
ject

Cost of producing 1 M.G.D.

ANNUAL REVENUE AND COST OF MAINTENANCE
FEB YEAR +iF TI dEt,SNT - THIRTY YEARS

Disbursements Receints

Sale of water,
16.0 M.G. x 365 x $50

292,000.00

Cost per year,$255.349.24
Profit" " $ 36,650.76

%on investment, 1.36%

Filtration 16.0 M.G. x 365 x $10 $58,400.00
Chlorination 16.0 M.G. x 365 x 1.50, 5,475.00
Patrol and repairs, ~700 per month 8,400.00
Interest on ~2,699,060.00@ 5% 134 ,950.00
oinking fund, 30 years @ 4% 48,124.24

Total cost per year, $ 255,349.24

•••••••••••••



yALUE CF WATER FOR POWEH

600 ft. elev. to 200 ~ 400 foot head. Loss friction, Effect head -240 ft

16.0 M.G./24 hrs. :24,753 c.f.sec. 24,753 x 240 x .1134 • 673 W.H.P.
1122 x 85% (Eff'y water wheel) - 572 H.P. at Shaft.
953 x .746 - R.W. at W.W. Shaft - 426 R.W.
711 R.W. x 86 (gen. eff'Y.( -365 K.W. at switchboard
365 K.W. x .015 - $5.475 per hour

$5.475 x 24 ~131.40 ~ $44,961.00

THIRTX' YEAH BOND ISSQB

Cost Power Plant - i50,OOO.00

Sale water, ditto,
Total net profit,

Interest on $50,000 @ 5%
Sinking Fund

Operation per year

$2,500.00
891. 50

7,200.0Q
$10,591.50

Total profit per year $44,961.00
Total Expense, 10,591.50
Electric power, net profit

$34,369.50
36.650.76

$71,Q20,26

Profit on total investment 2.58%

Should a 30" pipe be used, the cut wou.ld be increE'.sed ~80,000.00

Power plant
Additional pipe line ••••

Total

$50,000.00
8Q,QOO.OO

$ 130,000.00

Interest on 130,000.00 @ 5%
Sinking Fund ft @ 4%

Operation

R.W •.~ x 528 x .015 5 7.92 x 24 x 365 =
Less operating expense, total,

Power, net profit per year,
Water sold, ditto,

$ 6,500.00
2,317.90
7,200.00

$16,017.90

Estimated head with 30" pipe, 345 ft.

$69,389.20
16,017.90

$53,371.30
36,65Q.76

$9Q,Q22.06

Profit on total investment, 3.18% per annum •

• e- •••••••••••••••••
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WAIAHOIE WATER

The water license issued to the Waiahole Water Company,

under which the latter pa~rs the Territory of Hawaii $15,000.00 per 8nnum

for water formerly discharged by the Waiaho1e Springs (approximately 8.0

M.G.D.) provides that the Territory may take back (at the Waiawa Portal

at an elevation of 727 feet above sea level) this water whenever it is

required for public purposes, as follows:

In 1942
In 1952

1962

4.0 M.G.D.
6.0
all water, approximately 8.0 M.G.]

The original spring water is now mixed with surface

run-off within the main tunnel. As it is impossible to segregate it

from the surface water, it would be necessary to filter and chlorinate

all water taken from this source for city use. The following calculations

will show the costs of delivery of this water from the Waiawa portal to

Reservoir No. 3 Nuuanu Valley. The length and size of pipe line required

for this purpose would be 65,000 feet of 24" C.I. Class C pipe. It would

be unwise to install a smaller· pipe line than one to carry the total

flow in 1962.

Should tunnels be constructed between gulches, there

is the possibility of developing water, but it is not wise to take this

development into consideration in the following calculations. I might

state, however, that the tunneling between gulches would be as expensive

Engineering expenses, 5%
Interest 108$ during const.

Total cost,
producing 1 M.G. in 1942,

1 1952
1 1962

65,000 ft. 24" pipe @ $10.00 $650,000.00
Ditto, cartage and installation-650,000.00
Concrete work across gulches, 80,000.00
Rights of way, 75,000.00
Filtration & chlorination, 100,000.00
Head at intake 2,000.00

$1,557,000.00
77,850.00
73,706.00

$1,708,556.00
$ 424,639.00

284,639.83
216,069.50

A. Cost of
B.
C.

as pipe lines.

• • • • • • • • • • • • • • • • • • 0



Annual Revenue, Cost of Maintenance and Retirement

Th i rtY years

A. Filtration 4.0 M.G. x 365 x $10.00
Chlorination, @ 1.25
Patrol, Repairs, etc.
Interest on $1,708,556.00 @ 5%
Sinking Fund, @ 4%

Total cost per year,
Value 4 M.G. x 365 x $50.00 "

~ss per year,

B. Filtration" 6.0 M.G. x 365 x $10.00
Chlorination, @ 1.25
Patrol, repairs, etc.
Interest on $1,708,556.EO @ 5%
Sinking Fund, @ 4%

Total cost per Year.

c.

Value 6 M.G. x 365 x $50.00

Filtration 8.0 M.G. x 365 x $10.00
Chlorination, 1.25
Patrol, repairs, etc.
Interest on $1,708,556.00 @ 5%
Sinking Fund,

Total cost per Year,

Value 8 M.G. x 365 x $50.00

..

$ 14,600.00
2,180.00
9,000.00

85,427.80
31,163.5fi

$142,371.35
73,000.00

$ 69,317.35

$ 21,900.00
3,467.40
9,000.00

85,427.80
:31,163.fifi

$150,958.75

$109,500.00
$ 41,458.75

$ 29,200.00
3,650.00
9,000.00

85,427.80
31, 16:L 55

$158,441. 35

146, om. 00
$ 1?',414.35

~50.00 per M.G. is the present charge for water by this
department.'

• • • • • • • • • • • • • • • • • • •



DEVELOPMENT OF WATER BY THE WATER WORKS DEPARTMENT

SINCE AUGUST 1st, 1919

The opening up of what is known as the Alewa

Heights Spring was started in September. This work was done with

labor on the reservation and cost $187.00. A flow of 750,000 gallons

daily was obtained. Water was furnished Alewa Heights, a portion

of the McInerny Tract, and upper Kalihi Valley. Water was turned

on December 24th, 1919.

Water furnished this section of the city prior to

the development of the spring came from Reservoir No. 4 and was very

unsatisfactory owing to its unsanitary qualities. The purchase of

a 4 U pipe line and the installation of same cost $6,983.78 making

the city. The additional cost of water mains was $17,000.00, making

a total expenditure on this development of $24,170.78.

As an illustration of the value of this deve1op-

ment, I will compare it with an authorization of 30 year bond issue.

Total cost of development, $ 24,170.78

Maintenance and upkeep

Interest, one year @ 5%

Sinking Fund, @ 4%

Value 0.75 M.G.D. @ $50.00
$ 13,787.50

Total cost per year 2,839.50
Profit per yr $ 10,948.00

$13,787.50 x 30 ~

i 2,839.50 x 30 -

$1,208.54

430.96
$1,639.50
1,200.00

$2,839.50

~413,625.00 total receipts in 30 years
85,185.0Q total paid out in 30 years

$328,440.0Q total profit in 30 years.

The water from this development bas been running

for three years, the profit per year being $10,948.00, and in three

years would be $32,844.00, or a net profit of $8,673.22•

.....................



PAOLO VAlcLRY DEVELOPMENf.

In the month of September, 1920, work was started

in Falolo Valley. A small cabin was built for the workmen near the

intake of the Falolo Hill pipe line, and the boring of the tunnel

commenced. The location of the tunnel was as recommended in the

1919 report of the department at a poknt on the west side of the

gulch about 32 feet above the stream bed. On the afternoon of

October 21st, when in only 45 feet, a flow of water was struck, and

the tunnel was extended to a depth of 56 feet at a total cost of

$1,500,00, the flow being greatly in excess of the capacity of the

6" pipe line.
A request was made to the Board of Supervisors

for a larger pipe line, and it was intended to extend the tunnel

further. The request however, was not granted, so work was stopped

for the lack of funds. Later, $2,500.00 was appropriated to extend

the tunnel, which was used to good advantage, a flow of approximately

2.0 M.G. being obtained, but 800,000 gallons only being the cap­

acity of the 6" pipe line. A second request for a larger main

was made but not granted, the excess water running to waste. The

flow from the tunnel gradually reduced until 1922, when the flow

was 200,000 to 500,000 according to the amount of rainfall.

In the meant~me, on January 16th, 1921, a cloud­

burst occurred over the ridge which swept everything before it, the

6" pipe line being carried away at every stream crossing. After

the flood subsided, the pipe line was repaired immediately with

2t" and 3" pipe, Which, I regret to say, has never been replaced

with 6", nor a larger pipe line installed and made permanent on

the higher slopes of the ridge.

The value of 300,000 gallons of water at $50.00

per million gallons would be $15.00 per day, or $5,475.00 per

year. To illustrate the value of the water, we will proceed as

with the Alewa Heights Spring.

Total amount expended $4,000.00
Interest, one year @ 5% $200.00 Value 0.3 M.G.D. @ $50.-$5,475.00
Sinking Fund @ 4% 71.32 Total cost per year, 1,051.32

$271. 32 Profit per year, $4,423.68
Maintenance & upkeep 780. 00

$ J r 05J .32



CONTINUED

? !

$5,475.00 x ~o :
1,051.32 x ~o =

i 164,250.00 value of water, 30 years.
~lt539.60 total expense, ~O years.

# 132,710,40 total prQfit in ~O years.

The water from this development has been

running two and one half years and the total value of the water

deli~vered is i 11,059.20; the total cost being, $4,000.00,

the net profit is $7,059.20 •

• • • • • • • • • • • • • • • •• • • • • • • • • • • • • •



NUUANU VAT,IEY DEVELOPMENl'

5.0 M.G. @ $ 50.00 per day
per year,
in 30 yrs.

$ 250.00
$91,250.00

$2737,500,00

Interest, one year, @ 5%,
Sinking Fund,'

Cost tunnels, pipe lines, etc. $ 43,000.00
Cost concrete reservoir, ~~:888:88

Total cost per M.G.
inclUdIng reservoir
$ 23,200.00

Operating cost per M.G. $2.70
Interest, Sinking Fund, 7.05

$5.800.00 Operation one year:
2,068,28 Reservoir Keeper $1,500.00

$7 868 28 3 men 3,500.00
5:000:00 $5,000.00

$12,868.28 Total cost, one year.

$91,250.00 - $12,868.28. $78,381.72 profit, one year; %on
investment, 67.5%

$12,868.28 x 30 = $386,048 0 40, total cost in 30 years;

Total value in 30 years,
Total cost in 30 years
Total profit, 30 years

$2,737,500.00
386.048 9 40

$ 2,351,451.60

3.0 M.G. @ $50.00 per day,
per year,

. in 30 years,

$150.00
$54,750.00

$1,642,500.00

Cost per M.G. inclUding reservoir,
ope rat i on cos t pe r M. G.
Interest and sinking fund,

38,666.66
4.56

11.47

$54,750.00 - $12,868.28 = $41,881.72, profit one year; % on
. inve stment 36.1%

Total value in 30 years, $1,642,500.00
Total expense, 30 years 386,048;40
Total profit, 30 years, $1,256,451.60

2.0 M.G. @ $50.00 per 'day,
per year,
in 30 years,

$100.00
$36,500.00

1,095,000.00

Cost per M.G. inclUding reservoir, 58,000.00
Operating co st per M.G. 6.85
Interest and sinking fund, 17.62

$36,500.00 - $12,868.28 • $23,631.72, profit one year; %on in­
vestment 20.3%

Total value in 30 years
Total expense, 30 years
Total profit, 30 years

$1,095,000.00
386,048,4Q

$ 708,951.60



1.0 M.G. @ $50.00 per d~ $50.00
per year $18,250.00
in 30 years, 547,500.00

Cost per M.G. including reservoir, $116,000.00
Operating cost per M.G. 13.70
Interest and sinking fund, 35.33

$18,250.00 - 312,868.28 - $5,381.72, profit one year; % on invest-
ment, 4.64%

Total value in 30 years, $547,500.00
Total expense, 30 years, 386,048.40
Total profit, 30 years. $161,451.60

This development has averaged over 5.0 M.G. daily

for two years. The total value of water delivered is $182,500.00;

the total cost including reservoir being $116,000.00, showing a net

profit of $66,500.00.

The calculation of 3, 2, and 1 M.G. daily is to show

the comparative values with the total cost.

This water is delivered to the 400 ft. elevation from

1028 ft. elevation and 800 ft. elevation. See tabulation of pump

cost per M.G. 1 ft. high.

It can be used for power with a head of 413 feet.

5.0 M.G. per 24 hrs. • 7.736 cu. ft. sec. x 413 x .1134 • 362 '.H.P.
362 x 85% (efficiency water wheel) 308 H.P.

at shaft
308 x .746 =K.W. at W.W. shaft, 230 K.W.
230 x 90% (general efficiency) 207 K.W. at

switchboard.

207 x .015 =$3.10 x 24 : $74.40 x 365. $27,156.00

3.0 M.G. per 24 hours. 4.642 cu.ft.sec., x 413 x .1134 • 217 WHP
217 x 85% (efficiency w.whee1) iT1~~a~tP,

184 x .746 • K.W. at W. W. shaft = 137 K.W.
137 x 90% (general efficiency) = 123 K.W.

at switchboard.

123 x .015 = $1.84, x 24 = $44.16, x 365 • $16,118.40.

See Exhibit #3.

. •. . . . •. . •••••• . ••. •. •. ·0.



VALUATION OF WATER PLANT IN FIXING RATES

Total valuation of plant $3,800,000.00 would be distributed

as follows:

Supply works, 21%
Distribution 68%
Service 11%

100%

$798,000.00
2,384, 000.00

418,000.00
$3,800, 000. 00

The total water delivered = 22.0 M.G.D. The loss of water not

accounted for in receipts will be approximately 25% of the total,

or 5.50 M.G.D. distributed as follows:

Leakage from mains, etc. 5%
Fire uses, etc. 4%
Leaks from services,
irrigation out of hours,
and auto washing, 16%
Water sold, 75%
Total output, 100%

1.10 M.G.D.
.88

3.52
16.50
22.00 M.G.D.

The total receipts for 1922 were, $284,248.59
Outstanding accounts, Dec. 31,1922 J 9, 858. 74

Total business during year 304,107.33

As the department has no taxes to pay, a fair profit on the

investment would be 2.5%, which amounts to:

$95,000.00
Total expenses during the year, 313,000.00

$408,000.00

16.5 M.G.D. x 365 = 6,022 M.G., per year

•--
Water sold, 6,022 M.G.
" " 6,022
Present charge 6,022

by meter x

per year @ .066 per 1000
@ .052
@ .050

= $408,000.00
313,000.00
301,100.00

XChecks closely with the total bu siness for the year­
$304,107.33

From the above showing, it is conclusive that the meter

rate should be raised to .065 per 1000 gallons and flat rates in-

creased in proportion. The rates of the department would then be

approximately 200% less than the tabulation of 1000 cities in the

United States. See Exhibit No. Wit h the present rat e of .05

per 1000 gallons, the department opera.ted E1.t a loss of $9,000.00
~

in 1922.



VAWATION OF PLANT, 1925

Value 1922
Increase, 1925
Total value, 1925,

Supply work, 21%
Distribution, 68%
Service, 11%

$3,800,000.00
2,231,000.00

$6,031,000.00

$1,266,510.00
4,101,080.00

663,410.00

Total $6. 031, 000.00

Water delivered, 25.0 M.G.D. The water not accounted for in

receipts will be approximately 25% of the total, or 6.25 M.G.D.,

distributed as follows:

Leakage from mains,
Fire uses, etc.
Leakage from services,
irrigation out of hours
auto washing,
Water sold,

Total,

5%
4%

16%
75%

100%

1.25 M.G.D.
1.00

4.00
18.75
25.00 M. G. D.

18.75 M.G.D. x 365 x .05 per 1000 gallons = receipts = $342,187.50

$313,000.00
111,550.00

39,788.73
60,000.00

Total operating cost on $3,800,000.00 •
Interest on addition at 5%.
Sinking Fund on addition at 4%
Increase in operation expense,

Total expense per year,
Deficit to be made up in receipts,

524,338.73
$182,151.23

18.75 M.G.L.x 365 - 6844 M.G. per year, would require a rate of

.076 per 1000 gallons.

As the department pays no taxes, a fair profit on the

investment of $6,031,000.00 would he 2.5% : $150,775.00 for

replacements, depreciation, etc. The rate per 1000 gallons would

$20,494.46
34,120.00
6,000.00
3,000.00
3,500.00

700.00

$68,e~~:£g
14,000.00

$54,664.46
Less amount now paid,

Difference to be paid by City & County ••

then become .986.

The City and county is now paying $14,000.00 per year for

all water used by City and County departments. The amount that

should be paid the Water Works by the City and County is as follows:

Intereqt and sinking Fund,
Res. #4 Elec. Light Dept.

Fire Hydrants, 804 at $30.00
Parks and playgrounds,
Schools,
Road Department
Police Department,
City and County Building,

The rate then would be .084 per 1000 gallons •

.............



14 E T E R S.

This Department eelieves in placing meters

where absolutely necessary, and not metering the whole city. If

the entire city were metered, it would require two additional meter

clerks in the office -$3,900.00 per year; six additional meter

readers -i9,600.00 per year. The repairing department would be

increased to $24,000.00 per year, making a total of $37,500.00 per

year. The life of a meter is approximately three years. It is

believed that with an additional force of six inspectors, at a cost

of *7,200.00, the same result can be obtained. It is admitted that

there are certain privileges which should be metered, and the

department is installing meters on these privileg€ s as funds can be

obtained. There is the other side of the question regarding meters,

that when a meter is installed, the privilege holder can run water

for twenty-four hours if he so wishes. What would happen in an

extreme drought? The Department would not be able to supply the

demand. Three years ago, this Department asked that an ordinance

be passed that would allow restriction on irrigation (meter priv­

ileges), and was told it would not be legal. To meter the entire

city, it would cost approximately $310,000.00. At a rate of 5%

interest ,this would mean $15,500. 00 annually. To overcome the

original cost of meters, the annual expense of meter readers,

meter clerks, and the repair department~ the water rates would

have to be increased to approximately l5¢ per 1,000 gallons.

Why make the consumer pay three times what he is now paying if it

is not necessary? The money should be used for development instead

of buying meters. The greatest loss or waste of water is through

privilege holders irrigating out of hours, and I am sorry to say

the City and County is the greatest offender, viz: City Parks,

schools, etc., and I might state here that the schools owe the

Water Works Department something over ~12,000.00 back rates.

It is impossible to collect the school



rates, as we cannot shut them off. It is rather annoying, how­

ever, to know that the water rates ~ paid on all country schools.

FIRE PROTECTION.

Fire protection for a city of 93,000 population would re­

quire 9.64 M.G.D.(See American Civil Engineer's Pocket Book, Page

948) plus the amount required for domestic and other purposes at

peak load. In other words, the peak load of the city water works

being 23.0 -M.G.D. plus 9.64 equals 32.64 M.G.D. With a population

of 250,000, assuming a per capita consumption of 250 gallons, the

amount of water in reserve for fire purposes would be 15.8 M.G.D.

plus 62.55 equals 78.35 M.G.D.

SIZE OF MAINS FOR DELIVERY FROM PUMPING PLANTS:

There has been a great deal of discussion in regards the

size of the distribution mains. 24" has been recommenced to meet

the growing requirements by installing secondary mains on parallel

streets. This would be necessary if the water works system had

only one central pumping plant. We are fortunate, however, in

having four plants evenly distributed over the system, thereby

saving an immense amount of money in pipe lines, the c€,livery from

each pumping station covering only a section of the city. The

Beretania Pump situated at the corner of Beretania and Alapai Streets

delivers water on the West side of the City as far as Nuuanu,

Beretania, and River Streets through 18 and 12" mains, and on the

East to the junction of King and Beretania streets through l2 n mains.

It is admitted that in Beretania street in this section, an l8 tl

main should have been installed prior to the permanent improvement

of this street. However, the three 12" mains, with the addition

of an 8" main on Young Street will tnke care 0 f this section with

the assistance of high pressure water from the 0 ut side.

There is a popular misapprehension in supposing that the

carrying capacity of a pipe increases exactly in proportion to its

area, or to the square of its diameter. For example, the relative

capacity of a 12" pipe as compared with a 24" pipe would be in the



proporti on that the square root of the fi fth power of 12 ft is to the

square root of the fifth power of 24"; in other words, the discharge

of a 24" pipe instead of being double, would be 5.7 times as much as

the 12" pipe. A 24" pipe wii1 discharge 2.1 times as much as an 18 n

pipe. With these facts in sight, this Department has prepared plans

of the entire water works system showing the sizes of pipe in place,

and recommendations of sizes for replacements and extensions. See

Exhibit: (Map on file in the water Works Office.) This exhibit is too

large to file in this report.

INSPECTION DIVISION:

The inspection division consists of a force of three regular,

and three additional when special services are required during ex­

tremely dry seasons. The first three mentioned consists of two meter

readers and one clerk rerating privileges. These men also do inspection

work as well as the regular work. The three additional are tappers who

do inspection work after regular hours if required. I might also

state that the Board of Health inspectors report leaky fixtures, both

sewer and water to this Department, for which we are grateful. The

Department also has a foreman of water mains with a crew of four which

does inspection and repair work.

INVENTORIES:

An inventory is made annually by the department showing

value of property owned by the department ·with all additions and

extensions made during the year.

DOMESTIC SERVICE:

The department is now in a position to serve all domestic

requirements with the exception ofa few on the extreme outskirts of

the system where pipes are too small or dead ends exist. These

faults are gradually being eliminated, and we hope to make the system

as near perfect as possible; not alone for the present demands, but for

the future as well.



•LOCATION OF MAINS.

It is the policy of the department to lay all water mains

where possible in the sidewalk areas between the curb and the property

lines crossing the street with 4" or 2" mains at distances so spaced

that the property on the opposite side of the street can be served,

the connections so arranged as to form a loop, thus doing away with

dead ends.

STREET LINES AND GRADES.

Street lines and grades should be established throughout

the City and a copy of this work furnished the Water Works Department.

As this comes under the City and County Engineer's Department, the

matter will not be discussed. I might state, however, that the

water Works Department is making maps of streets in detail, showing

all water mains, side co~ctions, storm drains, sanitary sewers, and

all privately owned utilities using the streets either below or above

the pavements. (See Exhibits: 4-5-6.)

• • • • • • 0 • • • • • • • • 0 • • • -. •
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COMPARISON ON INSTAllBD AND OPERATING
COSTS .Q.E

THREE ErECTR! C & STEAM DRIVEN PUMPING
UNITS

Capacity of each 7t million gallons
against a total head of 300 feet
for the City.and County of Honolulu.

• • • • • • • • • • • • • • • • • •

GBNERAL CONDITIONS;

The object of thi·s report is to compare the cost of

installing and operating three (3) electrically driven and three

(3) steam driven pumping units, each having a capacity of 7t
million gallons per twenty-four (24) hours, against a total

head of 300 feet, on the basis of replacing the present steam

driven pumping equipment located at the Beretania, Kaimuki and

Kalihi pumping stations.

THREE ELECTRIC PUMPS

1. Installed Cost:

Each pump would consist of:

2 - 15" Type "S" bronze fitted centrifugal
pumps, piped in series, mounted on common
bed plate, and.direct connected through
flexible couplings to

1 - 485 H.P. Synchronous Motor, 100% power
factor, 2200 volt, 3 phase, 60 cycle,
1200 a.p.M. with direct connected exciter
and automatic starting equipment with
push button control.

The wlit would have an overall efficiency of 76.4%,

and the installed cost, exclusive of piping and fittings, would

be approximately •••• $12,400.00 for each pumping unit, divided

approximately as follows:

Pump •••.••••••••.•.••.•• $5,100.00
Motor and electrica 1 equipment

7,300.00
Total per unit ••••••••• $12,400.00

Total for three (3) pumping units ••• 57,200.00



2. Power Consumption;

On the basis of an annual operation of

360 days of 24 hours, the power consumed in R.W. hours would be

as follows:

~ Pumping Unit
Pumping Units

3 Pumping Units

K.W.R.
per year

3,309,120
6,618,240
9,927,360

K.W.H.
Average per month

275,760
551,520
627,280

During the year 1922, the City and County's

total consumption of electric power for its water and sewer depart­

ments purchased from the Hawaiian Electric Company, Ltd. amounted

to 4,041,675 K.W. hours, costing $67,446.89, or an average of

336,806 R.W. hours per month at an average monthly cost of•••••••

$5,620.57, equivalent to an average rate of 1.669i per K.W. hour.

3. Bost of Electric Power.

The cost of electric power has been figured

in two ways: first considering the addition of one, two and three

pumping units to the present load as given above for the year 1922,

which would have the effect of reducing the rate and cost of the

present power consumption; and second, disregarding the present

load, and taking into consideration the cost of electric power for

one, two and three new pumping units alone. The first condition

would more nearly represent actual operating power costs, although

it is probable that the operation of th~ present electric pumps

would be reduced by the addition of the high lift electric pumps

under consideration. In this connection, it is to be noted that

the sewer station in 1922 consumed 752,880 K.W. hours, the operation

of which would not be affected by the proposed change in the Water

Works Department, so that the Sewer Department would benefit by

the reduction in rate, and likewise any electric pumps used as

boosters.

(a) The cost of electric power per month for the first

condition based on oil cost of $1.40 per bbl. is shown in the follow~

j

'.'..1
1

I '

i
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:J
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ing table;
(See next page)



Column 8 gives the total cost of power, and column 9

the equivalent rate. Column 11 indicates the saving effected

in the cost of power consumed by the present load due to the im­

proved rate, which, when credited to the power cost of additional

load in column 10, gives the net cost of additional load as shown

in column 12.

(b) The cost of electric power per month for the second

condition, considering only the power consumption of the proposed

7t million gallon pump is shown below:

Monthly cost of Electric Power for On;
Two and Three Electric Pumps, each 7t
Million gallons against a 300 ft. head.

No. of Pumps ~ ~ Rate - Cents
K.W.R. per KeWtH.

1 275,760 $3,995.33 1.45¢,
2 551520 6,690.81 1.213¢,
3 827,280 8,723.7,1 1.053¢'

4. Cost of Operating Three Electric Motor-Driven Pumping Stations.

The following personnel would be required at wages

indicated:

(a) Superintendence and Labor for Operation:

1. Chief Engineer at $300.00 per month••• $3,600.00
9 Operators at $125.00 per month each••• 13,300.00
1 Relief Operator at $135.00 per month •• 1,620.00

Total per year.$l8,720.00

(b) Superintendence and Labor for Maintenance and Repairs:

1 Assistant Engineer at ~200.00 per month.2,400.00
1 Electrician at $175.00 per month••••..•• 2,100.00
1 Helper at $100.00 per month ••••••••••••• 1,200.00

Total per year$5,7QO.OQ

(c) Repairs and Maintenance (Material)

This item should be very low for electrically driven

centrifugal pumps, as the wearing parts are very few, consisting

principally of motor bearings, contacts, springs, etc. for the

el.ectrical control, and bearings, impellers and wea.r Lng rIngs for

the pumps. An economical life of three years is given before the

pump impellers would have to be replaced, which could be done at



a cost of ~900.00 for two impellers per pumping unit. A total

yearly allowance of $1,500 is made for this item, which represents

4.5% of the investment, and should be more than sufficient and so

allow for emergencies.

d. Genera] Mated a] s an d 8upp] j e s.

$500.00 is allowed for this item, covering lubricat-

ing oil, waste &c.

e. Electric Power.

This item is figured at a rate of 1.053 cents per

K.W. hour, shown above for three pumps operating alone; whereas

the average rate, taking into account the present load would not

exceed 1.0 cent per K.W. hour, with present oil cost of $1.40 per bbl •

. f. Fixed Charges - Interest and Depreciation

Interest is figured at 6% and depreciation on the

basis of an economical life of pumps of 15 years and electrical

equipment of 30 years, (allowing for the factor of obsolescence),

thus requiring an annuity charge on a 4% sinking fund basis of 5.0%

for the pumps and 1. 783% for the electrical equipment.

Interest 6% of $37,200.00 q ••••• $2,232.00

Depreciation:
Pumps "5.0% of ~15, 300. 00••••.
Motors 1.783% of $21,900.00••

Total per year

765.00
390.48 1,155.48

$ 3,387.48

g. S~mmarx

$18,720.00
5,700.00
1,500.00

500.00

a. Operating, Superintendence & Labor
b. Mai nt enance It " 'f
c. Repairs and Maintenance, Material
d. General Materials and Supplies.
e. Elect. power, 9,927,360 K.W.K.@1.053¢

104,684.52
f. Fixed Charges - Interest & Depreciation

3,387.48
Total Cost of Operation per y~134,492.00

The total quantity of water pumped for

360 days operation would be 8,100 million gallons. Therefore the

and the
Cost per million gallons is .... $16.67
Cost per million foot gallons is 0.0566.



THREE STEAM DRIVEN pmi~S

Vertical Triple Expansion steam Pumping Engines

are taken as a basis of comparison, using the data as submitted in

report of Honolulu Iron Works Company, dated February 28th, 1923;

modified, however, to more nearly r~present operating conditions, part­

icularly in reference to items of labor, repairs and maintenance, and

fuel consumption, to more nearly conform with data published in annual

reports of the City and County Water Works Department.

5. Installed Cost

The cost of boilers, including boiler room equipment is in­

creased 20% and pumping engines with auxiliaries 6t%, making a total

increase of approximately 7%, due to the recent advance in the market.

3 V.T.E. Pumping Engines @ $170,000.00 -$510,000.00
3 Boiler Equipments $10,000.00 each... 30 000.00

Total ••• $540:000.00

6. Cost of Operating Three V.T.E. Pumping Stations

a. Fuel Consumption

9,900 barrels of fuel oil per year are given for

one pumping unit which is equivalent to 0.012 barrels per million foot

gallons. The records of the Kalihi pumping station, which has this type

of engine, for the past eight years reveals the following:

Fuel Consumption~ Kalihi Station

Head Fuel Co st Cost Fuel Rbls. Fuel
Year M. G. Pumped Feet P.fi :eer bl. ltr

M. f • gal. :M. • gal.

1915, 1,613.00 185 $0.0200 $1.081 $0.0185
1916 1,669.36 178 0.0200 1.081 0.0185
191'1 1,697.15 175 0.03'19 1.993 0.0190
1918 1, '1'12.22 163 0.0469 2.14'1 0.0218
1919 1,8.01.37 155 0.0493 2.147 0.0229
1920 1,402.31 1'17 0.0534 2.712 0.0197
1921 1,983.92 188 0.04'14 2.728 0.0174
1922 1,971.18 1'14 0.04G3 2.15'1 0.018'1

Average, $ 0.0196

From the above, it is seen that the fuel con­
sumption varied from a minimum of 0.0174 to a maximum of 0.0229 barrels
per million foot gallons, with an average of 0.0196. Consequently, the

t.; c,"



new
v. T.E. pumping engine would have to show a saving in fuel consump-

tion of 39% over the average of that actually obtained from the

Ka1ihi pump. In spite of improved design and higher steam pressures,

it does not seem reasonable to expect this over a period of 30 years

operation: so that the fuel consumption of 9900 barrels per year per

unit has been increased 20% to more nearly represent operating con­

ditions over the unit's useful life, which would then allow an im­

proved economy over Ka1ihi station of 26.5%.

The cost of purchasing electric power under electric pumps

is based on the present price of fuel of $1.40 per barrel at oil

company's tanks, to which would have to be added $0.12 per barrel to

cover actual cost of delivery to the pumping stations for steam

operated pumps, so that for the purpose of proper comparison fuel oil

for steam pumping stations is figured at $1.52 per barrel.

Total fuel consumption: 9900 x 3 x 1.2 =35,640 barrels
Fuel cost: 35,640 bb1s. @ $1.52: $54,172.80.

b. Superintendence and Labor for Operation

It is estimated that the following personnel would be

Relief Crew:

1 Assistant Engineer @ $165.00 per month.... 1,980.00
1 Oiler at $100.00 per month................ 1,200.00
1 Fireman at $100.00 per month•••••••••••••• 1,200.00

Total per year, ~ 4,380.00
Grand total per year. $47,760.00

The cost of labor for operating pumps as

required for operating three steam pumping plants, based on present

wages and practice of the city.

1. Chief Engineer at $225.00 per month•••••••$ 2,700.00

3 Assft Chief Engineers @ $200.00 per mo.each 7,200.00

6. Ass't. Engineers at $165.00 per mo. each•• l1, 880.00

9 Oilers at $100.00 per month each•••••••••••10,800.00

9 Firemen at $100.00 per month each••••••••••10,800.00
Total per year •••$43,380.00

given in annual reports of the Water Works Department
1920 $ 36,347.83
1921 43,590.96
1922 " 36,755.82

is as follows:

,
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Some of the stations do not have regular oilers,

but boiler cleaners and helpers, whose time is charged to maintenance and

repairs, are used for the purpose. Therefore, according to present system

of accounting, the above figures do not reflect actual labor operating

costs.

c. Superintendence and Labor for Maintenance & Repairs.

Annual reports of the Water Works Department show

the following amounts for the
1920 -

1921 ­
1922 -

above item:
$23,233.61

22,203.88
24,683.76

As noted under ~, this includes some labor used

part of the time for operation. It is estimated that an average of

$10,000.00 per year for this item would more nearly represent actual

cost over the entire life of the plants.

This would therefore give as a total for band .£

the following results:
1920 ­
1921 ­
1922 -

$59,581.64
65,794.84
61,439.58

Estimate - new pumps, $57,760.00

d. Material for Repairs and Maintenance & General Supplies.

The present accounting system does not clearly

differentiate the material used for repairs and maintenance from general

supplies, as this is all carried under one account "General Materials and

Supplies" as indicated belOW:

General Materials and Supplies.

Kalihi Beretania Beretania Kaimuki Kaimuki Total
Low Lif! Highllll No. 1 No. 2

1915 $1,741.29 $1,821.29 $769.08 $1,903.43 $6,235.09
1916 1,194.89 1,591.41 33.77 424.71 $957.84 4,202;.62
1917 1,134.75 1,457.41 439.72 682.26 816.54 4,530.68
1918 1,177.72 1,424.06 128.81 889.43 993.26 4,613.28
1919 1,542.82 1,087.96 774.60 884.81 863.74 5,153.93
1920 1,338.90 1,586.41 1,593.02 1,075.36 1, 187.24 6,780.93
1921 2,096.00 3,517.71 1,794.37 1,407.62 1, 407.51 10,223.11
1922 1,019.22 1,174.84 459.99 573.35 651.61 3,879.01

••••••••••••••••
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In this connection it should'be noted that the low

item for the Beretania high lift pump during 1915, 1916, 1917 and

1918 was due to its being idle 8 months in 1915, 10 months in 1916,

6 months in 1917 and 8 months in 1918. Durfng 1921 all pumps, with

the exception of the Beretania high lift were kept in practically

continuous operation. A conservative figure of $8,000.00 per year

is allowed for the three V.T.E. pumping engines for this item, which

represents on1y.l.5% on the investment.

(e) Fixed Charges - Interest and DepreciatioQ

In the report of the Honolulu Iron Works Company, a life

of 35 years is allowed for the pumping engine and 15 years for the

boiler equipment, for the purpose of determining depreciation. This

can undoubtedly be realized, provided the condition of the equipment

is kept up; but to do so would mean an average larger amount for re­

pairs and maintenance than has been allowed. The Beretania low lift

pump is now 28 years old; the Ralihi pump, 23 years old; and Kaimuki

#1 pump, 25 years. A factor not taken into account in the 35 years

life which has an important bearing on the matter of depreciation

allowance is that of obsolescence.

On account of rapid advancement in the art, improvement

in design and manufacture results in producing so much better economies

in operating costs that it usually will not pay to operate a plant

longer than 25 years and after that perio~ it is replaced by more

modern machinery. The fact that the City is now considering replacing

its present pumping equipment which has been in operation from 23 to

28 years would substantiate this statement. However, for the purpose

of' depreciation a minimum life of 30 years (the same as that allowed

for electrical equipment) is allowed for the V.T.E. pumping engines,

and 15 years for the eoiler equipment.

On this premise with interest at 6% and on the basis

of a 4% sinking fund, there would be required an annuity charge of

1.783% on the pumping engines, and 5.0% on the boilers, the fixed



F. Summary:
a. Fuel •••••••••••••••••••••••• $54,172.80
b. Operating, Superintenden"ce

and Labor••••••••••••••• 47,760.00
c. Maintenance" and labor 10,000.00
d. Repairs and Maintenance,

Material & General Supplies 8,000.00
e. Fixed Charges •••••••••••••••• 42,993.30
Total Cost of Operation per Yr.$162,926.l0

On the basis of 360 days actual operating time

in a year, as given for electric operation, the following result is

obtained:
Cost per million gallons is ••••••••••• $20.l0

and the
Cost per million foot gallons is •••••• $ 0.067

7. Comparison of Electric and Steam pnmpini:

A recapitulation of the above summaries is

given below for ready reference:

Electric Steam
Percent

Electric of Steam

47,760.00
10,000.00

8,000.00
42,993.30

Investment •••••••••..•• $37,200.00 $540,000.00
Ope rat i on Cost:

a. Electric power
or fuel ••••••••• 104,684.52- 54, 172.80

b. Operating, Superin­
tendence & labor ••••• 18,720.00
C. Maintenance, ditt~5,700.00

d. Repairs & Mainte-
nence, Mat. & supplie~,OOO.OO

e. Fixed Charges .•.•• 3,387.48
Total Operating Cost

per year ••• $134,492.00 $162,926.10

6.9%

193.5%

39.2%
57.0%

25.0%
,07 99$

82.8%

Cost per million foot gallons $0.0556 $0.067

8. Advantages of Electric over Steam Pumping:

a. Investment

The investment and consequent bonded indebtedness of the

City for this purpose is only approximately 8% of that required for

steam pumping plants, neglecting valuation of land and buildings. The

steam pumping plant would occupy approximately ten times the space of

..
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the same capacity in an electric pumping plant. and consequently

either larger buildings with higher investment are required, or in

case the present buildings are retained, they must be fully main­

tained at greater expense than that needed for electric pumping

stations.

Furthermore, the building for an electric pumping station

can be made a structure of architectural beauty at a relatively low

cost, and the space surrounding same and now occupied by steam plants

can be converted into small public parks, which would tend to beautify

the appearance of the city in these localities.

b. Operating Costi

It is seen that the total operating cost on the

basis of continuous operating during the year by electric pumping is

82.8% of steam pumping and if the present electric pumps are kept in

operation as during 1922, net cost of operating the additional electric

pumps under consideration would be reduced to approximately 60% of that

for steam pumping.

As the City develops more mountain water, and so

reduces the quantity which has to be pumped from the artesian supply

and consequently the operating time, the differance in favor of elec­

tric pumping is increased, due to the fact of the relative amounts

for fixed charges and labor, which remain practically constant, re­

gardless of the quantity pumped. The fixed charges for electric

operation are only 7.9% of that for steam,. and the total labor item

only 42%. These two items represent 62% of the cost of steam operation

and only 20.5% of the cost of electric operation.

It is well recognized that for intermittent duti

or standby service, the electric pumping station is far more economi­

cal, due to the great difference in fixed charges on the investment,

lower maintenance and labor expense.

c. Flexibility and Reliability of Service.

Whereas the electric centrifugal pump is essen-



tially a constant speed. constant head machine, on account of its low

first cost. any variations in capacity or head required at any pump­

ing station can be met by installing pumping units to meet the

particular conditions without any great additional expense. The

electric pumping unit, under consideration in this report. is com­

posed of two pumps piped in series for 300 feet head, and it would

be possible to operate each unit at maximum effieiency by a proper

arrangement of piping at either the same or twice the capacity at

one half the head. By a proper study of conditions and selection of

equipment, the centrifugal pump meets any.·flexibility in operation

Which can be performed by the steam pump.

From the standpoint of reliability, the electric pumps

having as their source of power an amount equal to 25 times that

required by those now considered. with no complication of wearing

parts, auxiliary and boiler maintenance found in a steam plant, would

be less liable of endangering the city's water supply than steam pumps.

Any repairs needed can be more quickly and readily made at less cost.

d. Method of Operation

The system of e~tric control is automatic in

its operation, thus not requiring such skilled labor for operating

as in steam plants. The electric pump can be started or stopped on

a moment's notice by simply pushing a button, which is impossible

with steam operation. There is no dirt, smoke and less noise in

electric operation. The electric station can be kept COOl, tidy and

clean and made a place which can be shown visitors, with pride and

credit to the city.

With the possibility of the city developing

hydro-electric power from its mountain water development, the estab­

lishment of electric pumping stations provided a means for utiliZing

this power provided it can be developed and transmitted economically.

9. Electric Pumping in Hawaii:

About eighteen years ago, pumping for irrigation



purposes by means of electric driven centrifugal pumps was first

introduced on the island of Kauai at McBryde and Kekaha Sugar Plant­

ations, and this system is still employed today on a much enlarged

scale, as far superior and more economical than the former method

of operation by steam.

On the island of Maui, thePioneer Mill .Co., Hawaiian

Commercial & Sugar Co. and the Maui Agricultural Co. have replaced

many of their older steam pumping stations by electric driven cent­

rifugal pumps, and the Pioneer Mill Co. is now going to erect a

large steam generating station for the purpose of supplying more

electric power for its present electric pumping stations and future

expansion along these lines.

On the island of OahU, Ewa Plantation Co. Waialua Agri­

cultural Co. and Kahuku Plantation Company have abandoned many of their

older steam pumping plants in favor of electric drive, and are continu­

ing this work as rapidly as conditions warrant.

10. Electric Pumping on the Majnland:

In the report of the Honolulu Iron Works Company, dated

February 28, 1923, a list of cities on the mainland is given using

V.T.E. pumping engines and also horizontal cross compound steam driven

pumping engines reference being made to the American Water Works Asstn.

In the membership of the American Water Works Association,

the steam pump manufacturers are better represented, so that it is

hard to get from them a statement showing how the steam pumps are being

more and more disused. It would be interesting to have the dates

given when these vertical triple expansion and cross compound pump-

-ing engines were installed, and a supplementary statement showing

what the city purchased since that installation. Louisville, Cleve­

land, Toledo, Kansas City, San Antonio, Washington, Chicago, Toronto

Omaha, Indianapolis, Bay City and Los Angeles (just to take a few

examples) installed since their first V.T.E. installation, centrifugal

pumps of similar and larger capacity and head. In Omaha, the triple

expansion engine is standing idle as the steam turbine centrifugal



pump is more economical. Another city mentioned as a V.T.E. user

is Wheeling, West Virginia, which city asked six months ago for bids

for their new pumping plant, both electrically driven centrifugals

and steam pumping engines, so as to make a comparison and ascertain

the most economical installation. The plant involved about 3000

H.P. and a decision was rendered in favor of the electric installa­

tion as the most economical.

The city of Toronto is one of the classical examples

of steam and electrically driven pump installations. The city of

Montreal, not mentioned, has steam driven centrifugals changed to

electric driven centrifugals. 1he city of Minneapolis has only

electric pumps. In California, Sacramento and San Diego changed

from steam to electric centrifugal installations. At present there

is being furnished to the city of Long Beach, California, four

electric units of about the same head and capacity as required by

the city of Honolulu. A general statement can be made that not less

than 85% of the present water works installations are centrifugal

pumps.



EXTRACT FROM LETTER TO THE HAWAIIAN ELECTRIC COMPANY

dated May 15, 1923, from the

\VESTINGHOUSE ELECTRIC & MFG. COMPANY.

With reference to the attitude of the Honolulu Iron Works regarding
a comparison of electric and steam drive for pump service, our Works
comment as follows:

"We cannot reconcile ourselves to the state­
ment that in all cases electric drive has been unsuccessful and has
given place to steam, in view of the many successful el~ctric install­
ations now in service. There may be some isolated cases of this
kind where local conditions or political influences have made such
changes expedient. However, we have no knOWledge of any such trends;
in fact, all our information indicates that the trend is the opposite.
Installation of steam driven apparatus means a much heavier expendi­
ture of money and requires a larger number of attendants, so that
for political reasons steam drive is sometimes preferred. Some of
the cities which have recently let contracts for motor driven pumps
are as follows:

City of Wheeling
Toledo,
Richmond, Va.
Syracuse,
Kansas City,
Baltimore,
Boston,
New Orle ans,
Albany, Ii.Y.

In the case of the city of Albany, they
originally replaced part of their steam driven pumps with electrically
driven pumps, and in view of the successful operation of this original
installation, have recently placed additional contracts for replac~­

ment of two more of their steam driven units. All of this would seem
to indicate that our competitor's statements are not entirely correct,
and we believe that the use of motor driven centrifugal pumps will
increase, due to the fact that all things considered, they pump water
at the lowest total cost. In this total cost should be included
operating, cost, supplies, labor, maintenance and capital charges.

The capital charges comprise the annual
interest on the money invested, the sinking fund charges covering
pumping equipment, its foundations, buildings and cranes. The motor
driven centrifugal unit has the greater advantage not only in its
lower first cost, but also in the fact that it occupies only about
one-tenth the floor spaces needed by the reciprocating unit and
weighs only a small fraction (frequently less than one-tenth) of
the reciprocating steam unit. It, therefore, requires only a small
building ~ith little head room, as the parts handled by crane are
small, ..• The reciprocating unit on the other hand requires a large
high building, substantially built, to support cranes of large
capacity. The large and expensive foundations are also required,
not only to support the great weight but also to resist the vibrations
and strains due to unbalanced reciprocating motion. In this respect
the advantages of the centrifugal pump stand out strikingly where
conditions for foundations are bad.

Depreciation or replacement charges depend
upon the estimated life as well as the purchase cost. In estimating
the life of the complicated mechanism of the reciprocating pump, in­
cluding numerous valve packings, valve gears, cylinders, plungers and
pistons, it is to be compared with the few simple parts without rub­
bing surfaces constituting the centrifugal unit.



Nearly all the reciprocating unit parts wear out eventually, includ­
ing cylinders, which can be rebored only a limited number of times.

. The only parts subject to wear in the motor
drlven centrifugal pump are light and easily replaceable parts, such
as bearings, wearing rongs on the pump and where the water conditions
are bad, the pump impellers and shaft protecting sleeves require
renewal at long intervals.

The cost of attendance is always much less for
the centrifugal unit, due to the absence of valves, packings, recipro­
cating and rubbing parts, and the numerous adjustments which are
required by the recip~ocating unit. Cylinder oil is not required,
and the expense for bearing oil is much less with the motor driven unit.
There have been some recent successful installations in which the motor
driven pump units have been made fully automatic, doing away with
attendants altogether. The pump and motor bearings were equipped with
thermostats, provision was made for automatic priming, overload pro­
tection and under voltage re lease were provided, and pressure gauge
relays on suction and discharge provided protection against unusual
water conditions. This is something impossible to accomplish with
steam driven units.

In comparing efficiencies, it should be· kept
in mind that the duty guarantees of centrifugal pumps are always based
on actual delivery and not on plunger displacemEnt which is an un­
certain factor. The slippage of reciprocating pumps due to wear or
defects in valves, piston and plunger packings is rarely less than
4%, and in many instances has been several times that amount.

Our works have endeavored to obtain some com­
piled figures showing the comparison of operat ing costs of electri­
cally driven centrifugal puups and steam driven units. However, they
are not available ina collected form and must be obtained from scatter­
ed forces. There have been a number of articles written in the tech­
nical press, some of which are as follows:

"Pumping Costs "by O.A.Anderson, in "Power" for May ./
31, 1921

"Electrically Driven Pumps at St. PaUl" in "Public Works" for
January 1921

"Recent Installation of Centrifugal Pump in Brockton" by E.F.
Leger, in "American City" for. September 192L

"Tests on Synchronous Motor Driven Pump at St. Paul" in "Engin­
eering World" for November 1920.

"Piston vs. Centrifugal Pumps" by A.P. Mossner, in "Fordertechnik
u Frachtwerker" for September 1st and 15th,
1922. This article gives comparative tables
and points out the superiority of the motor
driven centrifugal pump.

We believe that all the above articles will be
helpful and regret that we do not have at present copies available for
you. We think possibly that you can obtain copies of them at your
local library, but in the meantime our Works are endeavoring to obtain
copies, together with the translation of the last article and these
will be sent as soon as possible if we are successful.

We have also received from our Works two recent
advertisements by the Allis-Chalmers Company, in which they advocate
very strongly the synchronous motor driven centrifugal pump in pref­
erence to the steam driven pump. These seem to be very inconsistent
with the statement made by their representatives, The Honolulu Iron Wks.,

and point out the fallacies of any such statements.· We are enclosing
copies of these ads. for your information and for Whatever they may be
worth in this case.



$75,000.00

$15,000.00
15,000.00
15,000.00
15,000.00

7,500.00
7,500,00

Manoa
Kalihi
Palolo
Nuuanu
Makiki
Patioa

It is estimated that the department will require
for the periods 1923, 1924, 1925, the following:

1923-Development:

Pipe Lines: Manoa
Kalihi
Palolo
Nuuanu
Makiki
Pauoa

20,000.00
20,000.00.
20,000.00
20,000.00
20,000.00
20,OOOeOO $120,000.00

Installation Pipe
Lines: Manoa

Kalihi
Falolo
Nuuanu
Makiki
Pauoa

9,000.00
9,000.00
9,000.00
9,000.00
9,000.00
9,000.00 $54,000.00

Reservoirs: 1.5
M. G. Manoa

6.0 M.G. back of Punchbowl,
Repairs to Millen Res.Falolo,
Pipe connections to res.

60,000.00
235,000.00.
12,000.00
12.000.00 $319,000.00

Cast iron pipes to connect reser­
voirs to system:

18"••••••••••••. $62,000.00
12"••••••••••••• 50.000.00

Artesian well, 1, Beretania Plant,

Water mains, Kaimuki Improvement District,

Incidental pipe lines and installations in
sections of the city other than above ••••••

$112,000.00

7,000.00

270,000.00

40.000.00
$997,000.00

1924-1925

Development: Kalihi
Nuuanu
Manoa
Pauoa
Makiki
Palolo

$30,000.00
30,000.00
30,000.00
17,500.00
17,500.00
30,000.00 $.; 155,000.00

Forward: $1, 152, 000.00



Rese rvoirs:

Brought Forward: $1,152,000.00

325,000.00

Ralihi Ii M.G.
Kaimuki Pump:

2 M.G.
liM.G.

BeretaniaPump:
2 M.G.

Kalihi Pump 2 M.G.

$45,000.00 (mauka water)

75,000.00
55,000.00

75,000.00
75.000.00

Cast iron pipe connecting reservoirs to system, 160,000.00

Artesian Wells:

Kalihi Pump 2
Kaimuki 2
Beretania 2

$14,000.00
14,000.00
14.000.00 42,000.00

44,800.00

Two standard electric motor driven centrifugal
pumps: 7t M.G. $24,800.00

Buildings, e~c ••••••••••••• 20,000.00

Meters;

4000 meters for
replacement ••••••••••••••••• 62,000.00

200 meter boxes 5,000.00
Installation•••••••• 20,000.00

Distributing system, hydrants, etc.

Contingencies and incidentals
Total

87,000.00

275,000.00

80.000.00
$2,165,800.00

Bond Issue Available.. 750,000.00
New Issue Required •• $1,4l5 L800.00



DEVELOPMENT OF lATER BY THE WATER WORKS DEPARTMENT
since August 1919.

In 1914 the Manager of the Water Works Department in his

annual report recommended that water be developed by tunneling in Palolo

Valley at a point on the west side of the valley just above the old

intake or pipe line head. Also, that water could be secured by tunnel­

ing in Manoa, Nuuanu, Makiki and Kalihi Valleys. The first development

work was done in ~uuanu Valley in September 1919 in opening up what is

known as the "Alewa Heights Spring." (See page 33). This having proved

successful, funds' were secured and development work started in Palolo

Valley just one year later. (See page 34). This also proved a success.

Funds were then obtained for development work in Nuuanu Valley and

work started in March 1921. (See page 36 and Exhibit III for location
•

of tunnels and valuation of water for domestic purposes and pow~r.)

On page 25, the flood waters from Manoa Valley are shown.

This is a project recommended by Mr. J. T. Taylor. On page 28 is shown

the cost and values of water. This project was proposed by Mr. J. Jer­

genson and recommended by Prof. H. Palmer when he was engaged by the

Board of Supervisors to investigate the possible supply of underground

water. On page 30 is shown the cost and value of water from the Waia­

hole tunnel, water mentioned as a possible future supply for the city

by Mr. G.K. Larrison in his report to this department.

FUTURE DEVELOPMENT

This department recommends that development work be prose-

cuted extensively in the following valleys:

Palolo Valley:
This valley has been producing from 1.5 M.G.D. in 1920

to 450,000 gallons on May 30, 1923, this being a dry weather flow. I

am sorry to say that the present pipe line is too small to take care

of the present flow, water being washed down the stream. This depart­

ment has requested that a larger pipe line be installed, but as yet the

funds are not available. It is estimated that a flow of 5.0 M.G.D.

can be secured in this valley, and again the department recommends that



a pipe line and funds for further development be granted this year.

For estimate of development and pipe line to take care of this water,

see pages 60 and 61. If this development is not done soon, it will

be necessary to install a new pump at the Kaimuki Pumping Station in

1924 to take care of the increasing demands in this district.

Manoa Valley: This department has done no development work in this

valley, but feels confident that 3.0 to 5.0 M.G.D. can be secured from

springs and tunneling. Should only 3.0 M.G.D. be secured, the Wilder

Avenue and Maki~i Pumps could be shut down, thereby saving approximately

$24,000.00 per year. For estimates of development, etc., see pages 60

and 61.

Makiki Valley:
Water must be secured at a high elevation in this

valley to supply the higher elevations on Makiki Heights and slopes of

Round Top, or an additional booster pump installed to take care of the

growing demands on the present spring water. The department has done

some tunneling work in this valley and has two prospect tunnels which

show that water can be secured. If only 500,000 gallons daily is secur­

ed, it will be sufficient to take care of the higher levels in this

section of the city.

This department recommends that development work be

continued in this valley. For the necessary funds, see pages 60 and 61.

Pauoa Valley:
No development work has been done in this valley. A

new pipe line however, was installed, connecting the spring with the

reservoir on Pacific Heights. The new pipe line is a "McWane prepared

joint" pipe and is giving entire satisfaction.

The flow from the spring is more than sufficient for

the demand on Pacific Heights and can be used to good advantage on

the higher elevations of Papakolea, back of Punchbowl. (This is the

location of a new 6.0 M.G. reservoir.) The department recommends that
,

development work be undertaken at a point above the spring. For cost

etc., see pages 60 and 61.



Nuuanu Vallel:

Development shoUtl be continued in Nuuanu Valley. It

is estimated that 2.0 to 3.0 M.G.D. in addition to what we now have

can be obtained. This would relieve the Beretania Street Pump and

also the Ralihi Pump at peak loads. See pages 60 and 61 for this

work.

Kqlihi Valley:
This department started development work in this valley

in July 1922 and to date 800,000 gallons has been secured. It is re­

commended that a pipe line be ordered and installed as soon as possible,

as this water is very badly needed to take care of the higher elevations

of the Kalihi section of the city. Costs of pipe line and further dev­

elopment will be found on pages 60 and 61.

Reservoirs:
The present reservoir storage for the Kaimuki, Beretania

and Kalihi pumping stations is not in proportion to the capacity of

the pumping stations and should be increased as recommended on pages

60 and 61.

Pumping Plants:
I would hesitate to recommend new pumping units until all

available water is obtained from the developments as recommended above.

The question then is, will steam driven pumps, vertical

~riplex single acting, or electric motor driven centrifugal pumps be

used1 You are referred to pages 44 to 56 which give a detailed com­

parison of the two types; also extract from letter to the Hawaiian

Electric Company from the Westinghouse Electric & Mfg. Company, pages

57 to 59. This department recommends that the electric motor driven

centrifugal pumps be adopted as the standard for all additional units.

See page 53 for comparisons. With the possibility of power develope d

from tunnel water mauka, the cost of pumping could be further reduced.

Then again, should large quantities of water be developed and the pump­

ing units shut down during the rainy season or a portion thereof, the

amount of money invested in pumps at 5% interest would be, for steam,

$27,000.00 per annum; for electric, $1,860.00; a difference in favor

of the electric of $25,140.00 per annum. This would be on the purchase



price of pumps only; should the operation, superintendence, labor,

mairltenance, repairs, materials, supplies and fixed chargss be taken

into consideration, the difference would be greater, approximately as

follows: steam, $32,437.00, electric, $3,350.00 a difference of

$29,087.00 in favor of electric units.

In conclusion, I wish to thank the employees of

the department for assistance in compiling this report; also the

Water Works Committee, the members of the Board of Supervisors and

His Honor, the Mayor, Mr. J.H. Wilson for the appropriations which

have made it possible to do the development work and other improve­

ments in the Water Works system during the past three years.

Respectfully submitted,

Honolulu, June 1st, 1923.
General Manager

Water and Sewer Works Depts.
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