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INTRODUCTION

This supplementary report deals entirely with surface water re-
sources on the Island of Oahu and has been prepared separately on
the assumption that the legislator will be interested only in the de-
ductions and recommendations as contained in the report of the
Honolulu Sewer and Water Commission to the Legislature of the
Territory of lawaii and not in the great mass of basic data on which
these deductions and recommendations are founded and which are
all contained in this volume.

AUTHORITY FOR INVESTIGATIONS

Act 222, enacted in 1927 by the Fourteenth Legislature of the Ter-
ritory of Hawaii provides, in part:-

SECTION 1-The Honolulu Sewer and Water Commission, created under Act
150 of the Session Laws of Hawaii 1925, is hereby vested with full
power and authority to survey and investigate the location and sources
of supply of water within the District of Honolulu, both surface and
underground, and any surface waters outside of said District in said
Island, and to determine or estimate the amounts available for use and
the maximum productivity of such sources thereof.

SECTION 2-It shall be the duty of said Commission to survey, study
and compile records, statistics and estimates relating to the amounts
of water required for present and reasonably prospective uses in said
District, including public, domestic, industrial and other practicable
uses, and devise and recommend to the legislature, at its next session,
prospective ways and means: by which such uses may be co-ordinated and
served with a maximum conservation, storage, distribution and appli-
cation of all waters of said District; and in connection therewith to
estimate the cost of the necessary works for carrying out such objects.
For any said purposes, all records and information in the control or
within the knowledge of any department or officer of the Territory or
the City and County of Honolulu shall be placed at the disposal of
said Commission.

SECTION 8.-PowERs OF CO~iMIssloN. Said Commission shall also have power
1. To investigate all uses of water within said District of Honolulu

and to estimate the quantity of water reasonably required for any useful
or beneficial purpose, according to reasonable standards in cases of like
kind4;

2. To examine, inspect and ascertain the manner and extent of use
or other disposition of any water in said District by any person or
persons and irrespective of ownership thereof, and any machinery, pumps,
or other plant or equipment, and conduits, pipes or other means used
for the elevation, transmission or distribution of water, upon either
public or private property, and in the case of artesian wells, to ascertain,
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as far as practicable, the depth thereof, depth and thickness of the

different strata penetrated, pressure, quantity, quality or chemical com-

position of the water, and the general conditions surrounding the same,

including encasement, capping and other equipment or means of control

thereof.

SECTION 17-Said Commission is further authorized and directed to report to

the Legislature of the Territory of Hawaii at its next regular session,

upon its work pursuant to this Act, with the recommendations of said

Commission for such legislation as may be deemed necessary to provide

for the systematic and economical development, conservation, use and

control, by any lawful means, of the water resources available for said

District for their greatest use and the largest public benefit.

WORK

This investigation of the surface water resources of Oahu was be-

gun in July, 1927, and after a series of reconnaissance trips to the
sources of surface water supply in those valleys where water is known

to exist, it was decided to inaugurate a series of monthly measure-
ments at different selected elevations on the various streams, to be

correlated with available data covering various periods of years. The
time was too short to consider the installation of "permanent" gaging
stations. At the same time all the heretofore collected data (pub-
lished in Water Supply Papers of the United States Geological Sur-
vey-up to 1923) and the records of the Commission's sixteen gaging
stations located within the District of Honolulu were compiled to
facilitate handling of the mass of data in the annual reports pre-
viously referred to.

The compilation of these data involved much work as:
(1) Prior to 1913 (inclusive), the calendar year was used

in place of the fiscal year ending June 30;
(2) Records up to 1913 (inclusive) were in "second-feet"

and "acre-feet" and required conversion to "million gallons
per day" and "million gallons";

(3) Annual Water-Supply Papers had been published only to
June 30, 1923;

(4) The records of ten active stations were in process of pre-
paration for the years ending June 30, 1926 and 1927;

(5) Compilations for 1928 could not be made until after
sufficient time to allow computations to be made up to June
30, 1928 on ten of the United States Geological Survey
and sixteen of the Commission's gaging stations;

(6) Many daily discharge tables, extremes of discharge and
other data were never published, and to secure consistently
continuous records, much data had to be secured from the
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files of the Territorial Office of the United States Geologi-
cal Survey.

COOPERATION

The greater part of the data contained herein have been obtained
fiom the Division of Hydrography, Mi. H. Carson, Superintendent,
of the Office of the Commissioner of Public Lands, which is work-
ing in cooperation with the Water Resources Branch of the United
States Geological Survey, as previously mentioned.

The Commission desires to record here its appreciation for the
data and other cooperation it has received from the Division of Hy-
drography and the United States Geological Survey, hereinbefore
referred to and also for much data and cooperation it has received
in connection with various investigations, from the Hawaiian De-
partment, United States Army, the City and County of Honolulu,
the University of Hawaii, the Bishop and Damon Estates, the
Waiahole and Wahiawa Water Companies and other interested- persons
and institutions.

Special investigations have been made in cooperation with the
above under one of the plans indicated in the following paragraphs:

1. Expense of work, equipment, or installation paid entirely or
in part by the cooperating party or by directed reimbursement to
the field men.

2. Records collected by employees of a cooperating party but
Lnder supervision of and by methods of the Survey.

3. Assistance given in the collection of records, such as furnish-
ing transportation, subsistence or equipment.

4. Records furnished by a cooperating party, collected by his
methods and under his supervision.

SCOPE OF WORK

The investigations of the surface waters of Oahu are not complete
but, it is believed, do include all sources of surface supply which
iight advantageously be studied at this time. These investigations

have been of a somewhat intensive nature and in sufficient detail
to make conclusions dependable when used in conjunction with long-
time available United States Geological Survey and other records.
Especially important is the continuation of the gaging and collect-
ion of continuous long-time records on Pearl Harbor Springs.

In the performance of this work an effort has been made to reach
the highest degree of precision possible with a rational expenditure
of time and money. In all engineering work there are points be-
yond which refinements are needless and wasteful, and this state-
ment applies with especial force to stream-measurement work in
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Hawaii. It has been found, however, that it is possible to obtain
data which are sufficiently accurate, although Inany of those pre-
sented in these annual reports are for periods too short to yield
definite conclusions.

Special intensive investigations of thd discharge of certain streams
which are of major importance for domestic water supply, power
and irrigation have been made.

To facilitate handling, it was decided to publish the basic data
in this supplementary volume separately from the deductions and
recommendations required by Act 222 of the 1927 Legislature, to
be derived herefrom.

EXPLANATION OF TABLES

For each current-meter gaging station are given, in general, the
following data: description of station, duration-discharge table, and
tables of monthly and yearly discharge and run-off in million gallons.

All rates of flow are expressed as million gallons per day.
In addition to statements regarding the location' and installation

of gaging stations, the descriptions give general information in re-
gard to conditions which may have affected the constancy of the re-
lation of gage height to discharge, covering such points as shifting
channels and backwater; also information regarding diversions
which decrease the total flow at the measuring section. Statements
are also made regarding the utilization of the water, the maximum
and minimum discharge and the accuracy of the data.

In the original Water Supply Papers of the U. S. Geological Sur-
vey tables of daily discharge are available giving the discharge in
million gallons per day corresponding to the observed gage height as
determined from the rating table, the number of significant figures
used varying with the known degree of- accuracy.

Compiling these tables, duration-discharge tables have been pre-
pared by counting the days of different rates of discharge for each
year or period of record at each station. These tables immediately
follow their respective station descripions, and are self-explanatory.
"Total days", "'per cent" and "means"' have been prepared for dur-
ation-discharge tables having records totaling more than one year;
"maxima" and "minima" have been prepared for records having at
least three complete years of record. The latter was done quite ar-
bitrarily in order to include as many stations of short record as pos-
sible. Were more stations of longer records available this standard
would be higher. In the selection of maxima and minima, certain
periods were found of an extreme nature so that if their values

a"Right" and "left" banks of a stream as herein referred to are right and left
respectively looking downstream.
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were neglected the "mean" would not come between the maximum
and minimum values. Arbitrarily it was assumed to include per-
iods exceding half a year for the determination of the maxima and
minima. Values so computed are foot-noted "I Proportional; com-
puted from a critical period above, exceeding half year."

As an illustration, referring to duration-discharge table on page
18; 13.45 years of daily-discharge records are available; of the
4,911 days of record, 2,729 days had a discharge exceeding 2 mil-
lion gallons per day. In other words, for 55.6% of the time, or
203 days of the year, a discharge of at least 2 million gallons per
day can be expected from Kalihi Stream (at elevation 470 feet).
Based on the 13.45 years of record, also, we may expect as many
as 317 days and as few as 79 days per year of a flow of 2 million
gallons per day. (The foot-note "P" denotes that 317 in the "max-
ima" line was determined by proportioning a critical period 'above
for a full-year value; in this case, 365-355ths of 309 days in' 1916
(equivalent to 317 days).

In the table of monthly discharge the column headed "Maxi-
mum" gives the flow for the day when the total discharge was
greatest. This does not correspond to the rate of flow at the crest
of the flood which is given under the heading "Extremes of dis-
charge". Likewise in the column of "Minimum" the quantity given
is the flow for the day when the total discharge was least. The
column headed "Mean" gives the average flow in million gallons
per day during the month. The "Total in million gallons" is the
sum of the daily flows.

The twenty charts inserted herein are self-explanatory and cover,
besides Kahana and Punaluu Streams, only the various streams and
combinations of streams within the Honolulu district.

RAINFALL

Owing to the volcanic formation of the Hawaiian Islands there
is so wide a diversity in the character and porosity of the rocks of
the drainage basins that a general relation between rainfall and run-
off cannot be determined.

For this reason information concerning drainage areas has been
omitted in the various station descriptions.

The reader is, however, referred to Appendix "A", an excellent
cooperative report with isohyetose map (lines of equal rainfall) and
summary tables by J. F. Voorhees, Meteorologist, -United States
Weather Bureau, on the "Quantitative Rainfall on the Island of
Oahu."

The Commission has installed and maintained from ten (April,
1926 to August, 1927) to twenty (September, 1927 to date) rain-
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fall stations in the upper Honolulu district. These records have
been furnished monthly to the office of the United States Weather
Bureau and records of daily readings published in the monthly
Weather Reports beginning December, 1927. Records of weekly
readings will be published in the annual Weather Bureau Report.

The United States Weather Bureau also kindly proposes to co-
operate with the Commission in compiling a "Bulletin W" similar
to the Bureau's Summary Report of 1918 to serve the purpose of
any desired comparisons between rainfall and run-off for periods
terminating approximately the same time.

ACCURACY

The accuracy of stream-flow data depends on (1) permanence of
the relation between discharge and stage, (2) number, accuracy and
distribution of discharge measurements, and (3) the accuracy of
observations of stage and interpretation of data.

The accuracy recorded in the station description is based on the
accuracy of the rating curve, the reliability of the gage-height record,
the range of the fluctuation in stage and knowledge of local conditions.
The use of "excellent," "good," "fair," or "poor," indicates that the
probable errors are within 5, 10, 15, and 25 per cent, respectively.

It should be borne in mind that the observations in each succeed-
ing year may be expected to throw new light on data already collected
and published.

DIVISION OF WORK

This volume, with its new basic data (16 stations and about
2,000 miscellaneous measurements) and duration-discharge tables
and charts, has been compiled and prepared for publication by
J. F. Kunesh, Hydraulic Engineer, of the Water Resources Branch
of the United States Geological Survey (who was loaned to this
Commission for this particular work) assisted by L. G. Allen,
W. A. Hartman, W. H. Samson, Keith Wallace, Junichi Morinaka
and K. H. Lee under general direction of Frederick Ohrt, Chief
Engineer and G. K. Larrison, Water Division Engineer of this
Commission.

PUBLICATIONS

The following table gives, by years, the numbers of the papers on the
surface-water supply of Hawaii published from 1909 to 1928 by the United
States Geological Survey. The data in detail for any particular station
will be found in the reports covering the years during which the station
was maintained. This table in conjunction with the list of stations follow-
ing provides a convenient index for finding the original data for any sta-
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tion. For example, to find the data for West Branch of Manoa Stream

near Honolulu, refer to the list of stations which shows that this station

was operated from 1913 to 1921 and 1926 to date. Then referring to the

table below it is found that Water-Supply Papers 373, 430, 445, 465, 485,
515, 516, 535, 635, 655 and 675 contain (or will contain, when published)

the data for the years during which the station was operated.

Numbers of papers on surface-water supply of Hawaii, 1909-1928

Year No. Year No. Year No.
1909-11 ................ 3181917-18 ..----............... 485 1923-24a ........................... 595
1912 .............................. 3361918-19 ... ..................... 515 1924-25a - -_.. ......... 615
1913 _ . .......... .............. 373 1919-20 ---------- ................ 516 1925-26a 635
1913-15 ..... .... .......... 430 1920-21 .... ................ . 535 1926-27a . 655
1915-16 .............................. 4451921-22 .......... .... 555 1927-28a .............. 675
1916-17 .................. 4651922-23 . 575

aUnpublished (as of December 1, 1928)

GAGING STATIONS MAINTAINED ON OAHU

The following list comprises the gaging stations, active and dis-

continued, on the Island of Oahn. The stations are arranged by
stream basins and appear in systematic order, tributaries of main
streams being indicated by indention. The dates show the years
or part of years for which records are available. A dash following
the date indicates that the station was being maintained June 30,
1928.

iVoanalua Stream near Honolulu, 1926-
Kalihi Stream near Honolulu, 1913-

Kalihi tunnels at Venturi, near Honolulu, a1926-
Nuuanu Stream at Luakaha weir, in upper Nuuanu Valley, near Honolulu,

1903, 1910-13, 1925-
Nuuanu Stream below reservoir No. 2 wasteway, near Honolulu, 1913-
Nuuanu Stream at Kuakini Street, near Honolulu, 1911-12.

Lulumaha ditch at upper Nuuanu reservoir, near Honolulu, 1911-13.
Maole ditch, mauka station, near Honolulu, 1917-20.
Maole ditch, makai station, near Honolulu, 1917-23.
Nuuanu tunnel No. 4 near Honolulu, a1925-
Nuuanu reservoir No. 4 near Honolulu, a1926-
Nuuanu tunnels at Luakaha Venturi, a1926-
Alewa Heights Spring near Honolulu, a1926-

Nuuanu hydroelectric plant near Honolulu, a1925-

Pauoa Stream at upper Pauoa Valley, near Honolulu, 1911-13.
Kahuawai Spring near Honolulu, 1912-14, a1926-

Makiki Stream:
Makiki Springs near Honolulu, a1926-

Hering Spring near Honolulu, a1926-

Manoa Stream at upper Manoa Valley, near Honolulu, 1910-13.
Manoa Stream at College of Hawaii, near Honolulu, 1909-18.

West Branch of Manoa Stream near Honolulu, 1913-21, 1926-
East Branch of Manoa Stream near Honolulu, 1913-21, 1926-

East Manoa ditch near Honolulu, 1915-16, 1918-21, 1926-

Manoa tunnel No. 3 near Honolulu, a1926-

aStation established and maintained and records collected and compiled by
Honolulu Sewer and Water Commission.
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Manoa tunnel No. 2 near Honolulu, a1927-
Manoa tunnel No. 1 near Honolulu, a1926-
Manoa tunnels at Venturi, near Honolulu, a1926-

Palolo Stream:
Pukele Stream near Honolulu, 1912-13, 1926-
Waiomao Stream at upper Palolo Valley, near Honolulu, 1911-13.
Waiomao Stream above Pukele, near Honolulu, 1911-12, 1926-

Waiomao tunnel at portal, near Honolulu, a1926-
Waiomao tunnel in pipe line, near Honolulu, a1926-

Waimanalo ditch below main reservoir, near Waimanalo, 1912-13.
Pump ditch near Waimanalo, 1912.
Makawao ditch near Kailua, 1912-16.
Kailua Stream above Wong Leong's ditch, near Kailua, 1922-23.
Kailua Stream near Kailua, 1912-16.

Wong Leong's ditch near Kailua, 1912-16.
Makawao Stream near Kailua, 1912-16.

Mkawao Spring near Kailua, 1914-16.
Kaimi Stream near Kailua, 1912-16.

Main Spring near Kailua, 1914-16.
Kamakalepo Stream near Kailua, 1912-16.
Pohakea Stream near Kailua, 1912-14.

Kahanaiki Stream in Kailua Valley, near Kailua,, 1912.
Kahanaiki Stream near Kailua, 1915-16.

South Branch of Kahanaiki Stream near Kailua, 1913-14.
North Branch of Kahanaiki Stream near Kailua, 1913-14.
Kahanaiki ditch in Kailua Valley, near Kailua, 1912-13.

Kaneohe Stream near Kaneohe, 1914-16.
Young Mau ditch near Kaneohe, 1914-16.
Ahlo ditch near Kaneohe, 1914-16.
Hooleinaiwa Stream near Kaneohe, 1914-16.
Piho Stream near Kaneohe, 1914-16.
Kuou Stream near Kaneohe, 1914-16.

Kuou ditch near Kaneohe., 1914-16.
Luluku Stream near Kaneohe, 1914-16.

North Luluku ditch near Kaneohe, 1914-16.
Kawa Stream near Kaneohe, 1914-16.
Heeia Stream:

Wing Wo Tai ditch near Heeia, 1914-16.
Hop Tuck ditch near Heeia, 1914-16.
Lee ditch near Hbeia, 1914-16.
Haiku Stream near Heeia, 1914-19.

Reservoir ditch near Heeia, 1914-16.
Waipio ditch near Heeia, 1914-16.

lolekaa Stream near Heeia, 1914-16.
Waiahole Stream below power house, near Waiahole, 1915.
Waiahole Stream near Waiahole, 1911-16.
Wjaiahole Stream at Waikane, 1911-12.

Waihi Stream near Waikane, 1911.
Halona Stream near Waikane, 1911.
Wiaianu Stream near Waikane, 1911.

Waikane Stream near Waikane, 1911-12.

aStation established and maintained and reoords collected and compiled by
Honolulu Sewer and Water Commission.
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Kahana Stream near Kahana, 1914-17.
East Branch of Kahana Stream near Kahana, 1914-17.

Punaluu Stream at elevation 539 feet, near Punaluu, 1915-18.
Punaluu Stream at elevation 250 feet, near Punaluu, 1914-18.
Punaluu Stream near Hauula, 1906-07.

Waihoi Stream near Punaluu, 1915-17.
Kaluanui Stream near Hauula, 1906-07, 1915-17.
Kalpapau Stream near Hauula, 1906-07.
Koloa Stream near Laie, 1914-18.
Vailele Stream near Laie, 1914-18.
East Branch of Kahawainui Stream near Laie, 1914-18.
East Branch of Malaekahana Stream near Kahuku, 1914-18.
Middle Branch of Malaekahana Stream near Kahuku, 1914-18.
Kaukonahua Stream:

North Fork of Kaukonahua Stream near Wahiawa, 1911.
Right Branch of North Fork of Kaukonahua Stream near Wahiawa,

1913-
Left Branch of North Fork of Kaukonahua Stream near Wahiawa,

1913-

South Fork of Kaukonahua Stream above United States Army reservoir,
near Wahiawa, 1911, 1913-17.

United States Army ditch at reservoir, near Wahiawa, 1914-15.
South Fork of Kaukonahua Stream below United States Army reservoir,

near Wahiawa, 1914-17.
Wahiawa reservoir ditch near Wahiawa, 1910-11.

MISCELLANEOUS MEASUREMENTS

Following the records collected at the gaging stations (pp. 14-234),
is a list of miscellaneous measurements made from 1909 to 1928.
These measurements are arranged in systematic order according to
three classifications:

1. Geographical,-starting at Moanalua Valley, the west boundary of the
District of Honolulu, counter-clockwise around the Island and from
Honolulu towards Waianae.

2. Altitudinal,-as nearly as known (old records), measurements follow
in order downstream starting with first tributary encountered in
geographical order.

3. Chronological,-starting with the first measurements ever made at
-a given point and followed by all other measurements in their
chronological order up to June 30, 1927.

The miscellaneous measurements (about 2,000) made by this Com-
mission (July 1, 1927 to June 30, 1928) in the "elevation-discharge"
and Pearl Harbor Springs studies follow each in its geographical
section with 1909-27 measurements but separated therefrom by heavy
line and arranged below in altitudinal and chronological orders. The
reason for this separation is to permit the proper segregation of
measurements of the 1927-28 study to derive percentages of flow at
different elevations by comparison with the continuous records pre-
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ceding the list of miscellaneous measurements, and other studies of
comparison of the 1927-28 year with other years. The salt contenlt
of the water measured in the monthly series of measurements of Pearl
Harbor Springs made during the 1927-28 is also given.

MOANIALUA SLAN NqEA, HONOLULU,' OAXU

LOCATION.-About 2% miles by private road northeast of main highway,
41/4 miles from mouth of stream and about 514 miles north of. Honolulu

post office; elevation about 300 feet.
EQUIPMENT.-Stevens continuous water-stage recorder, with a secondary

float attachment which records rainfall, on left bank. Discharge measure-
ments made by wading and from bridge. Velocity of approach measured
by current meter and floats in weir basin.

CHANINPL AND CONTRO.-Channel straight for about 75 feet above and belo%
gage. Stream bed composed of solid ledge, boulders and gravel. Banks
high and steep. Control is sharp-edged 1-foot by one-half foot orifice
with its bottom 1-foot edge at elevation 0.00 foot gage datum and
sharp-crested 16-foot by 5-foot weir with complete end contractions and
crest at elevation 0.76 foot gage datum; both set in heavy concrete dam
with broad-crested wing walls. Weir basin too small to subdue velocity
above medium stage and subject to filling up during -floods.

EXTREMES OF DISCHARGE.

Year Maximum Minimum
ending

June 30
M. G. D. Hour Day M. G. D. I-our Day

1926 ... 0.. 0
1927 ... 1,120 4 a. i. May 16 0 Several days July 1-

Dec. 15
Apr. 8-

13
1928 ........ 1,120 2 a. m. Nov. 19 0 do ---------

DIvERSION AND REGTJLATION.-Low-flow discharge in left fork diverted into

small reservoir (elevation 770 feet) and passes gage toward City in 2-inch
pipe line.

AccuaAcYv-Stage-discharge relation changed when orifice was sealed April
13, 1927. Rating curve well defined below 50 million gallons per day by
5 discharge measurements and theoretical formulae; poorly defined above
by velocity of approach measurements and theoretical formulae. Opera-
tion of water-stage recorder satisfactory except after March 7 when intake
to stilling well was partly obstructed. Records good for ordinary stages
prior to March 6, 1927, and poor thereafter; high-stage record poor.



DURATION-DISCHARGE TABLE
Moanalua Stream near Honolulu, Oahu

(See PLATES I and XVII)

Year Number of days having a discharge in millions of gallons per day, equal to or

ending Number greater than
June 30 of days _ -6__-4 3 __.0 0recordreor -_ ____ _ ____ _ _-_ _250 200150 100 50 2515 10 5 4 3 2~ 1 0.5 0.1 0.1 0.00

1927 16 1 1-1-2---15 25 33 49 58 69 89 134 158 192 226 365
1 9 2 7 ------------------.-. -------------------------.-. .- .----------------- . 3 6 5 1i -i 6 .... 24 H.. " 5 , ...

Total days -------------- 371 1 1 1 2 6 15 25 3 49 58 69189 134 158 192 226 371

Pe et10 . 1 . 51.6 4.0 6.7 8.9 13.2 15. 1.61 24.0 36.1 42.6 51.8160.9 100.00

1928 1------------- --------- 66 . 0 1 3 6 12 1518I 34 46541 64 95 113 175 226 366
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Monthly discharge of Moanalua Stream near Honolulu, Oahu, for years ending
June 30, 1926-28

Discharge Total
_run-off

Month Million gallons per day
Million

Maximum Minimum Mean gallons

1925-26
June 25-30 ....... 0 ................ 0.00 0.00 0.00 0.00

The period (6 days) ----- -............... . 00 .00
1926-27

July ..... .................... 4.8 .00 .176 5.45
August..................... ............ 47 .00 1.69 52.4
Septem ber.. .............. ...................... 5.1 .00 2.26 6.77
October ............................ 27 .00 1.24 38.4
N ovem ber............. ........................ 13.7 .00 .561 16.8
Decem ber.............................................. 7.8 .00 .540 16.8
January.. .......................... - I............. 89 .03 6.92 214
February .......... ................. 22 .07 2.79 78.2
March ............................ 142 .03 15.1 468
April ....................... __ 61 .00 9.65 289
M a y .......................... ........ ......----....... 2 58 .2 1 4.1 43 8
June ................................................... 2.9 .05 .637 19.1

The year ...................... 258 .00 4.50 1,640
1927-28

July .................... 4.0 .00 .427 13.2
A ugust ..............- ----..................... 7.6 .00 .523 16.2
Septem ber ......................................... 16.0 .00 .847 25.4
O ctober ............................................ .00 .00 .000 .00
Novem ber 1................... ............... 163 .00 15.0 452
Decem ber ............................................ 86 .00 14.6 453
January ... ........ ............................. 6.9 .07 1.26 39.0
February .......................................... 1.6 .00 .089 2.57
March ..................................... ..00 .00 .000 .00
April .............................. 37 .00 4.68 140
May ...................... ............ . 4.8 .01 .844 26.2
June ............................................... . 4.7 .00 .192 5.76

The year___........................ 16 .00 3.20 1,170
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KALIHI STREAM NEAR HONOLULU, OA U

LOCATION. At Kioi Pool, three-eights mile upstream from Catholic Orphan-

age, 3 miles up Kalihi Road from King Street, and 5 miles north of Ho-
nolulu post office; elevation is about 470 feet.

EQUIPMENT.-Many different water-stage recorders used during period of
record; present instrument is Au 60-day fuzee recorder; measurements
made by wading.

CHANNEL AND CONTROL.-Channel is solid rock with steep high banks. Water
drops over a 10-foot face into deep pool at gage. Control is solid rock,
improved for low water by low concrete dam; formerly gravel collected
in low-water control and affected stage-discharge relation.

EXTRE ES OF DISCHARGE.-

Year Maximum Minimum
ending

June 30 M. G. D. Hour Day M. G. D Hour Day

1914 193 ....... p. m. Dec. 3 0.5 .Nov. 1

1915 300 6:15 a. m. Sept. 22 ........ Apr. 15-16, 21-23
1916 Unknown 2:30 a. m. Nov. 12 1.0 ........ Oct., Feb. & Mar.
1917 400 1:00 a. m. Mar. 19 1.0 ........ Oct. 18-20, 26-27
1918 260 4:30 a. m. Apr. 4 .25 Oct. 29
1919 1,150 8:30 p. m. Dec. 6 .69 8 p. m. Feb. 27-Mar. 5
1920 566 10.30 p. m. Mar. 22 .5 Several June 28
1921 1,250 Jan. 16 .7 8 p. m. July 1
1922 720 6:30 a. m. Oct. 3 .7 8 p. m. July 24
1923 1,200 4:00 p. m. Jan. 19 .85 6 p.m. Apr. 3
1924 1,170 6:00 p. m. Dec. 30 .1 4 a. m. July
1925 534 6:00 p. m. Oct. 10 .5 Frequently May 12-25
1926 622 8:15 p. m. Nov. 4 .1 Several July 14-31
1927 800 12:30 a. m. May 16 .5 do Aug. 18-24
1928 1,190 Midnight Nov. 18 1.0 do Mar. 14-27

DIVERSIONS AND REGULATION.-None until May, 1920 when Catholic Orphan-

age began diverting about 300 feet upstream from gaging station
through 4-inch pipe (reduced to I inch at outlet) for domestic use.
Between February 4 and June 7, 1924 City of Honolulu completed sev-
eral tunnels about lIY miles upstream, and began diverting about 0.8
million gallons per day to supply upper Kalihi district. Part of water
used about 400 feet below station for small power development. All of
low flow is used farther downstream for irrigation of taro.

AccuRAC.-Stage-discharge relation generally permanent but frequently af-
fected by varying velocity of approach and gravel. Rating curves based
on 16, 3, 13, 9 10, 17, 8, 8, 3, 10, 11, 14, and 12 discharge measurements
made during the 14 years respectively. Operation 6f water-stage re-
corders satisfactory except for occasional short periods when discharge
was estimated by comparison with Nuuanu and Manoa Streams. Re-
cords generally good except for periods of high or estimated discharge
when they are poor or fair.



DURATION-DISCHARGE TABLE
Kalihi Stream near Honolulu, Oahu

(See PLATES IT, IV, X, XVI and XX)

Number Number of days having a discharge, in millions of gallons, equal to or
Year ending June 30 of days greater than

reod 200 100 50 251510 5 4 3 2 1 0.8 0.5 0.2 0.1
. -rd ---- - -. - - - - -- - --

1 9 1 4 ------------------- ...--- .-.--- ....*.------------- .-- ..-.-.-- .........- 220 0 2 6 1 1 1 7 33 4 2 60 1 0 5 1 9 5 2 0 4 2 20
1915 -.......... 3 25 0 5 11 23 42 93 141 193 261 325
1916 .... ............... ...... ......... .............................................---- 55 0 3 13 30 46 127 166 218 309 355
1917 365 0 4 9 25 41 99 138 198 262 365
1918- - -------.---------------- -..---- 365 0 5 12 28 42 116 134 159 172 272 101 328 1651
1919 - ............................ 365 0 1 12 17 23 54 72 114 205 357 364 365
1920 ........... ----------- - -- - --- 9 366 0 4 10 21 33 45 64 138 273 310 366
1921 3159 0 1 5 81222 49 67 101 152 332 359
1922 ........................................... 365 0 5 18 30 38 74 94 134 209 342 363 365
1 92 3 1-.. ---------. --.------------------- .-- .---------- .-.-- .-.------- ........- 3 65 1 4 1 2 22 3!0 5 2 1 0 7 1 2 4 1 8 0 2 5 5 3 6 3 36 5
1924 ........... . .............................................- 366 0 1 18 24 31 59 72 96 159 312 315 350 362 366
1 9 2 5 --------. -. ---------------------. ----. -------------. -------......... .... 3 6 5 0 2 6 1 46 58 1 1 4 ' 19 3 3 0 8 31 5 365
1 9 2 6 1------------------ .--- ..----- .-.------------- ....... ... ... .. ... 3 6 5 0 3 6 1 0 2 3 2 6 4 2 7 9 2 1 9 2 3 4 260 3 4 8 3 6 5
1927 365 0 3 4 23 37 48 124 143 189 230 300 334 365

Total days 4,911 1 8 47 161 289 448 1,037 1.3221,2 2,729 4,318 4,529 4,756 4,890 4,911
Per cent 100 .02 .16 .96 3.1 5.9 21. 26.9 17.9 55.6 87.9 92.2 96.8 99.6 100.0

Means-(13.5-years)- .1 .6 3.5 12 21 33 77 98 118 203 121 337 3 364 165Means (13.45 years). ................... .............. 3 .1 7 6]35 - - - " "2 }-

Maxima- . 1 4 12 21 37 52 P130 P170 P224 P317 365 36 366 366 366

Minima ............... 0 0 0 2 610 21 26 42 9 219 2341263 148 365

1928...- 366 0 7 17 27 44 97 120 164 255 366 I

P Proportional; computed from a critical period above, exceeding half year.
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KALIHI STREAM

Monthly discharge of Kalilt Stream near Honolulu, Oahu, for years ending
June S0, 1914-28

Month

1913-14
September 6-30 ....................
O c to b er ..---- -----. ... --------... ... . ..... ..
Novem ber 1-22.....................
December 4-31 .....................
January ..............................
F ebruary ........................ ..
March.
April 1-24

The period (220 days)

1914-15
July 2-3, 6-7, 18-31 ...............
August ..........................................
September ............................
October 1-22 ..................
November 10-30 .......................
D ecem ber .............................................
January - -.................................
F ebruary ......... . ......................
M arch .................................... ...
A p ril ............... .............................
M ay 1-20, 25-81 .............................
J u n e 1-20 ..............--.---.-.....................

The period (325 days) ----------

1915-16
July 3-31 .........................
A ugust ........................................
September... .................
O ctober ...................................
N ovem ber.........................................
Decem ber ........................... .
January 1-14, 24-31 ..................
February ..........................
M arch ........................................ ..
A p r il.......................................... ...
M ay ...... ............. .......................
J u n e ------------------------------------------.. ----....

Discharge

Million gallons per day

Maximum Minimum Mean

2.8
2.5

18
50
22

7.9
17
51

25.
24
88
12
11
16
3.0

12
2.6

53
12

4.8

28
4.4
7.2

16
51
63
56

7.6
42

9.0
74
19

1.0
.5
.5

2.7
1.8
1.2

.8
1.8

2.9
3.8
4.2
3.0
2.6
2.3
1.7
1.4
1.4
1.2
2.0
1.7

The period (3'55 days)............ --- ....

1916-17
July .........................
August...........................
Septem ber ................
October .------------------_
November .........................
Decem ber .....................
January. --------------------------
February........................
M a rch . -----------------------------
April .... ......................
M ay .....................................
June ................................

The year-.............................. .

3.5
2.6
1.0
1.0
1.9
1.9
1.6

1.51
.95

5.78
11.3

3.11
1.89
2.04
7.05

7.42
6.34

20.2
6.59
4,10
4.69
2.00
2.70
1.85
9.73
4.34
2.12

4.94
2.41
2.75
5.22

12.5
9.82

14.0
3.58
6.16
1.82

11.2
3.87

2.89
3.48
2.05
3.82
6.39

10.2
7.10
1.79

13.6
5.77
4.87
2.97

Total
run-off

Million
gallons

38
29

127
3'16

96
53
63

169

891

2,000

143
75
83

162
376
304
309
104
191

55
346
116

2,270

68 1.0 5.41 1.980

1917-18
July .. ................ ............... 2.6 1.
A ugust .......... ................................. 1.8 .9
September ............................... 1.5 .4
O ctober .................................................6 .25
N ovem ber ............. ......................... 12 .3
D ecem ber -------_--------.._.....---........... 6.8 .8
J an u a ry ---------------....--------- ..-------- ...... 22 .8
F ebruary ......................................... 22 4.4
M a r c h ...-------------- .---....-------- .-.----...... 6 8 3 .7
A p ril .................................................. 7 4 3 .7
M a y ...............................- 1 9 3.2
June ................................ 8 2.5

The year ... ..... ......... 74 .25

1.54 48
1.27 39
.32 9
.37 11

1.57 47
1.63 50
2.80 87
8.06 226

15.6 482
18.6 558

6.89 214
4.94 148

5.26 1,920

I
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Moisthly discharge of Kalihi Stream near Honolulu, Oahu, for years ending
June 30, 1914-28

Discharge Total
run-off

Month
Million gallons per day Million

gallons
Maximum " Minimum Mean

1918-19
July -------------------------------------------. 31 1.9 4.29 133
August .................................------- 42 1.5 6.74 209
Septem ber ............................................. 5.0 1.2 1.80 54.0
October ......................_......................... 46 .7 2.85 88.3!
Novem ber ................................... 46 1.0 4.37 131
December ........................... 87 1.3 9.70 301
January -------- ...................... .......... 14.6 1.5 2.31 71.6
February-.___ .... - ........ 3.0 1.4 1.76 49.3
M arch. . ---------------......................... 40 1.6 3.67 114
April ................................ 27 1.0 4.45 134
May.-.. ........... ................... 27 2.0 4.54 141
June ........ ....................... 17,5 1.8 3.38 102

The year ........................................ 87 .7 4.18 1,530

1919-20
July. ............... ....... 14.0 1.7 3.46 107
August ............................. 24 2.0 4.14 128
September .......................... 13.3 1.6 3.26 97.8
October ................................................. 22 1.1 2.98 92.5
November ...... ..................... 12.0 .7 1.47 44.1,
December ............... ............ 2.8 .7 .88 27.3
January .................... 15.2 .7 1.54 47.7
February .......................................... 1.1 .5 .71 20.6
M arch ................................................... 40 .5 8.35 259
A pril ......... ..................................- 8.6 2.1 3.3'3 99.9
May .......... ...................... 2.2 1.4 1.71 52.9
June....................................... 2.0 1.0 1.34 40.2

The year .......................... 40 .5 2.78 __ 1,020

1920-21
July ................................................ . 60 .9 3.40 106
August .......... ................................ 4.8 .9 1.75 54.2
September ..................................... . 5.8 1.4 2.07 62.0
October ................ ....................... 4.3 1.4 2.21 68.5
November ........................... 10.8 1.3 3.33 99.8
December ....... ................... 59 2.8 10.0 311
January 1-14, 21-31 ....................... 144 3.4 17.9 447
February .................................. 8.9 1.9 4.03 113
March .................................................... . . 2.6 1.0 1.47 45.7
April ................................. 3.5 .9 1.27 38.2
May............................................ . . 4.1 1.1 1.71 53.1
June .............................. 1.2 .8 .95 28.4

The period (359 days) ......... . . .8 ---. 1,430

1921-22
July .................................................... . . 3.2 .7 1.44 44.6
August-.................. ........ 5.2 1.0 1.38 42.8
September ....... ................... 4.7 .9 1.32 39.6
October ............ .................... 61 1.4 6.13 190
November .......................................... 28 1.0 31.96 119
Decem ber ........ ............. ........ 1.8 19.1 592
January ......................... 50 2.7 9.11 282
February ........................................ 31 2.4 6.19 173
March ....................................... 28 2.2 6.93 215
April .... ........................... 10.4 1.7 3.03 90.8
May ..................................................... 12.9 1.6 2.95 91.3
June...... .......................... 6.8 1.4 2.23 66.8

The year ........ -.......................... - .7 5.33 1,950

1922-23
July ............. . . ...................... 3.8 .9 1.31 40.5
August .......................................... . 11.6 1.0 2.04 63.2
September .... ...................... 74 1.7 8.11 243
October ............................ 74 2.1 7.02 218
November ........................... 14.7 2.5 5.77 173
December ........................... 53 1.6 4.42 137
January .... ........................ 297 1.3 31.8 986
February .................................... 126 2.3 14.3 400
M arch ...................-..............- 66 2.9 6.81 211
April......................................71 4.2 12.6 3'78
May ..... ......................... .. 4. 1.8 2.73 84.7
June .................................... ........ -- - -- 1.9 1.0 1.28 38.5

T he year........................................ 297 .9 8.15 2,970



KALIHI STREAM

Monthly discharge of Kalihi S ram near Hotuit;, Oahu, for years ending

June 80 1914-28

Month

1923-24
July .....u....... .......... ..........................
August .................. ................
Septem ber .....................................
October--------------
November.. ............ .......
Decem ber .....................................
January .........................................
February ..........................................
M arch ................ ...............................

April ................................................m ay .......... 7 ........--- ...... ...........- .. .........
June .................................................

The year ........................................

Theus year. --------- -- *----------------1924-25
July ....................................
ugust.......... ....... ............

September ..... ..............
October .......................... .................
novem ber ..................... ........

December ............................................
January ............................
February ...................................
M arch ............... ................

pril .......................................... _ ..........
eay e r . . .................. .....................

1925-26
July ......................................................
August ...... ......... ...................
Septem ber................................
October ........... :. . ....... ..........
Novem ber .....................................
Decem ber ----------------------------------....
January ........................................
February .............. ......... ..........
M arch ......................................................
April ...................................................
M ay .................................... . ....
June ............. ....................... ..

The year .......................

1926-27
July ............................ ................
August ............................ ........
Septem ber ........................--------------
October ..........................................
Novem ber ..........................................
Decem ber ..............................................
January... ............................. -...
February ..........................
M arch .............. ............
April ....... .............. ....................
M ay ...........................................
June ........................ .....................

The year ........................................

1927-28
July .....................................................
August ..................................................
Septem ber .......................................
October ....... _ ...........................
Novem ber ......................................
Decem ber ............. ............
January ....................... ...................
February ................................................
March ....... ................
April ......................................................
M ay ................................... .......
June .............. .........................

The year ........................... ........

DIscharge

Million gallons per day

Maximum Minimum Mean

1.22
3.3 0.9 2.67

16.1 .9 3.72
37-, .9 2.65

17.1, 1.0 1.72
3.0 1.2 11.8

66 1.0 3.59
14.6 1.6 2.16
.5,7 1. 1.13

3.6 1 [ 17.0
I-.. 5 3.837.5 .... , 1.18

6......84.38

1.01
5.4 .6 1.28
4.6 .5 1.36
7.0 .7 4.53

29 .9 2.11
14.9 1.5 3.95
21 1.4 1.95

8.1 1.2 3.41
23 1.0 3.00
21 . ... 4.47
12.0 1.94
.......... ........ . 4.64

2.2

29 3.05

2.94
16.9 1.5 2.31

........ 2.62
0f" .9 1.80

13.1 .9 4.11
26 .9 2.07
12.1 1.0 1.07
........ ........ .45
........ ........ .48

2.8 ........ .41
1.2 .3

.6 .1 .17
31 .2 3.87

31 --- 1.86

12.2 .5 1.12
.5 5.67

2.38
.9 3.84

17.4 .8 2.38
17.9 .7 1.85
40 1.4 7.85
16.1 2.5 4.96
50 3.2 11.6
................ 1 7 .3
---- .24.3
7.1 2.0 3.60

.5 7.26

6.0 1.6 2.60
7.3 1.6 3.18

19.9 1.5 3.70
3.6 1.1 1.71

172 1.8 22.2
96 4.9 21.3
29 2.8 5.89

7.2 1.5 2.24
1.9 1.1 1.31

35 1.3 9.84
10.2 2.5 4.98

7.1 1.4 2.10

172 1.1 6.75

Total
run-off

Million
gallons

3'7.8
82.7

112
82.1
51.7

364
111

62.5
35.1

510
119
35.4

1,600

31.3
39.8
40.7

140
93.2

122
60.3
95.5
93.1

134
122
139

1,110

91.0
71.6
78.7
55.8

123
64.1
33.3
12.7
14.9
12.2
5.4

116

679

34.6
176

71.4
119

71.4
57.2

243
139
360
518
752
108

2,650

80.6
98.5

111
53.0

666
661
183

65.1
40.7

295
154

63.0

2,470



SURFACE WATER SUPPLY OF OAHU, 1909-28

WAXI. Z TU3NRZL- AT VrkNTU3!, MMA XONOUU, OA3EU

LUCATION.-In Kalihi Valley at elevation of about 550 feet above sea level.

EQuI'MENT.-Builders Iron Foundry-12"x4" Venturi meter; capacity range,-

from 0.16 to 2.08 million gallons per day.
CHATNEL AND CONTRL.-Twelve-inch pipe line; gate valve.
EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending

June 30 1A. G. D. Hour Day M. G. D. Day

1927 1.41a 11 a. m. Mar. 5 0.0 June 28-30
1928 1.41a 7 a. m. Aug. 2 .0 Frequently

aSurface water admitted above.

D1vERSIONS AND REGULATION.-Valves regulated above to exclude turbid

water during rainy seasons. Records show flow used for City con-

sumption.
AccuRAcy.-Daily discharge planimetered from weekly charts and records

within capacity of meter excellent.
CooPPRATIN.-Meter instalied and records collected and compiled by Hono-

lulu Sewer and Water Commission.

DURATION-DISCHARGE TABLE
Kalihi tunnels at Venturi, near Honolulu, Oahu

Year Number I Number of days having a discharge, in millions of
ending of days gallons, equal to or greater than
June 30 record 0.7 0.6 0.5 0.45 0.40 0.35 0.25 0.200 0.05

1927..: ----- 185 0-5 18 26 44 96 151 176 180 185
1928 366 2 3 11 22 46 72 123 215 291 359 X63 365
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Monthly discharge of Kalihi tzsanets at Venturi, near Honolulu, Oahu, for
years ending June 30, 1927-28

Discharge Total
run-off

Month Million gallons per day Million

Maximum Minimum Mean gallons

1926-27
December 28-31 .............................. 0.40 0.34 0.370 1.48
J a n u a r y .................. ..... .. ... .. ... .. .. .3 9 .1 7 .2 8 1 8 .7 2
F e b r u a r y ------ ..- ----------- --------------- -----.. ...... 4 5 .2 7 .3 2 3 9 .0 4
M a r c h -------------------------.. ...... .5 1 .3 0 .3 6 5 1 1 .3
A p r il ................................. ..... ... ... 6 9 .2 8 .4 4 7 1 3 .4
May ..................................................... .52 .36 .426 11.2
J u n e .... . __-. -------------. --........ .. ...... 3 7 ......... 3 1 3 9.3 8

The period (185 days). ........... .. .... 66.5

1927-28
J u ly . ------.-. -----..---------------- ..------......... .6 0 ..... 2 7 5 8.5 4
August .47 ... 217 6.73
September ........................................ .47 .14 4.2
O c to b er -----------.-.-----------------------------...... .4 4 .. . .2 2 8 7.0 6
N o v e m b e r . . ...... ...... . . ...... . . ...... ...... .. 6 0 .1 9 .3 1 6 9 .4 9
December ----------- -. .......... 39 .09 .263 8.15
J a n u a ry ---- _ _ -...................... -................ 1 9 8 6.1 4
F ebruary .... ...... ___.. -.................... 27 .16 .205 5.95
M arch . .................. ........... .24 .10 .178 5.52
A p r i l ........ ....... .... .. .... . . ..... ... ...... 1 7 0 5 .1 1
May_---..------------------------------ .......... ..... .29 .15 .200 6.19
June ---------------- .................... ........... .40 .20 .290 8.69

T h e y e a r ---------------.... -----. ------........- ....... 2 2 3 8 1 .8

NUUANU STREAM AT LUAIAHA WEIR, IN UPPER NUUANU VALLEY, NEAR

HONOLULU, OAHU

LOCATION. About one mile below reservoir No. 4 (main) in upper Nuuanu
Valley and about 5 miles from Honolulu post office.

EQIPMENT.-Head measured on iron pipe set about 3.0 feet back from weir
crest; 4-foot sharp-crested weir with end contractions; check measure-
ments formerly made with current meter by wading. At times floods
exceeded capacity of diversion channel and were not measured; also
choked intake to aqueduct sometimes does not take all water available
in Nuuanu Stream at this point. Waste water from this station meas-
ured at station on Nuuanu Stream below reservoir No. 2 wasteway.
Elevation above sea level is 877 feet.

CITANNEL AND CONTROL.-Concrete aqueduct; permanent.

EXTREMES OF DISCIIARG.-Maximum (capacity of aqueduct), somewhat great-
er than 14 million gallons per day at various times; minimum, 0.36

million gallons per day, November, 1913.
DIVERSIONS AND rIEGULATION. Aqueduct diverted see page from reservoir No.

4, including inflow from Nuuanu Valley drainage below reservoir No. 4.
AccuRAcy.-Gage read once daily up to 1914; weekly thereafter. Records

generally fair for capacity of ditch or intake.
COOPERATION.-Records formerly furnished the U. S. Geological Survey by

Waterworks Department of City of Honolulu; recently maintained by
Honolulu Sewer and Water Commission.



DURATION-DISCHARGE TABLE
Nuuanu Stream at Luakaha weir in upper Nuuanu Valley, near Honolulu, Oahu

Number Number of days having a discharge, in millions of gallons,
Year ending June 30 of days equal to or greater than

record ___

10 8 6 5 4 3 2 1.5 1.0 0.8 0.5 0.3 0.2 0.1
1910 --------------------------------------..---------------------..-...-------------------..-----------.. 181 4 4 13 18 34 54 94 143 181
1910 365 37 75 156 179 242 330 338 338 365
1911 ........................................... ........ 366 5 12 47 64 115 221 352 352 3661912c -------- _ ------............ :: :: ::::: : :: ...... ....... : :................. ........ .... ...1913a...........................__........... ------ ---- ....... -- ------- 6 2 7 10 14 20 47 174 260 836 862 865191a ................... ................................. 184 5 7 22 27 39 54 85 127 148 161 184
1925..............4.a ------- --.--- .-- ..---- . .----------- 8- 65 0 2 9 23 111 150 288 8651925........................................................................... 3 5O 2 9 2 11 t5 23 36

1926 ............................................................................... 865 0. 1 2 3 7 19 61 152 234 329 3651927. ........................... ......................... 812 18 42 62 92 148 152 196 259 312

Total days .............. ............................. 2,503 53 10 254 308 464 752 1,117 1,T42 1,674 1,798 2,047 2,319 2,467 2,503
Per cent ...................................................................... ............. 0100 2.1 4.2 10.1 12.1 18.5 30.0 44.5 53. 66.8 71.8 81.8 92.5 98. 100.0

Means (6.87 years) ................................................................. . 7.7 1 37 44, 68 109 163 195 244 262 298 338 360 365

Maxima .................................. 37 75 156 179 242 330 352 3'5 2 366 366 366 366 366 866

Minima_ .................................................................................... -0 0 0 0 0 2 3 7 19 61 152 234 329 365

1928 ........ ....................... ... . ................... 866 0 90 139 189 318 348 359 3661

aDaily-discharge tables not pUblished.



NUUANU STREAM

Monthly discharge of Nuuanu Stream at Luakaha weir in upper Nuuanu

Valley, near Honolulu, Oahu, for years ending June 30, 1910-14; 1925-28

Discharge Total
run-off

Month Million gallons per day Million

Maximum I Minimum Mean gallons
1

1910
January -----.............. .....................
February--- ...............................
March --------- ----- _-_----....--------
April ..................................-------
M ay ...................................................
June .....-.............................--.....-----_-------

The period (181 days) .-
1910-11

July .................................. .....
August ...........................
September ..................................
October ............ ............................
N ovem ber ...................... ..................
Decem ber.-..-.......................................
Januar y ..............................................
February ...........................
M arch ....................................................
A pril ..................................................
May .......- ---- _------
June..............................................

The year ..........................
1911-12

July.... ......................
August ....... .....................
September ----........ .............
October ............................................
N ovem ber .............................................
December...: ---........ ...............
January ......................
February. .......................................
M arch .............................. ........
A pril ....................... ...................
May ...................................................
June .............................. . ..............

The year ........................-.............
1912-11

J u ly ................. . . . . . ..-------------------------
August. ......................
Septem ber ..... ...... ....................
October .....................................
November ..........-...--..........-..........
December ..................................
January ........................................
February .......................................
March .............................
A pril ...................... __........................
May -------------- --------------- --------------------
June .......................... ........................

4.7
4.7
6.5
3.9

14
14

6.5
14
14

6.5
14
14
14
14
14
14
14
14

14 1.4 5.94 2,160

14 1.7

8.4 1.7
3.9 1.1
1.7 .7
8.4 .8
4.7 1.1

13.6 2.0
7.63 1.78
3.04 1.56
5.93' .95
6.16 1.56
9.69 1.56
9.82 2.35

The year .................................. 1 - 13.6 .7 2.20 806

1913
July .............................
August ............................................
Septem ber .....................................
October ....... .......................
November .................. ............
December...............................

The period (184 days) ..............

3.32
3.13
2.69
1.42

12.8
13.1

1.86
1.71

.95

.45

.36
3.90

64.2
57.7
63.2
61.9

100
150

497

111

138
77.2

130
137
188
151
261
260
217
232
256

5.36
4.69
5.40
4.92
4.91
4.43'
2.56
2.57
3.07
3.13
2.24
2.09

3.78

2.13
1.65

.93
1.47
1.59
3.32
2.99
1.68
1.98
2.38
3.21
3.08

166
145
162
153
147
137

79.2
74.6
95.1
94.2
69.4
62.6

1,390

66.1
51.2
27.9
45.6
47.6

103
92.5
46.9
61.6
71.7
99.4
92.5

2.45
1.90
1.45
.81

3.62
6.18

75.9
59.0
43.3
.25.1

109
192

504



26 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthily discharge of Nuuanu Stream at Luakaha weir in upper Nuuanu
Valley, near Honolulu, Oahu, for years ending June 30, 1910-14; 1925-28

Month

1924-25
July ..............................
August ..................
September ...............
October ......................
November ...................
December --------...._........
January ..................
February .........................
March .........................
April ........... ............ .
M a y ---------_-------- . -----... .....
Jun e-............................... .

The year
1925.26

July .............................. .......... .
A ugust ............... ..............................
Septem ber ............ - -... --...... ...............

October ... ............
November ......... -----------
December.-..... -,..........
January .................. __.....................
February ..........................
M arch-......... ..... .......... ...........
A pril ...... --.......... ....... .... ... . . .
M a y ............................................ .... _.. .

June............. .......................

The year ......................

1926-27
July ........................................
August ........ ...................
Septem ber ......................................
October .............................
November.................... .
D ecem ber.................................
Jan ua ry ---..------------ ._--..__. _.----.........
February ......... ............
M arch ........... ........
A pril ................ ..............................
M ay 1-7 .................... ............
June 16 ................. .. ..................

The period (312 days) -----_----

1927-28
July ........ . ... .. .. . . .. . . .
A ugust-....................................
Septem ber ........................ .
O ctober ........... .......................
N ovem ber.......... ...................
D ecem ber ........... ..................

January .. ..........................................
February ......_ ............. ....
M arch ..............................
A p ril ............................ ...... ...........
M ay .................... ..........................
June..... .... ......... ............ .........

The year ......._. ___....................

Discharge

Million gallons p

IMaximum Minimum

1.69 .38
1.12 .63
1.69 .63

3.12 .38

1.12
,63
.63

1.69
1.69

.87

.63

.38

.38

.69

.63

1.69
1.69
1.69

.58
3.12
3.12
3'.12

6.56

6.56

4.79
6.56

2.41

6.44

.38

.29

.29

.29

.29

.63

.63

.21

.14

.14

.14

.14

.14

.21

.21

.38

.21

.38

.21

.38

.87

1.12
2.41
1.69

.81

2.21 66

3.67 1.340

Total
run-off

er day
Million

Mean gallons

1.65 51.0
1.16 35.8

.951 28.5

.620 19.2

.438 13.1

.492 15.3

.388 12.0

.661 18.5

.553 17.1

.722 21.7

.717 22.2
1.07 32.1

.785 287

.677 21.0

.448 13.9

.390 11.7

.342 10.6

.837 25.1

.852 26.4

.765 23.7

.436 12.2

.203 6.29

.206 6.18

.220 6.83

.907 27.2

.522' 191

.314 9.73

.630 19.5

.773 23.2

.595 18.4

.809 24.3

.390 12.1
1.22 37.9
1.29 36.0
2.26 70.0
3.22 96.5
4.77 33.4

6.56

388

5.95 185
1 Ali



NUUANU STREAM 27

NUUANU STREAM 3BELOW RESERVOIR NO. 2 WASTEWAY, NEAR
3ONOLrULU. OA3U

LOCATION.-On Pall road in upper Nuuanu Valley 1 mile above end of car
line and 5 miles from Honolulu post office; elevation is about 630 feet.

EQUIPMENT.-Inclined staff on right bank prior to April 12, 1918; many dif-
ferent recorders used subsequently; present instrument is Stevens con-
tinuous water-stage recorder. IMeasurements made by wading.

CHANNEL AND cOxTRoL.-Channel straight for about 75 feet above and below
gage; stream bed is solid rock below control and filled with gravel and
subject to dense growth of grass at and above control. Banks high
and covered with vegetation. Control is two completely contracted
sharp-crested weirs of 2-and 12-foot lengths; reconstructed April 10-27,
1914 and September 12, 1921,-maintaining original dimensions. Weir
basin is too small to subdue velocity above medium stage.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending

June 30

MT.I.G.D. Hour Day M.G.D. Hour Day

1914 610 4 p.m. Apr. 5 0.15 .. Nov.
19115 161 8 a.m. Sept. 22 .2 ........ Mar. 27-

Apr. 8
1916 212 6 p.m. Jan. 18 .15 Sept.
1917 Unknown 6 p.m. Mar. 19

5:30 p.m. May 19 .15 ....... July-Aug.
1918 do 5:30 a.m. Apr. 19 .16 -------- Sept. 30,

Nov. 2, 13-20
1919 227 10:15 p.m. Aug. 16 .37 Noon Feb. 28
1920 41 4 p.m. Sept. 3' .15 9 p.m. Mar. 4

4 p.m. June 25
1921 1,600 ........ Jan. 16 .11 6-8 p.m. July 9
1922 486 6:15 a.m. Oct. 3 .10 Several Sept. 19-22
1923 1,050 2 p.m. Jan. 19 .07 6 a.m. July 7
1924 670 6:15 p.m. Dec. 30 .2 12:30 a.m. Aug. 7
1925 77 12:30 a.m. Feb. 11 Unc{rtain Weeds -----
1926 56 6:30 p.m. June 14 .06 1 p.m.-3 a.m. Sept. 10-11
1927 786 1:15 p.m. Mar. 5 .2 6-8 p.m. Aug; 14
1928 744 1:15 a.m. Nov. 19 1.2 5-10 p.m. Nov. 3

DivExsIoNs AND REGULATION.-Nuuau reservoir Nos. 2, 3 and 4 are located
above this station (at elevations 735, 807 and 1,028 feet respectively)
and have rated capacities of 7.3, 10.7 and 500 million gallons respect-
ively. The stream flow is regulated somewhat by this reservoir system
and by several pipe lines for power development and domestic supply.
This station measures waste water and seepage from reservoir Nos.
2, 3 and 4 and Luakaha weir. Low flow used for irrigation. Territo-
rial land and water.

AccuRAcY.-Stage-discharge relation permanent after April 1914, when weirs
were reconstructed, except for periods of backwater caused by growth
of hono-hono grass. Weir ratings used prior to 1917; since 1918, curves
based on weir ratings and 2, 3, 16, 2, 4, 8, 1, 0, 1 and 7 measurements
made during the 10 years respectively. Operation of water-stage re-
corders satisfactory except for occasional short periods when discharge
was estimated by comparison with Kalihi and Manoa Streams. Records
from excellent to fair for medium stages except during periods of back-
water and periods estimated, when they are poor; low and high stage
records good to poor.



DURATION-DISCHARGE TABLE
Nuuanu Stream below reservoir No. 2 wasteway, near Honolulu, Oahu

(See PLATES III, IV, IX, X, XV, XVI, XVII and XX)

Year Number
ending of days Number of days having a discharge, in millions of gallons, equal to a greater than
June 30 record ___Jun03

300 200 100 50 25 15 10 8 6 5 4 3 2 1 0.5 0.3 0.15 0.09 0.04

1914 ............. 241 0 1 1 7 19 26 42 102 113 139 153 173 193 196 210 '241 ----- -
1915 ......... 365 ------. ...... 0 2 6 21 46 72 119 158 211 226 260 295 306 331 365 ------
1916 ............... 366 0 1 4 17 48 84 94 131 152 201 229 262 323 342 358 366 -------
1917 ---------- - 361 ... 0 1 2 18 42 58 67 Ill 142 205 236 265 308 342 359 361
1918 ......... . 365 ...... ...... 0 4 10 45 92 109 123 124 147 170 194 265 271 273 365 .---- , --
1919 ............... 365 ................. .... 0 3 6 7 18 40 57 80 124 230 345 365 ..------ .......
1920 ............ 366 .... -. .... ........ ....... 0 2 3 4 13 16 22 50 185 258 366 ....- ..
1921 ---------- 197 ... ....... ...... 0 2 4 6 7 10 16 23 31 40 63 109 197 --------
1922 ............... 291 --- 0 1 7 17' 36 60 98 102 108 128 147 199 227 270 289 291
1923 ............ 365 0 1 3 9 18 48 95 114 130 145 163 213 250 286 304 308 339 365
1924 ............... 366 --.. 0 3 4 6 27 33 45 60 68 77 106 131 259 361 36 .
1925 ................. 365 ... ....... , .... 0 1 3 6 6 8 11 23 90 197 276 326 33 865
1926 ............... 365 "0 7 9 9 10 11 22 23 51 153 267 365
1927 ............... 365 1 1 1 . 18 35 70 90 109 111 131 149 169 204 314 361 365 - -

Total days .... 4,743 1 2 7 30 105 286 552 708 1,004 1,177 1,478 1,733 2,049 2,665 3,504 4, 09! 4,676 4,711 4,743
Per cent ........ 100 .02 .04 .15 .6 2.2 6.0 11.6 14.9, 21.2 24.8 31.2 36.5 43.2 56.2 74.0 86.6 98.7 99.7 100.0

Means (13.00 years) . 1 .2 .5 2.3 8.1 22 42 54 77 91 114 133 158 205 270 316 360 362 365
Maxima.-...--.. 1 1 3 9 18 48 95 114 155 1171 211 p239 ,268 323 345 365 366 366 366

Minima 0 0 0 0 0 0 0 0 2 3 4 8 11 22 50 P117 p202 p326 33W 365
1928 366 08[ 15 35 761 88 129 136 158 220 309 366. -------- ---

PProportional; computed from a critical period above exceeding half year.
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30 SURFACE WATER SUPPLY OF OARTI, 1909-28

Monthly discharge of Nuuanu Stream below2 reservoir No. 2 wasteway, near

Honolulu, Oahu, for years ending June 30, 1914-28

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1917-18
July ............................... 4.8 1.3 2.71 84
A u g u st ....... ....... . . . ............. 1.5 .25 .77 24
Sep tem b er .. ............. . ... .25 .15 .25 7

O ctob er --------------------- ..... .. .15 .15 .15 5
N ovem ber ..----------- .... ... . . 4.3 .15 .78 23
D ecem ber.. ------------.... . . .. . . 2.8 1.1 1.53 47

January ...... ...... . . ... ................ 10 1.5 3.14 97

F ebruary ........... .................... .......... 11 2.5 4.49 126
M a rch .................................................. 8 0 1 .5 15.5 47 9
A p r il --------_------------- .__ _ . -----------.... ...... 8 0 8 .9 2 2 .2 6 6 6
M ay - ......_ ---.-. ------_-........... ...... ... 16 10 12.4 384
June-................. 15 6.5 8.59 258

The year ... --. ------................. 80 .15 6.03 2,200

1918-19
J u l y .................... ..................... . . .... 1 4 .9 4 .0 6 .0 8 1 8 8
A u g u st ............... ........... ................. 16.9 2.6 4.78 148
Septem ber ........ .............. .... . 2.6 1.3 1.68 50.3
O ctober ----- ...... ---------- - ........ 5.6 .98 30.3
N ovem ber .......................................... 4.8 .4 1.25 37.4
D ecem ber ------------.-.----- .............. 23 1.7 4.19 130
J a n u a r y .... .. ... ..... . ... . ..... ...... .. ..... .. ...... 1 .8 .5 1 .1 2 3 4 .6
February............... ..... 1.0 .4 .60 16.8
M a r c h ............. ............ ............ .......... 3'.0 .4 * .8 2 2 5 .4
A pril ........... ... .. _ ...... 4.8 .4 1.47 44.2
M a y .............. ...... .......... .......... .......... 2 .7 .4 1 .2 2 3 7 .7
June ......... 7.5 .5 1.42 42.5

The year ...................... . 23 .4 2.15 785

1919-20
July ................... ............. 1.2 .6 .75 23'.3
A ugust........................... ...... 1.9 .4 .60 18.5
S ep te m b er . .-----------------.-.-------.-........... 8.1 .6 1.21 3 6.4
October .............................................. . 2.1 .4 .84 26.0
N ovem ber ............................ . 1.0 .2 .40 12.1

D ecem ber ......... ... .. ... .. .. .25 7.6
January 2-_-------1---- - ........ ---- .1 .2 .33 10,2
February -------................. 1.0 .2 .25 7.3
M arch ----------------- ....................... 6.0 .2 1.76 54.6
A p ril ---------..-----------------------..................... 8.5 .5 1.54 46.2
M ay .......................... ........... ....... . .37 11.4
June ........................................ 5.............. .2 .23 6.8

T he year ....... ............................ 8.5 .2 .71 260

1920-21

July ........ ....................... 2.9 .2 .323 10.0
A u g u s t --_------- .------------- ..... .... ....... .5 .2 .2 7 7 8 .6
Septem ber ....... ..... . ............. . '6 .2 .287 8,6
O ctober ................ ................... . .6 .2 .255 7.9
N ovem ber -----------_-----.. --------------......... 2.5 .2 .607 18.2
December .................................... 19.3 .5 3.72 115
January 1-13 ............................. . ....... ....... 67.3

The period (197 days) ........... -.... 236

1921-22
September 13-0 ..................... 1.0 .1 .250 4.50
October ----- 4- .55 3.01 93.2
N ovem ber ............... 2............. ............ .3 1.63 48.9
December.. 52 .... 1.0 12.9 401
January ................... . ............ 29 6.7 10.3' 320
F eb ru a ry _.................._....................... 15.2 ........ 8.2 8 2 3 2
M a rch -----.... _ __. --------. ---............ . 1 .2 2.7 6.67 207
A p ril ------------------------------------- 4.5 1.0 2.11 63.4
M a y .......... ............... ............. ............ 3 .5 .3 5 .8 7 6 2 7 .2
Ju n e ------------------ ............. .5 .15 .310 9.30

The period (291 days) ....... 1,411



NUUANU STREAM

Monthly discharge of Nuuanu Stream below re8ervoir No. 2 wasteway, near

Honolulu, Oahu, for years ending June 30, 1914-28

Discharge Total
run-offMonth Million gallons per day
Million

m IgallonsMaximum nmm Mean

1922-23
July ......... -------... ....... ----.-------------
A ugust ........... ..............
September .........................
O ctober .............. . ...................
N ovem ber ..----- ...---- ..........................
December .,........................................
January ...............................
February ..........................
M a rch .---------- . ---.............
April .........................
M a y .. . ........................... ...........
Jun e ..................... .......... ...............

The year ...........................

1923-24
July ....................................................
August ..................... . ...................
September .... ......................
O ctober ...............................................
November .........................
December ...........................
January ...... ..............................
February .........................................
March ..........................
April ................
May ............................................
June ..................................................

The year .-------_-- ......

1924-25
1 uly .................. . . . .
August ................ ..................
September ................. -----...........
October .........................
November .............. ..........
D ecem ber ........................... ..........
January ............ .___ ...................
February .........................................
M a rch .............. ................. ........ ..
A pril ..............................................M a y ................. :....... ........................- __..
June ........................................

The year ... . .................

1925-26
July ..............................................
August ---..----...................... ....
September .....................................
O ctober ........ .. .........................
November ........ ..............................
D ecem ber ......................................
January ............... ....................
February .....................
March ......................................
April ...................... _. ....
M ay ........ _ .................. ................
June ............ ........................

The Year

0.55
9.0

42
68

8.3
27

222
114

56
51

8.1
3.2

222

.8
3.6
1.6
4.8

.85
61

8.6
3.7
1.4

91
10.9

3.2

91

0.09
.09
.45

1.5
1.6
2.8
2.6

10.8
.8.8
6.9
3.3

.65

.09

.3

.3

.25

.35

.4

.4

.85

.5

.4
.4

2.6
.55

.25

0.142
.459

3.69
4.37
3.77
4.89

30.4
20.8
13.4
13.8

5.24
1.59

4.39
14.2

111
136
113
152
942
583
416
414
162

47.7

8.48 3,100

.482
.494
.445
.653
.487

10.0
2.33

.903

.618
10.8

5.71
1.80

2.90

15.0
15.3
13.4
20.2
14.6

311
72.3
26.2
19.2

324
177

54.1

1,060

1.7 .45 .687 21.3
.75 .4 .537 16.6
.9 .35 .447 13.4

3.4 .35 .671 20.8
8.1 .35 .798 24.0

11.0 .3 1.28 39.6
2.6 .35 .644 20.0
9.8 .9 1.13 31.8
7.5 .4 .919 28.5
3.8 .7 1.36 40.9
2.0 .85 1.12 34.6
4.9 .9 1.64 49.4

11.0 .3 .934 341

.15

.813

.560

.497

.408
3-77

.789

.398

.288

.252

.208

.179
1.41

.794

25.2
17.4
14.9
12.6
11

24.4
12.4

8.05
7.80
6.25
5.55

42.3

290
15



SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Nuuanu Stream below reservoir No. 2 wasteway, near
Honolulu, Oahu, for years ending June 30, 1914-28

Discharge Total~run-off
Month Million gallons per day Millof

Million
gallons

Maximum Minimum Mean

1926-27
July ................................................ 0.75 0.3 0.492 13.4
A ugust ............................................... 27 .25 1.64 50.7
September ................ .......... 1.3 .65 .832 25.0
October ............................................. 4.0 .45 .713 22.1
N ovem ber ----------- ........................... 4.3 .65 1.06 31.8
December........ ....................... 1.8 .55 .781 24.2
January ............................................. 30 .8 5.09 158
February ................................. ...... 4.8 1.3 2.34 65.4
M arch ...... .............................. 56 1.1 10.0 311
April........... .................... 81 4.1 15.4 461
M ay ............. ............ ....................... 332 9.2 29.9 927
June ..................................................... 15.6 7.1 10.5 316

The year ...................................... 332 .25 6.59 2,410

1927-28
July ............................................ 7.6 3.1 5.39 167
August ......... ................... 10.1 2.2 3.17 98.4
September .......................... 9.4 1.9 3.43 91.3
October ....................................... ............... 2.00 62.1
November .......................... 101 1.3 16.5 495
December ........................ 109 11.0 30.3 940
January .......... .---..................... 23 8.1 11.9 370
February .......................... 8.1 35.7 5.84 169
March .................................... 3.7 1.5 2.38 73.8
A pril ..................................................... 27 1.3 6.04 181
M ay ................... ............ ......... . 6.3 2.3 3.62 112
June 1................ .........................1.2 1.4 2.43 73.0

Tbe year ... ................ ....... .. 109 7.74 2,830

NUUANU STZEAM BA.T UAZXIN STBEET, 3ONOLULU, OAHU

LoCATION.-At Kuakini Street bridge; elevation is about 60 feet.
EQUIPMENT.-Vertical staff; measurements at low-water stages made by wad-

ing; at flood stages from bridge.
CHANNEL AND CONTROL.-One at all stages; shifting.
EXTREMES OF DISCHARGE.-Unknown for period.
Divxssions AND REGULATION.-All low-water discharge diverted above station;

storage in four reservoirs above.
AccuRAcy.-Rating based on six measurements; gage read twice daily, at

6 a.m. and 4 p.m.; records fair.

DURATION-DISCHARGE TABLE
Nuuanu Stream at Kuakini Street, Honolulu, Oahu

Number of days having a discharge, in millions of gallons,
Year Number equal to or greater than

ending of days
June 30 record 2515 10 8 6 5 4 32 10.5 0.3 0.2 0.15 0.1 0.05

1912.......... 229 3 5 10 17 21 23 31 44 66 117 205 223 227 229...
1913 ---- 92 ............ ... 01112 5 24 34 70 80 92
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,L moin he per cent.valueaf_ ZS, taken {rom Is etewion.di harge curyesMONHLY E LEVAT ION-DISChIARGE CURVES.%
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Streams. Storage deductions therefrom ore analizid elsewhere.
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LULUMAHA DITCH 33

Monthly discharge of Nuuanu Stream at lKuaki'ni Street, Honolulu,. Oahu,
for years ending June 30, 1912-13

Month

1911-12
N ovem ber 15-30 -_----------------_-----
D ecem ber -------------------------------------
January ------- ... -.. -.....................
F eb ru a ry ........................................
M a r c h ... . _ --. ---------------------------..........
April.........................................---
M a y ----------------------------------------..........
J u n e -------..--..... .... ... ..... .. ... ...

The period (229 days) ----

1912
J u ly ... .---- -- --- -- - _ -------
A ugust ......------------ _ .._ -
September.......... __-----

The period (92 days)_ ---I---

LU-UMA.HA DITCH AT UPP-, NUUANU ,E-S]VOIN, NIEAR HONOLULU,

OAHU

LocATION. About 500 feet east of spillway of upper Nuuanu Valley reservoir
and about 7 miles northeast of Honolulu post office; elevation is about
1,030 feet.

EQUIPMENT.-Vertical staff; measurements made by wading.
CHANNEL AND CONTROL.-One channel at all stages; shifting.

EXTREMES OF DISCHARGE.-Unknown for period.

DivEsioNS AND iEGULATION.-Low-water discharge diverted from Lulumaha
Stream into reservoir No. 4.

AccuRAcy.-Rating based on 4, 5, and 0 measurements made during the
three years respectively. Gage read once daily, at 4 p. m. Records
from fair to poor.

Discharge Total
run-off

Million gallons per day Million

gallons

Maximum Minimum Mean

13.6 1.9 3.90 62.2
12.9 1.9 5.44 169.0

2.7 .5 1.26 39.1
35.5 .5 3.05 88.6
27.1 .65 3.66 114
10.5 .65 1.80 53.8

3.2 .65 .94 29.9
1.2 .1 .67 20.0

---- 576

2.7 .06 .48 15.0
5.8 .06 .50 15.4

.78 .06 .32 9.5

---... ...... - 39.9



DURATION-DISCHARGE TABLE
Lulumaha ditch at upper Nuuanu reservoir, near Honolulu, Oahu

Year Number Number of days having a discharge, in millions of gallons, equal to or
ending of days greater thanJune 30 record - _- ____________-__-___ -____10 7 5 4 13 2 1 0.7 0.5 0.3 0.2 0.1 0.06

1912.............. ........ 103 . 4 5 5 9 15 44 90 115 182 286 303'
1913 ---------------- . ............................... .................................. ........... 365 3 4 6 8 14 27 56 121 173 333 340 358 365
1914...................................................... 0 6 8 1 1 4 9 35 53 927........ ..... -

Total days --------- ---..............-------- 760 6 8 11 14 24 46 109 246 141 607 718 751 760
Per cent ................................................................................. .100 0.8 1.0 1.4 1.8 3.2 6.1 14.3 32.4 44.8 79.8 94.5 99.2 100.0

M eans (2.08 years) .................................................................. ........ 2 .9 3.8 5.3 6.7 12 22 52 118 164 292 345 362 365



LULUMAHA DITCH

Monthly discharge of Lulumaha ditch at upper N u u a n u reservoir, near

Honolulu, Oahu, for years ending June 30, 1912-14

Discharge Total
run-off

Month Million gallons per day
Million
gallons

Maximum Minimum Mean

1911-12
September 2-30 .............................. 11 0.3 1.77 51.5
October ................................. 1.5 .5 .77 23.9
November ....................................... 2.3 .3 .64 19.2
Decem ber ........................... ............ 2.5 .3 .83 25.6
January ............................................ .65 .3 .34 10.4
February ........... ................ 10.3 .3 .66 19.1
M arch ................................................. 5.9 .3 .89 27.6
A pril ..................................................... 9.69 .3 .90 26.9
M ay .................................................... .78 .1 .30 9.2
June ............. ... ....................... .78 .1 .28 8.V

The period (303 days) ............... ............. 252

1912-13
J u ly ................... .................. 1 .5 .0 6 .3 2 9 .8
August .................................................... 9.05 .1 .96 29.8
September ........................................ .3 .2 .28 8.5
October .................. .... 5.2 .3 .54 16.8
November .............. ............ 3.6 .31 .67 20.0
Decem ber .............................................. 12.9 .3 1.81 56.0
January ------------- .................. 5.2 .2 .70 21.8
February 4.0............................... 4: .2 .65 18.3
M arch .................................................... . 12.0 .3 .96 29.7
A pril ....................................................... 3.8 .3 .71 21.3
M ay ................................................... 1.5 .6 1.05 32.6
June ..................................................... 4.2 .6 1.01 30.4

The year ... ..................... 12.9 .06 .80 277

July . 1913-14
Augu................... ........ 2.5 .3 .64 198A ugust. ........... ........ ............................ . .3 .85 26.5

Septem ber ....................................... 2.5 .3 .61 18.4

The period (92 days)................ .. 64.7



SURFACE WATER SUPPLY OF OAHU, 1909-28

MAOLE DITCH, MhUXA STATION, NEAR HONOLULU, OAHU

LOC&TION\ -In Nuuanu Valley, 200 feet below lower portal of Hillebrand
Glen tunnel at ditch intake and 6 miles from Honolulu post office; ele-
vation is about 1,030 feet.

EQUIPMENT. Gurley weekly water-stage recorder; measurements made from
plank at gage.

CHANNMEn AND CONTROL.-Ditch is an earth cut, with bottom lining of con-
crete; elliptical concrete control 15 feet below gage.

EXTREMES OF DISCHARGE.

Year Maximum Minimum
ending
June 30 .G.D. Hour Day M.G.D. Hour I Day

1918 .... 41 5:30 a.m. Apr. 19 0 Occasionally
1919.... 34 4:15 a.m. June 11 0 do
1920 ... 35 8:00 p.m. Oct. 5 0 do

DIVERSION S AND REGULATION.-Ditch diverts by headgates from Maole Stream
into Nuuanu reservoir No. 4; territorial water.

AcCURACY.-Stage-discharge relation permanent. Rating curve, based on 12,
5 and 1 measurements made in the three years respectively, well de-
fined below 10 million gallons per day. Operation of water-stage re-
corder unsatisfactory at times. Records good for low and poor for
high stages.



DURATION-DISCHARGE TABLE
Maole ditch, mauka station, near Honolulu, Oahu

Number of days having a discharge, in millions of gallons, equal to or greater thanYear Number--__- ______- __-____- _- ___ -__

ending of days
June 30 record 7 5 3 2 1 0.7 0.5 0.3 0.2 0.1 0.05 0.04 0.03 0.02 o.0 1 0.00

1918 ............................................ 268 0 2 5 16 42 58 76 108 139 207 233 237 247 251 259 268 t'i
1919 -------....----------------------------------.--------.--.... 365 1 3 7 11 24 31 45 84 120 165 246 259 280 297 365
1920 ---........... ---------- 24....... 24 0 1 2 10 13 18 27 401 55 96 106 115 123 164 244

T otal days 8................................................. 77 1 5 13' 29 76 102 139 219 299 427 575 602 642 671 788 877 0
Per cent ........................ .................. 100 .1 .6 1.5 3.3 8.7 11.6 15.9 25.0 34.1 48.7 65.6 68.7 73.2 76.5 89.8 100.0 Z

Means (2.40 years) ---------. 4 2.1 5.4 12 32 42 58 91 125 178 239 251 267 280 1329 365



38 SURFACE WATER SUPPLY OF OAHfU, 1909-28

Monthly discharge of Maole ditch, mauka station, near Honolulu, Oahu, for
years ending June 30, 1918-20

Month

1917-18
October 6-31........................
November .........................
December .........................
January ....... ....... ..............
February ..........................................
March ............................
A pril ......................................................
M ay .....................................................
June ...... ...................

The period (268 days) .....

1918-19
July ............... ...............................
August ...........................
September .............. ...................
October ...........................
November .........................
D ecem ber ..........................................
January ..........................................
February ..................................
M arch...............................................
-pril ............................
May .............. ................
June .................. ........................

Discharge

Million gallons per day

maximum

0.13
1.68
1.312
1.00
1.88
2.66
5.50
2.50
1.80

The year ........... .............. 9.3

1919-20
July ............................
A ugust ...................................... ....
Septem ber ................................
October ..........................................
November .... .....................
December. ... ..................
January ...........................
February .............. .. ............... ...

The period (244 days) ..............

1.7
1.8
4.7
2.2

.6
.45

.06

Minimum Mean

0.00
.00
.05
.06
.10
.13
.23
.10
.09

.01

.02
.04
.01

.00
.00
.00
.00

0.035
.273
258

.298

.516

.750
1.80

.421

.319

I I.

.31

.283

.321

.287

.160

.044

.028

.081

.004

Total
run-off

Million
gallons

0.9
8.2
8.0
9.2

14.5
23.2
54.0
13.0

9.6

141

14.2
131.1

1.3
5.2
8.4

22.2
4.7
1.5

11.1
15.2

8.8
5.6

111

8.78
9.95
8.60
4.95
1.31

.88
2.52

.13

37.1



IMAOLE DITCH

MAOL- DITCH, MAKAI STATION, NEAR HONOLULU, OAXU

LOCATION.-In Nuuanu Valley, 150 feet from Pali road, opposite reservoir

No. 4 into which ditch empties, and 6% miles from Honolulu post

office; elevation is about 1,030 feet.

EQUIPMENT.-Gurley weekly water-stage recorder; measurements made from

plank at gage.
CHANNEL AND CONTROL.-Ditch is earth cut with bottom lining of concrete.

At gage a section 50 feet long, 5W feet wide and 3 feet deep construct-
ed of concrete, with concrete control at lower end.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending
June 30

M. G. D. Hour Day M1G.D. Hour I Day

1918 ......... 108 4:00 a.m. Apr. 19 0 Occasionally
1919 ............ 85 3.00 p.m. June 11 0 do
1920 ............ 71 10.20 p.m. Aug. 7 0 do
1921 ....... 168 3:30 a.m. Jan. 16 0 do
1922 ............ 85 6:30 a.m. Oct. T 0 do
1923 ........... 94 10:00 p.m. Sept. 11 0 Frequently

DIVERsIONS AND REGULATION.-Ditch diverts water from Maole Stream and a

few intermittent streams into Nuuanu reservoir No. 4.
AccURACY.-Stage-discharge relation permanent. Rating curve, based on 29,

7, 4, 2, 1 and 0 measurements made in the six years respectively, well

defined below 10 million gallons per day. Operation of water-stage
recorder generally satisfactory except for short periods occasionally;
discharge for days of missing gage-height records estimated by com-

parison with other stations. Daily discharge ascertained by applying
to rating table mean daily gage height obtained from recorder graph

by inspection or, for days of considerable fluctuation in stage, by aver-

aging discharge for intervals of day. Records generally good for low,
fair for medium, and poor for high stages.



DURATION-DISCHARGE TABLE
Maole ditch, makai station, near Honolulu, Oahu

Year Number Number of days having a discharge, in millions of gallons, equal to or greater than
ending of days
June 30 record 30 20 10 5 3 2 1 0.7 0.5 0.3 0.2 0.1 0.05 0.04 0.03 0.02 0.0l 0.00

1918 269 ....... 0 6 10 19 42 54 71 103 146 220 239 243 24S 255 259 269 5
1919 365 0 1 7 13 16 24 30 41 70 113 162 219 237 248 288 316 965
1920 366 0 1 1 2 5 18 24 30 39 54 70 110 117 126 153 199 366
1921 200 1 3 5 7 8 9 14 14 18 31 41 57 75 84 91 100 123 200
1922 292 ..- 0 2 7 12 15 21 46 52 72 91 111 153 165 169 182 200 292
1923 212 0 1 1 2 6 6 7 8 12 24 28. 36 53 60 63 76 90 212

Total days.! 1,704 1 4 10 30 51 70 126 176 224 339 473 656 849 90 9401 1,054 1,187 1,704
Per cent ....... 100 .1 .2 .6 1.8 3.0 4.1 7.4 10.3 13.1 19.9 27.8 38.5 49.8 53.2 55.2 61.8 69.6 100.0 0

Means (4.67 years) . .2 .9 2.1 6.4 11 15 27 38 48 73 101 141 182 194 202 226 254 365
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Monthly discharge of Maole ditch, makai station, near Honolulu, Oahu, for

years ending June 30, 1918-23

Month

1917-18
O ctober 5-31.........................
N o v e m b e r ----- .... ...
December ...
Jan uary ....................................
F ebruary ......... .................
M arch........... ....... .....................
April ---.----..-------.---.--...........
M ay ....... .........
June ............... .........

The period (269 days)....

1918-19
J u ly ---..-----....
August ............
September ....
October --------
November ----
December.....
January .----.
February -----
March .........
A pril-..........
M ay .............
June .. ......

The year-

Discharge

Million gallons per day

Maximum

0.14
1.65
1.56
1.26
3.04
6.27
5.84
2.88
3.60

4.25.3
.2

5.6
5.8
9.8
1.2

.25
12.7

8.1
1.5
5.4

Minimum

0.00
.00
.08
.06
.10
.14
.18
.13
.09

Mean

0.037
.287"
.295
.302
.558

1.27
1.62

.419
.426

.44

.69

.05

.24

.40

.69

.12

.05

.56

.61

.26

.28

12.7 .00 .37

1919-20
J u ly .... . . .................... 2 .0 .0 0
A ug ust ... ........................................ 1.7 .01
September._............................ 13.2 .00
O ctober ................... . ........... . ... 3.1 .00
N ovem ber ....................... ......... 00
December .. ................... . 5 .00
January...................... ............... 1.8 .00
February ------- . . .......... . 02 .00
M arch .00..................... ... .. _ ....... 00
A p r il ----...----.-.-------------------------- .. ....... 1 .6 .0 0
M a y ----------- ...----------------------- .-- ....... .15 .00
Jun e____- ................................... . 45 .00

The year........................ 13.2 .00

1920-21
July ........ ....... ..................
A ugust ................... .... . ........
September_---- .........
O ctober...... ......... . .............. .
November ...... ...... ...... : ......
D ecem ber ......... ...............................
January 1-16 ........... _ ..........

The period (200 days)_

9'.8
.3'5
.6
.3

3.1
18.3
35

.00
.00
.00
.00
.00
.02
.02

Total
run-off

Million
gallons

1.0
8.6
9.1
9.4

15.6
39.2
48.6
13.0
12.8

157

13.7
21.4

1.4
7.4

12.1
21.33'.6
1.4

17.5
18.4

8.0
8.3

134

10.0
7.80

16.0
6.08
1.65

.92
3.36

.04
11.3

4.99
.47
.76

.174 63.4

.336
.062
.046
.047
.336

1.40
5.68

10.4
1.91
1.39
1.46

10.1
43.5
91.0

160

-1-1-

............... ..........
................................. _ ..
---- '_-- .......... - .......
....... ....................

...............................
------------ I ........... ........ -
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Monthily discharge of Maole ditch, makai station, near Honolulu, Oahu, for
years ending June 30, 1918-23

Discharge Total
run-off

Month Million gallons per day Million
gallons

Maximum Minimum Mean

1921-22
September 12-3.0 ........... ............... 0.25 0.00 0.029 0.55
October .................. 3.2 .00 .216 6.70
Novem ber ........................................ .00 .305 9.14
December......... ......................... 13.7 .00 1.95 60.4
January ............................ 6.5 .01 .601 18.6
February ........................................... 7.8 .00 .536 15.0
M arch ...................................... 3.4 .00 .383 11.9
April ...................................................... .00 .219 6.58
May... .............................. 1.4 .00 .193 5.98
June ............ ....................... 1.5 .00 .119 3.58

The period (292 days) .......... ....... ........ 138

1922-23
July ............................. ..45 .00 .015 .47
August ............................. 4.5 .00 .209 6.48
Septem ber......................................... 20.0 .00 .917 27.5
October ............................ 5.4 .00 .256 7.95
November .......................... 4.2 .00 .230 6.90
Decem ber .............................................. 4.6 .00 .162 5.01
February ...................................... 55 .00 .056 1.56

The period (212 days) .............. 55.9

NUUANU RESRVOIR NO. 4, NEAZ ONOLULU, OAHU

LOCATION.-In Nuuanu Valley at elevation of 1,028 feet above sea level.

RECORDS AVAILABLE.-About 15 years, prior to beginning of following com-
pilation, available in City Waterworks Department Office.

EQUIPMENT.-Gage consists of ladder rungs one foot apart and painted foot-

marks on gate tower within reservoir about 100 feet above dam. Zero

of gage is 965.0 feet above sea level.

CHANNEL AND CONTROL.- Spillway on left bank at elevation 1,028.11 feet
above sea level; six low-water ports, subject to closure by flash-boards,
overflow at elevation 1,025 feet, making 60.2 feet the point of zero flow
on tower gage. Thirty-inch hydroelectric pipe line and thirty-inch
sluice pipe inverts are at elevations of about 975 and 972 feet respec-
tively. Measured "leakage" (partly natural flow) 1,000 feet below dam
has been measured occasionally and found equivalent to from about 0.1 to
5 million gallons per day (see miscellaneous measurements), depending
on gage height.

EXTREMES OF CONTENT (See Plate XXII).-

Year Maximum Minimum
ending _
June 30

M.G. Date M.G. Date

1926 .......... 43.4 Nov. 8 0.0 May 12-June 5
1927 .......... Full a Apr. 28-June 4; 6.8 Frequently-July to Dec.

June 14-25
1928 ........ 521 Dec. 14; 24 4.6 June

a Greater than 460



NUUANU RESERVOIR NO. 4

DIVERSIONS AND REGULATION.-Maole and Lulumaha Streams almost wholly
diverted into reservoir. Tunnel water above dam diverted into 15-inch
line for City consumption. Thirty-inch line conveys water to hydro-
electric plant at elevation of about 400 feet above sea level, generating
power for City lights during much of time (see records and Plates
XXI and XXII).

AccuRAcy.-Gage read (estimated to tenths of feet) once daily. Content
applied from capacity table, page 158 of 1917 Report of Honolulu Water
Commission,-James T. Taylor, C.E. Record should be fair.

Topographic survey made in July, 1928, indicates the following silting since 1916:

Gage iheight Silted(Feet) (since 1916) Silting has been a max-
Imum at gage height of

8 2.5 21 feet. Decrease above
10 3.4 indicates internal ero-
21 4.1 sion.
30 2.9
35 1.9

COOPERATION.-Record of daily gage heights furnished by the City Water-
works Department; supplemented, since November 18, 1927 by weekly
and special readings and compilation by the Honolulu Sewer and Water
Commission.



DURATION-CONTENT TABLE
Nuuanu reservoir No. 4, near Honolulu, Oahu

Number Number of days during which content of reservoir, in millions of gallons, was

Year ending June 30 of days equal to or greater than (,

record
525 500 450 400 350 300 250 2001 150 100 75 50 4 3

1913 ....... .................. 180 ....... 0 40 53 82 160 180 ....
1914 ............................ 359 ....... ............ ..... 0 44 125 137 177 196 215 262 327 359
1915 _............ ............... 360 I .0 11 19 27 36 63 162 221 250 262 277 290 322 360
1916 .......................... 366 0 4 14 28 42 75 94 158 221 273 291 313 360 366.
1917 .................. ......... . 365 0 10 -28- 0 2 20 77 133 197 208 243 268 350 365 i -- -. ---
1918 ............................... .... 365 ----- ------ 0 28 49 77 94 107 113 147 175 188 203 241 276 332 365
1919 ......._.-......................... 365 0 12 47 85 185 202 250 307 365 ---..
1 9 2 0 ............._. -_--......... .... .... 3 6 6 . ....... I _ - ---- --- 1-------- .... :-- .. ... ............ ...... 0 1 0 3 1 0 8 1 6 5 2 2 6 3 6 6 W
1921 ........................... .... 365 4 7 24 34 42 50 61 73 88 130 143 173 177 189 217 250 365 M
1922...-.---------.------................. 365 ------- ---------......... 0 10 35 78 101 121 150 185 218 276 365
1923 ------------ ----------- 365 0 20 37 60 92 110 125 134 159 179 257 267 282 292 302 365
1924 ............... 366 ----- .... ... 0 7 19 43 81 101 117 130 147 174 220 366
1925 ........ .. .................. 365 . . . . . . . . -- 3 9 14 36 107 365
1.926 ----- ..... 365 . . 0 4 13 X1 107 365 0
1927 ........ ....... ....... 365 0 26 40 50 57 67 76 94 108 116 117 158 106 213 278 365

Total days ----....... 5,282 4 7 80 143 226 325 428 598 853 1,392 1,687 2,154 2,40 2t862 3,66 4,073 5,282 >
Per cent . . .. ------------ 5,2--100 0.07 .1 1.5 2.7 4.3 6.2 8.1 11.3 16.2 26.4 31.9 40.7 45.5 54.2 63.7 77. 100

Means (14.5 years) ......... 3 .5 5.5 10.0 16 22 10 41 59 96 117 149 166 198 233 282 365

Maxima ................ 4 7 26 40 60 92 110 12 -134 197 224 273 2 1 3 0 365 366 366

M inima ----------.--------------........ 0 0 0 0 0 0 0 0 0 0 O 0 4 13 31 107 365

1928 .......... .............. 366 1 0 1 17 27 51 75 86 104 130, 1591 279 291 306 333 355 366



NUUANU RESERVOIR NO. 4

Monthly content of Nuuanu reservoir No. 4 near Honolulu, Oahu, for years
ending June 30, 1926-28

Month

1925-26
July ..............................................
August ........................................
Septem ber ................................
October .. ....................................
N ovem ber.. ........................
Decem ber...-. ...............................
January ...................................
February ......................................
M arch ......................................
April ..................................................
M ay ..................................................
June .......................................

The year . ...........................

1926-27
July ................................................
August .....................................
Septem ber ..................................
October................................
Novem ber ............................
Decem ber ...--- ............
January .............._.....................
February ... ..................... ......
M arch..................................................
April .........................................
M ay-.................. ....................
June ..........................................

The year........ ......................

1927-28
July ................................ ..........
August ..... ....................
S e p te m b e r ........ ..... ..... ..... ..... ....-
October ..........................
Novem ber .......................................
Decem ber ...............-......................
January ..............
February --------------------.-.------........
M arch ....................................
A p r il......... ...... .. ... ... .. ... ..... ........
M ay ...........................................
June ........... ........................

The year .................... ...........

Maximum

Content
Million gallons

Minimum Mean

19.1 6.11 11.0
17.8 6.11 11.4
24.1 6.84 11.0
14.5 6.71 8.09
43.4 6.84 25.8
13.3 6.71 9.21
10.1 6.84 8.09

8.64 6.71 7.22
8.11 6.71 7.10
9.94 6.11 7.57
6.84 .00 2.40

26.8 .00 13.6

43.4 .00 10.2

16.4 6.84 9.91
43.4 6.84 10.8
40.0 9.50 18.9
50.3 6.84 14.9
40.0 11.6 23.4
19.4 6.84 10.1
47.6 11.0 38.6
47.6 36.0 41.5

205 36.0 105
115 285
393 455

393 198 293

6.84 109

191 85.9 132
92.9 52.2 62.4
74.5 54.5 64.8
67.6 21.7 51.0

399 15.2 176
499 332 425
451 270 55
252 106 181
101 13.2 49.9

88.9 10.1 56.1
92.9 39.6 66.6
37.8 4.58 16.8

499 4.58 137

NUUANU TUNNEL NO. 4, NEAR 11ONOULU, OAHU

LOCATION. In upper Nuuanu Valley, just above reservoir No. 4 and at ele-
vation of 1,027 feet above sea level.

EQUIPMENT.-Three-foot rectangular weir with end contractions.
CHANNEL AND CONTROL.-Two tunnel branches merge just above weir-frame

across channel eight feet wide in intake to 15-inch pipe.
EXTREMES OF DISCHARGE.-Insufficient data.
DIVERSIONS AND REGULATION.-Regulation to exclude turbid flows; discharges

into 12" wood stave pipe for City consumption.
AcCuRACY.-Weir read irregularly to July, 1927; weekly thereafter. Rec-

ords poor.
COOPERATio*.-Installed by City Waterworks Department; records collected

and compiled by Honolulu Sewer and Water Commission.
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Monthly discharge of Nuuanu tunnel No. 4 near Hon olula, Oahu, for years

ending June 30, 1927-28

Discharge Total
_run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1926-27
M ay 9-31a .......................................... ......... ........ 0.72 16.6
June-............................................. ................ .57 17.0

The period (53 days) .......... ............ 33.6

1927-28
July .................................... ....... ........... ...... . .42 13.0
August ................................. .34 10.5
September ............................. ........................ . .36 10.9
October ......................................... ................. 29 8.9
Novem ber ........................................... . .............. .51 153
D ecem ber .............................................. ................ .72 22.4
January ........................... .................... ...... . .57 17.8
February ....................................... ........ ......... 39 11.3
March .................................. ........ .24 7.5
April ......................... .55 16.4M ay .............................................. ........ ........ . 52 16.1
June ............................................. ...... . ........... ...... . .35 10.4

The year .. ..................................... .................. .44 160

aFourteen observations, beginning January 25, 1926 listed as miscellaneous
measurements.

Note.-Maxima and minima unknown account of insufficient readings.

NUUANU TUNNELS AT LUAXAXA VENTURI, NEAR ONOLULU, OAHU

LoCATION.-In upper Nuuanu Valley at Luakaha weir at elevation of 880

feet above sea level.

EQUIPENT.-Builders Iron Foundry 12"x5" Venturi meter; capacity range,-

from 0.25 to 3.25 million gallons per day.

CHANNEL AND CONTRL.-Twelve-inch pipe line; gate valve.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum

ending
June 30

M. G. D. Date M. G. D. Date

1927.......... .3.3-. Mar. 18, 27; Apr. 13-15; 18 0.0 May-June

1928 ........... 3.3- Nov. 4, 8, 15, 18; Dec. 20, 24; .0 July 1-11
Feb. 24; Apr. 6-8; 18-19

DIvERsIoNS AND REGULATION.-Regulation above to exclude turbid flows.

Records show flow used for City consumption.

AccURAcy.-Daily discharge planimetered from weekly charts and records

within capacity of meter excellent.

COOPERATION.-Meter installed and records collected and compiled by Hono-

lulu Sewer and Water Commission.



NUUANU RESERVOIR NO. 4

Monthly content of Nuuanu reservoir No. 4 near Honolulu, Oahu, for years
ending June 30, 192628

Month

1925-26
J u ly ......................................... .........
A ugust .......................... .. .. .. .
September. ........
O ctober ..........................................
N o v em b er .......................................
D ecem ber ..-- .---- ....... ......................
January .............. .............
F ebruary ............................... ...
March . .................
A pril ................. .........................
M a y .........................................
J u n e ........................ .....................

T h e y e a r ---------- ..----------------- .......

1926-27
July ............................................
August .........- --------..................
September ...........................
O c to b e r ............................................
November ......................
December .... ... . . .
Jan uary ............................. .......
February...............................
March ... .......... ...........
A pril ........................... . . ... .
May ...........................
J u n e ............. _---------------.... ....... .......

T h e y e a r ....................................

1927-28
J u ly ...................................- ................
A u gu st .................. .. .....................
Septem ber .......................... ...
October ............ ...................
N ov em b er ......................................
D ecem ber ..-------------- . ......
-J a n u a ry .........................................
F ebruary ............................ ......
M a r c h .................. ...............................
A p r il .......................... ..... .. .........
M ay .......................................
June.. ..

Content
Million gallons

laximum Minimum

19.1 6.11
17.8 6.11
24.1 6.84
14.5 6.71
48.4 6.84
13.3 6.71
10.1 6.84

8.64 6.71
8.11 6.71
9.94 6.11
6.84 .00

26.8 .00

Mean

11.0
11.4
11.0

8.09
25.8

9.21
8.09
7.22
7.10
7.57
2.40

13.6

10.2

16.4 6.84 9.91
43.4 6.84 10.8
40.0 9.50 18.9
50.3 6.84 14.9
40.0 11.6 23.4
19.4 6.84 10.1
47.6 11.0 38.6
47.6 36.0 41.5

205 36.0 105
---- 115 285
----- 393 455

393 198 298

6.84 109

191 85.9 132
92.9 52.2 62.4
74.5 54.5 64.8
67.6 21.7 51.0

39T 15.2 176
499 332 425
4i 270 55
252 106 181
101 13.3 49.9

88.9 10.1 56.1
92.9 39.6 66.6
37.8 4.58 16.8

499 4.58 127

NUUANU TUNNEL. NO. 4, NEAS HONOLUL-U, OAHU

LOCATION.-In upper Nuuanu Valley, just above reservoir No. 4 and at ele-

vation of 1,027 feet above sea level.

EQUIPMET.-Three-foot rectangular weir with end contractions.

CHANNEL AND CONTROL.-Two tunnel branches merge just above weir-frame

across channel- eight feet wide in intake to 15-inch pipe.

EXTREMES OF DISCHAROE.-Insufficient data.

DIVERSIONS AND REGULATIN.-Regulation to exclude turbid flows; discharges

into 12" wood stave pipe for City consumption.

AccURACY.-Weir read irregularly to July, 1927; weekly thereafter. Rec-

ords poor.

CooPERATIO.-Installed by City Waterworks Department; records collected

and compiled by Honolulu Sewer and Water Commission.
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DURATION-DISCHARGE TABLE
Nuuanu tunnels at Luakaha Venturi, near Honolulu, Oahu

Year Number Number of days having a discharge, in millions
ending of days of gallons, equal to or greater than
June 30 record

681 3555
1927 ........ 161 0 1 4 32 68 1432141 14 5 61....1928 ............... 355, .. 1 1 4 22 711 1T46 21 292 327 348

Monthly discharge of Nuuanu twnnels at Luakaha Venturi, near Honolulu,

Oahu, for years ending June 30, 1927-28

Total
Discharge run-off

Month Million gallons per day
Million
gallons

Maximum Minimum Mean

1926-27
December 7-31 ................................ 1.74 0.80 1.18 *29.6
January ............................ 2.42 1.36 2.09 64.7
February .......................................... 2.18 1.41 1.86 51.9
M a rch ..................... ............................. 2.66 1.80 2.20 68.3
A pril ...................................................... 2.26 1.38 1.89 56.8
M ay 1-16a ......................................... 1.83 1.54 1.73 27.6

The period (161 days) ............... ..... ................. 299

1927-28
July 12-31b ........................................ 2.08 1.02 1.70 33.9
August ............................. 2.20 1.30 1.57 48.7
Septem ber ............................................. 2.06 1.25 1.65 49.5
October ............................ 1.70 .41 1.39 43.0
Novem ber ......................................... 2.38 .88 1.40 42.0
D ecem ber ............................................. 2.41 .74 1.49 46.1
January ....................... .......................... 1.85 1.00 1.29 40.0
February ........... ................ 1.77 .88 1.3'0 37.7
M arch ..................................................... 1.66 .79 1.10 34.1
April ...... . ............ ............................ 1.84 55.1
May .......................................... . 2.03 1.58 1.81 56.0
June... .................................................... 1.87 1.13 1.42 42.6

The period (355 days) .......... 529

aBreak in pipe line May 17-June 30; small flow.

bBreak In pipe line July 1-11; small flow.

ALEWA IGEXETS SPRING IN NUUANU VALLEY, NEAR KONOLULU, OANU

LoCATIO.-Just below reservoir No. 2 in Nuuanu Valley at elevation of

about 750 feet above sea level.

EQUIPMENT.-Six-inch Lambert water meter.

CHANNEL AND UONTRL.-Water is collected in chamber and flows into 6-inch

pipe line.

EXTREMES OF DISCHARGE.-Insufficient data.

DIVERSIONS AND REGULATIONS.Flow is direct from spring into pipe line;

may be affected by regulation of flow in upper Nuuanu Valley. Records

show flow used for City consumption. -

AccuRAcY.-Readings made semi-monthly to July, 1927; weekly since. Inter-

vening fluctuations unknown. Records generally fair to good.

COOPEBATVN.-Meter installed by City Waterworks Department; records col-

lected and compiled by Honolulu Sewer and Water Commission.
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Monthly discharge of A I e w a Heights Spring in Nuuanu Valley, near

Honolulu, Oahu, for years ending June 80, 1926-28

Discharge Total
run-off

Month Million gallons per day
Million] gallons

Maximum Minimum Mean

1925-26
March 11-31 ............ -------- 0.044 0.933
A pril ......................... ................. ............ .118 3.55
M a y ............. .. .. . .. ............. .... . .. ....... ...... 1 2 6 3 .9 1
J u n e ---.-- .. ............ . .... 7 -. ----.- .... .. ... ..... ... 0 9 1 2 .7 3

The period (112 days) .... .-... 11.1

1926-27
Ju ly ................ .0........ . . . . . .. .......... 087 1.14
August ............................... ....... .128 3.96
September ........ ......... ........ ..125 3.76
October ------... ........ ........ - .154 4.77
N ovem ber ........................................ ........ .156 4.67
D ecem ber . . ... _ _........ ............. ........ .. .167 5.18
January ..................................... ......... 157 4.86
F ebruary .-. -------------------- ...... ........... 144 4.05
M a rch ....-.. ................ ._.-- ....... ........... 1 41 4.36
A p ril ....... ............... ................. .. .. ............. 1 22 3.67
M a y ............ .. .. ... . ............ ......... .. .... .11 9 3 .70
J u n e ............ ....... . . ------------------_ _-...... . ..... .149 4.46

T he year... ........... ...... ........ .... .......... 48.7

1927-28
July ----.... .................... ........ ......... 132 4.08
A u g u s t ................................................... ................ .1 9 4 4 .1 6
S e p te m b er ...... ................ ................ .............. 1 58 4 .7 5
O c to b e r .. ................... ... .. ............ . .. ...... .... 1 6 4 5 .0 7
N ovem ber ...... ..... ........... .................. .. .140 4.22
D ece m b er .............. ..... ...... .... .... .. .. ............. 18 2 5 .6 5
J a n u a ry ......... ....................... ................. 155 4.79
F eb ru a ry ------------ .-- .-. ------------------... ............ .1 4 3 4.1 3
M arch ................................ ............. 164 5.07
A p r il .................... ............ .. .. .. .. .. .. .. .. .. .. .. ... 1 4 7 4 .4 0
M a y .................... .. .. ... .. ... ..... .. . .. .. ... .. . .1 2 6 3 .9 1
J u n e ............ .................... ................... ........ .. .1 2 1 3 .6 3

T he year ..... --------------------- -... .147 53.9

Note. Maxima and minima unknown account of cumulative nature of record.

NUUANU HYDRBNL -O -RT C PANT NEA& XONOLULU, OAXU

LOCATIONI.-In Nuuanu Valley at elevation of about 400 feet allove sea level.

EQUIPMENT.-Builders Iron Foundry 30"x13" Venturi meter; capacity range
from 1.69 to 21.97 million gallons per day; also plant output instruments.

CHANNEL AND cONTROL.-Thirty-inch pipe line, gate valve and surge devices.

EXTREMES OF DISCHARGE.-

Year Maximurn Minimum
ending
June 30 M.G.D. Hour Day LG. D. Hour Day

1927 ... 5.0 7:30 p.m. Apr. 16 0.0 . Frequently

1928 ...... 6.2 7-9 p.m. Oct. 18 .0 do



NUTJANU HIYDROELEDCTRIC PLANT

Di1VsI~jSIONS AND RJG1LA -G.-SI ream, tunnel an~d pipe-lille dliversionl and regu-
lation above. The potential energy of water stored in reservoir No. 4
at spillway elevation of 1,028 is used nightly from about 6 p. m. to 5
a. in., to generate electricity for City illumination. The system also has
been operated 24 hours daily to run sewer pumps; occasionally, plant out
of commission (account of low water, pipe-line leakage, etc.) and elec-
tricity supplied by the Hawaiian Electric Company.

AccuRAcy. Record excellent Within capacity of meter when working. Days
of missing record estimated from comparison of water required for plant
output during periods of records with periods of known output and Un-
known flow.

DURATION-DISCHARGE TABLE

Nuuanu hydrolectric plant at Venturi, near Honolulu, Oahu

Year Number Number of days having a discharge (input), in millions of gallons,
dening of days ] - _ _ equal to or greater than

3 2.75 2.5 2.25 2.0 1.75 1.50 1. 1.00 .75 .50 .25 0

1927 .... 314....1 0 4 A 4 98_16 192 211 _216 256. 6 26A J
1928 ....... 366 0 2 X8 103 155 1651 210 217 , 224 225 225 225 366

Monthly discharge of Nuuanu hydroelectric plant at Venturi, near Honoll,

IOahu, for years ending June 30, 1927-28

Discharge Total

___run-off

Month Million gallons per day Million

- -gallons
Maximum Minimum Mean

19 26-27
A ugust g1-I... ..................... 7 .... .4.
Septem ber ................. ............... 1.62 48.7
O ctober ........................................ ...... . .921 28.5
N ovem ber ....-.-----------.-.----................. -...... 1.54 46.2
D ecem ber ............................... ....... . ........ 984 30.5
January .... ............................ ....... ...... 1.41 43.8
February ....... .... ........................... 2.20 1.10 1.66 46.5
M arch....... ............................ 2.30 .00 1.54 47.9
April ................. ............... _ 1.51 .00 .181 5.44
M ay -00 97020................................... .... ....... 00 .970 30.1
June ............... ............................ ....... .00 1.62 48.7

The period (314 days) 33................. 383'

1927-28
J u l y .......... ......... ... . . . . .. .. . . . ... . . . . .. .. ... 1 .6 7 5 1 .9
August... ........ .............................. ... ... . . 00 .756 23.4
September. ..... ... .................. .00 .00 .00 .00
October....... .................................. 2.73 .00 1.08 33.4
November ........................ ... 2.70 .00 1.48 44.2
D ecem ber -------------....--------------------...... .00 .00 .00 .00
January ............. ..................... 2.45 .00 .121 3.75
February ........................................... 2.65 .80 2.20 63.8
M arch ................. ........... .... . .. 2.80 2.15 2.45 76.0
April ................. .............. 2.80 2.10 2.37 71.2
May. ............................... 2.50 1.70 2.18 67.6
June ............................... 2.20 .00 1.37 41.1

The year_--- ......... 2.80 .0 1.30 476



SURFACE WATER! SUPPLY OF OAHU, 1909-28

PAUOA STREAM AT UPPER PAUOA VALLEY, NMAR HONOLULU, OAHU

LOCATION.-In upper Pauoa Valley, 1000 feet below Kahuawai Spring, about
1 mile above Punchbowl, and about 2.5 miles northeast of Honolulu
post office; elevation is about 570 feet.

EQuiPMENT.-Staff gage; measurements made by wading April 14 to October
16, 1911; Watson weekly water-stage recorder and 4-foot sharp-crested
weir October 17, 1911 to December 31, 1913.

CHANNEL AND CONTROL.-One channel for all stages; practically permanent.
EXTREMES OF DISCHAGE.-Unknown.

DIVERSIONS AND REGULATION.-Several small ditches and one pipe line divert
ed part of low-water discharge; stream fed by several perennial springs
within 2 miles above station.

AccuRAcY-Gage read to hundredths and weir checked with current-meter
measurements.-Records generally fair to good except high stages.

DURATION-DISCHARGE TAIBLE
Pauoa Stream at upper Pauoa Valley, pear Honolulu, Oahu

(See PLATES V, IX, X, XV, XVI and XVII)

Yea I N b Number of 1 ays having a discharge, in millions of gallon ,
Yar .. Nmber equal to or greater than

euring •of daysJ n 30 record --- 
[  

8 " .. '' i..

20151 6 5 3 2 1 0.8 0.6 0.5 0.4 0.2

1911 ........... 780 1 2 15 42 52' "78. - ----- ....
1912 ........... 366 12 33 5 6 9 15 39 203 278 345 360 66
1913 '65 --- 0 3 3 7 12 20 47 169 198 265 294 261 365
1914 ............. 184 .... 0 1 3 3 4 7 13 35 63 80 98 119 150 184

Total (dys 993 1 2 4 9 12 18 30 53 136, 477 608 786 851 955 993
Pe n 10 . 4 9 1.21.361.3 79.2 8 96.2 100.0

Means (2.72 years) .4 .7 1.5 3.3 4.4 6.6 11 19 50 175 224 28 313 351 365



FIN'1 ~

Wo 40 60 so loo Ito 140 I160 180 ?WO tZU ?AOU 602b 8 0 .iU0 .U 340
rN4 U K1NA EE > F F-0) ='0 0 F' - F=

0 UJPZ T10N - E:)I SOCH A. 3 E C U ZV E

P LATEI,,V
PERCENT OF DISCHARGE~ AT E-LIVATION 30

0 zo2040 6080100120 140 160 10 200 20 2Z40

83 U ONTLLVTO-DSHRECRE
-62TE

60( INDICA~5E UY57'- nidviulsra fr iZoset.TeMA crefr o
16 1Sra sbsd neZ en a .. %r dXaeaer nfl;ce 10

on PAOULA PE PUAVLE Ee.~79 endr
10 Z 40( ~ a~e-~ l AI ( TEMwa eie rm h e~uh

.r~i by usinj6 3a~~~IHPG. uv eue rosmta mn

t.3eonindvidal rercrv e f~o r e .T ENcbn u reand rMa ikidie ri bsed2 on ?Z--v o. f -.. 5NeodlM~e o5 ~ ~~o 1-g~ atthmxi A dmVnim UPPRvesin UuaV anLJ k nA ire m eir ar-
4 ~ ~ aln pe1ig man re be om arableST hEA e wars ere reo dniiab~

comion i orev cn a . Ph fel n5+rteamonthy uiie l e rpi- d i scha r ormneaMOnTHLY' 4 L .VIt-DI5HARGE ur.cr rm mi
I.e idi viiI ream e +p anat1oncorn;eIirgr0 .,erc4 &T~eomined 5i c aa e aluares o e ina rrAQIM rach IMENn s I

dere. da oe Xea d I Q0- Aot c~urva for combies aoan d eMeati one 0wg ered c rna 0eracenj4t sma--MaiiTen5uv mr eI o
paxi tea d nd ot asere5 nNuni'aan Oum

cmmon trev l io ~n 30eus m It rgeseries.

thtecercre pniC~ o m ie~ on d )uli e adi n s du 11o~c

tin hreelevaions een p~ flterapac~y uder ansi ero aion of 30- 0

Z rnM8E. -T- gLd u ion ffi - D RAT ion -AND rELeVATIO ny eDRa.W-n OQ EUTIN 'fANUAPY01 L1DCIQJ THERE)ROM lOAi APeI9

0 LE fiND:MNN i2Y
I A/U->C -. CARACTEISTC CRVESORJ"y"JAPP-->HIF GINEL15Y6f 6i54&

> OCOMAY R-LHON OF EWER ATER COMI5SIONK-
1AVRYQHUT ONOLUTH.-R M JA P.'1?



PATJOA STREAM

Monthly discharge of Pauoa Stream at upper Pauoa Valley, near Honolulu,

Oahu, for years ending June 30, 1911-14

Month

1911
April 14-30... ......................
M ay .... .... ........... ..........
J u n e -................................................

The period (78 days) .........

'1911-12
July .... - -- _-....... _ __ _
A ugust ...........................................
September..._ ................................
October .... ..... .................
November ................................
Decem ber ................................ .......
January ................ .... ...........
February ....................................
M a r c h ... ..----------- ._-- .------- ...... ...
April .................................. .
May .............. ..................
June .............................................

The year.. ................ 29

1912-13
July ..... ........... ............... 1.34
August ........................... -1.71
S ep tem b er ........ ........................... .66
O ctober ........... .......................... 8.34
November........................... 3.13
December ............................ -8.73
J a n u a ry .... ......... .................... 3.51
F e b r u a r y ... ...... ........ .. ..... ... ........ .9 5
March ............................ -2.35
April ........................ .--- .9.11
May ................................ 5.37
June-.............................................. 3 .61

T h e y e a r .................. ...................... 9 .1 1

1913-14
July ........................................
August ........... _ ...........
Septem ber ..........................................
October ............................................
N ovem ber ............................................
December ....................

The period (184 days) ............

Discharge

Million gallons per day

Maximum Minimum j Mean

3.4 0.71 1.25
6.5 . .65 1.36
2.8 .97 1.70

4.24
.66
.71
.5

10.5
8.08

.45 1.41

Total
run-off

Million
gallons

21.2
42.4
50.8

114

98.1
93,5
51.2
40.4
6T.9
31.4
27.0

_38.1
31.2

-33.9
21.1

516

.36 1.21 444

:5 1.15
.40 .5)
.36 .51
.36 .36
.36 2.0)

1.71 2.88

36.2
17.0
15.3
11.2
60.9
89.3

230

I

X



52 SURFACE WATER SUPPLY OF OAHU, 1909-28

XAHUAWAI SPRING NEAR1 HONOLULU, OAHU

LOCiION.-In upper Pauoa Valley, about 114 miles above Punchbowl, one-
quarter mile above former Pauoa Stream weir station, and about .2%
miles northeast of Honolulu post office; elevation is 618 feet.

EQuTIrIENT.-Formerly a 2 by 2 inch stake driven into pool of spring, with
nail in top, 6 feet above 1.5-foot weir, to measure head on weir; recently
a 900 V-notch weir.

CHANNEL AND CONTBOL.-Spring boils up vertically in pool about 10 feet in
diameter. Weir built between rock abutments on south side and about
10 feet from center of pool; permanent.

EXTRE ,ES OF DIScH."GE.-Unknown.
DIvERsIoNS AND REGTLATIN.-None above station; irrigation of truck gar-

dens, taro, and rice below.
AccuaAcy.-Gage formerly read to hundredths twice daily; discharge com-

puted by Francis formula for sharp-crested weirs with end contractions
and no velocity of approach; records generally excellent. Recently,
gage read from irregularly to weekly, Kings formula used, and records
fair.

COoPERATIoN.-Station maintained by U. S. Geological Survey up to 1915;
thereafter by the Honolulu Sewer and Water Commission.



DURATION-DISCHARGE TABLE
Kahuawai Spring near Honolulu, Oahu

(See PLATES V, IX, X, XV, XVI and XVII)

Number Number of days having a discharge, in millions of gallons, equal to or

Year ending June 30 of days greater thanrecord

i0.48 0.45 0.43 0.40 0.38 0.36 0.34 0.13 0.32 0.31 0.30 0.28 0.26 0.2"4 0.2~ 0.2'0
1913 a 273 2 10 11 17 22 33 66 66 231 21 273. ---............
1 9 1 4 a ---------------------------------- .---- .-- ... . . 3 6 5 0 1 2 5 125- 365

1 9 1 5 a ------------------------. ------------... ... .... ... 1 8 4 ------ 0 i 1 5 1 1 84 --- ---- ...... -------
1926 --------- - ........................... 225 0----- 2---4 6 9 10 12 13 14 69 75 - 133 159 225
1927 ---------------- 365 ... ... ...... 0 60 113 175i 225 313 345 3-651

I - -

Total days ----. --------.... ----------------------............ 1 1,412 2 10 11 19 26 39 251 252 852 906 1,011 1116 ,1 1,300 1,346 1,412
Per cent ----........... 100 .1 .7 .8 1.3 1.8 2.8 17.8 17.8 60.3 64.2 71.6 79.0 85.7 92.1 95.1 100.0

Means (3.87 years) ---------..--------........... .. 5 2.6 2.8 4.9 6.7 10 65 65 220 234 261 288 13 336 348 365

1928 .................................................................... 366 . .- 36. 1 4 6 16 43 86 193 366- ......

a Daily-discharge tables not published.



54 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Kahuawai S' p rin g near Honolulu, Oahu, for years

ending June 30, 1913-15; 1926-28

Discharge Total
run-off

Month Million gallons per day Million

gallons
__Maximum Minimum j Mean

1912-13
O ctober ........... : ...............................
November ................... .............
December .......................
January .................. ;.....
February............ .........

March ........................
April ..................................... 

..

M ay ...... ..................... ......
June ..............................

The period (273 days) .............

1913-14
July .... ................................
August ............... ............
September ..............................
October ...........................
N ovem ber ..................... .......... .........
December ...............................
January ........................................
February .......................................
MVarch .............................
April .....................................
May .--.............. ---...........
June ..............................

The year ............ -.......

1914-15
July ........... ..............
August ...........................
Septem ber.......................................
O ctober ................................................
November ........................................
December ...................................

The period (184 days) ..............

0.35
.35
.48
.35
.32
.32
.'32
.35
.35

0.30
.30
.37
.32
.30
.30
.32
.312
.392

0.31
.33
.41
.32
.32
.31
.32
.33
.34

9.6
9.9

12.8
10.0

9.1
9.6
9.7

10.2
10.0

90.9

.35 .32 .32 9.9

.32 ,32 .32 9.9

.32 .32 .32 9.6

.32 .32 .32 9.9

.35 .32 .34 10.3

.35 .35 .35 10.8

.35 .32 .35 10.8

.35 .32 .34 9.5

.32 .32 .32 9.9
.35 .3'2 .34 10.3
.32 .32 .32 9.9
.32 .32 .32 9.6

.35 .3'2 .33 120

10.0

60.4



MAKIKI SPRINGS

Monthly discharge of Kahuawai Spring near Honolulu, Oahu, for years
ending June 30, 1913-15; 1926-28

Discharge Total
run-off

Month Million gallons per day Million

.-gallons
Maximum Minimum Mean

1925-26
N ovem ber 18-30 ....... ............................. 0.36 4.6
D ecem ber ......... ........................ 29 8.9
January ................................................ ............... 28 8.6
F ebruary ......................................... 25 70
M arch ................. ... ............................ 23 7.2 "
A pril ...................................................... ............ 21 6.3
M ay ............. -- .. .......... 21 6.5
June......................... .. .23 7.0

The period (225 days) .. .. ----... 56.1

1926-27
July ................ .... _ .... .. .23 7.2
A ugust ........... ............................... .......... 26 8.1
Septem ber .......................................................... 26 7.9
October .......... ----- .... ...... . 27 8.3
November .......... ............................ .26 7.9
D ecem ber ............. ........................ . ............... . .3 9.
January ....... ....................................... . .. ... 32 9.8
F ebruary ................... ...... .... .............. 30 8.4
M arch......... ....... ............. ..... . .32 9.8
April.-, .............................................. .30 9.1
M ay --- ....... - .......... 30" 9.3
June. .............. __ ...................... ................. 31 9.2

T he year .. ........................................ .28 104

1927-28
July .................... .... .................... ........ .. .. . 31 9.6
August .. ........ ......... - .29 9.1
Septem ber ...................................................... 27 8.1
October ... ........... ............... . .26 8.1
Novem ber ........................... 29 8.8
D ecem ber ............ 1.......... ...................... 30 9.2
January ....................................... ................ ,28 8.8
F ebruary ................................................ ................. 26 7.7
M arch ................................................................. 26 8.1
April ................................... ....... .28 8.5
May=........................................----------........... .28 8 .7
June................ . . ................... .26 7.9

T he year ......... .......................... 1 .03

Note.-Maxima and minima unknown account of insufficient readings.

MffARZEZ SPZXNGS N-A3S HONOLULU, OA U

LOCATION.-In upper Makiki Valley about 500 feet above Board of Agricul-

ture and Forestry Experiment Station at elevation of about 340 feet

above sea level.
EQUIPMENT.-Four-inch Trident water meter.

CHANNEL AND CONTROL.-Eight-inch pipe line.

EXTREMES OF DISCHARGE.-Insufficient data.

DIVERStONS AND BEGULATION.--None. Records show flow used for City con-

sumption.

ACCURACY.-Semi-monthly .(to July, 1927) to weekly readings taken of cu-

mulative register and average flow for period determined. Daily fluc-

tuations unknown. Records generally good.

COOPERATION.-Meter installed by City Waterworks Department; records col-

lected and compiled by Honolulu Sewer and Water Commission.



56 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Makiki Springs near Honolulu, Oahu, for years ending
June 30, 1926-28

Month

1925-26
November 6-30 .........
December_......................
January .........-............. ..
February ----
M arch ------- ..........
A p ril ..................................
M ay.., . ... . . . . . .
J u n e -----------------------------------

The period (237 days) ............

1926-27
July.. ...........
August_ ............
Septem ber .........................
O ctober........... _ _.... . . .
N ovem ber..._....................
D ecem ber ...............................
January... ............. ...
February_ ---------...................
M arch ........................ ........
A p ril .---_ -------- - ------------
M a y .-- .------- ..--------- .- .----- .....
June ..........

T he year .............................

1927-28
July ------ ........ ................
August .......................
September ......... ..........
October..................
N ovem ber ........................
December 1-17...

The period (170 days)

Discharge

Million gallons per day

Maximum Minimum Mean

-------- 0.258
.265
.230
.204
.170
.155

.... 136
.137

......... 135
.135
.150
.140

-------.. 1 71
.168

......... 215
.234

........ 1 .226
-------.. 380

.980

.883

Total
run-off

Million
gallons

647
8.23
7.13
5.73
5.26
4.66
4.22
4.12

46.8

4.18
4.18
4.49
4.32
5.12
5.21
6.86
6.55
7.02

11.4
80.4
26.5

.318 116

.452

18.4
17.4
15.918.6
16.1

7.68

89.0

Note.-Maxima and minima unknown account of cumulative nature of record.

HM-ING SPRING IN MAKIZI VALLTY, NEAR HONOLULU, OAHU

LocwAio,.Near MIVakitki Spring above Board of Agriculture and Forestry
Experiment Station, at elevation of 425 feet above sea level.

EQUIPAENT.-Three-inch Trident water meter.

CHAXNEL "AND comT1o..-Four-inch pipe line; gate valve.
EXTREMES OF DISCHARGE.-Insufficient data.

DIVERSIONS AND REGULATION.-None. Records show flow used for City con-
sumption.

ACCURACY.-Semi-monthly (to June, 1927) to weekly readings taken of cu-
mulative register and average flow for each period determined. Daily

fluctuations unknown. Records generally good except for periods when
flow was below meter capacity.

COOrPaaArMO.-Meter installed by City Waterworks Department and records
collected and compiled by Honolulu Sewer and Water Commission.



MANOA STREAM

Monthly discharge of Hering Spring in Makiki Valley, near Honolulu, Oahu,
for years ending June 30, j926-28

Month

1925-26
O ctober 10-31 ..................................
November -- .
December. .........
January ..........................................
February ............................
March 1-22 a .........

The period (164 days) ......

1926-27
O ctober 21-31 b -----.-------...................
N ov em b er ............................................
December ...... ............................
January ...........................................
F ebru a ry ------------------------------------
M a r c h ..................................................
April......................................
May .... .......
June ....................

The period (253 days) .........

1927-28
July .............. . ..............................
A ugust ................................... . -
S ep tem b er ------------------_ .-.---- ............
O ctober ............ ..............................
November ..---------...........
December .....................
January ...------ ..............
February ..................
March ....................................
A pril...... ......................... .. . . .
M a y ------. -------.. -. -------...... .. ... ..
Ju n e............................................

The year .......................

Discharge Total
run-off

Million gallons per day Million

gallons
Maximum Minimum Mean

-.. -..........

0.011
.027
.032
.016
.008
.002

.014

.013

.008

.044

.053

.061

.076

.145

.118

0.249
.817
.982
.511
.227
.034

2.8

.154

.396

.248
1.37
1.48
1.90
2.28
4.49
3.54

15.9

.077 2.40.

090 33.1

aDischarge below capacity of meter from March 23 to June 30.
bDischarge below capacity of meter from July 1 to Oct. 20.
Note.-Maxima and minima unknown account of cumulative nature of record.

MANOA STW AM AT UPPER MANOA VALEY', NEAR 3MONOLULU, OANU

LOCATION.-Below confluence of two main branches in upper Mlanoa Valley,

about 5 miles east of Honolulu post office; elevation is about 290 feet.

EQUIP ENT.-Vertical staff; new gage establisted July 19, 1911 about 500 feet

above old gage; measurements made by wading for low and medium

stages and from footbridge at gage for high stages.

CHANNEL AND CNTROL.-One channel at all stages; shifting.
EXTREMES OF DISCHARE.-Unknown.

DIVERSIONS AND REGULATIO.-Several small irrigation ditches diverted part

of low-water discharge from branches of stream above station. Most

of this water returned to stream by seepage and drains above station.

AcCuRAcY.-Rating based on 4, 8, 6 and 0 measurements made during the
four years respectively, gage read twice daily, about 6 a.m. and 5 p.m.

Records poor.



DURATION-DISCHARGE TABLE

Manoa Stream at upper Manoa Valley, near Honolulu, Oahu

Number Number of days having a discharge, in millions of gallons, equal to

Year ending June 30 of days or greater thanrecord I 2
100 50 25 151 10 5 4 3 2 1 0.8 0.5 0.4 0.3.

1911 .................................................. 236 1 1 7 16 25 105 137 166 212 23'6 . - .............
1912 ...................................... ........... 366 0 5 7 21 76 113 161 191 243 268 348 364 366
191 ................................................. 184 .............. 0 1 3 16 29 40 60 88 108 167 172 184

total days .................................................... 786 1 1 12 24 49 197 279 367 463 567 612 751 772 786

Per cent -------- ------------------------------------ ------------- 100 .1 .1 1.5 3.1 6.2 25.1 31.5 46.8 58.9 72.2 77.8 95.5 98.5. 100.0

Means (2.15 years) ............................. .......................... .5 .5, 5.6. 11. 231 92 130 171 215 264 284 349 359i 365



MANDA STREAM

Monthly: discharge of Manoa Stream at upper Manua Valley, near Honohldu,

Oahu, for years ending June 30, 1911-14

Month

1910-11
November 7-10....................
December ............. .................
January ...................... ...........
February ............................ .............
March ............. ....................
A pril..... .. . -, _ _---------- ---
M ay. ................. . .....................
June ........ .....................

Discharge

Million gallons per day

Maximum Minimum Mean

36 3.8 8.1
26 3.4 8.7
28 3.8 8.5

112 1.2 10.0
8.4 1.5 3.17

19 1.2 3.74
24 1.8 4.95
14 2.1 5.02

The period (236 days) ............... ........

1911-12
July ......................... ....
August .......................................
September ........................ 
October ......... ........................
November ...................................
December............... ..........
January... .....................
February .....................
M arch ................. ........................
April .....................................
May. ....................................
June ............. ............

9.7 1.5 3.13
31 1.5 7.17
41 3.1 11.3

9.0 1.6 4.52
15 3.1 4.34
15 3.1 5.14

1.9 .5 .90
8.5 .4 1.09

12.3 .5 2.07
5.8 .65 1.50
5.5 .5 .93

.84 .5 .59

The year a............... .... ... 41 .4 3.56

1912-13
July ..... ........ .........................
August.......................................
September ................................
October ............................................
N ovem ber ........... . __...........................
December ......................................
January ................ .................. ....
February-............................
M arch ........ ................ .............
A pril .............. ....... ...........
May b ................................
June .... .................. ... .. ... .

T he year ......................................

1913-14
July 1-5 ........................... ....

The period (5 days)b .................

10.a6.5

.90
9.4

10.7
22.6

3.3
7.9
9.7

21
25
25

25

8.4

5.1 8.79
4.6 7.89

.3 3.51

6.5 7.50

Total
run-off

Million
gallons

196
270
262
279

98.1
112
153
151

1,520

97.1
222
339
140
130
159

27.9
11.6
64.2
45.0
28.8
17.6

1,300

35.5
39.8
20.1
54.5
76.6

160
48.5
48.9
68.1

223
272
237

1,280

37.5

37.5

a Tjhese estimates do not include the amount of water diverted by two ditches
farther up the valley.

b Two stations were established on the East and West Branches of Manoa Strea m
May 29, 1913. These stations are above all diversions and are intended to supplant
the old station, which was discontinued July 5, 1913.



SURFACE WATER SUPPLY OF OAHU, 1909-28

MANOA STREAM AT COLLE Or XAWAUX, 4ONOLULU, OAKU

LocATION.-In gorge one-half mile southeast of College of Hawaii and 3
- iles east of 'Honolulu post office; -elevation-is about. 104- feet.

EQuIPMENT.-Vertical staff on left bank. Weirs used during 1909 and 1910
destroyed by flood- of November 24, 1910; measurements made by wad-
ing.

CHANNEL AND CONTROL.-Channel straight and confined in vicinity of sta-
tion; bed composed of rock; clean and fairly permanent; left bank, com-
posed of rock, nearly vertical; right bank of gentle slope, covered with
vegetation.

EXTREMES OF DISCHARGE.-

Year maximum Minimum
ending
June 80 M.G.D. Hour Day M.G.D. Hour Day

1909-12 ....... Unknown Unknown
1913-15 ....... 139 6:40 a.m. Apr. 16, 0.2 ........ Mar. 1914

1915
1916 ----------- 190 4:45 p.m. Jan. 18 .3 _....... Sept. 1
1917 ........ 850 Mar. 19 .8 -....... June 28-30
1918 ........... 80 4:00 p.m. Apr. 10 .65 ---- Sept. 6
1919 ........... 106 5:00 p.m. Aug. 15 2.9 .........- July and

.... _ _ _Sept.

DiVERSIONS AND REGUILATION.-Nearly all low-water flow diverted above and
below station for irrigation of rice and taro in upper and lower parts
of Manoa Valley.

AccURA~C.-Stage-discharge relation not permanent. Rating curve gradually
defined by 0, 3, 0, 0, 7, 0, 2, 4, 8, 4 and 5 measurements made during
the 11 years respectively between 2 and 40 million gallons per day.
Gage read twice daily to tenths. Records poor to good.

COO rEaTION.-Gage-height records furnished by College of Hawaii.



DURATION-DISCEARGE TABLE
Manoa Stream at College of Hawaii, Honolulu, Oahu

Number Number of days having a discharge, in millions of gallons, equal to Dr
Year ending June 30 of days greater thanrecord

100 50 25 15 10 51 4 3 2 1 0.8 0.5 0.2 00

1909 72 0 7 16 37 47 50 60 70 70 71 72 ........
1910 ----..----------------------------------------- .-- .-----------.-------------.......... 238 ...... 0 12 28 45 89 123 123 150 213 223 232 235 238
1 9 1 1 ----..--------_------- ._.----------------- .---- . ---------. ------. ----....... ... . 1 1 7 . ... 0 5 1 0 2 4 5 6 6 5 7 4 9 8 1 1 7 ........ ........ .......--
1913 ................... -----------.-----------.------. ------------.......................... 177 2 3 9 24 37 53 71 78 102 147 151 177
1914 ................... ......... .............. .294 0 5 19 36 50 88 105 123 148 173 187 215 294
1915 ----------------------------------......... 365 1 8 18 42 82 154 188 218 249 338 358 365
1 91 6 ----------.------ ..._.--_-----------.-.--._.-.------ . -----.------............ ..... 36 6 2 1 7 40 8 2 117 196 2,2 4 2 46 27 33 8 3 46 3 65 366 _ _ _
1917 .-- ...................... ........................... 365 1 7 23 71 111 210 261 298 337 361 365 ........ ... ......
1918 ----- ._------_-..................... 365 0 2 11 17 29 166 182 207 230 253 334 365...........
1919 ..... ....................... . ................... 92 0 2 4 4 27 46 74 92 ........ ......-- .......................
Total days ..................... .......... ............................... ..... 2,451 6 42 139 321 515 1,076 1,312 1,491 1,739 2,102 2,243 2,364 ,448 2,451
P er cent -------....--------- .--- . --. ----.-. ------. ---..................... 100 .2 1.7 5.7 13.1 21.0 43.9 53.5 60.8 70.9 85.7 91.5 96.5 99.7 100.0

Means (6.72 years) -. ............... . .9 6.3 21 48 77 160 195 222 259 313 334 352 364 365

Maxima-... ................................. 2 17 40 82 117 210 261 298 33*7 361 365 365 366 366

Minima .. ................................................ . 0 2 11 17 29 p110 1 p153 p184 p215 233 268 360 365

pProportional; computed from a critical period above, exceeding half year.
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Monthly discharge of Manoa Stream at College of Hawaii, Honolulu, Oahu,

for years ending June 30, 1909-11; 1913-19

Month

M ay --... ................. ....................
June .............. . .................

The period (61 days) .......

1909-10
July 1-11 and 16-31 ............
A ugust .................... ...................
Septem ber ......................................
O ctober ................... .............
November 1-2 and 7.16 ............
December 27-31................. .......
January 1-3 and 10-31 ........ ....
February 1-11 ................. ............
April 13-21 and 25-30 ...
May .............. ................
June 1-20............... ...........

The period (238 days)...........

1910
July 4-11, 18-22 and 25-31 ....
August 1-2 and 8-31 ...........
September .........................
October 1-15, 22-26 and 30-31...
November 1-6 and 12-24:. ....... Z

The period (117 days) ....

1912-13
November.......... ..........-
Decem ber ................ ...................
January ............................. .
February .................................. ....
M arch ................................ ................
April 1-2............ ............

The period (177 days)-......

1913.14
September 10-30 ....... .......
October ............
Novem ber .................. ....................
December .........................
January ............. ........................
February _........... ...........
March ............................
A pril ...... ......... .......................
M a y ................... __.... ........... .... ..
June ..................................... ......

The period (294 days) ............

1914-15

July ...........................
A ugust............ ....... .....................
September .... ..................
October .............. .............. ........
N ovem ber . ................... ................
December ..... ...................
January ............. ..... .......
February .........................
M arch.............................. .................
A p r il ............................... ..... ..... ..........
May ...............................
J u n e .............................. ........

The year ................................

Discharge

Million gallons per day

Maximum Minimum Mean

14 1.6 6.12
18 .3 4.67

34
24

7.8
16

4.8
19
30
28
38
38
30

14
32
34
18

40
109
11.6

7.1
9.7

43'

3.2
.45

_91
66
56
17
26
38
46
58

70
40
85
20
30
22

6.6
48
17

116
34
18

i16

2.6
.84
.4
.5
.97

3.4
.02
.00

1.2
1.2
5.4

1.3
1.2
2.0
1.4

.7
1.0
.6
.6
.6

1.2

.3

.25

.4

.45

.6
.4
.2
.7

1.2
2.2

1.5
2.6
3.6
1.0
1.2
1.8

.5

.6
1.2

.5

.8

.8

.5

12.0
3.71
1.66
4.06
2.25
8.60
4.77
3.97

12.5
8.21

12.7

3.58
7.82

10.1
6.3

7.43
18.0

3.20
1.63
2.31
1.31

.58

.3"2
15.3

9.33
4.93
1.64
1.42
6.71
8.43

12.3

11.4
11.2
16.7

5.35
6.38
6.72
1.56
7.12
3.16

17.7
4.88
2.40

7.86

Total
run-off

Million
gallons

190
140

330

325
115

49.8
126

27.0
43.0

119
43.6

187
254
254

1,540

71.7
203
302
138

715

223
557

99.1
45.6
71.7

339

1,340

12
10

458
289
153

46
44

201
261
370

1,840

352
347
502
166
191
208

48
199

98
532
151

72

287
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Monthly discharge of Manoa Stream at College of Hawaii, Honolulu, Oahu,
for years ending June 30, 1909-11; 1913-19

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1915-16

July. ............................. 80 2.2 8.64 268
August ........ ............. 8.6 .6 2.60 80
September.. ....... 24 .3' 3.49 105
O ctober............. _................. 50 .8 9.74 302
November ........... .............. 52 2.6 18.7 562
December. ....................... 74 .6 15.0 466
January .4.....2........... 29.2 905
February ..... ... ..................... 24 .6 3.66 106
March .............................. 80 .6 9.30 288
A pril ..... ....... ........................... 46 .8 5.43 163
M a y ......... ........................ ... . _ _ 74 5.2 21.8 6 75
June ....................................... ............ 25 3.0 8.13 244

The year ----------- 141 .3 11.4 4,160

1916-17
July .................................................. 50 4.1 10.4 323
August ...... .. .................... 56 4.6 13.7 425
Septem ber ................................ .. 24 2.6 5.80 174
O ctober -.. -------------------... -.I............. 23 1.5 4.90 152
November .................... ..... 26 4.1 9.49 285
December .......................... ..... 82 7.4 22.4 694
January ........................... 78 2.6 13.2 408
Februtry.. ..................... . 15 1.5 3.50 92
March ............................ 101 1.8 16.3 504
April ........... . ............... .. 26 2.9 7.29 219
M -ay ..... .............. 15 1.6 5.78 179
Ju n e ........................................................ 8.4 .8 3.07 92

The year ................................. 101 .8 9.72 3,550

1917-18
July ...........................................-----...... 1.0 .75 .81 25
August ................... .8 .7 .78 24
September ............ .. ........... .8 .65 .78 23
October ......................... 1.0 .75 .85 26
November .......................... 7.0 .9 2.94 88
December 8....... .5 4.4 6.41 199
January .......... 24 2.3 6.52 202
February .......... ....... .10 5.6 7.04 197
Mlarch ................ ....... 11 6.3 8.57 266

A pril 68................... ....... 4.4 21.0 630
May ................................. 8.5 2.3 4.83 150
June . ............. ........... 10 2.3 4.-6 131

The year ------------ 68 .65 5.37 1,960

1918
July ........... ....... ...... ....... 42 2.9 6.05 188
August -.............. 42 3.8 7.27 225
September... ..................... 5.4 2.9 3.48 104

The period (92 days) ............... ....... 417

MANOA STREAM AT WAZATA ROAD, H'ONEOL.U.U, OA.ETU

LoCATION.-At bridge on Waialae road; elevation is about 50 feet.
EQUIPMENT. Staff gage, fastened to rock wall on right bank just below

bridge, destroyed by flood in February 1911. 1easurements made by
wading at low stages and from bridge at high stages.

CHANNEL AND CONTROL.-One channel at all stages; practically permanent.
EXTREMAES OF DISCHARGE.-Unknown.
DIVERSIO'NS AND REGULATION.-Several ditches diverted above.
ACCURACY.-Gage read at 6 a.m. and 4 p.m. Records poor.



SURFACE WATER SUPPLY OF OAHU, 1909-28

DURATION-DISCHARGE TABLE
Manoa Stream at Waialae Road, Honolulu, Oahu

Year Number Number of days having a discharge, in millions of gallons.
ending of days equal to or greater than
June 80 record

600 400 200 100 50 25 10 5 4I 3 2 1.8

1911......... 86 1 2 3 8 18 27 45 56 62 70 75 86

Monthly discharge of Manoa Stream at Waialae Road, Honolulu, Oahu, for year

ending June 30, 1911

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum [_Minimum Mean

1910-11
November 5-30 ................ .407 1.9 41.2 1,070
Decem ber ............. .................. . 108 1.9 20.2 626
January 9-31 ................................... 186 5.8 37.6 736
February 1-6 .... ............... 633 7.1 129 772

The period (86 days) .......... ..... . .. 290

WEST BRANCH OF MANOA STREAM NEAR HONOLULU, OAHU

LoCATION.-About 75 feet (at diversion dam at R. W. Shingle's bungalow

300 feet above highway up to January 16, 1921) above highway bridge,

one-eighth mile above confluence with East Branch of Manoa Stream,

and about 4 miles northeast of Honolulu post office; elevation is 300 feet.

(From May 29, 1913 to June 16, 1914 station was 150 feet upstream from
bridge).

EQUIPMENT.-Vertical staff prior to June 16, 1914; Watson, Friez, Stevens

(8-day and continuous) and Gurley water-stage recorders used subse-

quently; measurements made by wading near gage or from highway

bridge 75 feet downstream. Station destroyed by flood of January 16,
1921; re-established August 5, 1925.

CHANNEL AND CONTROL.-TO 1921: small masonry diversion dam with round-

ed crest acted as control; leaves and small debris lodged on control

and growth of grass on sides affected the stage-discharge relation; chan-

nel clean and confined in vicinity of gage; short distance upstream

natural slope was steep and channel filled with boulders. Since 1925:

stream bed composed of gravel and boulders and straight for 50 feet

above and below gage; low artificial concrete control 10 feet below
gage, subject to filling up with boulders during floods; both banks cov-
ered with tegetation -



MANOA STREAM

EXTREMES OF DISCHARGE.-

Year
ending
June 30

1913 ..........
1914 ...
1915 ..........

1916 ----------
1917 .........
1918 ..........
1919 ..........
1920-...

1921 ......
1926____
1927 .......
1928 .. _..

Maximum

M. G. D.

68
24
57

230
540
400
286
245

2,100
96

291
1,290

Hour

3 p. m.

Morning

2 a. m.
12:15 a. m.
3 p. m.
10:15 p. m.
9:20 p. m.

7:4 p. m.
8 a. m.
Midnight

Day

June 20
Nov. 20
Apr. 16

Mar. 7
Mar. 20
Mar. 11
Aug. 16
Oct. 5

Jan. 16
June 14
May 16
Nov. 18

Minimum

M. G. D.

0.7
.05
-7

.4

.3

.3

.3

.12

.18

.05

.1

.25

Hour

5 p. m.

9:45 a. m.
11.90 p. m.

8:10 p. m.
6 p. m.

3:10 p. m.

Day

June 2
Dec.
July 11-14
June 12-13
Apr. 2-4, 6-16
Aug. 12,25-27
Aug.-Oct.
Apr. 13
Dec. 21
Mar. I
Aug. 10
Mar. 16-22
Aug. 19
Mar. 15

DIVERSIOaS AND REGULATION.-Prior to 1922, at low water, pool at gage was

lowered slightly for short periods by operation of small hydraulic ram

used for pumping water for domestic use and also by diversion for fill-
ing swimming pool; since 1925, none. Part of water rises on Territorial

lands. Practically entire low-water flow of Manoa Stream utilized below

for irrigation of rice and taro.
AccURACY.-Stage-discharge relation permanent e x c e p t when changed by

floods and cleaning of control. Rating curves, based on 1, 4, 6, 3, 4, 6,
8, 9, 2, 8 and 23 measurements made during the 11 years respectively,

define rating between shifts. Operation of recorders satisfactory except

for periods when discharge estimated by comparison with East Branch

of Manoa and other streams. Records generally fair to good for med-

ium stages; poor for high and low stages and estimated periods.

-I- ,



DURATION-DISCHARGE TABLE
West Branch of Manoa Stream near Honolulu, Oahu

(See PLATES VI, VIII, IX, X, XIV, XV, XVI, XVII and XX)

Number of days having a discharge, in millions of gallons, equal to or
Year Number greater than

ending of days
June 30 record -

50[ 25 15 10 5 4 31 21 1 0.81 0.6 0.4 0.21 0.05
19132 .................................................. 33 0I 1 1 3 4 5 6 13 .g.o 32i 3 3 ...... ....

1914 ......................... 365 ----------------- ....... ..... .............. 365 - 0 2 11 35 44 56 98 215 250 286 328 362 365
1915 ........................... ................... .............. . . . 365 1 6 11 23 64 98 104 153 259 259 259 360 360 365
1916 -----------..----------..--------.----------------------------------------------- ..- ....... 366 1 6 22 46 126 176 192 233 294 345 345 366 ........ . ..
1917 ......... -.... ..... ... ... ... 365 .-- 0 3 15 61 87 136 202 305 305 361 361 365 .....
1918 ... 365 0 1 10 17 40 57 88 141 251 251 345 345 365 ........
1 9 1 9 ................................................................................................... 3 6 5 0 1 6 7 2 4 3 2 4 8 9 1 2 2 3 2 9 5 3 5 9 3 6 5 ---------
1920 ------------------..-..---------------.-.----------------...--------------- ..---------- ........ 305 .... 0 2 5 13 18 21 38 7 7 100 183 245 o .......
1921 ........................................... . .. .................... 197 0 1 4 8 15 21 39 59 101 120 159 185 197
1926 .... .................................. 3X0 0 1 1 4 10 16 24 46 102 127 168 211 269 330
1927 365... 1 6.............. ------- 1.................. ---------- 365 1 6 11 18 40 54 80 132 213 240 272 324 362 365

Total days .. 3,421 3 23 73 157 432 608 794 1,206 2,070 2,324 2,770 T,123 3,349 3,421
Per cent .100 1 .7 2.1 4.6 12.6 17.8 23.2 35.2 60.5 68.0 81.0 91.3 97,3 100.0

Means (9.38 years) ............. .................................. 3 2.5 7.8 16.7 46.1 64.8 84.7 129 221 248 296 333 357 365

Maxima ............................................................. . ... 1 6 22 46 126 176 192 233 305 345 361 366 3'66 366

Minima ................ 0 0 2 4 p11 P18 e25 P46 p92 P120 P186 P233 P297 365

1928 ...................................................... 366 619 22 33 65 4 1041 169 302 329 344 356 66

e Proportional; computed from a critical period above, exceeding half year.
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Monthly discharge of West Branch of Manoa Stream near Honolulu, Oahu,
for years ending June 30, 1913-21; 1926-28

Discharge Total
run-off

Month Million gallons per day Million
gallons

Maximum Minimum Mean

1913
M ay 29-31_............. .................... 3.0 1.0 1.68 5.0
June .................... .......... 44 .8 3.95 119

The period (33 days) ............ . ...... 124

1913-14
July ................................ 1.7 .85 1.26 39
August ................................. 5.2 .45 1.07 33
Septem ber ........................................... 2.6 .3 .75 22
October ............................ 2.3 .15 .45 14
Novem ber ................... .. ................... 15 .25 5.04 151
December ....................................... 12 .05 2.94 91
January ................................................ 7.8 .7 1.46 45
February......................... ...... 2.2 .45 .83 23
M arch ......... ................. ........................ 3.8 .25 .60 18
April .............................. 11 .45 2.01 60
May ....................... ....... 13 1.4 2.67 83
June ......... ..................... 18 1.4 4.60 138

The year................................ 18 .05 1.97 717

1914-15
July .............................. 27 .5 5.58 178
August .......... .................. .- 32 1.5 4.66 144
Septem ber ............................................ 37 1.5 8.66 260
October ............................ 5.5 .5 2.41 75
November ...................... ............ 7.2 1.5 2.75 82
December ............................... 5.7 .5 2.00 62
January ................... .......... .5 .05 .46 14
February .................................. 14 .05 2.21 62
March .............................. 8.7 .5 1.83 57
A pril ..................................................... 50 .5 5.60 168
May ............... ..................... 7.2 .5 1.80 56
June.. ............... 8.7 .5 1.90 57

The year ...... ............................ 50 .05 3.31 1,210

1915-16
July .............................. 25 2.8 6.48 201
August ....................................... . 5.7 .5 2.73 85
September ............. .................. 8.7 .5 2.46 74
October.... ....................... 18 2.8 5.95 185
November .............. ........... 18 2.8 8.13 244
December ......................... 30 1.5 5.99 186
January .... ......... .......................... 50 3.0 11.7 364
February .............................. 4.5 .9 1.40 40
March ............................. 15 .9 2.69 83
A pril................ ........................... 9.3 .4 1.46 44
M ay................................................. 32 1.8 8.98 278
J u n e ............... ............... . . . 1 3 .9 2 .8 2 8 4

Thei year . ....................... 50 .4 5.10 1,870

1916-17
July ............................ 8.2 .6 2.00 62
August ........................ 6.9 .3 1.83 57
,September .......................... 6.9 .6 1.69 51
October. ......................... . 6.9 1.4 2.31 72
Novem ber ........................................ 17 1.4 5.31 159
D e c e m b e r ........ .............................. .. 1 9 2 .3 6 .2 4 1 93
Jan uary ............. - ---... ..... ... . 12 1.4 3.14 OT .
February.......................... ............. 2.3 .6 .89 25
M arch ........... ............................. 21 1.4 4.72 146
April ............................ . .9.6 1.4 3.02 91
May ............ . . ............... 11 1.4 3.12 97
June .......... ................. _.. 12 .6 2.11 63

The year ............ ........... ....... . 21 .3 3.05 1,110



SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of West Branch of Manoa Stream near Honolulu, Oahu,
for years ending June 30, 1913-21; 1926-28

Discharge Total
run-off

Month Million gallons per day Million

gallonsMaximum Minimum M~ean

1917-18
July .................................... 3.2
August................................................ . 2.2
September .............................................. 2.2
October ............................................. 3.2
Novem ber............................................. 11
December ................................... 5.4
January ................................ .4.3
February ............................................ 8.0
March ........................................... . . 46
April .................................................... 21
M ay __............ ............................ . 19
Jun e ......................... .. ....................... 8,0

The year .. .................... .46

1918-19
July ----............. .................. 18.3
August ........................... . 20
Septem ber . ........................................ 1.5
October .......................... 24
N ovem ber ..................... ............
December ......................................... 34
January .......................................... 9.0
February ............................ _2.7
March ............................... -8.8
April ........................... . 13.7
May...................................... . 3.3
June ...... ......................... 8.0

T he year ................................ 34 ........

1919-20
July .............................................
August ............. ............................
September...........................................
October ................................................
November .........................
December.........................................
January ...........................-. .
February ...........................
M a rch ---.------ .....-_ _-- .--- ...... .......
April ..............................................
May ...........................................
June ................................................

The year ..............................

1920-21
July .................................................
August ................................................
September-................................. ....
October ............................................
November ...............................................
December........... ......................
January 1-13 ..............................

The period (197 days)_._...

1925-26
August 5-31 ..................
September........................................
October ...... ................
November_ ...........................................
December........................................
January............................................
February ...........................................
M arch ...............................................
April ...... ..........................
May ..........................................................
June ............. (880........................ d ......

The period (330 days) .............

8.7

16.8
2.0
1.6
3.5
.9

15.8
9.9

.9
2.2

6.4
4.9
4.5
V.8

17.7
26
19.5

4.9
7.7
6.8

11.3
3.2
2.1
.8

2.4
4.0
1.5

25

.8 2.60 949

.7 2.62 81.1
1.0 3.44 107

........ .80 24.1

........ 1.6T 50.6
........ 1.71 51.3
....... 4.00 124
--- 1.35 42.0

.6 1.13 31.7

.8 1.79 55.4

.6 2.85 85.5

.7 1.50 46.6

.6 1.60 47.9

.8

.4

.3

.2

.3

.2

.2

.6

.8

2.05

1.94
2.19
1.88
1.42

.58

.45

.72

.'2
3.32
1.76
.53
.64

1.32

747

60.0
67.8
56.4
44.0
17.5

,14.0
22.2

9.2
103

52.7
16.5
19.3

482
I -

.3

.2

.3

.3

.6
1.0
1.1

.4

.45

.35
.6
.45
.25
.1
.05
.1
.1
.2

.79
1.52
1.26

.98
3.57
4.23
4.12

1.30
1.30

.985
3.17
1.04

.518

.200

.260

.690

.294
2.34

24.4
47.0
37.8
30.5

107
131
53.6

431

35.2
38.9
30.6
95.0
32.2
16.0

5.60
8.05

20.7
9.10

70.2

362



MANOA STREAM

Monthly discharge of West Branch of Manda Stream near Honolulu, Oahu,
for years ending June 30, 1913-21; 1926-28

Month

1926-27
July..........
August. ......... ...............
September ................................
October ................... ............
N ovem ber ..........................................
December ... ........... ......
January ...........................
February.... ..........................
March ........
April .................................
May ... ............. .........
June ................. ...............

The year ..................... .....

1927-28
July - .. ........... ...............
A ugust .................................................
September ...............................
Otber... ...........................
November ...........................
December ......................................
January....................................
February ......................................
March ......... ...........
A p ril .......... ........ ........ .... .... .... .... ...
M ay ..................................................
June ............ ..................

Discharge

Million gallons per day

Maximum Minimum

22
4.7

12.1
7.53'.6

28
3.3

13.3
27
90

5.6

90

9.6
9.7

11.9
4.3

164
104

26
3.7
2.5

35
20
14.9

The year ....................... 164

0.1
.5
.45
.3
.15
.6
.45
.4
.65

1.8
.8

.1

.65
1.0

.8

.8
1.0
1.71.8

.6

.9
,6

Mean

0.334
2.32
1.72
1.83

.927

.732
4.03
1.30
3.13
5.13

10.1
2.16

2.82

2.26
2.43
2.68
1.61

15.2
21.5

4.46
1.47

.597
6.63
3.34
1.81

Total
run-off

,Million
gallons

10.4
72.0
51.6
56.6
27.8
22.7

125
3'6.4
97.1

154
313

64.8

1,030

70.2
75.4
80.5
49.8

457
667
138

42.6
18.5

199
103

54.2

1,960
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EAST RANOX 03F MANOA STREAM NEAR 0NOLUTU, OAHU

LOCATION.-Just below highway bridge (200 feet upstream from bridge to

May 19, 1914) 400 feet upstream from confluence with West Branch of

Manoa Stream and 4 miles northeast of Honolulu post office; elevation

is 300 feet.
EQUIPMENT.-Vertical staff prior to May 19, 1914; Watson, Stevens (8-day

and continuous) Friez and Gurley water-stage recorders used subse-

quently. Measurements made by wading or from highway bridge near

gage. Station was destroyed by flood of January 16, 1921; re-established

August 18, 1925.
CHANNEL AND CONTROL.-Prior to 1922: channel steep just above gage, but

slope reduced for 30 feet past gage to control which was riffle of small

boulders and gravel; both banks fairly steep and covered with vegeta-

tion. Since 1925: channel straight for about 100 feet above and below

gage; low artificial concrete control 5 feet below gage, subject to filling

up during floods; bed composed of gravel and boulders, quite steep above
pool but much flatter below, banks covered with vegetation and right
bank subject to overflow at high stages.

EXTREMES OF DISCHARGE.-

Maximum Minimum
Year

ending
June 30 M.G.D. Hour Day M.G.D. Hour Day

1913 .......... 59 . p.m. June 20 1.2 6 a.m. June 1
1914 ............ 59 Nov. 20 .9 ........ Mar.
1915 ........ 120 9 a.m. Apr. 16 1.8 ..... July 11-14,

21-22
1916 ......... 180 5 a.m. Jan. 8 1.4 ........ May 28-29
1917 ............. 470 4 p.m. Mar. 19 1.0 -------- Mar. 5-9
1918 ............. 195 5:30 a.m. Apr. 19 .9 Various Oct.-Mar.
1919 ........ 285 10 p.m. Aug. 14 1.0 -------- Apr. 4-9
1920 -----..... 3'28 9:50 p.m. Oct. 5 .54 -------- June 8-9
1921 ---..------.. 2,000 Jan. 16 .54 9 p.m. Aug. 19
1926 ......... 95 7:15 p.m. June 14 .4 -------- June 7-8
1927 ............ 181 1:15 p.m May 16 .45 Several July 14-Aug. 16
1928 ....... 368 1 a.m. Nov. 19 1.0 do July 14-15

DivIRsIONS AND REGULATION.-East Manoa ditch diverts about one-fourth mile

upstream and City of Honolulu diverts about 0.4 million gallons per day
from tunnels (see records following) about one-half mile upstream.
Part of water rises on Territorial lands. Practically entire low-water

flow of Manoa Stream utilized below for irrigation of rice and taro.
Accu AcY.-Stage-discharge relation permanent except during periods of

floods when control shifted. Rating curves, based on 1, 5, 10, 12, 11, 5,
9, 10, 5, 7 and 11 measurements made during the 11 years respectively,

define rating between shifts. Operation of recorders satisfactory except

for short periods when discharge estimated by comparison with West
Branch of Manoa and other streams. Records generally from fair to
good except for estimated periods and periods of low and high stages,
when they are fair to poor.
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DURATION-DISCHARGE TABLE
East Branch of Manoa Stream near Honolulu, Oahu

(See PLATES VII, VIII, IX, X, XIV, XV, XVI, XVII and XX)

Number of days having a discharge, in millions of gallons, equal
Number to or greater than

Year ending June 30 of days
reoord 50 251 151 10 51 4 31 21 1 0.81 0.'61 0.4

1913- ------- ......................... ............ 33 1 1 1 2 2 2 5 5 33 .........
191 4 ........................ ----. ---------............................................. 365 0 1 5 10 26 33 57 126 300 365 ---...... .......
1915 ................................................. 365 0 2 5 23 68 86 177 312 365 ............. ....
1 9 1 6 ................................. ................. ............. ...... ...... ...... ...... ...... 3 6 6 0 3 1 0 1 8 6 4 8 9 2 0 7 3 1 1 3 6 6 --------. ......... ........
1917 .............. .................. 365 ------- 0 3 8 48 68 165 266 365 ...
1918 ....................... . ................... 365 -....... 0 8 8 40 52 99 150 325 365 ........
1919 .............................................................................. 365 0 1 4 7 24 41 85 191 365 ...............
1920 ................... .... ...... ... ........................................ 966 ........ 0 2 4 10 15 23 54 213 283 361 266
1921 .... .................................................. 197 . 0 3 4 10 12 23 39 123 174 191 197
1926 317.............................. ...................... ... 317 ---- 0 1 1 11 13 24 45 161 196 259 317
1927 .................... ............................ 365 1 2 10 16 33 57 94 143 255 293 337 365
Total days . . ............ ............. ........... 3,469 2 10 52 101 33'6 468 959 1,642 2,881 3,170 3,370 3,469
P er cen t --------------------- ....................................... 100 .1 .3 1.5 2.9 9.7 13.5 27.6 47.3 83.2 91.4 97.2 100.0

Means (9.51 years)--......................... ......... .2 1.1 5.5 10 35 - 49 101 173 202 333 363 365

M a x im a .......................................................... ...... ....... ....... ....... ...... 1 3 1 0 2 3 6 8 8 9 2 0 7 3 1 2 3 6 6 3 6 6 3 66 3 6 6

M inima ..................................... .0 0 1 1 10 5 23 p 2 18...... ......................... 5 225 298 2365

1 Proportional6 2 8 20 77 140 239 355 366.................

p Proportional; computed from a critical period above, exceeding half year.

0



7q SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of East Branch of Manoa Stream near Honolulu, Oahu, for

years ending June 80, 1913-21; 1926-28

Month

1918
M ay 29-31 ........................................
June ..................................

The period (33 days) .......

1918-14
July ........... . ................ . ...
A ugust .................................................
September ..............................
October... ......................................
November ..........................
December ............................
January .......... ............
February .....................
March ...... .....................
A pril ................................................
May .......... ..................
June ................................................

The year ..................................

1914-15
July ..................................................
A ugust .............................................
September ...... ..................................
October .............. ...................
November.......................................
December ....... .............
January................ .....................
February... .....................................
March .............................
April .............................
M ay ..... ....... .....................................
June-........ ...............................

The year ........................

1915-16
July ..................................................
A ugust .............. .......................
September ..........................................
October ......................... ..
November ................................
December..... .............. ......
January ................. .............
February ..................................
M arch ............ ................................
A p ril ...................... .. .... ...... .... ..
May .............................
June ..............................

Discharge

Million gallons per day

Maxinum Iinimum

1.4 1.2
57 1.2

1.5
3.6
3.5
1.4

29
15
10

3.0
2.6

18
20

8.0

29

1.2
1.1

.95

.95

.95
1.8
1.2
.95
.9
.98

1.5
1.7

.9

Mean

Totalrun-off

Million
gallons

1.31 4.0
3.70 111

1.28
1.34
1.16
1.01
4.78
3'.9.7
2.22
1.3.3
1.04
2.72
3.81
3.04

2.31

115

40
42
35
31

143
123

69
37
32
82

118
91

843

86 2.0 4.45 138
8.0 2.5 3.41 106

18 2.2 8.56 257
12 4.2 6.94 215

4.0 3.1 3.24 97
5.0 2.5 3.271 101
2.5 1.5 1.76 54
9.0 1.5 2.81 79
3.1 1.5 1.88 58

48 1.5 5.71 171
4.4 2.0 2.83' 88
5.0 1.5 2.28 68

48 1.5 3.93 1,430

The year ..................................... 43 1.4

1916-17
July .............. .................. 9.4 2.4
A ugust ................. ............... ............ 9.4 2.4
September ........................... .5.4 1.4
October ........................................ 5.4 1.8
November .............................................. 8.2 1.8
December ----.......................... 15 2.4
January ........................... 17 1.8
February .................................... 3.0 1.4
March ............................ 15 1.0
A p ril _........ . .... .............................. 11 1.2,
May ................................ 5.9 1.7
J u n e .... . . . . .............................. 5.9 1.7

The year ...................... 17

3.992.38
2.86
2.95
4.11
4. 4:7
8.88

8.39
2.32
6.44
3.40

4.02

3'.72
4.50
2.17
2.41
3.17
5.20
3.48
1.59
3.76
2.99
2.99
2.39

3.22

124
74
71
92

123
139
275

97
105

70
200
102

1,470

115
139

65
75
95

161
108

45
116

90
93
72

1,170



MANOA STREA 73

Monthly discharge of East Branch of Manoa Stream near Honolulu, Oahu, for
years ending June 30, 1913-21; 1926-28

Discharge Total
run-off

Month Million gallons per day Million

Maximum Minimum Mean gallons

1917-18
July __ ................................................... 4.2 1.7 1.94 60
August .................... ...... 2.2 1.2 1.36 42
September .......................... 2.2 1.2 1.32 40
October ................................................ 2.8 .9 1.25 39
Novenber .............................................. 7.8 .9 2.11 63
December.........--................................ 3.5 .9 1.44 44
January ................................................... 2.2 .9 1.28 40
February ..................................... 5.9 .9 1.69 47
March ................................................. 24 .9 4.69 145
April................................................... 19 2.4 6.66 200
May ............................... 17 2.4 4.33 134
June ...................................................... 9.4 2.4 3.89 117

The year ........- .......................... 24 .9 2.66 971

1918-19
July .................................. 12.9 2.8 4.07 126
August .............................................. --- 16.6 2.2 4.22 131
September .............................................. 2.9 1.8 2.20 66.1
October ............................................... 23 1.6 2.54 78.8
November ............. .------------..... 8.2 1.7 2.44 73.3
December ............................................ 29 1.8 4.04 125
January ............................ 7.9 1.4 2.06 68.8
Flbruary .............................................. 1.9 1.2 1.65 46.1
March ............................................... 8.8 1.3 1.97 61.0
April.................................................. 22 1.1 3.07 92.1
May ---.--- .............-------------------------------- -.-.... 1.4 2.48 77.0
June ........-............................................. 3.3 1.1 1.57 47.2

The year ...................................... 29 T.1 2.71 988

• 1919-20 5
July................... ....... .......... 9.. 1.5 2.19 68.0
August------------6............... 6.1 1.5 2.34 72.4
September ........................................... 21 1.4 2.45 73.5
October ...........................- 19.5 1.1 2.10 65.2
November .......................... .3.2 .9 1.18 35.3
December ............................................ 2.5 .7 .92 28.5
January ......... ................................ 7 .7 .97 30.2
February ........................ - 1.1 .4 .67 19.3
March------ ---------------------- 10.8 .5 2.33 72.3
April.............-..................................... 2.8 .7 1.28 38.5
May ................................... *......1.1 .6 .75 23.2June ................................... .. ......... 2 25 .75 23.2

June.................-------2.2 .5 .82 24.6

The year -.......---------................ 21 .4 1.51 551

1920-21
July .................................................... 6.4 .7 1.10 34.2
August -------------................................. 4.0 .6 1.44 44.7
September ............................................ 2.8 .9 1.38 41.3
October ...................................... ...... 3.2 .7 1.31 40.5
November ................................. 15.0 .8 3,15 94.6
December----- ................ ..------------------- 24 .5 3.30 102
January 1-13 ......... ................. 4.6, .4 1.24 16.1

The period (197 days) ............. ......... ........ 373
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Monthly discharge of East Branch of Manoa Stream near Honolulu, Oahu, for
years ending June 30, 1913-21; 1926-28

Discharge Total
run-offMonth Million gallons per day
Million

Maximum Minimum Mean gallons

1925-26
August 18-31 ....................... 5.0 1.1 2.02 28.3
September ................... ............ 7.8 1.0 1.68 50.4October ------------_------- ............. 5.4 1.1 1.67 51.7Novermber .......................... 9,6 1.1 2.855.... 9 61.1 .855.4
December ............................ 3.2 .75 1.39 43.0
January ..... ........................... 1 .2 1.02 31.6
February............................................ 1.2 .55 .725 20.3
M arch ----------------------..... *.. ----.-.-......... 2.4 .5 735 . 22.8
April .................... .... 2.7 .5 .750 22.5
May... ........................... 1.2 .45 .563 17.4June ....................................... 19.0 .4 2.16 64.8

The period (317 days).. ........... ........ ... 438

1926-27
July . ..... ............ ............. .75 .45 .561 17.4August .......... .................. 12.3 .5 1.51 46.8
September ......... . ..................... 4.0 .9 1.61 48.4October ........................... . 17.5 .7 1.39 74.2
November... ....................... 5.6 .5 1.11 33.4
December ................................. 4.2 1.05 32.6
January ............................................ 23 1.1 3.82 118
February ............ ............................. 3.2 ....... 1.41 39.6
Marih ................. 72.60 80.7
April.............................. 9 1.2 6.46 194
May ............................... 69 2.2 7.87 244
June ............... ............................... 6.4 2.0 3.11 93.3

The year................................

1927-28
July ............. ............. . ....
August ............................
Septem ber ......................................
October ..................... ........
November ........................
December_ .................................
January ... .........................................
February ....................................
March ...... .... . ..............
A pril..................................................
May ..... ...............
June ............. ................ .......

69 ....... 2.80 1,020

................- 3 .5 4 1 1 0
... .. 3 .7 2 1 1 5

12.7 2.4 3.83 115
4.0 2.71 84.0

87 2.2 11.7 351
21 4.0 8.06 250
10.8 3.1 4.47 138

4.4 2.2 3.13 90.8
4.1 1.8 2.59 80.4

11.8 1.6 5.21 156
7.2 2.8 4.02 125
8.6 2.2 3.48 104

The year ........... ... ....... ........... 87 4.70 1,720

XAXOA TUNN L NO. 3 NZAB OEONOLULU, OAKU

LOCATION.-In upper East Manoa Valley at elevation of 760 feet above sea
level. (Tunnel is .... feet long.)

EQUIPMENT.-Two-foot rectangular weir with end contractions.
CHANNEL AND COTOL.-Concrete portal with weir frame across channels and

8-inch pipe intake below weir.
EXTRMES OF DISCHARG.-Insufficient data.
DIVERSIONS AND REGULATION.-Valves regulated to exclude turbid flows.
AcCURAcy.-Weir read irregularly to July, 1927; weekly thereafter. Daily

fluctuations unknown. Records generally fair.
COOPERATION.-Installed by City Waterworks Department; records collected

and compiled by Honolulu Sewer and Water Commission.
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Monthly discharge of Manoa tunnel No. 3 near Honolulu, Oahu, for years

ending June 30, 1926-28

Discharge Total
run-off

Month Million gallons per day Million
_________ -_________ -gallons

Maximum Minimum Mean

1925-26
October 13-31 ........... . ... ........ ........ 0.227 4.31
N o v e m b e r ........... ........... ....... ... .. .. .. .2 0 3' 6 .1 0
December. .................. ......... .191 5.91
January a .. ....................... ......... .. .. . .18 5.6
F e b r u a r y a .. . . . . . . . . . . .. .............. . . . .... .. . .. . . .1 8 5 .0
M arch a ........ ............................................. 18 5.6
A p r i l ----. 1-. . .5. .4.. ....... ....... .... ......... .... ...... .. .... ... . 1 8 5 .4
M ay ---.......... ................ . .17 5.28
June ................ .............. ....... .197 5.90

The period (261 days) .... ......... ...... 49.1

1926-27
J u ly ............................................... . ......... 1 48 4.58
A u g u st _........................................... . .................. 145 4.49
S e p te m b e r .... . .................... ... .... ....... . .1 5 4 4 .6 3
O ctober .............. .. 4....................1.......5..... ...... . ....... . 153 4.74
November .. .... _.............. ... ........ .160 4.80
December b.................................... ........ . .17 5.3
Jan uary b ------ ........................... ........ -...... .. 19 5.9
February b ................... ....... . .20 5.6
M a r c h ......................... .............. .... ....... .... ...... 2 1 7 6 .7 2
April ........................................... ........ . ....... . 255 7.65
May .......................... ....... _. .. ........ .......... 313 9.71
June ..... ...................................... 1.......... ........ ......... 341 10.2

T h e y e a r ....................................... ........ ........ 2 0 4 7 4 .3

1927-28
July ............. ............................. ........ ........ .300 9.30
August ..................................................... ........ ........ .288 8.95
September ................................. ..... .250 7.50
October ................................................ ........ ......... 235 7.30
November ------._.---..................... ....... ........ .211 6.34
December ........................................ ........ .270 8.36
J a n u a r y .................... . . ...... ........ .. 3 *1 5 9 .7 8
F eb ru ary ........ .. . . .... . . ..... ... ..... .. ...... .319 9.26
M a r c h .................. ...................... ........ . . ..... ... ...... .. 2 7 2 8 .4 3
A pril ................................... ........ .229 6.87
M a y ........... ......................................... ...... . ... ..... ... 2 0 5 6 .3 6
J u n e ............... ............. ................. ._ ...... . . .. 2 0 4 6 .1 3

The year ..................................... 258 94.6

a Mean monthly discharge for January, February and March estimated by inter-
comparison with other Manoa and Palolo records.

b Monthly mean discharge for December, January and February estimated by com-
parison with other Manoa and Palolo records.

Note.-Maxima and minima unknown account of insufficient readings.
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MANOA TUNNEL NO. 2 NEAR HONOLULU, OAHU

1OCATION. In upper East Manoa Valley at elevation of 550 feet above sea
level. (Tunnel is 76 feet long).

EQUIPMENT.-One-foot rectangular weir with end contractions.
CHANNEL AND CONTROL.-Concrete portal with weir frame across channel and

2-inch pipe intake below weir.
EXTREMES OF DISCHARIGE.- Unknown account of limited capacity of pipe, sub-

mergence and overflow.
DIVERSIONS AND REGULATION.-Regulation in concrete chamber below junction

of tunnel Nos. 1, 2, 3 and 4 may back water into tunnel No. 1. Valves
regulated to exclude turbid flows.

Accu.Acy.-Weir read irregularly to June, 1927; weekly thereafter. Records
generally fair for low and poor for high flow. (See miscellaneous meas-
urements).

CoOPRATION.-Installed by City Water Works Department; records collected
and compiled by Honolulu Sewer and Water Commission.

Monthly discharge of Manoa tunnel No. 2 near Honolulu, Oahu, for year end-
ing June 30, 1928

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1927-28
Septem ber 20-30........................ ........ 0.060 0.66
October ............................. .)47 1.46
N ovem ber a ............................... 05 1.5
D ecem ber a ................................ . ............. 06 2.0
January a ............................... .08 2.5
F e b ru a ry ........................................... ................. 1 2 3.1 0
M arch ...... ....................................... .................. 057 1.78
April ....................................... ........ ............... . .061 1.88
M ay _ __.... . ................................... 091 2.82
June -................... .............................. 079 2.36

The period (285 days) .............. 20.1

a Discharge for November, December and January estimated by comparison with
other Manoa tunnel records.

Note.-Maxima and minima unknown account of insufficient readings.

MANOA TUNNEL NO. 1 NEAR HONOLULU, OAHU

LOCATION. In upper East Manoa Valley at elevation of 550 feet above sea

level. (Tunnel is 105 feet long).
EQUIPMIENT.-One-foot rectangular weir with end contractions.
CHANNEL AND CONTROL.-Concrete portal with weir frame across channel and

6-inch pipe intake below weir; subject to backwater from pressure-relief
chamber.

EXTREMES OF DISCHARGE.-Insufficient data.
DIVERSIONS AND REGULATION.-Valves regulated to exclude turbid flows.

AccuRAcy.-Weir read irregularly to July, 1927; weekly thereafter. Daily

fluctuations unknown. Records generally fair.

COOPERATION.-Installed by City Whterworks Department; records collected
and compiled by Honolulu Sewer and Water Commission.
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Monthly discharge of Manoa tunnel No. 1 near Honolulu, Oahu, for years end-

ing June 30, 1926-28

Discharge Total
run-off

Month Million gallons per day MYilltion

gallons
Maximum Minimum Mean

1925-26
October 13'-31 ............................. ............. 0.098 1.86
N ovem ber .............. .................... ....... . ....... . 085 2.56
D ecem ber ....................................... ....... . ....... . 082 2.54
January a ....... ...................... ..... . 07 2.2
February a ................................. .... - .. 05 1.4
M arch ............................. ................... .......... 031 .950
A pril .... ................... ....................... - --------.. 023 .678
May a ............................................... .025 .78
June a ............... .............. - .041 1.22

The period (261 days) ... 14.2

1926-27
July- --.......................................... ......... .036 1.04A ugust .....................- . .035 1.09
Septem ber ............. ................ 050 1.50
October .................... ._.........055 1.71
N ovem ber b ----................. ................ 081 2.42
Decem ber b........................................_ .09 2.79
January b .... .............. ....... ......... 10 3.10
February b ................................ _ .11 3.08
M arch b-................................. . . .131 4.07
A pril ........................... . _. .............. ...... . 176 5.30
M ay ........ ............. 248 7.68
June - ...... ......................... ................. 314 9,43

The Year ..................................... .118 43.2

1927-28
July ....... 291............. ................. 29. 9.02
August .............................. ....... .215 6.67
Septem ber ......................................- .............. .189 5.68
October ............................................ ........ .161 5.00
N ovem ber ........... ..- ... ..-_-----_- .......----.... ...... . 149 4.47
Decem ber c .................. .............. 19 6
January ...... .--. 29 9
February............... ................. .. ' ......... 24 7
M arch .................. .... ......... ................ 187 5.80
A pril ............ ............................. ............... . 189 5.66
M ay ---.............. ........ ......... 225 6.97
June ........ ................................... 209 6.26

The year.......................... ......... .212 77.5

a Monthly mean discharge for Jan., Feb., May and June 1-17 estimated by com-
parison with Manoa tunnel No. 3 and Palolo tunnel.

b Discharge from Nov. 27 to Mar. 4 estimated by comparison with Manoa tunnel
No. 3 and Palolo tunnel.

c Discharge for December and January estimated by comparison with Manoa tun-
nel No. 3 and other tunnels.

Note.-Maxima and minima unknown account of insufficient readings.
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MANOA TUNNE-L.S AT VENTURI, NEAR NONO3r.ULU, OANrU

LOCATION.-In upper Manoa Valley about one-fourth mile above confluence of

East and West Branches of Manoa Stream at elevation of about 300 feet

above sea level.
EQUipENT.-Builders Iron Foundry 12"x4" Venturi meter; capacity range

from 0.16 to 2.08 million gallons per day.

CHANNEL AND CONTROL.-Twelve-inch pipe line; gate valve.
EXTREMES OF DISCHARGE.-

MVaxim~um Minimum
Year ending June 30 Maximum Minimum

M.G.D. Date M.G.D. Date

1927.--..................0.82 Frequently-June About 0.22 Sept.-Dec.
1928 ............................................ 2.15 1 p.m., July 20 .0 Frequently

DIVERSIONS AND REGUIATION.-Valves regulated above to exclude turbid flows.

Tunnel No. 4 turned off account of turbidity. Records show flow used

for City consumption.
AccuRAcy.-Daily discharge planimetered from weekly charts and records

within capacity of meter excellent.
COOPERATI 0.-M'eter installed and records collected and compiled by Hono-

lulu Sewer and Water Commission.



DURATION-DISCHARGE TABLE

Manoa tunnels at Venturi, near Honolulu, Oahu

Number of days having a discharge, in millions of gallons, equal to or 0
Number greater than

Year ending June 30 of days
record

0.9 0.81 0.71 0.6 0.5 0.45 0.40 0.35 0.30 0.25 .0.20 0.15 0.10 0.05 0.00

1927 .. 282 34 50 62 68 77 140 178 271 282 .

1928 ....._.. -. --....... - ----......... .......... ........ . . . ................. 366 1 49 100 22 243 260 309 332 341 16 6
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Monthly discharge of Manoa tunnels at Venturi, near Honolulu, Oahu, for
years endinmg June 80, 1927-28

Discharge Total
run-off

Month Million gallons per day
Milliongallons

Maximum Minimum Mean

1926-27
Septem ber 22-30 ............................... 0.26 0.24 0.249 2.24
October ........................ ............... .28 .24 .252 7.82
November ..... .......................... . .30 .26 .280 8.41
Decem ber ............................................. .28 .24 .263 8.16
January ............................ ..35 .26 .318 9.86
February ........................... ..37 .33 .3-48 9.73
March .................. . ............... .. 38 .34 .361 11.2
A pril ..................................................... .58 .37 .435 13.0
May .................................. 78 .56 .652 20.2
June ..... ..... .......... .............. .82 .40 .736 22.1

The period (282 days) .... ....... 113

July 192................ ................... . 70 .40 .512 15.9
August ............................... 67 .61 .636 19.7
Septem ber ......................................... .61. .48 .526 15.8
O ctober -_--------------------...--------.-.--..........50 .40 .443 13.7
November ......... 50 .30 .379 11.4
December .............................. ..61 .30 .411 12.7
January.......... ................ .4 12.4
February ............. ...... ............. .472 13.7
M arch ................................... 4 12.4April .................................................... ........ ........ .305 9.15
May_ ...................... ................. . .32 .03 .176 5.45
June ....................... .................. .57 .16 .262 j 7.86

The year ...................................... 410 150



EAST MANOA DITCH

EAST XANOA DITCH NEAR HONOLULU, OAHU

LOCATiON .- About 150 feet east of highway and gaging station on East
Branch of Manoa Stream, one-fourth mile below intake from Stream
and 4 miles northeast of Honolulu post office; elevation is about 320
feet.

EQUIPIIENT. Vertical staff on left bank prior to December 31, 1916; Stevens
and Gurley water-stage recorders used subsequently; measurements made
by wading or from foot-plank near gage.

CI1YNINEL AND CONTROI. Earth cut, about 4 feet wide, straight for about 100
feet above and 25 feet below gage; subject to obstruction from growth
of grass. Control is thin-edged weir 2 feet high and 2 feet wide with
complete end contractions set in wooden frame; basin when clean suffi-
cient to subdue velocities at ordinary stages but subject to filling in with
mud and grass. Prior to 1922, control was (channel of ditch to June
30, 1916) 2.5-foot wooden sharp-crested Cippoletti weir with metal crest.

EXTREMVES OF DISCHARGE.-

Maximum Minimum
Year Mnmr

ending
June 30 MG.D. Hour Day M.G.D. Hour Day

1 9 1 5 ---------- 2 .8 . .... .. . J u n e 2 6 1 .3 ... .. J u n e 2 1 -2 2
28-30

1916 3.2 . .... July 18 .7 ........ Jan. 22-24
1918 Unknown 9 am. Apr. 10 .75 Apr. 231919 - 1.9 9:30 p.m. Aug. 16 .05 .. p.mn. Mar. 16
1920 ........... 17.1 9:30 p.m. Oct. 5 .06 2 p.m. May 9
1921 ........ 26 3 a.m. Jan. 16 .06 1 p.m. July 15
1926 5.4 1:30 a.m. June 15 Unknown ........

1927_ 6.0 12:15 p.m. May 16 Unknown
1928 ......... 15.6 10 p.m. Dec. 13' .0 12-3 p.m. Aug". 26

DIVERSIONS ANAD) REGuL ATION. Flow somewhat regulated by altering crude

stone dam at intake. Water used for irrigation of rice and taro.
AcclRACY.-Stage-discharge relation permanent except for short periods when

water was leaking around weir or there was backwater effect. Rating
curves based on 3, 6, 2, 6, 7, 3, 1, and 8 measurements made during the 8
years respectively and weir formulae, generally fairly well defined.
Gage read only once daily up to December 31, 1916; operation of record-

ers since, satisfactory for records published except for short estimated
periods. Records poor to December 31, 1916; fair to vgood since, except
for periods subject to backwater and estimated.



DURATION-DISCHARGE TABLE

East Manoa ditch near Honolulu, Oahu

Number of days having a discharge, in millions of gallons, equal to orNumber greater than
Year ending June 30 of days greaterthan

reccrd

4 3 2 1.5 1.0 0.8 0.6 0.5 0.4 0.3 0.2 0.1 .05

1911 38 0 2 10 38.............. "- 3 8 0 2 19 38 363..... ....... . ....... _ .... ........ ...
1 9 1 68 . ............... 3 6 6 0... 2 1 9. 1 3 1 3- --. ............... 6 0 1 9 5 3 8 2 9 5 .6 6
19181 ... 9 55.82......... ....... . . ..0.1.9. .. .. . .. .
1 19 9 ........................................... ........... . .......... 365 1 5 23 61 308 361 365 - .. ....... . . . ..... ... .....
1920 .............. ................ ................................... 3 66 0 1 1 2 25 96 175 288 340 . 3'66 ........ ...... .....
1921................................ ......... 200 3 3 10 19 50 , 72 130 169 200 ....... . ....... .. ..... ... .....
1926 ......................... -. .......... 3 0 2 9 41 129 166 18 240 325 326... ...
1927 . 365 0 1 4 6 13 31 58 130 289 348 365

Total days ................................. ........ 2,121 4 12 78 314 966 1,246 1,479 t,617 1,800 2,044 2,104 2,121
P er cen t .................................................... 100 .2 .6 3'. 7 14.8 45.6 58.7 69.7 76.2 84.8 96.4 99.2 100.0 ........

M eans (5.81 years) ------------------------------..--------................. .7 2.1 13 5
4  

166 215 255 279 310 352 363 365 .......

M axim a ........... .. .23..................... ........ ... ........ P 5 5 23 131 338 363 366 366 366 366 366 366 ......

M inim a ---------------------------------------....... . ............ -0 0 1 4 6 13 31 58 130 289 348 3 6 5 ........

1928 ............................ .............. ........ 366 0 3 4 101 50 130 187 243 336 3631 365 366

a Daily-discharge table not published.
s Proportional; computed from a critical period above, exceeding half year.
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Monthly discharge of East Manoa ditch near Honolulu, Oahu, for years ending

June 30, 1915-16; 1918-21; 1926-28

Discharge Total
run-off

Month Million gallons per day
Million
gallons

Maximum Minimum Mean

1915
.Iay 24-31 ................................. 1.5 1. 1.35 11
June ............... ................... ................ 2.8 1.3 1.44 43

The period (38 days) ........................ 54

1915-18

July ......... ....... ................... 3.2 1.3 1.60 50
August..... ............ ........... 1.8 1.4 1.70 53
September. .......... .............. 2.5 1.6 1.85 56
October......................................... 3.0 1.3 1.58 49
November ........... .............. 2.4 1.3 1.50 45
December ............................. 1.9 1.3 1.39 43
January ........................................... 2.1 .7 1.35 42
February --------....--------------.-------........ 1.3 .95 1.06 31
March ................ .................. .. 1.9 1.1 1.39 43
A pril .................................................. 1.7 1.1 1.31 39
M ay ........................................................ 1.9 .95 1.23 38
June ............................... 1.7 1.3 1.34 40

The year ....................................... 3.2 .7 1.44 529

1928
January 26-31 ................................... 1.4 .85 1.11 7
February . . .......................... 2.9 .8 1.26 35
May .............................................. 3.0 .8 1.72 53
June ------------ .............................. 2.4 1.3 1.60 48

The period (95 days) .......... ......... ........ 153

1918-19
July ........................................................... 2.2 .8 1.18 36.6
August ............................................. 3.5 .7 1.62 50.2
September ........................... 1.5 1.2 1.31 39.4
October ............................................. 4.8 .8 1.17 36.4
N ovem ber ............................................. 2.8 1.2 1.41 42.2
December.......... .................... 3.4 1.0 1.41 43.6
January ............................................... 2.2 .8 1.18 " .7
February ....................... 1.4 .8 1.06 29.8
M arch ..... __........ _. ............... . ....... 2.5 .8 1.12 34.6
A pril ............. ......................... - ........ .8 1.33 40.0
M ay ................................................ .... 2.9 1.0 1.12 39.5
June............................ . 2.1 .7 3=.5

The year ................ ............... 4.8 .7 1.27 462

1919-20
July ........................................ 2.2 .8 1.20 37.3
August .............. ..................... 2.8 .8 1.24 38.4
Septem ber ......................................... 3.6 .7 1.17 35.1
October ............................ 2.0 .5 .83 25.7
November .............. ........... 1.2 .7 .78 23.5
D ecem ber ----------------------------------------- 1.4 .6 .70 21.7
January ............................ 1.7 .6 .69 21.5
February ...... ................... 9........
March ............................... 2.8 .4 1.02 31.6
A pril ............... ............ ....... ............. . 2.8 .4 1.06 31.9

Arl1.5 .5 .76 22.9
M ay ......................................................... .7 .4 .51 15.8
June_ __.--.--._................... . 1.2 .4 .52 15.7

The year ........ ........ 3.6 .4 .83 305
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MonthIly discharge of East Manoa ditch near Honolulu, Oahu, for years ending

June 30, 1915-16; 1918-21; 1926-28

Month

1920-21
J u ly ...........................................
August .............................
Septem ber ....... ............... . . . . .
O ctober ...............................
November ...
D ece m b er ----------------.................... .- ......
Ja n uary 1-16 . ................................

The period (200 days) ........

1925-26
August 9-31 ..........
Septem ber ...... .................. ...... .......
O c to b er ------------- . _... .. ... ... .. .
November ....................................
D e c e m b e r .............................................
January ......----.. ------................
February .---

M arch............................
A p ril ........... ............ ....................
M ay .................. ... . . ...........
J u n e ---- --..... ......... --- --

The period (326 days) ----------

1926-27
July ......
A u g u s t -------------------------------------------
S ep tem b er .............................................
O ctober .......................................
N ovem ber ........... -------------------
Decem ber........ ..... ....................
January ... ...... ................ .........
F eb ru a ry --------------------------------------
M arch ... . . .................. ...... .......
A pril ....................... .. ... . .. .
M ay . .... . ..... . .. ... . ...
J une..... .. ......

T he year ......... ..............

Discharge

Million gallons per day

Maximum

1.5
1.8
1.0
1.0
2.8
2.8
4.5

1.45

1.01

1.3
1.0
.6

1.0
.6
.45

2.5

.45
1.6

.7

.8

.5

.65
1.5

.55

.7
1.6
2.4
.75

2.4

Minimum Mean

0.4 0.55
.4 .72
.5 .64
.4 .57
.4 1.11
.6 1.04
.6 1.14

.75 .980

.7 .958
.831

.7 .973
- - .742

.35 .574

.3 .430

.3 .408

.35 .385

.2 .326

.35 .745

.25

.3

.2

.2

.15
.15

.15

Total
run-off

Million
gallons

16.9
22.2
19.3
17.6
13.4

24.7

166

22.6
28.8
25.8
29.2
23.0
17.8
12.0
12.6
11.6
10.1
22.4

216

.340 10.6

.374 11.6

.322 9.65

.356 11.0

.397 11.9

.361 11.2
.453 14.0
.362 10.2
.352 1.0.9
.508 15.2
.410 12.7
.347 10.4

.382 139
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Mlonthly discharge of East ilianoa ditch near H1onoluln, Oahi, for years ending
June 30. 1915-16; 1918-21; 1926-28

Discharge Total
run-off

Month Million gallons per day
Million

Maximum Minimum Mean gallons

1927-28
July _ . ........... ........................... 0.85 0.3 0.482 15.0
A ugust .......... .... ...................... 8 .2 .342 10.6
Septem ber .................... ...................... .6 .2 .325 9.75
October ............... .............. .4 .25 .337 10.4
November .......... .................. 2.8 .1 .618 18.6
December ......................... 1.7 .05 .668 20.7
January ................................... .. - 1.2 .7 .863 26.8
February ............................................ .8 .4 .616 17.8
M arch ................................. ......... 6 .3 .490 15.2
A pril --- ...................... ............. . 9 .3 .585 17.6
May ................................ 1.1 .3 .631 19.6
June ...................... ........... 55 .3 .428 12.8

T he year ....................................... 2.8 .09 .532 195

PUKE'FE STREAM N-0AR HONOLULU, OAHU

LOcATmION. Originally at Mahoe Springs 500 feet above Pukele and 6% miles
northeast of Honolulu; recently, about (one-eighth mile upstream) 200
feet upstream from Palolo belt-road bridge, five-eighths mile above con-
fluence of Pukele and Waiomao Streams, which is beginning of Palolo
Stream, and about 4% miles east of Honolulu post office; elevation is
about 370 feet.

EQUIPmEinT.- Staff gage read once daily (about 10 a.m.) to December 31,
1912; recently, Stevens continuous water-stage recorder on right bank.
Measurements made by wading near gage; velocity of approach measured
by current meter and floats in weir basin.

CHAa EEL AND CONTROL.- (Recent).-Channel straight for about 50 feet above
and below gage. Bed composed of solid ledge, boulders and gravel.
Banks high and steep. Control is sharp-edged orifice (%'/ foot by 1 foot)
and sharp-crested weir (4 feet x 9.96 feet) with complete end con-
tractions; both set in heavy concrete dam with broad-crested wing walls.
Weir basin too small to subdue velocity above medium stage and sub-
ject to filling up during floods.



EXTREMES OF DISCHARGE.-

Maximum Minimum
Year ending June 30 -----------_-_.....

M. G. D. Hour Day M. G. D. Hour Day

1912 ...................................................... Unknown ------ Unknown ......................
1913 .................................................. Unknown ........ Unknown ------------
1926 ........................................................... -84 8:4"5 p. m. June 14 0.15 12:30-1:45 p.m. June 8

1927-................................................................................................... 360 4 p. m . M ay 16 .15 Several hours July 28-30,
1928 O ct.......... 28-----------.......... -- 28.................................................. I O ct. 23

311 1:30 a. m. Nov. 19 .25 ............ Oct. 31-Nov. 4



PUKELE STREAM 87

DivRs0lNs AND IIEGULATION. Small amount of water is diverted by a 2-inch
pipe for irrigation of small taro patch; practically entire low flow used
for irrigation of rice and taro below.

AcCURACY.-Poor up to 1913. Stage-discharge relation permanent during
recent period except for obstruction of orifice and backwater. Rating
curve well defined below 25 million gallons per day by 3 discharge
measurements and theoretical formulae; poorly defined above. Opera.
tion of recorder satisfactory except for short periods when discharge
estimated by comparison with Waiomao and East Manoa Streams. Rec-
ords good for ordinary stages, except for estimated and backwater
periods when they are fair; high-stage records poor.



DURATION-DISCHIARGE TABLE
Pukele Stream near Honolulu, Oahu

(See PLATES XI, XIII, XIV, XV, XVI, XVII and XX)

Number Number of days having a discharge, in millions of gallons, equal to or greater than

Year ending June 30 of daysrecord ' 5 1 1
15 101 7 5 4 3 2 1 0.8 0.6 0.4 0.3 0.2 0.1

1912 ----- 76 -....... 0 3 5 6 11 13 27 39 55 76 ----

1 9 1 3 ----- .-------- .---- . --.-.... ... .. .. .. 1 8 4 0------- .. O 1 1 2 1 1 2 6 3 0 4 3 6 4 1 1 5 [ 8 4 --------

1926 -------------- 22 0 1 2 2 4 5 6 11 13 17 , 20 20 22 .

1927 --------------------------- 365 1 10 14 19 27 12 36 155 94 113 [79 224 256 356 365

Total days .- _..................... 647 1 10 15 21 30 40 48 78 142 169 266 347 446 638 647

P e r c e n t ---- . . . ...... - . -.-. . . . . . . . . . . . ..1 0 0 .2 1 .5 2 .3 3 .2 4 . 6 6 .2 7 .4 1 2 .1 2 1 .9 2 6 .2 4 1 .2 5 3 .7 6 9 .0 9 8 .7 1 0 0 .0

1928 ...................................................... .6 5.7 8.5 12 17 23 27 44 80 96 150 196 252 361 365

Means (1.77 years) ----------------- 366 2 7 13' 15 23 27 40 56 157 195 294 319 363 366 -------
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PUKELE STREAM

Monthly discharge of Puikele Stream near Honoltu, Oahu, for years egd.
ifril June 30, 1912-13: 1926-28

Month

1912
April 16-30 .. ----------------------------
M a y ...... . .............. ............- -- - .......-.... . .

June . ................................................

The period (76 days) ........

1912-13
J u ly ........ _ _. _ __.. . . .... . . . . . ....
A ugust. ... ..............................
Septem ber ....... .......................
O c to b e r ------------------------------------
N ovem ber ----------- .- ..._ .............
D ecem ber ..................... ..................

The period (184 days) ..............

1925-26
June 9-30 .................... .......

The period (22 days)_

1926-27
J u ly ............................. ......... ............
August .... .............. ..........
Septem ber ....................................
O c to b e r ------- .--------- ...- .. ... ... ... ..
November ..........................
D ecem ber .........................................
.January ..... ...............................
February ........................
M a r c h ............ _ _. --.. -. --------......... ........
A p r il ......... ...... ... ... .... ... ... ... ... ...
M a y ........ _ _..... .... ... ................
J u n e ................................ ....... ....... ......

T h e y ea r ....................................

1927-28

Discharge Total
run-off

Million gallons per day i Million

_ gallons
Maximum Minimum Mean

0.78 0.5 0.72 21.5
4.7 .3 - 1.07 82.9
1.2 .47 14.1

........ -68.5

3.0 .2 .41 12.6
2.0 .2 .42 13'.0

.5 .2 .30 8.9

.78 .2 .38 9.8
2.4 .3 ,68 20.4
5.2 .4 1.40 43.3

108

10.8 .2 2.13 46.8

46.8

.4
3.7

.35
12.9

5.4
.5

21
4.1

15.8
35

J u ly .......... 4 .2
A u gu st ........................ .................. 10.7
September .............................
October ....... --.----.-............... .4
November .......--------- .................. 60
D ecem ber -----.._.----- .--- .--............. 18.1
January ............ ...................- 3.9
F e b r u a ry ----------. ......... 2 .1
M a rch -... ............................6
April ............ .... 14.5
M a y ................ --. ---._.. .. ................ ...... 3 .6
June ................................ .95

T h e y ear . ................ ..... ... 60

.15

.15

.2
.2
.35
.2
.25
.5
.5
.4
.3
.65

.15

.5

.75

.35
.3
.25

.55

.3

.3

.7
.4

.25

.239

.495

.258
1.02

.688

.265
2.19
.839

1.55
4.96
6.12

.948

1.64

.927
1.53

.877

.373
7.20
4.97
1.51

.748

.426
2.24
1.23

.610

1.88

7.40
15.4

7.75
31.8
20.6
8.20

68.0
23.5
47.9

149
190

28.4

598

28.8
47.4
26.3
11.6

216
154

46.8
21.7
13.2
67.T
38.1
18.3

690



90 SURFACE WATER SUPPLY OF OAHU, 1909-28

WAZOMAO STREAM AT UP-3 PALOLO VALLEY, N -AR HONOLULU, OAHU

LOCATION.-About 3 miles above Pukele in Palolo Valley and about 9 miles
from Honolulu post office; elevation is about 900 feet.

EQUIPMENT.-Watson weekly water-stage recorder above 3-foot sharp-crested
weir; check measurements made by wading.

CHANNEL AND CONTROL.-One channel at all stages; shifting.
EXTREMES OF DISCHARGE.-Unknown.

DivERsIoNS AND REGULATION.-None above station; pipe line diverted all low-
water discharge for Honolulu Water Supply after July 12, 1913. Stream
drains Kaau Crater.

AccunAcY.-Stage-discharge relation affected by leaks under weir. Rating
based on weir and 6 check measurements made during each of two years
covered. Operation of recorder unsatisfactory. Records poor to fair
for lower stages, very poor for high stages.



DURATION-DISCHARGE TABLE
Waiomao Stream at upper Palolo Valley, near Honolulu, Oahu

Number of days having a discharge, in millions of gallons,
Number equal to or greater than

Year ending June X0 of days
record

6 5 41 3 2 11 0.8 0.6 0.4 0.21 0.1

1912 ................. ....... .... ......................................... 224 0 2 3 5 8 26 39 78 137 224
1 9 1 3 . . . . . . . ............... . . ... ............... ...... ....... ... ........................ . ............ 3 6 5 ..... . 0 1 7 2 2 7 8 1 0 6 1 4 1 2 1 5 3 4 9 3 6 5
1914 ...... .............. ............... ...................... . 12 . ...... ..... . 0 1 2 3 7 12Total.das.601 1 ..... 10 147..222.

T o tal d ay s - ----...... ........................................ .............. ........................ 601 1
Per cent ............................................................................................................ 100

M e a n s (1 .6 4 y e a r s ) ......................................... ..... ...............

12 32.0 5.0

7.3 1s

17.5 24.5 37.0

641 90 135

585] 601
97.5 100.0

357 365
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Monthly discharge of Waiomao Stream at upper Palolo Valley, near Hono-

lulu, Oahu, for years ending June 30, 1912-14

Discharge Total

Month D g run-off

1911-12
October 10-31 ...............................
N ovem ber _.. ........................ .
December ................................
January 1, 9-14, 21 ..................
February 9-25 ..... ...........
March 3-5, 10-31 .......................
A p ril ............ ....................... ......
M a y .......... ... ...... ... .... ... ... -.. ... ... ...
J u n e ..... ...............................

The period (224 days) ..............

1912-13

AllI on aIIllon "er day

Maximum Minimum Mean

0.97 0.3 0.55
.78 .4 .57

2.8 .5 .97
...... [ ....... . .64
.... .......... 81

........ 1.12
.76 .26 .38

3.15 .26 .65
1.35 .38 .54

Million
gallons

12.1
17.1
30.0

5.1
13.8
28.1
11.2
20.0
16.3

154

July. ------...... ............. ............ 3.54 .28 .74 23.0
A ugust ............... .................. 3.15 .28 1.01 31.2
Septem ber .......................................... .66 .23 .33 9.9
October ..... ............. . ............ . 3.77 .23 .72 22.2
N ovem ber .......................................... 2.84 .23 .76 22.7
D ecem ber ---------------------------.................. 3.55 .23 .98 S0.5
January .................. ................... .58 .12 .25 7.6
February ......... 2.64 .12 .72 20.1
M arch ................................ ............ : .... 2.15 .18 .58 18.0
A pril --- ............................ .............. 3.54 .21 .88 26.4
M ay. ........ --........................................ 3.15 .21 .79 24.4
June-.............. . ..... 2.78 .21 .84 25.2

T he year ..... ------------------------------------ 3.77 .12 .72 2"I

1913-14
July 1-12 ............ ..................... 1.01 .77 .51 6.1

The period (12 days) ............ ...... 6.1

WAOMAO STREAM ABOYE PUELE, NEAR HONOLULU, OAHU

LoCATION.-Originally at Pukele highway bridge, recently, about 300 feet

west of road, 1 mile upstream from confluence of Waiomao and Pukele

Streams, which is beginning of Palolo Stream, and 5 miles east of Hono-

lulu post office; elevation is about 400 feet.
EQUIPMFENT.-Vertical staff, read once daily (about 9 a.m.) to December 31,

1912; recently Stevens continuous water-stage recorder on left bank.
Measurements made by wading near gage; velocity of approach measured

by current meter and floats in weir basin.

CHANNEL AND CONTROL. (Recent). Channel straight for about 50 feet above
and below gage; bed composed of solid ledge, boulders and gravel;
banks high and steep. Control is sharp-edged orifice (% foot by 1 foot)

and sharp-crested weir (4 feet by 12 feet) with complete end contrac-
tions; both set in heavy concrete dam with broad-crested wing walls.

Weir basin too small to subdue velocity above medium stage; subject
to filling up during floods.



WAIOMAO STREAM

EXTREMES OF DISC1ARGE.-

Year Maximum Minimum
endingJune 30 M.G.D Hour Day M-D. Hour Day

1926 ---------- 70 7:45 p.m. June 14 0.08 June 30
1927 ------. 440 ........ .- M ay 16 .00 ........ ruly 27-Aug. 5
1928 184 1:30 a.m. Nov. 19 .15 7 a.m.-2 p.m. June 24

DIVERSIONS AND REGULATION. Diversion of about 0.2 million gallons per day

by City of Honolulu since 1921 from tunnel about 1% miles upstream.

Practically entire flow of lower Palolo Stream used for irrigation of
rice and taro.

AccuRAcy. Records poor to 1912. Stage-discharge relation permanent dur-
ing recent period except when orifice and weir obstructed. Rating curve
well-defined below 10 million gallons per day by 3 measurements and

theoretical formulae; poorly defined above. Operation of recorder sat-
isfactory except for short periods when discharge estimated by compar-
ison with nearby streams. Records good for ordinary stages, except for

backwater and estimated periods, when they are fair; high-stage re-

cords poor.



DURATION-DISCHARGE TABLE
WTaiomao Stream above Pukele, near Honolulu, Oahu

(See PLATES XII, XIII, XIV, XV, XVI, XVII and XX)

Number Number of days having a discharge, in millions of gallons, equal to or greater thanYear ending June 30 of days
15 10 5 4 3 2 1 0.81 0.61 0.4 0.21 0.11 0.05 0.011 0.001911 ---- ------------.------- s 0 1 2 4 4T 1 80 ........--- ---------l 11~~~~~ ~~ ........................... 8064 4 13 18 2 42 62 8

1912 1. .. 0 17 Il 74 1 4...........................1_12 229 0 2 6 17 18 21 60 97111 154 168 208 223 229
913 ._ ------------------ --------- 184 0 1 1 2 7 15 27 68 102 144 175 184 --------.........1926 .......... ............ .. ............................ 22 ... . 0 1 5 5 5 8 9 9 11 14 20 2t 22 ... .1927_ .. 365 6 11 16 31 37 54 67 130 141 188 236 292 322 342 356 365

Total days ............ ...................... . 880 6 15 26 59 66 97 160 293 320 483 600 744 821 857 871 880Per cent ... ........ ... . .. . 100 .7 1.7 3.0 6.7 7.5 11.0 18.2 33.3 37.5 54.8 68.2 84.5 93.3 97.5 99.0 100.0 0
Means (2.41 years)........... 2.5 6.2 11 21 27 40 66 122 137 200 249 308 3'41 355 361 365
1928 . . .... 366 3 7 14 23 30 33 56 126 160 221 300 366 .............
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cOfqsa 0-fo lea 0n o nymnhs5,4eries as 100 per centf,discharqsoa
L dl~er 10fcotconjtours were conr)putid a~d plolt0d as percentag~es of The. con)birqed

U discbare at 500-foot elevation
8 L COR2ELATION OF ELEVATION A ND DURATION int~he two Strearvqs.

To et the discharge of duration dgsired (not duration tdiscbae desired) at
arn.9 elevation, recad off the'per ce Ii correspondin t Iheeevdtion) ard ryu 1-

elgocfncj§g at, .U.Frowu drciiondischorgecurve..
ZDE ul TIONS T ERENZ-M:DEVELOPMENT- SU PPL~curvep katright ofz gderived. from ) pl, ~cr~clurcitior-discarcjeicurvesfr uevatlor)5 epor. cuong

urndar consideration uploZOl20 X) nddicharSe!au all val b9ble r)
Ihe two Strearr)S. orace deduct ions therefrom aore ancioized elsewhere
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PE~ ENTOF 01CH-AIGE AT ELEVATION= 506
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MONTHLY ELEVATION-DISCI1AIGE CURVE5
NOTE-5'

DURATION-DISCHARGE C.UPVE-;
I. e aor) ir~divi dual strearm for' cdeff tior)s etc. Th'is curve is bqed or)UL.S.5

records of strearns for differeot periods as indicatad 1r) irsert above. Devdopmeo-
7Uplq curve,where are shwr) Averaqe-Piniall Coefficiejl lbtaav beer) applied
q reduce The c~rmpor~eot records to com parative records basd or) averaqle rairfoII

of.j ears af4 rair)foll statiors.To be. coMparabie 1these records were also reduced
tothe rbi raru comrnor) of 00fet above sea level fromiei rsective.

lbl~~.v) alevdti'or) ofcl300tdotaf r A MINMA
rv)lbqe ioo)-iscbarqe roeaosurerme1rts.(Ir)suff irtdt r XIMA%,MNIA

MO 4THL ELIEVAT3ON-DISCHAP-GE CURVe5:
(See ar) ir~divicdual stream) for exlarqatior) of field work, etc.
2The obi ed dis ar s of all tributaries of all streams for eacb orj's sere5

weeaded above. eacT 10-foot cor)tour oodthe. sun) so obtcdoe.%l at elevaior)
of 300 teet wawtaker) cis 100 per lgj~:-!he suros above. T er 100-foot coroTour elev-

a~i~~s wre ber)con~ute 1rea~prcenrta es of te cdiscbarcne5Wsumat
300-oote~evator~or ac sirnuare 5' mooth lseries.

CORRELAT30N OF ELEVATION AND OU ATI ON i1 the seven 5trearns:
T? et flhe discbaorge of durati or) desired (~ot durotiorj o disc harae. desired)
of r aleevatior) read off tl eoe~r cerntkorrosrornding to 160efeevatior) or) d
mnu ltiourdo buo'M 6..frorr)the dura io)- dscharqeI curve.

0ETP-W& ~ - DEVELOPMEN-T-SUPP1)IeVcurves (at righ~t
nir)-digclHar~je curv'es ore derived frorr durotfio-discbarcqe curvesN

dyidir~qarebelow to curver yosedfilter c apacit .bu365~
c-o-ordir,otiroq~quoier)r with ts fil er? ca aciTb lse curve5sbsow If~ relaio

3elvaiorsbt ~ ,j oqilterc apcitqur )der corosideratior)C($!Ro 50 M.G.D.
cldiscbarge r)atura 14 avallabl91e r e svern Strearr)5- z~Toraq~e

L dc E S~eeror arc ar)olyzed elsewbere. ____

JULY -- CH-ARACTERISTIC CUR.VES BhSuo
AUCUS 0 FTROD YW~oa%

AUGUS-'' UUANU ,PALOLO STREAMS 5~ Wo
5E,7Z OWING EN61JocTroBE . - RELATIOoioFDISCH-ARGE Ju

NOtIEMBEFP - ------ rC DRAWING NO.
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370 NOTE5:
DURAION- DISCHIARGE CURVE

Z I.Se an individual stream for dfinitions,efc. Th;s curve ;s basedlon U.aI.S
0 records of streams for different periods, as indicated in insert above Development

- SUPPLj curewhereare showrn Average-Rainfall Coeffcients that have been pl
2 to rdue the componer recorAs to comparative records basex on overoqe rain all

of 33 ears at 4 roinfall stations. To be comparable these recor s were aloradged
to the arb"tral common elevaion of 300 feei above sea lvl Vrcom their r s ec ive

fr mon~iI elevation- discharqe measuremens.insufficientata or MAX IMA%,INIMA
HOtNTMLY ELgVATION-IIS Ar - CU.VE:

i. .See on individual stream for explonaton o.) iHXd worktc.
-2 6  Z.lhe combin ud dischar es ofall tributaries of all streams for eachmoliHs,,se-

ries were added above each 100-foo contour and ihensum so obtained at elevation
of 300 fed. was token as 100 per cent: he sums bo,'e oihgr tO-foo contour alev-
ations were then computed and plofled as percentaqes of The discharg3e sum at 300-Z faootelevation for etact- "simruloneous5 monthi serie.

ORUELATION OF ELEVATIDN AND) DURLATIO,14 n he nlne tramsn:
:To c 4 he discharge ol duration desired (not duraition of d~j'*Cbar e

W .desired) ct anyi elevafon read off the,' pr cent" corresponcdir to thailev.
ation and multi plul readrli b4 an 4_.D. tiormthe._alurafton-discoarge curve

EDUCTIONS ThEREFR M: DEEV LPMENT-UPLYurvest nght of
durcaion-dlscharV curw l)a"' derived from durption-dischrne curves by

dividing area below the 6urveupt onq proposed filter capacit ,b 365 and
co- rdn11q oi'uoizrni with its filter capakcritqjTh curves show tme relafiona
3 eievati h . between an filter capacity under consideration (up io

0 50 M.G.D)ond discharge nafLratlli available in the nine Strearms
j toraeq dCductions -hererorn are ancltzed elsewhere.

-..J -- CHARACTERISTIC CURVES1 'wN l
SMOANALUA71-PALOLO STREAM~e<~k-'1&

~- OCTO8 RELITION OF: DI5C31-ARGE ENGiR.fA/ze

W NOVFEMBE . ..- ro DRAWING NO.
ECEBER......."--.DUIATION '94, ELEVATION 397

FZ-&01.,4,eY ----. . DEDUCTIONS TMERE kOM DATE 'pr72O

114RC/1 -APPROVED B1 L- -- EGN E Pc E :
14PI .-. .... CHIEF ... iPOCK LQE N. rlONOLULU 5EWER W COMISSIO
JUNE .. ONOLULU,T.

f i l l

- Soojl 11 11 H II !" , , , l I I '%.I I .......1 1 i i i i i i i i i i i i i i f-H I

1 AW1 I il'-IL/jr'-JL 111 1
kdA-9 -,v

--H f'-i-+ 1 1 1-I11 11 11 t -fr

111111111111111114

I i $ 1 1 1 1 1 1 1 1 1 f1 ..1 ..1 .......1 1

qr, I



WAIOMAO STREAM

Monthly discharge of Waio aoo Stream ,above Pukele, near Honolulu, Oahu,
for years ending June 30, 1911-13; 1926-28

Discharge Total
run-off

Month Million gallons per day Million

Maximum Minimum Mean gallons

1911
April 12-30 .................................
May .............. ......................
June ...........................................

The period (80 days) ............

1911-12
July ...................................
August ....................................................
September ...................................
October................................................
November .. .. .............................
December 1-29 .............................-
May 15-31 ........................
June ............................... ............

The period (229 days) ........... .... ....-- ........

1912-13
July .... ........... --... _.....................
A ugust ---------------_............................
$eptember ....................... :
October...........................................
November ...................................
December ..........................................

4.6
6.3

15
2.6
5.5
7.1

16.1
.43

2.71
2.39

.70
i.08

18.1
5.75

The period (184 days) -----.......... ........

1925-26
June 9-30 .............. ........... 12.7

The period (22 days) ...............

1926-27
J u ly ...-----------..... ... . ... . .
August .....................................
September .................................
October ..................... ...........
November ....................................
December ..........................................
January.......................................
F eb ru ary ---------..------------------------.......
M a rc h -------------..------------------------------------....
A pril .........................................
May ..................................................
J u n e ............... ...... ..... ...... ...... .....

The year ........................

1927-28
July ...............................
August .....................................
September ................................
October ............................
November..............................
December ..................................
January ...........................................
F ebruary ...- --------------------............
March ..... ...................
April ........................................
May .............................................
J u n e ............. .. .. .. .... .... .. .. .. .. .. .

The year .................................

I. *1

.5

.5

.4

.1

.8

.07

.08

1.02

1.75
3.30

.74
1.03
3.15
3.33

.19

.25 .69

.06 .55

.05 .17

.08 .43

.11 1.13

.26 1.02

.09 2.52

145

31.6
54.5
99.1
22.8
91.0
91.6
53.5

5.8

390

21.4
17.0

5.0
13.2
33.9
31.7

122

55.4

55.4

.15 .00 .037 1.15
4.1 .00 .577 17.9

.9 .09 .328 9.84
23 .07 1.63' 50.5

5.2 .2 .845 25.4
1.4 .06 .346 10.7

18.4 .35 2.34 72.5
6.9 .25 1.27 35.6

18.4 .5 1.90 59.0
49 .4 6.38 191

1.3 7.87 244
2.0 .55 1.07 32.2

.00 2.06 750

3.3
5.4
4.8

.95
87
24

2.9
2.0

.7
11.1

4.2
13.9

.5

.6

.4
.2
.2
.7
.5
.3
.2
.35
.35
.2

.2

1.06
1.31

.905

.397
8.72
4.75
1.05

.588

.361
2.59

.965
1.11

1.98

32.8
40.8
27.2
12.3

262
147

32.6
17.0
11.2
77.6
29.9
33.3



SURFACE WATER SUPPLY OF OAHU, 1909-28

PALOLO TUNNEL AT POATAL, XNAR HONOLULU, OAHU

LOcATION.-In Palolo Valley about 2 miles above end of Tenth Avenue and

albut one-half mile b 1w Kiat Crator and at elevatior of 995 feet above

sea level. (Tunnel is 180 feet long).

EquieMtNyFT.-Three-foot rectangular weir; no end contractions.

CI-HANNEL AND CONTROL.-Tunnel channel expands from about 4 to about 8 feet

wide at weir. Weir control for low stages, pipe capacity (below weir)

for higher stages.
EXTREMES OF DISCIIARGE.-Insufficient data.

DiVEtRsioNS AND REGULATION. All water from tunnel flows over weir but fre-

quently, owing to limited capacity of intake and pipe line, water wastes

into stream; except for this waste and leakage in line below, this water

flows into City mains.
AcctRACY.-Weir subject to backwater from pipe intake below and frequently

submerged; readings made semi-monthly up to July, 1927; weekly since.

King's formula used. Records fair for low and poor for high stages.

CoO'ERATION.Previously maintained by City Waterworks Department. Re-

cords collected and compiled by Honolulu Sewer and Water Commission.

Monthly discharge of Palolo tunnel at portal, near Honolulu, Oahu, for years
ending June 30, 1926-28

Month

July 15-91 --------
August__.....
September,......
October .............
November ..........
December .........
January ---------...
February.........
March -------
A pril ............
Maay ....
Ju n e ----_---------

1925-26

The period (351 days)...........

1926-27
July .............. ...........
August ..... ..............................
Septem ber .................. ......... .
October ...... ..............
Noveaiber 1-9 ................

The period (132 days) ...

July ----------
,\ugust ........
September--
October ....
November_
I)ecember ---
January ......
February ....
Marcbl ......
A pril ...........

J u n e -------------

The year-

1927-28

Discharge

Million gallons per day

Maximum Minimum Mean

......... 0.163

......... 152
-...... 192
........ .216
........ 201

.225
........ .204

----... 180
.170
.178

----... 177
..173

.160

.160

.166

.190

.190

.3

.3

.365

.325

.356

.472

.499

.478

.416

.348

.308

.262

.569

Note. Maxima and minima unknown account of insufficient readings.

Total
runoff

Million
gallons

2.77
4.71
5.76
6.71
6.03
6.98
6.31
4.96
5.27
5.35
5.50
5.19

9.3
9.3

11.0
10.1
10.7
14.6
15.5
13.9
12.9
10.4

9.56
7.86

135

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

...... 7 ............-------_--------------- -...........................
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PALOLO TUNNEL 97

PALOLO TUNNEL IN PIP.E LINE, NEAR HON O LULU, OAHU

LOcA'ION.-In Palolo Valley, one-fourth mile below Forest Reserve line, about

2 miles below tunnel and at elevation of about 600 feet above sea level.

EQuIPMENT.-Lambert water meter.

CHANNEL AND OONTROL.-Sixinch pipe line; much of line above is 2", only.

EXTREMES OF DISCHARE.-Insufficient data.

DIvERSIONS" AND REGULATION.-Limited capacity at tunnel intake and of pipe

line above do not collect all water available from tunnel into mains.
Records show flow used for City consumption.

ACCURACY. Semi-monthly to weekly readings taken of cumulative register
and average flow for each period determined. Daily fluctuations unknown.

Records generally good.
COOPERATION.-Installed by City Waterworks Department and records collected

and compiled by Honolulu Sewer and Water Commission.

Monthly discharge'of Palolo tunnel in pipe line, near Honolulu, Oahu, for

years ending June 30, 1926-28

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1925-26
M arch 24-31 ..................... - ....... 0.113 0.904
A p ril ................ . . . .. . .. . ... -............... 14 2 4.25
M a y .................................... ........... -. ...... . 1 7 4 5 .3 9
J u n e ---------------------..--------------------------- .... - ....... . ....... . 1 6 2 4 .8 7

The period (99 days) ..... ....... 15.4

1926-27
J u ly ---------------- ...-.-.-.- ..- ..-.--- .-- ........- .... ...... . .1 7 5 5 .4 1
August ....... ....... . 158 4.90
Septem ber . ........ 1 ...... ........ .147 4.42
O ctober ........ ....... ........................... .145 4.50
N ovem ber . ............................. -................ 141 4.22
D ecem ber .......................... ......... .137 4.26
January ............... ........... ....... - .121 3.74
February........ ....... .... ....... ........ .128 .58
M arch.......... . ............ ...... -... ..... ... . .103 3.18
A pril .............. -............... .124 3.74
M ay ............... .... -........... .163 5.06
J u n e ............. .. ... .. . ........... ............... 162 4.87

T he year ...... . .......... - - -. . .142 51.9

1927-28
July. .......... ................ ........... .130 4.04
A ugust ....... . ............ ......... 164 5.10
Septem ber ................................... . . . . .......... 167 5.00
O c to b er ............... . . . .. . . . . . ............. 1 8 7 5 .7 9
November................ ......... . .149 4.47
D ecem ber ........ ................................. 135 4.17
J a n u a r y .................. ...... . . . . . . . . ............ 1 4 0 4 .3 5
February ... ............. 138 4.02
M a r c h ............. ............................ ........ ... . .1 7 3 5 .3 7
A p r i l ....... ................. ....... ...... . . ..... . ............ .1 6 0 4 .8 0
May _ ....--- ......... ........ . .204 6.33
J u n e ... . .. ... .... -- --.. ......... ... ... . ... ...... .. ..... 2 2 6 6 .7 9

The year..... ............... ........ . .165 60.2

Note.-Maxima and minima unknown account of cumulative nature of record.



SURFACE WATER SUPPLY OF OAHU, 1909-28

WAIMANALO DITog 3LOW MAIN SEaRVOIS, NEAR WAIMANALO, OAHU

LoCATION.-On main ditch immediately below main reservoir of Waimanalo
plantation, about 2 miles southwest of plantation headquarters; elevation
is about 430 feet.

EQUIPMENT.-Vertical staff; measurements made by wading.
CHANNEL AND CONTROL.-Ordinary ditch.

EXTREMES OF DISCHARGE.-Unknown.

DIvERSIoNS AND IiEGLATION.-Ditch was outlet of main reservoir on Waima-
nalo plantation. Pump worked 10 to 11 hours per day; balance of 24
hours ditch was dry.

AccURACY.-Stage-discharge relation probably permanent; rating based on 4
measurements; gage read twice daily to quarter-tenths; records good.

CooPE"TION.-Maintained in cooperation with Waimanalo Plantation Co.

DURATION-DISCHARGE TABLE

Waimanalo ditch below main reservoir, near Waimanalo, Oahu

Number of days having a discharge, in millions of
Year Number gallons, equal to or greater than

ending of days
June 30 record

5.6 4.5 4.0 3.0

1913- .............. 143 0 50 138 143
1914 .............. 1 56 2 91 156



PUMP DITCH 99

Monthly discharge of Waimanalo ditcl below main i reservoir, near Waimanalo,

Oahu, for years ending June 30, 1913-14

Discharge Total
run-off

Month Million gallons per day
Million
gallonsa

Maximum Minimum Mean

1912-13
November-.... ....................... 4.8 4.3 4.59 57.4
December 1-9b ..... ......... ...... 4.8 4.8 4.80 18.0
January 1-4 ......... 4.6 4.3 4.47 7.5
March 3'-14, 16-31 ................... 4.4 3.6 4.25 49.5
_A pril ................. ....... ................... 4.8 3.6 4.05 50.5
M ay 1-11, 20-31 ............................ 4.8 3.3 4.50 43.0
June 1, 2, 9, 10, 16-30 ................ 4.7 3.9 4.37 34.5

The period (143 days) ... . .. 260

1913-14
J u ly ------- . ........ __.------------ ............ 5.0 4.5 4.71 60.9
August .... ......................... 4.8 4.4 4.61 59.6
Septem ber ............................................. 4.7 4.4 4.52 56.X
October ........................................ 4.8 4.4 4.50 58.0
November 1-29 ............................... 4.8 4.4 4.58 55.4
December 1-4c ... .................. 4.8 4.8 4.78 8.0

The period (156 days) ............. ...... 298

aDischarge given is for period of about 10 hours daily. During remaining 14
hours ditch was dry.

bDitch dry Dec. 10-31, 1912; Jan. 5 to March 2, March 15, May 12-19, June 3-8,
11-15 and Dec. 5-31, 1913.

eWater turned out of ditch Dec. 4.

PUMP DITCHEK NEAR WAIXANALO, OAHU

LOCATION.-Below outlet pipe at pumping plant, about i1, miles north of
plantation headquarters; elevation is about ..... feet.

EQUIPMENT.-Vertical staff on right bank below pipe outlet; measurements

made by wading.
CHANNEL AND CONTROL.-Clean, of stiff clay; one channel. Banks covered

with grass and small weeds, do not overflow; permanent.
EXTREMES OF DISCIARGE.- Unknown.

DIvERsoNS AND REGULATION.-This ditch discharged water pumped from Wai-
manalo Lagoon.

AccURACY.-Only one measurement made (listed in miscellaneous measure-
ments: gage height-1.28; discharge=1.58 million gallons per day) and
gage heights secured ranging from 1.19 to 1.30 feet for periods November
1-2, 4-6, 12-14 and 18-19, 1912. Pump working 12 hours daily; balance
of 24 hours ditch was dry.



100 SURFACE WATER SUPPLY OF OAHU, 1909-28

.KA.AWAO DITC31 NEAR KALUA, OAHU

LoCATION.-At end of flume crossing Makawao Gulch in Kailua Valley,
about 2% miles south of Kailua; elevation is about 430 feet.

EQuIPMEN'T.-Vertical staff November 1, 1912 to March 1, 1914; Watson water-
Stage recorder installed March 2, 1914. Measurements prior to Novem-
ber 24, 1913, made by current meter in open flume; November 24, 1913
to February 11, 1914, by 2.5-foot sharp-crested weir with end contractions;
February 12, 1914 to June 30, 1916, by 4-foot sharp-crested weir with end
contractions.

CHA'NNEL AND CONTROL.-Earth ditch subject to growth of weeds and grass.
Flow from Makawao Spring emptied into main ditch at pool back of weir.
Control for original staff gage shifted account vegetal growth in ditch.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending
June 30

M.G.D. Date M.G.D. Date

1913 ...... Unknown Unknown
1913-15 .... ....... 5.1 May 12, 1913 0 Frequently
1916 ................................. 3.0 July 18-19; 21-23 0 do

DIvERSONS AND REGUI.ATIO.-Ditch diverted all low water from head-waters
of Kaimi and Makawao Streams and discharged into Waimanalo reservoir
for irrigation of sugar cane by Waimanalo Plantation Co.

AcCURACY.-Weir discharge, corrected for velocity of approach, checked by
current-meter measurements. On account of faulty operation of water-
stage recorder, only fragmentary record obtained after November 9, 1915.
Rating based on 3, 4, 2 and 2 measurements made during 4 years res-
pectively. Unreliable gage-height record prior to March 1914. Records
poor to fair.

COOPERATIOX.-Observer furnished by Waimanalo Plantation Co.

DURATION-DISCHARGE TABLE
Makawao ditch near Kailua, Oahu

Number of days having a discharge, in
millions of gallons, equal to or•Year NUmber greater than

ending of days
June 30 record

4.0 3.0 2.5 2.0 11 1.0 0. 75 0.5

1913a ...................... 120 2 16 47 96 114 120-......
1914 .................................... 261 0 14 67 87 165 261 ...........
1915 -----------...................... 239 1 127 223 233 237 238 23
1916a ....................... 132 0 15 129 132

Total days ..................... 752 3 48 256 535 644 750 751 752
Per cent ........................ 100 .4 6.4 34.1 71.2 85.7 99.8 99.9 100.0

Means (2.06 years) ..... 1.5 23 124 260 313 364 364 365

A Daily-discharge tables not published



MAKAWAO STREAM 101

Monthly discharge of Mahawao itch near Kailua, Oahu, for years ending
Jane 30, 1913-16

Discharge Total,
run-off

Month MIllion gallons per day
Million

_____________ -gallons

Maximum Minimum Mean

1913
March 3-31 ----- ....... 3.5 1.3 2.42 70.4
A p ril .............. .......................... 4.7 1.9 2.64 79.2
M a y ----..... -_--------------. ---. ------. -------------.... 5.1 1.7 2 .51 7 7.9
June ....... 2.8 1,5 2.04 61.3

The period (120 days)a . ........... 289

1913-14
J u ly ....... .................. . _.... . ..... ... .. 2.1 1.2 t.5 7 49
A ugust 2---.. -----..... ................. 2,1 1.4 1.66 52
Septem ber ............... .......... .. .. 1.7 1.0 1.28 38
October ........ ........ ........ 1.4 1.0 1.25 89
N ovem ber --- ------- ........... ......... 3.9 1.2, 2.14 64
February 12-28.. ................... . 2.2 1.8 1.82 31
March 1-26 -....................... 2.6 1.0 1.82 4-,
A pril 20-30 ------------.......................... 2.6 2.2 2.53 28
M ay 1-3, 12-30 -----............ ......... 3.0 1.1 2.57 56
June 2-30 ................... 3.0 1.1 2.56 75

The period (258 days) ..... . 479

1914-15
J u ly ---------------.-----.......... .... 2.6 2.2 2.45 76
A ugust __................................... .. 2.6 2.2 2.45 76
September 1-21 ..................... 3.0 .8 2.3'5 49
O ctober 5-31....................................... 2.6 1.1 2.07 56
Novem ber 1-13 ............................. 2.6 .5 2.38 3
February 19-28 ..------ . .......... 2.6 .75 1.98 20
M arch.......................... 2.6 2.2 2.26 70
April 1-19, 21-26 .................... 4.0 1.4 2.40 6
M ay 12-31 ---- ....................... 3.0 2.6 2.68 54
June ..... ....... ............ 2.6 2.2 2.57 77

The period (239 days) ............... - - --- 487

1915-16
J u ly .------- .- ......--- ..- .. ---------------------...... 3.0 2.2 2.3 9 7 4
August ---- ................ ............ 2.2 2.2 2.20 68
S eptem ber -----.----_------- _-------.............. 2.2 1.8 2.16 65
O ctober ---....._---------.................... 2.6 2.2 2.25 70
N ovem ber 1-9 --------------------- ......... 2.6 2.2 2.24 20

The period (132 days) ... _...... - 297

aEstimates cover periods during which water was flowing. Ditch dry Jan. 1 to
Mar. 2, Dec. 4-31, 19131; Mar. 27 to Rpr. 19, May 31, June 1, Sept. 22 to Oct. 4, 1914;
Nov. 14, 1914 to Feb. 18, 1915, and Apr. 27 to May 11, 1915.



SURFACE WATER SUPPLY OF OAHU, 1909-28

KAILUA STREAN ABOVE WOKG LE0G'S DITCH, NEAR KAILUA, OAHU

LOCATION. On left bank of stream one-fourth mile east of junction of old
Honoluln-Wl-aimanalo road and road to Ka-ilua, quarter of a mile below
confluence of two main tributaries, half a mile above old gaging station,
and three-fourths mile south of Kailua; elevation is about 60 feet.

EQU-PrrENT.--Gurley seven-day water-stage recorder; measurements made by

wading near gage.
CHANINEL AND CONTROL.-Bed of stream composed of gravel. Channel straight

near gage. Banks wooded and subject to overflow during flood stages.
Control formed by gravel bar, shifted during high water.

EXTREMES OF DISCHARGE.-Mlaximum discharge recorded during period or rec-
ord, about 1.800 million gallons per day, 8 a.m., October 23; minimum
discharge recorded, 1.8 million gallons per day, 6 p.m., July 24 and dur-
ing period when recorder clock stopped, August 6-9.

Recorder clock stopped about midnight March 31, 1923, and station
discontinued March 31, but recorder not removed until few days later.
During this time pencil recorded stage which by comparison with Nuuanu
Stream, probably occurred about 8 p.m., April 1,-about 2,200 million
gallons per day.

DIVERSIONS ANI) REGULATLON.-MakaWao flume diverted water from upper trib-
utaries to Waimanalo plantation. Small rice ditch diverted most of
low-water flow of Pohakea Stream past gage on left bank. Wong Leong's
ditch below station usually diverted all of low-water flow of main stream.
Regulation by diversion only.

Accuacy.-Stage-discharge relation not permanent. Four poorly defined
rating curves, based on 12 measurements, used. Records should be used
with caution owing to lack of sufficient measurements to define changes
in rating. 1igh-stage extension of rating curves particularly uncertain.
Operation of water-stage recorder satisfactory. Records poor.



DURATION-DISCHARGE TABLE
Kailua Stream above Wong Leong's ditch, near aiua, Oahu

Numlber of days having a discharge, in millions of gallons,

Number equal to or greater than
Year ending June 30 of days , __ _ _

record 200 100 50 25 10 51 4 3 2.51 2.0 1.5

1922------........ ................... _ ------------ 91 --- ..I-- I..- 0 1 4 22 64 91 _ --i U
1923 .......................................... ......... - -.....- - _ 274 2 5 7 21 84 118 140 193 216 271 274

T otal days ---............. -------- ---------- ...............- , 365 2 5 7 21 5 122 162 257 307 362 365
Per cent .......................... ........................ _--100 .5 1.4 1.9 5.8 23.3 33. 44.3 70.5 84.2 99.2 100.0

Means (1.0 year) :. - 2 5 7 21 85 122 162 257 307 362 365



1-04 SURFACE WATER SUPPLY OF OAHU, 1909-28

Motnthly discharge of Kailua Stream above Wong Leong's ditch, near Kailua,

Oahu, for the period April 1, 1922, to March 31, 1923

Discharge Total
-_ _ run-off

Month Million gallons per day M~Million
gallons

Maximum Minimum Mean

1922
April ...---- .................... .... 24 3.4 4.77 143
M ay ....... . ................... ............ 5.9 2.6 3.39 105
June ............................... 3.5 ------- 2.83 84.8

T h e period (91 days) .... . .............. ...... 333

1922-23
J u ly . .. .............. ............................ . .7 2 .1 2 .4 9 7 7 .3
August ........................... ..... 2.23 69.2
September ................................ 40 2.0 5.09 153
October ............................................. 75 2.5 5.83 181
N ovem ber ........ ......... ................ 11.4 2.6 4.31 129
D ecem ber....................... ........ .... 22 4.3 5.85 181
January ............. 214 3.3 35.2 1,090
February ......... 113 14.4 24.3 681
M arch ............................. 215 9.6 19.6 606

The period (274 days) .......... .... 3.,170

KAILUA STREAN NEAR KAILUA, OAHU

LoCATION. About 200 feet below intake of Wong Leong's ditch, three-fourths
mile east of point where road to Kailua rice-mill leaves Wlaimanalo-

Honolulu road, 1 mile southeast of Kailua and about 11 miles by road

from Honolulu; elevation is about 50 feet.
EQUIPAIENT.-Inclined staff on left bank installed April 29, 1914, at same site

and datum as vertical staff installed January 21, 1913, datum of latter
being different from that of original gage. Vertical staff for high-water

reading spiked to mango tree on right bank about 35 feet above inclined

staff. Measurements made by wading.
CHANNEL AN\D CONTEOL.-Channel straight for 50 feet above and below gage;

composed of small boulders and gravel; gently sloping banks overflowed
in extreme .floods. Control, a boulder riffle, shifted during floods.

EXTREMES OF DISCHARGE.-Collection of d6bris on banks indicated stage of
approximately 11.0 feet on varch 27, 1914 (data insufficient for estimate

of discharge); minimum discharge May, 1913, 0.1 million gallons per day.

DIVERSION S AND REGULATION.-Wong Leong's ditch usually diverted all low-
water flow; amount diverted above varies; irrigation of rice.

AccuRAcY.-Stage-discharge relation, established by only 11 measurements,
not permanent. Records fragmentary; gage washed out several times;

read twice daily. Records generally fair for certain periods of low and
medium water and poor for rest of record.



DURATION-DISCHARGE TABLE
Kailua Stream near Kailua, Oahu

Number Number of days having a discharge, in millions of gallons, equal to or greater thanYear ending June 30 of days 
;P-

record 300 200 100 50 25 15 10 6 4 2 1 0.5 0.2 0.1

913 ................. 83 . 0 1 5 8 9 9 13 16 37 6C 74 79 83914 .. 133 ----... ........ ....... ... .... 0 2 3 4 6 18 28 39 85 1331915 .......... ................... 237 0 2 4 4 4 12 29 48 77 106 196 221 237 ...........1916a ---------------- .....---------- .--.- ...... .211 1 3 5 9 24 54 78 79 108 154 179 237 247 2 11 .
Total days ------......---------....-----.........704 1 5 9 14 33 74 118 13'9 202 282 430 546 597 652 704er cent .. 100 .1 .7 1.3 2 4.7 10.5 16.8 19.8 28.7 40.1 61.1 77.5 84.7 92.7 100.0

Means (1.93 years) .-------------- .5 2.6 4.7 7.3 17 38 61 72 105 146 223 283 309 338 365

aDaily-discharge table not published.
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Monthly discharge of Kailua $treavb near Kailua, Oahu, for years ending
June 30, 1913-16

Discharge Total
_______________________________ run-off

Month Million gallons per day Millon
Million

gallons
Maximum Minimum Mean

1913
A pril 9-3'0 .........------------- ...... 20 0.3 2.62 58
ay. ................................. ........... __-- - 85 .A 8.15 252

June ...... ............... . ........................... 28 .2 3.51 105

The period (83 days) ............ 415

1913-14
July. .... .. . . . . .. . . . . . . .. .8 .1 .26 8.1
A u g u st..-..- -.. -------------------------------- .8 .1 .21 6.3
January 16-31 ............... ............. 12 1.2 3.57 57
February_ . ........................ .12 .1 1.31 37
March 1- 27 ....................... 3.7 .1 .37 10

The period (133 days) ---- ----- 119

1914-15
J u ly 6-31 -----------------------------.--------- 14 2.0 3.93 102
August............................ .......... 14 2.0 4.27 132
September ................................ 297 2.0 32.9 988
October ..... . . ........ 15 2.9 7.71 239
N ovem ber -------.------ _ -------- _ - 5.2 7.23 217
D ecem ber................................ 15 3.8 7.57 235
January ............... ............... 3.8 .95 2.54 79
February .... .................... 1.5 .Q5 1.15 32

The period (238 days) ............ .. 2,020

1915-16Novepnber 6-30. ... .............. 202 1.0 22.0 550
Decem ber .............. ......................... 172 4.0 18.:' 567
January ............................................ 335 4.6 37.3 1,160
February ....................... 34 II 14.0 405
M arch 58---------------------_----- ............ 68 2.8 10.2 317
April-...... ............ ............. 4.2 1.0 1.60 48
M ay ......... .................... _ 14 1.6 4.15 128
J u n e ..................... .............. . . ... . 1 .6 .8 1 .2 0 3 6

The period (238 days) ........... ........ 3,210



WONG LEONG'S DITCH

WONG LEONG'S DITCH NEAR KAILUA, OAHU

LocATION.-100 feet below ditch intake from Kailua Stream; three-fourths
of a mile east of point where road to rice-mill leaves Waimanalo-Hono-
lulu road, about 1 mile south of Kailua and 11 miles from Honolulu;
elevation is about 60 feet.

EQuiPMENT.-Vertical staff; measurements made by wading.
CHANNEL AND CONTROL. Channel straight for 50 feet above and below gage;

bank clean and high.
EXTREMES OF DISCHARCE.-\aximum discharge recorded during period of rec-

ord, 7.7 million gallons per day, 8 a.m., May 3, 1914; minimum dis-
-charge recorded, 0.6 million gallons per day, February 2, 1916.

DIvERsIONS AND REGULATION.-None above station; irrigation of rice below.

AccURAcY.-Stage-discharge relation affected by growth of weeds and clean-
ing of ditch. Rating curves, based on 6, 6 and 3 measurements made dur-
ing the three years respectively, poorly defined. Records poor.

DURATION-DISCHARGE TABLE

Wong Leong's ditch near Kailua, Oahu

Number of days having a discharge, in millions of gallons,
Year Number equal to or greater than

ending of daysJune 30 record
Jue3 eod 7 6 5 41 31 2 1.51 1.0 0.75 0 .50

1914 .... 365 1 3 21 109 149 308 337 365
1915 ................ 365 1 1 3 18 68 197 256 310 362 36
1916 a ........... 366 2 5 9 32 206 348 354 359 359 366

Total days.. 1,096 4 9 33 159 423 853 947 1,034 1,086 1,096
Per cent ....... 100 .4 .8 3.0 14.5 38.7 77.9 86.5 94.5 99,2 100.0

Means (3'.00 years) ...... 1.3 3.0 11 53 141 284 316 345 362 365

Maxima ... 2 5 21 109 206 348 354 365 365 366
Minima .............. ... 1 1 3 18 68 197 256 310 359 365

a Daily-discharge table not published.
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Monthly discharge of Wonp Leong's ditch near Kailua, Oahu, for years end-

ing June 30. 1914-16

Month

1913-14
July ..............
A ugust .............................................
September ........ = ........... ............
O ctober ........... ......... .............
November .................................
D ecem ber .......... .. .................
J an uary . ............ ....... ..............
Webru:,',y .................................
M a rc h .................................................
A pril .................... ............................
May ................. ................
J u n e ................................. ...... . . .

The year ..........................

1914-15
J u ly .----- .-------- .--- ...... .. ...............
A ugust .................................... ......
Septem ber ........ ........... .. .............
O c to b e r .---------------------_- ....... ..
November ...........................
December ......................................
January. ...........................
F e b r u a r y ------------------ .-.-- ..............
M arch .... --.... .. ... ... ..
April ............
May .............. .............
June ......................... . .....................

The year ...................

1915-16
July ...........
A ugust .................................
S ep te m b er _-------------------- ....................
October ..............................

November ....................................
D ecem ber ------------- ................
J a n u a ry ....................... ................
F ebruary ................................ _
M arch ............ ............ ... ............
A pril ................................
M a y ....................................................
J u n e . . .............. ........................

The year .......................

Discharge

Million gallons per day

Maximum Minimum

2.8 1.3
2.8 1.6
3.7 1.8
3.1 2.3
2.5 2.1
4.7 2.3
5.7 4.35.7 3.91

6.0 2.8
6.4 1.9
7.7 1.1
1.9 1.1

7.7 1.1

3.6 1.1
2.7 1.7
5.5 1.9
7.5 1.2
2.7 .9
1.1 .8
4.6 .7
4.6 1:7
2.8 2.4
2.6 .8
4.6 .8
4.3 1.3

Mean

2.39
2.29
2.60
2.76
2.34
4.10
4.80
4.67
3.93
3.63
2.36
1.36

3.10

1.98
2.05
3 .06

2.23
1.19

87
2.09
2.66
2.61
1.87
2.60.
2.99

7.5 .7 2.18 796

3.8
3.4
4.1
3.8
5.1
7.2
7.6
2.5
4.3
3.5
3.5

3.0

7.6

2.0
2.5
2.5
2.6
2.8
2.6

.7

.6

.7
3.2
2.5
2.2

.6

3.09 96
2.83 88
3.28 98
3.37 105
3.56 107
5.68 176
3.41 106
2.08 60
2.48 77
3.29 99
2.98 92
2.50 75

3.22 1,180

M.XAWAO STREAM NEAR KAILUA, OAHU

LOCATIONV.-One-fourth mile above confluence of Makawao and Kaim! Streams
and 100 feet above intake of irrigation ditch near Waimanalo-Honolulu
road, 1 mile south of Kailua and about 12% miles east by road from
Honolulu; elevation is about 90 feet.

EQUIPiE'T.-Vertical staff on right bank, installed April 29, 1914, to replace
gage washed out March 28, 1914; datum new but site same as old gage;
measuremcnts made by wading or from footbridge 10 feet below gage.

CHANNEL AND CONTROL-One channel at all stages except extreme floods;
straight for 50 feet above and below gage; right bank nearly vertical;
left bank overflowed in floods. Control probably shifted during extreme
floods.

Total
run-off

Million
gallons

74
71
78
89
70

127
149
131
122
109

73
41

1,130

61
64
92
69
36
27
65
74
81
56
81
90



MAKAWAO STREAM

EXTREMES OF DISCHARGE.-

Maximum Minimum
Year

ending
June 30 M.G.D. Hour Day M.G.D. Date

1913. ............. Unknown Unknown
1914 ............... 83 8 a.m. May 3 0.9 Nov. 9
1915 ................ 220 8 a.m. April 27 1.1 Mar. 23, 24 and 31
1916 ................. 400 11:25 a.m. Jan. 18 .8 Oct. and Nov.

DIVERSIONS AND REGULATION. Low-water discharge of two main branches is
diverted into Makawao ditch about three-fourths of a mile above station.
An irrigation ditch diverted most of low flow at point 100 feet below
gage; amount diverted above station varied; entire low flow diverted for
irrigation of rice.

ACCURACY. Stage-discharge relation probably permanent between extreme
floods. Rating curves gradually well defined by 17 measurements below
4 million gallons per day. Gage read twice daily. Records prior to
March 28, 1914 fair for low and medium stages; after that date good for
low and medium stages; January 19 to June 30, 1916 fair for all stages.

COOPEATIO'T.-Maintained by U. S. Geological Survey in cooperation with the
Kaneohe Ranch Co.



DURATION-DISCHARGE TABLE,
Makawao Stream near Kailua, Oahu

Number Number of days having a discharge, in millions of gallons, equal to or greater than
Year ending June 30 of days

325 200 150 100 75 50 25 15 10 5 4 3 21 1 0.75 0.5

1 9 13 ................_-. .. ..... .... ..... .... 21 8 ........ ....... .... .. .. ... ....... 0 2 3 8 20 2 2 2 4 60 1 88 1 9 6 2 1 8
1914 ..................... 337 . ..... ... 0 1 1 4 5 16 22 59 112 328 337 ......
1915 ... . .. ..... ... ... . 365 0 1 3 3 4 5 10 19 34 38 59 264 365 . ........
1916a ....... ........................................ 366 1 1 2 3 3 3 6 12 25 69 87 118 186 346 X66

Total days ................................... 1,286 1 1 3 6 6 8 14 29 57 139 169 260 622 1,227 1,264 1,286
Per cent ---------------- ... ........ 100 .1 .1 .2 .5 .5 .6 1.1 2.3 4.4 10.8 13.1 20.2 48.1 95.4 98.3 100.0

Means (3.52 years) _------- .3 3 .9 1.7 1.7 2.1 4.0 8.2 16 19 48 74 177 148 159 1365

a Daily-discharge table not published

t1

0

N

0



MAKAWAO STREAM 111

MoiltIly discharge of llakaaao Stream near Kaiuda, Oahu, for years ending

June 30, 1913-16

Discharge Total
run-off

Month Million gallons per day
Million

Maximum Minimum Mean gallons

1912-13
N ovem ber 12-30 --------------------------- 1.0 0.6 0.71 13.4
December ............................................ 28 .9 2.90 89.9
January 14-3............ 12 .7 3'"12 56.0
F ebruary ..... .................. 9.0 .6 3.32 92.9
M a rch ......................... .................... . 9.0 .6 1.94 6 0.0
A p r il .............. .... _. --..... .... ..... ..... .... 3 .9 .5 1 .4 8 4 4 .3
M ay ---------- .... ................... ............ 31 1.1 3.33 103
June _--------------------_-_- . .. ........... 13 1.5 2.55 76.6

The period (218 days) ........... - 536

1913-14
July -------------...------------.-.-----........ 2.1 1.1 1.18 43
A ugust . ............ .................... 2.5 1.1 1.35 42
September.................................. 2.1 1.1 1.16 35
O c t o b e r ---------- -- .. ... . . . .......... 1 .1 .9 1 .0 8 3 4
November ...... 3.0 .9 1.16 35
Decem ber ....... - ----------------- 18 1.7 4.07 126
January .............................. ......... 2.5 1.4 1.85 57
February -----------...... ....... ------------ 2.5 1.1 1.51 42
March ...................................... ...... 1.1 1.55 48
A pril. .. . ___.-.----- .- ... .......... ....... 5.00 al5O
M ay ........ .... ............. ........... 72 2.3 6.28 195
Jun e --------------------- ....................... 5.6 2.3 3.19 96

T he year ----........ ....... ------------ 2.47 900

1914-15
Tuly -- __... ................ ........... 2.8 2.0 2.24 69
A u g u s t ------ .-.-- -------- .-.-.-.-- ------- . . .. .. .. . . . . .. 2 .3 2 . 0 2 .0 4 6 3
S e p t e m b e r ----------- . .... . -----.. ........ 1 0 4 1 .6 9 .7 4 2 9 2
October ..............-..--.---------............ 3.2 2.0 2.32 72
November-....-.---------..------............. 5.0 1.6 2.32 70
D ecem ber ----- .-- ...................... 5.0 2.0 2.94 91
January ................................... 2.3 2.0 2.16 67
F e b ru a ry .... ........... ............................. 2.0 1.3 1 .7 1 4 8
M arch ....... . ......... ................. 1.6 1.0 1.29 40
A p ril-__.------- .-- .--- .-._ _ .--- ... .......... 1 92 1 .3 1 4.9 4 46
M aY .............. .... .. . .. .. .. . 16 2.0 4.50 139
June ........................... 2.3 1.6 1.72 52

The year ---- . . .......... ----. 192 1.0 3.97 1,450

1915-16
J u ly ........ ... ................ 5.0 1.3 1.78 55
A ugust ------------------------------------ 1.6 1.0 1.36 42
S ep tem b er ......... 2 ............ ......... 2.0 1.0 1.27 38
O ctober ................... ... 1.0 .8 .88 27
N ovem ber ................ ................. 12 .8 3.14 94
Decem ber ............ . ........ .... 140 2.3 10.7 331
January.......................................... 328 5.0 25.4 788
February .............................. 15 3.3 5.23 152
M a rch ................................ .................... 2 0 2 .8 5.7 9 1 80
A p ril ...... ........ ............ ......... 2.8 1.9 1.99 60
May .................................. 50 2.4 2.89 90
June ------------- 2.4 1.4 1.77 53

The year ... ................ 328 5.8 522 1,910



112 SURFACE WATER SUPPLY OF OAHU, 1909-28

MAKA.WAO SPRIN NEAR r-AILUA, OAHrU

LocATIO.-Fifteen feet above flume joining Makawao ditch, three-fourths
mile south of Maunawili ranch, and about 3 miles south of Kaihua; ele-
vation is about 475 feet.

EQUIPMENT.-Vertical staff; measurements made by 1-foot sharp-crested weir
with end contractions.

CIANEL AND CONTROL.-Water emerged from ground directly into pool back
of weir.

EXTREMES OF DISCHARGE.

Maximum Minimum
Year

ending
June 30 i. G. D. Date M.G.D. Date

1914 ----------------------- 0.38 April 7-8; May 4-5 0.32 Frequently
1 9 1 5 ...... ....... ........... 3 3 F r e q u e n tly .3 2 d o
1916 ............................... .5 Jan. .32 do
1917 ----------..35 July .32 do

DIVERSIONS AND REGULATION.-None above; irrigation of sugar cane by Wai-
manalo Plantation Co. below.

ACCURACY. Gage read once daily. Flow steady and conditions at weir good.
Records good.

DURATION-DISCHARGE TABLE

Makawao Spring near Kailua, Oahu

Number of days having a discharge, in millions
Year Number of gallons, equal to or greater than
ending of daysJune 30 record -- ________0.50 0.451 0.40 0.381 0.36 0.34 0.331 0.32

1914& ............... 139 ....... - 0 4 34 71 96 139
1915a ................ .......361 0 272 365
1916a ...... .... .................... 366 31 31 60 60 178 264 264 366
1917a -----------_--- ........... 153 ----. ....... 0 74 74 153

Total days . ........ .. 1,023 31 31 60 64 212 409 706 1,023
Per cent ......................... 100 3.0 3.0 5.9 6.2 20.7 40.0 69.0 100.0

Means (2.80 years)-.. 11 11 21 23 76 146 252 365

a Daily-discharge tables not published.



MAKAWAO SPRING 113

Monthly discharge of Makawno Spring near Kailua, Oahu, for years ending
June 30, 1914-17

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1914
February 12-28 -----_--------------- 0.32 0.32 0.32 5
M arch ........................................ . . . . . .33 .32 .32 10
April ................ .38 .33' .35 10
May .38 .33 .3'6 11
June ................................................. .36 .33 .35 10

The period (139 days) ............. ............ 46

1914-15
Ju ly .................. ....... .....................33 .33 .33 10
August .................................... .33 .3'2 .33 10
Septem ber ------. ....... .................. .33 .32 .32 10
October .................................. . .33 .33 .33 10
N ovem ber ....................................... .33 .33 .33 10
D ecem ber ............... ......... 33 .33 .33 10
January_ -....... -----. --- _--............ .133 .33 .33 10
February. .. 33 .32 .33 9
March ................................................ .32 .32 .32 10
April ............. .33 .32 .32 10
M a y . ......... .. . ... ....... .. .. .. .... . .33 .3 3 .33 10
June .............. ................................... . .33 .32 .33 10

The year ....... _ ................... .33 .32 .33 119

1915-16
July................................. .34 .32 .33' 10
August .................... 34 .32 .33' 10
Septem ber ....... .......... ......... .... 32 .32 .32 9.6
O c to b e r .. . .................... . .. . . . . . . .3 2 .3 2 .2 2 9 .9
N ovem ber .................................... . .36 .32 .34 10
December ............. ...... ........... .36 .34 .35 11
January ................ ... . ......... 50 .50 .50 16
February ........ .......................... .40 .40 .40 12
M a r c h --------------------------- .... -. --------------.......3 6 .3 6 .3 6 1 1
April..................36 .36 .36 11
M ay . -.-.--.. ...... .. .. . ......... . 36 .36 .36 11
June ----- ............. .. .36 .35 .36 11

The year ........................... 50 .32 .36 132

1916-17
July ............. . ......................... .35 .32 .33 10
August. ..................... .34 .34 .34 11
September ---.................. .......... 34 .34 .34 10
October . .................................. .32 .32 .32 10
November ............ 32 .32 .32 10

The period (153 days) ............ ..................... 51



SURFACE WATER SUPPLY OF OAHU, 1909-28

NAIME STREAM NEAA ZAILUA, OAHU

LOCATION. At highway bridge on Waimanalo-Horpolulu government road, 1
mile south of Kailua and about 12% miles east of Honolulu; elevation is
about 100 feet.

EQUIPMENT.-Vertical staff on right bank; measurements made by wading or
from highway bridge at gage.

CHANNEL AND coNTRoL.-One channel at all stages, confined between abutments
of bridge at gage. Control composed of small boulders.

EXTREIES OF DISCHARGE.-

Maximum Minimum
Year

ending
June 30 M.G.D. Hour Day M.G.D. Date

1913 .................. Extremes Unknown ...........................
1914 ................. 115 ........................ Apr. 5 0.8 M ar. 14
1915 ------------------- 220 8:00 a.m. Apr. 27 1.0 June 13
1916 .................. 91 8:20 a.m. Dec. 28 .7 Sept. 1

DIVERSIONS AND IEGULATION.-Headwaters. diverted by Makawao ditch; used
for irrigation of sugar cane; that flowing past station later diverted for
irrigation of rice.

AccupAcy.-Stage-discharge relation fairly permanent. Ratings based on
4, 2, 6 and 4 measurements made during the four years respectively.
Gage read twice daily. Records poor for 1914; fair to November 2, 1915,
below 20 million gallons per day; those for remainder of last year poor
owing to unstable condition of control.

COOPER TIN.-Maintained in cooperation with Kaneohe Ranch Co.



DURATION-DISCHARGE TABLE
Kaim! Stream near Kailua, Oahu

Number of days having a discharge, in millions of gallons, equal to or
Number greater than

Year ending June 30 of days
record

, 100 75 50 25 10 5 4 3 2 1.5 1.0 0.751 0.51, 0.4
1913.......... ........ ......................... 218 --- --- 0 6 17 19 27 55 101 145 188 217 2181914 ............................................... ..... ..... 365 0 1 1 3 8 14 28 46 168 185 348 365 ............1915 ........................................ ................. 365 .1 1 2 3 5 30 99 149 220 328 365 ....... ........1916a ........................... ................... 366 1 2 3 5 14 76 101 145 167 242 365 366
Total days .................................................... 1,214 2 4 6 11 33 137 247 367 610 856 1,223 t,284 1,313 1,314
Per cent-. .................................. .. 100 .2 .3 .5 .8 2.5 10.4 18.7 27.9 46.4 65.1 93.0 97.8 99.9 100.0
Means (3.60 years) .6................... 61.1 1.7 3.0 9.2 38 69 102 170 237 340 357 365 365
Maxima .............................. ............... ... 1 2 3 5 14 76 101 149 220 328 365 366 366 366
Minima .................................... 0 0 0 0 5 14 28 46 D92 1)169 p243 p315 365 365

aDaily-discharge table not published.
eProportional; computed from a critical period above, exceeding half year.
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Monthly discharge of Kaimi Stream near Kailua, Oahu, for years ending

June 30, 1913-16

Discharge Total
run-off

Month Million gallons per day
Million

__________________ -_________- gallons
Maximum Minimum Mean

1912-13
November 12-30....... ............. 1.8 0.6 0.88 16.8
December ......................... 14 .5 2.26 70.2
January 14-31 ................................ 6.5 .5 2.04 36.5
F ebruary ------.----- .................. 7.8 .5 2.46 68.8
M arch ------.... ...... -------------- 9.0 .5 1.66 51.5
A pril ....... . . .............. 3.1 .6 .96 28.7
M a y ......... _-----................ 17 .8 3.47 108
J u n e . ................................................... 7 .8 1 .0 2.1 6 6 4.8

The period (218 days) ..... ....... 445

1913-14
July_ ...... .......... 1.6 .8 1.04 32
August ............................. . 1.6 .8 1.04 32
September............ 2.3 .8 1.09 33
October............ .............. 1.. I 0 1.0 1.00 31
November .... ...... 4.8 1.0 1.90 57
December......... 22 1.6 4.45 138
January ........................ .... 4.2 2.0 2.47 77
February. ..................... 3.1 .8 1.56 44
M arch ................... ..................... 6,2 .8 1.45 45
A pril ........... -----................... 90 2.0 6.93 208
May ..................... 32 1.6 4.48 139
June_ 3.1 1.6 2.20 66

The year ...... 90 .8 2.47 902

1914-15 1.3 1.90 59
July --- 3.1 1.3 1.80 56
August ..... ............. 52 1.6 7.11 211
October ........ ...... 5.4 2.3 3.43 106
November................ 6.2 2.3 3.65 110
December... ...... ................. 6.2 3.6 4.21 130
January-... 4.2 2.7 3.60 112

February. .................. ...... 3.1 16 2.44 68
March ........ 2.0 1.3 1.55 48
April ............. . . . 156 1.1 10.9 328
May ..... 8.8 1.5 2.73 84
June........... 1.5 1.0 1.20 36

The year ... ................... 156 1.0' 3.70 1,350
1915-16

July 1915.16. 3.5 1.2 1.34 42
.1.8 1.0 1.31 41

September ......... ......... 1.8 .7 1.26 38
Seteber 1.8 1.2 1.28 40

ober. ............................16 1.2 4.08 122

December-......... ........... 87 3.0 7.88 244
January.......... 138 4.5 13.7 424
February........... 14 5.2 6.27 182
M a rc h ... ... ................................-0 2 .2 4.0 9 1 2 7
April ................................... ....... 2.2 1.0 1.47 44
May......................... 6.8 1.8 2.81' 88
June.............. .......... 1.8 1.2 1.31 39

The year .... .......... ......... . 138 .7 3.91 1,430
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MAIN SPRING NEAR, KAXLUA, OAHU

LOcATIO.-At head of Makawao ditch, 1 mile south of Maunawili ranch and
about 3 miles south of Kailua; elevation is about 606 feet.

EQUIPAIENT.-Vertical staff; measurements made by 1-foot sharp-crested weir
with end contractions.

CHANNEL AND COITROL.-Water emerged from ground directly into pool back of
weir.

EXTREMES OF DISCHARGE.-

Maximum Minimum
Year ending

June 30
M. G. D. Date M. G. D. Date

1914 ......... ............ ......... 0.61 June 0.48 M arch 17-28
1915 ................................ . 74 Apr. 28 to M ay 21 .59 Juiy to Sept.; Apy.
1916 .......... .................. .88 Jan. 1-31 .59 Sept. to Nov.
1917 ........................ .78 July .63 Oct. and Nov.

DIVEISIONS AND REGULATION.-None above; irrigation of sugar cane by Wal-
manalo Sugar Co. below.

AccuRAcy.-There was small amount of seepage around weir. Gage read once
daily. Records fair.

DURATION-DISCHARGE TABLE
Main Spring near Kailua, Oahu

Number of days having a discharge, in millions
Year Number of gallons, equal to or greater than

ending of days-
June 30 record

0.85 0.80 0.75 0.70 0.651 0.60 0.551 0.501 0.48

1914a .................... 139-----------------------------0 4 86 1271 139
1915a ..... ------------ 365 ................. 0 47 228 274 365...........
1916a ................ 66 31 85 177 182 282 318 3'66 -----...
1917a ....................... 153 ........ 0 13, 40 91 153 ..............

Total days............... 1,023 31 85 190 269 601 749 970 1,011 1,023
Per cent ..................... 100 3.0 8.3 18.6 26.3 58.7 73.2 94.8 98 100.0

Means (2.80 years) .............. 11, 30 68 96 215 268 346 362 365

aDaily-discharge tables not published.



118 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Main Spring near Kailua, Oahu, for years ending
June 30, 1914-17

Discharge Total
run-off

Month Million gallons per day
Million

Maximum Minimum Mean gallons

1914
February 12-28 ------........... .......... 0.52 0.50 0.50 9
March ................. .50 .48 .49 15
April....................... .................. .58 .50 .57 17
May ............... .................... .. 58 .58 .58 18
June .... ....... ..................... .61 .58 .59 18

The period (139 days) --------------- 77

1914-15
July ...... ............... .59 .59 .59 18
August ............................ ..59 .59 .59 18
September ........................... ..... . . 70 .59 .61 18
O ctober .,. ...... ............................. .68 .68 .68 21
N ovem ber ................................... -- .68 .68 .68 20
D ecem ber ........ .................. ........... 68 .68 .68 21
January .......... ... .......... ......... . 68 .68 .68 21
February ............................ .68 .63 .66 19
M arch --- .. .. .. .. .. .. .63 .61 .62 19
A pril ......................................... .74 .59 .64 19
M ay . ........... -........... .................. .74 .72 .73' 23
June .......... ...... ................ .72 .66 .69 21

The year .......................... .74 .59 .66 238

1915-16
J u ly -------- ....................... .67 .67 .67 21
A u g u s t ----- .. .... ................................... .6 7 .63 .65 2 0
Septem ber ......... ........... ---.. .. .63 .59 .61 18
October............ ....................... .59 .59 .59 18
N ovem ber ............................................. .65 .59 .63 19
D ecem ber -------------- ........................ . 69 .65 .66 20
January .... ........ . . ...... ...... . .88 .88 .88 27
February.................................. . .84 .84 .84 24
M a rch .................................................... .8 4 .7 8 .81 2 5
A p ril .................... __. --. --........................78 .72 .77 23
May ....... .................................. .78 .78 .78 24
June ................................. .78 .78 .78 23

The year ............. .................. .88 .59 .72 262

1916
July ....... ...... - .78 .70 74 23
A ugust --------------------------- .. .72 .67 .69 21
September ....... .... __ 67 .67 .67 20
O ctober ................... ...................... .63 .63 .63 20
November ................................ .63 .63 .63 19

The period (153 days) ....... .... .... 103



KAMAKALEPO STREAM

XAM&AALEPO STREAM NEAR XAILUA, OA3U

LOCATION.-At highway bridge on Waimanalo-Honolulu government road, 1
mile south of Kailua and about 3'/ miles from Waimanalo; elevation is
about 120 feet.

EQUIPMENT.-Vertical staff bolted to left abutment of bridge, installed April
10, 1913, to replace original gage washed out December 3, 1912; measure-
ments made by wading or from foot-bridge 30 feet below gage.

C1AXNEL AND CONTROL.-One at all stages, confined between bridge abutments
at gage. Control composed of small boulders and gravel; shifting to
fairly permanent.

EXTREMES OF DISCHARGE.-

YearMaximum Minimum
ending
June 30 . .D. Hour Day M. G. D. Date

1913 ----8 .............. Unknown 0.62 Nov. 20
1914 ................... 54 5:00 p.m. Apr. 5 .3 Nov. 5 and 6
1915 ---- ....... 220 8:00 a.m. Sept. 24 .7 Mar. and Apr.
1916 8------.................. 300 8.20 a.m . Dec. 28 .7 Apr.

DIvERSIONS AND REGULATION.-None above station; stream joins Kailua Stream;
low flow diverted for irrigation of rice.

AccuRAcy.-Stage-discharge relation changed. Rating curves gradually well
defined by 2, 3, 6 and 5 measurements made during the four years res-
pectively. Gage read twice daily. Records from fair to good for high
to low stages respectively.

COOPERATION.-Station maintained by U. S. Geological Survey in cooperation
with Kaneohe Ranch Co.



DURATION-DISCHARGE TABLE
Kamakalepo Stream near Kailua, Oahu

Number of days having a discharge, in millions of gallons, equal to or
Number greater than

Year ending June 30 of days ..
record

100 75 50 Ni 10 5 4 3 2 1.5 1.0 0.75 0.5 0.4
1 9 3 . ..... .... ....... .. ..... ....................... 8 3 ...... ........ ........ 0 2 6 6 3

1913...... 0 7 9 9 10 21 46 67 8.1914 36 0 _ 8 18 26 39 111 129 240 284 320 365
1915---------- 365 1 1 3 5 9 17 30 42 139 234 253 356 365 ........
1916a-.. .. .................................... .. 366 2 3 3 5 14 30 50 63 137 243 290 362 366 ------
Total days ............... ...- 1,179 3 4 6 "12 38 74 115 154 408 65 850 1,085 1,134 1,179

Per cent . 100 2 3 5 10 32 63 98 131 346 55.3 72.2 92.2 96.3 100.0

Means (3.23 years) ......... 3....... ....... a 48 --- - -- 936 316 351 369

Maxima ------------------.----.- . ........ . 2 3 5 14 30 50 63 139 243 290 362 366 366

Minima..................................................... 0 0 0 0 8 17 26 39 l1 129 240 284 320 365

aDaily-discharge table not published.



POHAKEA STREAM

Monthly discharge of Kamakalepo Stream near Kailua, Oahu, for years ending

June 30, 1913-16

Month

1913
April 9-30................... ...........
M a y .................... -... .. ..... .. ....... ..
Jun e ............... ........................ ..... .

The period (83 days) ....

1913-14
July .................................... - ------------
A u g u s t .---------------------------- .-- ... .........
S ep tem b er .........................................
October ...........
November .......................................
December .... .
J a n u a iy .................... ........... ...........
F e b ru a ry ---.------------------------ _ ---. .............
M arch ........................ . . . .
April ...............................
M a y ............... . . .... . . . . .. . ... .
J un e ... . _. . . . .. ........................

The year ......... ..........

1914-15
July ............... .........................
A ugust.................. ............. ..........
September ...................................
O ctober .............. ..............................
N ov em b er ------------------._.-- ............
December ................................
January ...... ........... ..... ... ..........
February ...........................
M a r c h ...............................................
A p ril --- --- -- ----- -- - -- --- -
M ay .......... ........... .......................
June ................

The year ..............................

1915-16
July_ ...............................
A u g u s t ..... _. ------------.._..----- ..............
Septem ber ........................................
O ctob er .........-....... ................... .....
N ovem ber ................... ....................
D ecem ber .... ---. ---. _............. .....
Janu ary ............................................
February.. .....................
M a rc h ....... .................... _ ------------- _
A pril --------. ...............................
May .................................
June ...................................

T he year. .................... ...............

POHAZ A STREAM NEAR KAILUA, OAHU

LoCATION.-One-half mile above highway bridge on Waimanalo-Honolulu road
and 1% miles south of Kailua; elevation is about 120 feet.

EQuIPMENT.-Vertical staff; measurements made by wading with current
meter until November 24, 1913; November 25, 1913 to March 27, 1914,
by 1-foot sharp-crested weir with end contractions.

CHANNEL AND CONTROL. One channel at all stages; straight for 20 feet above
and below gage; composed of boulders and gravel. Control was boulder
riffle; fairly permanent.

Discharge Total
run-off

Million gallons per day Million

gallons
Maximum Minimum Mean

2.9 0.9 1.15 25.3
23 .8 3.68 114
12 1.1 2.55 76.2

............... 216

2.5 .85 1.13 35
1.6 .85 1.08 33
4.1 .7 1.06 32

.6 .4 .45 14
5.8 .31 1.05 31

17 .8 7.13 97
3.2 .7 1.17 36
1.9 .7 1.01 28
5.6 .45 1.09 34

29 1.9 4.48 134
34 2.1 5.21 162

4.0 2.1 2.54 76

34 .3 1.95 712

7.8 1.6 2.28 71
4.0 1.6 2.07 64

121 1.6 10.3 311
4.0 1.2 2.05 64
6.9 1.6 1.94 58
4.0 1.6 2.08 64
1.6 .9 1.17 36

.9 .9 .90 25
1.2 .7 .86 27

66 .7 5.87 176
9.3 1.2 2.65 82
1.6 .9 .98 30

121 .7 2.76 1,010

4.9 .9 1.57 49
1.6 .9 1.33 41
1.6 .9 1.20 36
1.6 1.2 1.35 42

18 1.2 3.60 108
120 1.2 6.58 204
120 2.6 12.5 387

12 1.6 2.57 75
32 1.2 3.96 123'

2.1 .7 .96 29
6.9 1.6 2.72 84
1.6 - .9 1.20 36

120 .7 3.31 1,210
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EXTREMES OF DISCIARGE.-

Maximum MinimumYear

ending
June 30 M.G.D. Date M. G. D. Date

1913 ----.............. . 7 June 4 0. 14 Nov. 14 and 18
1914 .................... 1.3 Dec. 10 .05 Feb. and Mar.

DIVERSIONS AND REGULATION. None above station; two small ditches below

diverted for irrigation of taro.
ACCURACY. Gage read twice daily; rating curve, based on 3 measurements

made prior to November 24, 1913 for which period record is poor; weir
record good.

COOPERATION.-Maintained by U. S. Geological Survey in cooperation with
Kaneohe Ranch Co.

DURATION-DISCHARGE TABLE
Pohakea Stream near Kailua, Oahu

Number of days having a discharge, in mil-
Year Number lions of gallons, equal to or greater than

ending of days
June 30 record

1___________ 1 0.751 0.60 0.401 0.201 0.10 0.051 0.03

913 ..................... .. 218 5 14 18 28 85 186 214 218
1914a ..... ............... .. 270 ------- 0 5 14 85 261 270 ___

Total days..................... 488 5 14 23 42 170 447 484 488
Per cent ......... .... 100 1.0 2.9 4.7 8.6 34.9 91.7 99.5 100.0

Means (1.34 years)-. 3.71 10 17 31 127 334 361 365

aDaily-discharge table not published.

Monthly diseharge of Pohakea Stream near Kallua, Oahlt, for years ending

J1n1 30, 1913-14

Discharge Total
run-offMonth Million gallons per day Million

~gallons
Maximurn Minimum Mean

1912-13
November 12-30 ................... 0.15 0.04 0:07 1.3
D ecem ber ....... .............................--- " .98 .13 .25 7.8
January 14-31 ................................ .41 .07 .14 2.4
February .......................................... 1.11 .07 .35 9.8
M arch --------- ............ . ....... -- .......- 1.00 .07 .26 8.2
A pril ....................... ........... 29 .13 .18 5.2
M ay .... ............. ...... 1.31 .12 .32 10.0
June --------- I .... ................. 1.31 .18 .30 9.1

The period (218 days) ............... .... ..... ...... 53.8

1913-14
July ................................................ 2 .1 .14 4
August ..... ......... _ ........ .2 .1 .12 4
Septem ber ........................ ...... . .1 .14 4
O ctober ................................................1 .1 .10 3
N ovem ber ...................... ................ .45 .1 .15 5
Decem ber ......................................... 7 .15 .36 11
January ................................... ... 35 .1 .20 6
February....... .......... ............... .25 .05 .13 4
M arch 1-27 ...... ........ ............. .35 .05 .11 3

The period (270 days) ............. .... ........ ... . 44



KAHANAIKI STREAM

RAHNANAII STREAM IN NAILUA VALLEY, NEAR KA'LUA

LOCATION.-At highway bridge on Wa.imanalo-Honolulu road and about 12
miles east of Honolulu by road; elevation is about ...... feet.

EQUIPMENT. Vertical staff; measurements made by wading.
CHANNEL A1ND CO'NTROL.-One at all stages.
EXTREMES OF DISCIHARGE,--Unknown.

DIVERSIONS AND REGULATION.-One from each of two branches of stream above
station.

AccuaAcY.-Stage-discharge relation permanent; two measurements made (see
miscellaneous measurements); gage read twice daily, about 7 a.m. and
4 p.m., gage-height record available from November 12 to December 31,

1912 (range 0.96 to 2.24 feet).
COOPERATION.-Maintained by U. S. Geological Survey in cooperation with

Kaneohe Ranch Co.

XKAHANAIXI STREAM NEAR KAILUA, OAHU

LoCATION.-About 75 feet below confluence of north and south branches, 100
feet above highway bridge on main road 1 mile south of Kailua, 4 miles
from Waimanalo, and 12 miles from Honolulu; elevation is about 85 feet.

EQUIPMENT.-Vertical staff on left bank; measurements made by wading or
from highway bridge 100 feet below gage.

CIIANNEL AND CONTROL.--One channel at all stages. Straight for 50 feet above
and below gage. Banks high and covered with vegetation. Control com-
posed of small boulders; fairly permanent between extreme floods.

EXTREMES OF DISCHARGE.-

Maximum MinimumYear

ending
June 30 M. G. D. Hour Day M. G. D. Hour Day

1915 ...... . 150 8:00 a.m Apr. 27 0.4 4:00 p.m. May 28
1916 ... 650 4:00 p.m . M ar. 6 .3 .................................. A ug. 6

and Sept. 6

DIvERSIONS AND REGULATION. Two small ditches divert variably above station,
one from north branch and one from south branch. Combined flow of
these ditches never exceeded 0.4 million gallons per day; low flow was
all diverted for irrigation of rice and taro.

AccLT AcY.-Stage-discharge relation fairly permanent between extreme floods.
Rating curves based on 7 measurements and high water rating not well
defined. Gage read twice daily. Records fairly good for low and medium
stages, although quantity of water involved too small for best results.



DURATION-DISCHARGE TABLE
Kahanaiki Stream Pear Kailua, Oahu

Number of days having a discharge, in millions of gallons, equal
Number to or greater than

Year ending June 30 of days~record
reod 240 20010015025151101 8 61 41 21 1.5 1.01 0.1 0.13

1915a ------------------------ - .. .. ........... - ................... 261 0 1 2 2 3 4 6 7 12 13 72 252 261
1916a ------------- ------ 2---------- ---------- - 66 1 1 1 4 5 6 10 1 5223 6 52 80 1091 330 166
T otal day s ................................................................................... 627 1 1 5 7 8 13 1 29 4 65 93 181 583 627
Per cent-.............................. .... ....................... . 100 .2 .2 .2 .8 1.1 1.3 2.1 3.0 4.6 6.9 10.4 14.8 28.9 93.0 100.0

M eans (1.72 years) --------------- ------......... ... . .......... -
--

- - .6 2.9 4.1 4.7 7.6 11 17 25 38 54 In5 339 365

aDaily-diseharge tables not published.
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Monthly discharge of Kahanaiki Stream near Kailua, Oahu, for years ending
June 30, 1915-16

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1914-15
O ctober 13-31......... : ....................... 1.3 0.7 0.95 18
N ovem ber ------------------------------------------- 1.3 .7 .95 28
December ..... ....... 2.2 .7 1.03 32
J an u ary ------.--- .................................7 .6 .65 20
February ...............................6 .5 .54 15
M arch ..---------- ------------. 6 .5 .51 16
A p ril .......-.-------------.......... .... . . . 5 3 .5 4 .0 4 1 2 1
May ................................ 12 .4 1.54 48
Jun e ------- ................... ._5------- .4 .49 15

The period (261 days)..-. - ..... 1

1915-16
J u l y ------------------ .---------------------- ........ 1 .5 .5 .6 0 1 9
August ...... .6 .3 .46 14
Septem ber .............................. .... .6 .3' .43 13
O c t o b e r ......... ...... .. . .. .... .... ... ..... . ...... . 8 .4 . 5 3 1 6
N ovem ber .... . . .............. ........ 20 .4 2.05 61
December ...... 3.86 120

J a n u a r y -...................... ..... ... . . . 9 8 3 .0 1 1 .1 3 4 6
February ............... . . 8.0 .6 1.74 50
M arch -------------- .................... 246 .6 10.3 319
April .................................................... 1.1 .5 .58 18
M a y .. . . .. .. . . . .. . . . . . . . . . . . . . . . . .. . . .. . . .. .. . . 3 . 0 .5 .9 6 3 0
June ............ ........................ .5 .5 .50 15

The year ................. ....... .... 246 .3 2.79 1,020

SOUTH BRANCH OF NAHANAXWK STREAM NEAR KAILUA, OAHU

LoCATION.-About 300 feet above junction of two main branches, 600 feet

above bridge on government road 4 miles northwest from Waimanalo

and about a mile south of Kailua; elevation is about 100 feet.

EQUIPMEI-T. Vertical staff on left bank; measurements made by wading. A

1-foot weir was installed February 12, 1914, 60 feet below staff gage, but

on account of poor conditions weir record discarded.

CHANNEL AND CONTROL.-One channel at all stages, composed of boulders and

gravel; right bank steep and clean; left.bank of gentle slope and covered

with vegetation. Control composed of small boulders; shifting.
EXTREMES OF DISCHARGE. Maximum discharge recorded, 8 a.m. September 24,

1914 approximately 28 million gallons per day; minimum discharge re-

corded, 0.05 million gallons per day, October and November, 1913.
DIVERSION'S AND REGULATIOIV.-None above station; irrigation of taro and rice

below.
AccuRAcy.-Stage-discharge relation changed; rating poorly defined by 4

measurements; staff gage read twice daily; records poor.

CoOPEsATIO.-Station maintained by U. S. Geological Survey in cooperation
with Kaneohe Ranch Co.



DURATION-DISCHARGE TABLE

South Branch of Kahanaiki Stream near Kailua, Oahu

Number of days having a discharge, in millions of gallons, equal to
Number or greater thanYear ending June 30 of days
record

10 5 4 31 2 1.51 1.0 0.801 0.60l 0.40 0.20 0.081 0.02

1913 ........................... ...................... ............... .82 . .. . 0 3 51 10 131 31 57 82 -1914a............................................................. 35 .... 3[... I ... 3 3 9 31 29 441 761 1521 264 312 365

1915a 92 3 3 4 4 6 7 14 16 17 55 92.

Total days. ............................ ............... 539 3 6 7 7 18 25 52 70 106 238 41a 476 539
Per cent .......................... .................. 100 .6 1.1 1.3 1.3 3.3 4.6 9.( 13.0 19. 1 44.2 76.7 88.3 100.0

M eans (1.48 years) ------------............ . .----------------- - 2.0 4.11 4 7 4.7 12 17 3 47 72 161 279 321 365

a Daily-discharge tables not published



KAHANAIKI STREAM

Monthly discharge of South Branch of Kahanaiki Stream wear Kailua, Oahu,
for years ending Jane 30, 1913-15

Month

1913
April 10-30 ...............................
May ..............................
June__... ........................... 

The period (82 days) ............

1913-14
J uly ....................................................
August ------------------------------------........
September ........................
October.. .... ................................
November .........................
December ......................................
January ...... ................
F ebruary ................................................
March ............................
April ................................
M ay ...............................................
June ..................... ..............

Discharge

Million gallons per day

Maximum Minimum Mean

0.4 0.2 0.26
2.8 .1 .65
2.2 .1 .45

.3

.7
1.5
.05
.8

2.8
1.1

.5
2.6
5.5
7.2
1.0

The year ...................................... 7.2

1914
July ................................. ............
August ........................................
September ................................

The period (92 days) ...............

.1

.1.05

.05
.05
.1.2
.2
.2
.4
.4.4

.05

1.3 .2
1.0 .2

14 .3

.17

.35
.19
.05
.20
.57
.37
.26
.53

1.02
.90
.51

.43

.45
.8

Total
run-off

Millio
gallons

5.5
20.2
13.6

39.3

5
11

7
2
6

18
11

7
16
21i
28
15

157

14
12

2.03 61
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NOBTH BRIANCX OF KAHANAIXX STREAM NEAR XALUA, OAHU

LoCATION.-About 400 feet above junction of two main branches, 700 feet
above bridge on government road and about a mile south of Kailua;
elevation is about 100 feet.

EQUIMENT.-Original vertical staff April 11 to November 25, 1913, when weir
installed 20 feet above staff-gage station; staff read in conjunction
with weir gage February 6 to September 23, 1914; measurements made
by wading with current meter prior to installation of 1-foot sharp-crested
weir with end contractions. Wbir in use as follows: November 26, 1913,
to February 5, 1914, February 13 to March 26, and April 30 to September
23, 1914.

CHANNEL AND CONTROL.-One at all stages; clean and rough; straight for 25
feet above and below station; right bank vertical and clean; left bank of
gentle slope and covered with brush and grass. Control for staff-gage
station, a boulder riffle; fairly permanent.

EXTREMES OF DISC1ARE.-lAtaximum discharge recorded, 5 p.m. September 21,
1914,-approximately 18 million gallons per day; minimum discharge re-
corded, 0.01 million gallons per day, April, 1913.

DIVERSIONS AND REGULATION.-Ditch diverts variably about 0.2 million gallons
per day at point 400 feet above station; for irrigation of rice and taro.

AccuaAcy.-Stage-discharge relation changed. Old staff-gage rating curve was
used for periods of missing weir record and for flood estimates when
weir drowned out; only 3 measurements; gage read twice daily; records
generally poor.

COOPEATO.-Station maintained by U. S. Geological Survey in cooperation
with Kaneohe Ranch Co.



DURATION-DISCHARGE TABLE
North Branch of Kahanaiki Stream near Kailua, Oahu

Number Number of days having a discharge, in millions of gallons, equal to or greater than

Year ending June 30 of days
, 15 10 5 4 31 2 1.1 1.010.80 0.60 0.40 0.20 0.10 0.05 0.01

1913a .................. .................. ...... 83 ---- 0 2 2 3 3 4 5 5 8 11 26 69 81 83'
1914a-------- . ........................ ..................... 365 0 2 10 11 16 21 27 40 54 100 185 247 286 365 ........
1 9 1 5 ,, ..... -. ----------------------------... ... ... ... ... ... 8 5 1 -2 1 3 3 3 4 4 4 5 9 4 9 6 3 8 5 ....

Total days. -----------..... 533 1 4 15 16 22 27 35 49 63 113 2o5 322 418 531 533
P et cen t ----------.. ----.-------------.... _.---............. 100 .2 .8 2.8 3.0 4.1 5.1 6.6 9.2 11.8 21.2 38.5 60.3 78.4 99.5 100.0

Means (1.46 years) ....................... 7 2.7 10 11 15 1s 24 34 4 77 141 221 286 964 365

a Daily-discharge tables not published

H
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Monthly discharge of North Branch of Kahanaiki Stream near Kailua, Oahu,
for years ending June 30, 1913-15

Discharge Total
run-off

Month Million gallons per day Mullon

Mllion

Maximum Minimum Mean gallons

1913
April 9-30........................................ 0.26 0.01 0.11 2.4
M ay ..............................................- . 1.94 .03 .32 9.8
June ........................... -------------- 5.30 .06 .67 20.2

The period (83 days)a .......... ......... .... 32.4

1913-14
July ................................-------............ .2 .05 .10 3
A ugust .................................... .1 .05 .05 2
Septem ber ...................................... 1.0 .05 .28 8
O ctober ................................................1 .05 .05 2
November --- -........................... .5 .05 .16 5
December ---- ....................... 1.4 .31 .68 21
January .... ..................... 7.0 .3 1.24 38
February .................... .......... ....... 7.0 .3 1.13 32
M arch ................................................ 4.1 .3 .87 27
April .......... .................... 11 .6 1.90 57
M ay .............. ... ......................... 10 .3 1.06 33
June ................................ .7 .3 .38 11

T he yeara ---------------.------- .......... 11 .05 .65 23!9

1914
July ..................... ... . ......... 1.9 .05 .26 8
August ............................... .05 .19 6
September 1-23- ............ 15 .05 1.66 38

The period (85 days) ............... 52
a Apr. 9 to Aug. 31, Sept. 3-4, and Sept. 24 to Nov. 7, 1913, Kahanaiki ditch diverted

about 0.2 million gallons per day from stream above station.

XAZANAIKI DITCH IN KAILUA VALLEY, OAHU

No description available of this station.
See miscellaneous measurement of September 17, 1914.
(Gage height-0.27; discharge=0.41 million gallons per day).
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RANEOHE STREAM NEAR KANEOHE, OA3EU

LOCATION.-About 100 feet below confluence of two main branches of Stream
near Heeia Agricultural Co.'s mill and about 32 miles south of Kaneohe;
elevation is about 190 feet.

EQUIPMENT.-Vertical staff on right bank; measurements made by wading.
CHANNEL AND cONTROL.--Channel straight for 25 feet above and below gage;

stream bed composed of firm earth and gravel; banks low and over-
flowed. Control, a riffle of gravel and small boulders, shifted during
floods.

EXTREM ES OF DISCHARGE,-

Maximium Minimum
Year

ending
June V0 M.G.D. Hour Day M.G.D. Hour Day

1914 ................ 145 7:30 a.m. May 30 2.2 6:40 a.m. Mar. 16
1915 .......... Unknown 2.4 Occasionally
1916 ................... 86 8:40 a.m. Jan. 18-Mar31 1.4 Jan. 16

DIvERsIoNS AND REGULATION.-No diversions above, several below station, first
one being about 150 feet below gage; low-water flow diverted for irri-
gation of rice.

AccuRAcy.-Stage-discharge relation changed; ratings based on 11 measure-
ments; gage read once daily; determinations for high or fluctuating
stages only approximate; those for low-water flow, which was very steady,
fair.



DURATION-DISCH ARGE TABLE
Kaneohe Streamn near Kaneohe, Oahu

Year ending June 30
Number
of days
record

Number of days having a discharge, in millions of gallons,
equal to or greater than

1914 . - .................... ......... ........... ........ 167 1 I I ' - I1915 ............. 167 1. . . - 17 8 3 158 16 1916a ...... . .. . . . . . . . . . . . . . ............. 361 ] 0 7 41 207 361 355Total days .. 366 .0 2 4 8 112 180 310 3 355

ean (.4 ...........c e n ... ... .. .. ... .. .. ... .. .. ............... .................................. ...... ..

M eans (2.45 years) ........................................................... ........

a. Dail' .. ,d-, - - I I I

894t 1 3 4 6 13 129 238 60(
100 .1 .3 .4 .7 1.5 14.4 26.6 67.1

.4 1.2 1.6 2.4 5.3 53 97 24

1.0

366

894
00.0
65

I c arge table noL published

10



KANEOHE STREAM

Monthly discharge of Kaneohe Stream near Kaneohe, Oahu, for years ending
June 30, 1914-16

Discharge Total -
run-off

:Month Million gallons per day
Million

Ma -- gallonsMaximum IMinimum I ea

1914
January, 15-31---------------........
February ..................... ..........
M arch-----------------------_
April....................................
M ay -----_ ................... .
Ju n e ...-----------------------

2.9
2.9
6.1

18
145

6.8

2.5
2.5
2.2
2.9
2.9
3.8

2.64
2.70
2.58
4.03
9.05
4.11

The'period (167 days)............ ----- II........I
1914-15

July ............ .................................
August .................................................
Septem ber 1.21, 26-30 ..................
October .............................................
Novem ber .................... .................
Decem ber ..........................................
January........ ......... ...................
February ....... ......................
M arch ..............................................
April... .......................................
May. -......... .......... ..................
June ...............................................

The period (361 days) .........

1915-16
July ...........................................
August ..........................................
Septem ber ................................. ; ...............
October ............................................
Novem ber ...........................................
Decem ber ...............................................
January-.............................
February ..........................................
M arch ...............................................
April ..................................................
M ay...... ........... ...................
June ..............................................

The year ...........................

6.1
4.8

12
4.3
8.8

11
2.9
3.3
2.5
7.9
4.9
4.3

9.8
3.3
2.9
2.9
2.9
2.5
2.5
2.5
2.52.5
3.8
3.8

5.5 3.9
3.8 3.3
4.3 3.3!
3.8 2.5

57 2.5
14 2.5
86 1.4

9.9 6.2
86 5.5

9.4 2.7
7.4 4.5
5.2 3.5

86 1.4

3.89
3.68
4.02
3.36
3.30
3.19
2.54
2.53
2.50
321
3.97
4.07

4.18
3.51
3.38
3.26
5.63
3.63
5.74
7.29

10.6
5.29
4.98
4.26

5.14

45
76
80

121
280
123

725

120
114
105
104

99
99
79
71
78
96

123
122

1,210

130
109
102
101
169
113
178
212
327
159
154
128

1,8S0
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YOUNG X.U DITCH NEAR KANEOHE, OAHUt

LoCATioN.-About 100 yards below intake. Ditch diverted from Kaneohe
Stream half a mile from main road, I mile southeast of Kaneohe and

_10 miles from Honolulu; elevation is about 80 feet.
EQUIPMLET.-Vertical staff on left bank; measurements made by wading.
CHANNEL AND coNTRL.-Earth channel with steep banks; straight for 50 feet

above and below gage. Control was 2 by 12 inch plank set on edge across
channel; fairly permanent.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending

June 30 1V. G.D. Hour Day M.G.D. Hour Day

1914 ................ 6.0 8:00 am. June 20 0 Occasionally
1915 ......---------- 7.8 July 25, 26 and 28 0 do
1916 ..... ........ 31 10:30 a.m. Nov. 11 0 do

DIVERSIONS AND R ULATIN.-None above station; no head-gates; irrigation
of rice below.

AccuaAcy.-Stage-discharge relation fairly permanent; rating curve, based
on 8 measurements, gradually well defined below 5 million gallons per
day; gage read once daily,--unreliable January 19-31 and February 2-25,
1914; records fair to poor.



DURATION-DISCHARGE TABLE

Young Mau ditch near Kaneohe, Oahu

Number of days having a discharge, in nullions of gallons,
Number equal to or greater than

Year ending June ,0 of days
record

25 15 10 5 4 3 2 1 0.8 0.6 0.4

1914 ........ ................... ........................... 166 -------- 0 3 33 79 149 161 161 163 166

1915 - . 0 11 50 88 252 341 341 356 357

1916a ........... ........ ............... ................ -............ .35 ......366 1 5 9 23 84 170 257 317 317 331 366

Total days ---------. ... ......... -- ........................ 889 1 5 9 37 167 337 658 819 819 850 889

Per cent.. ....... ........... ........ ................... 100 .1 .6 1.0 4.2 18.8 37.9 74.0 92.2 92.2 95.6 100.0

Means ( 2.44 years)....... ....... -. .4 2.0 3.7 15 68 138 270 336 336 348 365

a Daily-discharge table not published

0
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Monthly discharge of Young Mau ditch near Kaneohe, Oahu, for years ending
June 30, 1914-16

Discharge Total
-: ° run-off

Month Million gallons per day Millon

M-illion

Maximum Minimum Mean gallons

1914
January 15-31 ............---------------------...... ...... 2.63 45
February ..... ............... ... ......................... 3.60 101
March ................................ ...... .-----.33 0.4 2.42 75
April 1-5, 7-30 ............................... 3.3 .4 1.87 54
May --------------------------------.................. 4.8 1.1 3.3'8 105
June..-.-. ..................................... _......... 5.8 1.5 3.79 114

The period (166 days)a .............. ................ 494

1914-15
July .............................. ................ 7.8 1.5 3.37 104
A ugust ...............-...-................................... 6.8 3.8' 4.58 142
September 1-21, 28-30 .................. 3.3 .7 2.46 59October ........................................ -2.1 .7 1.66 52November ------ ---------------- 1............... 2 .4 1.51 45

December 1-19, 21-31 .........-....... 2.1 .7 1.52 46
January ...........-.................-------------- 2.7 1.5 1.87 58
February............................................ 3.3 2.1 2.29 64
M arch ................................................... 2.7 1.5 2.14 66
April 1-27, 29-30 .......................... 4.8 1.5 3.19 92
May ................................. 2.7 1.5 1.91 59June..................................................... 4.8 2.1 3.14 94

The period (357 days)a ........... ................. 881

1915-16
July ............................... 5.8 3.3 3.84 119
August ............................. 4.8 2.7 3.56 110
Septem ber ....................................... 5.8 .7 3.93 118
October ............................ 11 .7 3.20 99
November ................................... . 31 .4 4.33 130
D ecem ber .............................................. 15 .4 3.26 101
January ........................................... 11 .4 3.15 98
February ................................................ 2.1 .4 1.77 51
M arch ................................................ 15 .7 2.53 78
A pril ........................................................ 3.3 .4 1.53 46
May ............................... 3.3 .4 1.37 43
June ...................................................... 5.8 .4 2.74 82

The yeara ....................................
31 .4 2.94 1,080

a Estimates cover periods in which water was flowing in ditch.

ARLO MlTCR NEAR XANEOHE, OANU

LoCATION.-About 50 feet below Honolulu-Kaneohe road, 400 feet below intake
and 600 feet south of Kaneohe; elevation is about 40 feet.

EQUIPrENT.-Vertical staff on right bank; measurements made from plank
12 feet below gage.

CHANNEL AND CONTROL.-Earth channel cut on hillside; right bank high and
steep; straight for 50 feet above and below gage. No well-defined control.

EXTREMES OF DISCHARGE.--Gage readings of highest water during period con-
sidered unreliable; ditch occasionally dry.

DIvERsIoNS AND REGULATIO N.-None above station; ditch diverted from Kane-
ohe Stream; flow regulated by head gates; irrigation of rice.

AccURACY.-Stage-discharge relation affected by growth of grass and weeds
in channel and on banks; rating curves, based on 11 measurements, not
well-defined; gage read once daily; records poor.



AHLO DITCH

DUIRATION-DISCHARGE TABLE
Ahlo ditch near Kaneohe, Oahu

Number of days having a discharge, in millions
Year Number of gallons, equal to or greater than

ending of days
June 30 record

10 9 8 6 e0 5 4 3 2

1914 .......................... 162 3 3 8 34 107 160 162 .........

............. 357 14 45 112 181 230 298 325 350 357
Total days .................- 877 19 50 135 294 522 792 843 869 877Per cent .............. 100 2.2 5.7 15.4 33.6 59.5 90.8 96.2 99.2 100.0

Means (2.40 years) 7.9 21 56 12 2171 330 3'51 362 365

a Daily-discharge table not published

Monthly discharge of Ahlo ditch near Kancohe, Oahu, for years ending

June 30, 1914-16

Discharge Total
run-off

Month Million gallons per day Million

Maximum I Minimum Mean gallons

1914
January 15-31 ..............................
February .....................................
March ............. . ........ ...........
April 1-6, 11-30 ...................
May .............................. ..........
June 1-16, 18-30 ............. i ...............

The period (162 days)a..........

1914-15
July ............... .............
A ugust ...................................................
September 1-21, 26- 0.........
October .................... ..........
November 1-15, 17-80.........
December .........................
January 1-22, 24-31 ......................
February --------..........................
March ............................
A pril ...............................................
M ay ...............................................
June 1-8, 10-30 ...........................

The period (358 days)a ............

1915-16
July ................ ............................
August ........................................
September ..........................
October 2-31 ..............................
November 2-10, 12-80 ...................
December ..... .....................
January 1-16, 20-31 ......................
February ........................................
March 1-6, 9-31 ................................
A pril .......................................................
M ay ..................................................
June ........................................

The period (358 days)b ...........

5.6
7.5
8.5

14
13

7.0

5.1
4.7
5.6
6.5
4.3
5.1

5.18
6.14
6.38
7.08
6.57
5.94

88
172
198
184
204
172

1,020

7.0 5.1 5.74 178
7.0 5.1 5.75 178
8.8 5.8 6.46 168
6.8 4.9 5.83 181
8.3 4.0 6.26 182

10 7.5 7.74 240
7.5 5.6 6.88 206
6.5 5.1 5.56 156
6.5 5.1 5.29 164

10 3.4 5.59 168
6.5 2.6 6.05 188
6.5 5.6 5.95 172

--------................. 2,1 80

7.5
6.0
4.6
9.0

14
14
10
8.0

14
12
12
7.5

5.1
8.4
2.6
6.0
4.2
4.2
4.2
2.2
7.0
7.0
5.6
5.1

5.86 182
4.80 149
3.34 97
8.23 247
7.38 207
6.27 194
6.74 189
6.61 192
8.98 260
8.38 252
7.09 220
6.07 182

2,370

aEstimates cover periods in which water was flowing in ditch. No water in the
ditch, Apr. 7-10, June 17, Nov. 16, 1914, Jan. 23 and June 9, 1915.

bNo flow Oct. 1 and Nov. 1.
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HOOLINAXWA ST*EAM NEAR KANEOHE, OAHU

LOCATION.-About 400 yards above junction with Kaneohe Stream; three-

fourths mile by road from Pall camp and 3' miles southwest of Ka-
neohe; elevation is about 190 feet.

EQUIPMENT.-Vertical staff on left bank; measurements made by wading.
CHANNEL AND coNTRoL.-Channel made bend at control 10 feet below gage;

banks steep and high; one channel at all stages. Bed of stream hardpan
and gravel. Control was boulder riffle; shifted during extreme floods;
fairly permanent for ordinary stages.

EXTREMES OF DISCHARGE.-Highest water occurred September 22-25, 1914, and

April 27, 1915 (gage heights not recorded); minimum discharge recorded
0.1 million gallons per day, September 13, 1915.

DIvERsIOn, S AND REGULATION.-None above station; low-water flow diverted be-
low for irrigation Of rice.

'AccuiAc.-Stage-discharge relation not permanent; rating curves, based on
10 measurements, gradually well defined for low and medium stages;
gage read once daily; percentage of error may be large on account of
small amount of water involved; records poor.

DURATION-DISCHARGE TABLE
Hooleinaiwa Stream near Kaneohe, Oahu

Number Number of days having a discharge, in millions of
Year of days gallons, equal to or greater than

05 aun£ record
ending

6 5 4 3 2 1 08 0.6 0.4 0.2 0.1

1914 ....................... 167 . 0 1 1 3 4 8 54 152 167 ........
1915------------------360 0 1 2 0 10 8 207 3,60 ........
1916a .................. 62 .1 1 1 4 32 46 114 232 324 362

Total days 889 1 1 2 3 9 46 72 286 591 851 889
Per cent .................. 100 .1 .2 .3 1.0 8.1 32.2 66.4 95.7 100.0

Means (2.43 years). .4 .4 .8 1.2 3.7 19 30 118 243 350 365

aDally-discharge table not published.



PII-IO STREAM

Mon thiy discharge of Hooleinafiva Stream near Kaneohe, Oahu, for years
ending Ju1nc 30, 1914-16

Month

1014
January 15-31 .................................
February ...........................................
March ............................
April .................................................
M a y .. . . . . . . . ........... ........ ..........
June ......................................................

The period (167 days) ....... I-

1914-15
July ...............................
August,.................................................
September 1-21, 26-30 ..............
October-.................................
November ....................................
December .........................................
January ......................................
February .......................................
March ....... .................
April 1-26, 28-30 ..........................
May ......................................................
June ..........................

The period (360 days) ..............

Discharge

Million gallons per day

Maximum I Minimum

1.0.5
.8

2.6
4.7.9

1915-16
July ................................................... 2.9
August ....... ............................. . .2
September ..................................... ..3
October ............................. . .4
November ................... 6.0
December .. .......................... 1.4
February ............................................. 1.4
April ......................................... . .9
May ................... ............. ..7
June ....... ................... ........... .6

The period (304 days) .....

0.5
.3
.3

.4

.4

.4

.4
.4
.5
.5
.6
.4.3

.15.15
.1
.25
.25
.4
.9
.6
.5
.5

Mean

0.53
.48
.38
.56
.78
.54

Total
run-off

Million
gallons

9
14
12
17
24
16

92

18
15
19
19
22
19
11

8
9
9

10
9

........ 168

.29 9.1

.16 5.0

.22 6.5

.25 7.9

.81 24

.52 16
1.03 30

.60 18

.54 17

.51 15

........ 148

PIRO STREAM NEAR KANEOHE, OAHU

LOCATION.-About 100 feet above junction with Kaneohe Stream, 3y miles
southwest of Kaneohe and 8Y2 miles from Honolulu; elevation is about
180 feet.

EQUIPMEN.-Vertical staff on left bank; measurements made by wading.
CHANNEL AND CONTROL.-One channel at all stages; straight 10 feet above and

25 feet below gage. Banks steep and high; stream bed composed of
firm earth and gravel. Control was riffle of small boulders; shifted
frequently.

EXTREMES OF DISCHARGE.-age readings on days of highest water considered
unreliable; minimum discharge, 0.1 million gallons per day, April, 1914,
October, 1915, and March, 1916.

DIVERSIONS AND REGTTLATION.-None above station; after joining Kaneohe
Stream diverted for irrigation of rice.

AcCunAcY.-Stage-discharge relation, affected by growth of grass and weeds,
changed frequently; rating curves, based on 10 measurements, poorly de-
fined; gage read once daily; records poor.

I
....... M_



DURATION-DISCHARGE TABLE
Piho Stream near Kaneohe, Oahu

Year ending June 30

1914a ........... ......................................1915a_ ---------.------.------------------------------------
1916a ........... .................................

Total days .... .... ........ ....................
Per cent .. ........ .......................

Means (2,43. years) .----- --........

Number
of days
record

Number of days having a discharge, in millions of gallons,
equal to or greater than

151 101 0.81 0.6 0.41 0.2
p i-i-i- i-.p-.,.-~-p-p-p~,-,-,-q

888
100

.. . _ .. 1

1 1 4 5 1( 26
27

3.0

1 1 4 6 401 54 150
0 2 4 

2
5 55 151 346

41 7 1 227 279 305 357

aDaily-discharge tables not published.

0.1

166
360
362

888 0
100.0 h
- 0

36 5

0
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Monthly discharge of Piho Stream near Kaneohe, Oahu, for years ending
June 30, 1914-16

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1914
January 15-31-. ............ ........ 0.7 0.5 0.61 10
February ............................ .7 .2 .48 13
March ............ ................... 8 .2 .34 10
April ............. ........ .......... 9.8 .1 .64 19
M ay ............ ....... ................................ 1.0 .2 .26 8
June 1-20, 22-30 ...................... .6 .1 .20 6

The period (166 days)..-,' .......... ..................... 66

1914-15
July .......................................................
August.................................................
September 1-21, 26-30 ...............
October ...........................
November .......................
December ......................
January ----------_---- ........... ............
February ......................................
March ......................................
April 1-26, 28-30 .........................
May .................................................
June .............................................

The period (360 days) ..............

11 , I .1

.5 .1 .17 5

.5 .2 .25 8
2.0 .4 .62 16

.8 .4 .44 14
2.7 .4 .48 14

.9 .2 .29 9'

.3 .2 .24 7

.3 .2 .20 6
.2 .2 .20 6
.8 .1 .27 8
.8 .4 .55 17
.8 .2 .54 16

........ 126

July ................................. 1.0 .2 .40 12
August ------................... ......... . 1.0 .4 .66 20
September................................. 2.2 .2 1.23 37
October -------._.................................... 3.0 .1 2.03 63
November ......................... 22 .8 3.80 114
December ......................... . 12 .6 1.94 60
February .......................... . .6 .2 .37 11
April-.... ........ ............................... 4.0 1.4 1.88 56
IMay................. ............... 2.3 .8 1.24 42
June ................. .... ........................ 1.6 .3 .49 15

The period (304 days) ............... 430

ZUOU STRLEAM NAB KANEONE, OAIMU

LOCATIN.-Just below trail crossing, 300 feet above junction with Kaneohe
Stream, 3Y, miles southwest of Kaneohe and 8% miles from Honolulu;
elevation is about 170 feet.

EQUIPMENT.--.Vertical staff on right bank; measurements made by wading.
CHANNEL AND CONTROL.-One channel at all stages, straight for 15 feet above

gage and for 50 feet below gage; bed of stream composed of boulders
and gravel; right bank steep and high; left bank sloped gently. Control
was boulder riffle.

EXTREMES OF DISCHARGE.-Gage readings for days of highest water considered
unreliable (20 million gallons per day, April 26, 1914); minimum dis-
charge recorded,-frequently 1.0 million gallons per day.

DIVERSIONS AND REGU.ATION.-None above station; low-water flow was diverted
below junction with Kaneohe Stream for irrigation of rice.

AccURACY.-Stage-discharge relation changed during floods; rating curves,
based on 11 measurements, fairly well defined below and poorly above 4
million gallons per day; gage read once daily; records fair for low, and
poor for high and medium stages.



DURATION-DISCHARGE TABLE

KUou Stream near Kaneohe, Oahu

Number of days having a discharge, in millions of gallons, equal to or

Number greater than
Year ending June 30 of daysrecord 1

20 15 10 7 5 4 31 2.5 2.0 1.8 1.6 1.4 1.2 1.0

1914a ........ .......... .......................... 167 1 1 1 2 12 17 28 28 102 148 148 167 ------ -
1915a ................-.-.-.-.------------................................. 360 0 1 2 6 7 10 47 153 218 220 340 340 360
1916a .................... ................. 361 0 1 4 8 1g 44 112 130 200 236 250 313 327 361

Total days................................................... 888 1 2 6 12 31 68 170 205 455 602 618 820 834 888
Per cent 1....... -00 .1 .2 .7 1.4 3.5 7.7 19.1 23.1 51.3 67.3 69.7 92.3 93.9 100.0

M eans (2.43 years) ...........................................-.4 .8 2.5 4.9 13 28 70 84 187 248 254 337 343 365

aDaily-discharge tables not published
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Monthly discharge of Kl4ou Stream near Kaneohe, Oahu, for years ending
June 30, 1914-16

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1914
January 15-31 5.0 1.8 3.48 59
February ..................................... 2.4 1.8 2.14 60
March ... .......................... 4.3 1.4 1.67 52
April .............................. 20 1.8 3.04 91
M, a y _ _ _... .. .-- . ..... ... _ _. ---......... ... .. 9 .2 1 .8 2 .5 2 7 8
June ..... ..... ...................... 4.3 2.4 2.77 83

The period (167 days) ..... ......... ........ . ....... 423

1914-15
July ........................ . . ... .3.6 1.8 2.44 76
August ---... ------------..--............. . . . . . . 5.8 1.8 2.67 83
September 1-21, 26-30 ................. 13 1.7 3.14 82
October ............................. 2.8 1.7 2.24 70
November ................. ............ 8.0 2.2 2.61 78
Decem ber......................................... 5.5 1.4 1.85 58
Janu ary ........... .................................. 1.8 1.4 1.50 47
February ...................... ............... 1.8 1.4 1.43 40
March ................................................... 1.4 1.0 1.39 43
April 1-26, 28-30 ............................ 3.0 1.4 1.75 51
May ...... ......................... 3.0 1.8 1.95 61,
June ................................ ,18 1.0 1.16 35

The period (360 days) _-_-_ ......... 724

1915-16
July ................................................ I ..... 1.8 1.0 1.28 40
August..- ....................................... 1.8 1.0 1.40 43
September ........... ... _ . 1.8 1.0 1.25 38
October............................. 1.8 1.4 1.63 51
December ................................... 13 2.4 3.40 105
February ........ .................. 4.0 2.2 2.91 84
A pril ............................... ................ . 6.3' 1.0 2.1'6 71
May ............... ................ 4.7 1.0 2.66 82
June................... 2.2 1.7 1.97 59

The period (274 days) ........ ...... ................ 573

XUOU DITCH NEAR KANEOHE, OA]EU

LocATIO.-Four feet above highway bridge, 200 yards below intake. Ditch
diverted from Kaneohe Stream between inflow of Piho and Kuou Streams

and 3y, miles southwest of Kaneohe; elevation is about 170 feet.

EQUiPENT.-Vertical staff on left bank; two-foot sharp-crested weir with end
contractions. Weir destroyed April 3, 1914, and replaced May 6, 1914.

CHANNEL AND CONTROL.-Large pool back of weir.
EXTREMES OF DISCHARGE.-Weir sometimes entirely submerged (2.6 million

gallons per day, May 13-18, 1915); ditch occasoinally dry.
DIv SION AND REGULATION.-None above station; irrigation of rice below.
AccURAcY.-Gage read once daily; occasionally backwater at the weir; two

current-meter measurements made in 1914; leakage around weir and
elevation of weir crest with respect to gage uncertain from January 13
to April 2, 1914. Records poor to May 6, 1914; fair thereafter.



DURATION-DISCHARGE TABLE
Kuou ditch near Kaneohe, Oahu

Number of days having a discharge, in millions of gallons,
Nub.er equal to or greater than

Year ending June 30 of daysrecord 2.5 2.0 1.5 1.2 1.0 0.8 0.6 0.4 0.2 0.1 0.05

1914a ............ ........................................ ............ 134 0O 7 4 6 56 56 56 56 70 126 134 ....

1915a ----------- ........ ......... . . . .................... . ...... .............. . 352 6 83 241 252 252 252 252 267 284 346 352
1916 a .... 42...... 0................... 0............................................. 342 0 66 130 204 248 265 293 325 337 342 ........

Total days .............. 8............28--............ ....... ...... 6 2 8

P e r c e n t ...................................... ....... . .. . ........ . .. . .. . .. . ............... 1 0 0 . 7 1 8 . 9 5 0 . 3 6 1 .8 6 7 .2 6 9 .3 7 2 .6 8 0 .0 9 0 .3 P 9 .3 1 0 0 .0

M eans (2.27 years) ............... ....................... ......... 2.6 69 184 225 245 .252 265 291 329 362 365

a Daily-discharge tables not published

0]

0

0
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Monthly discharge of Kuou ditch near Kaneohe, Oahu, for years ending

June 30, 1914-16

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1914
January 13-31 ....... ............. 0.3 0.1 0.19 4
February ..................................... .45 .2 .37 10
March ...................................... . 3 .1 .27 8
M ay 6-31 -... -. --------------............. 2.1 1.4 1.81 48
June .. ...... .................. ......... Y 2.1 1.4 1.74 52

The period (13"4 days)a ...... 122

1914-15
July ........................ ........ . 1.9 1.4 1.78 55
August .......... ............... 2.3 1.7 2.01 62
September 1-21, 26-30 -----............ 2.1 .1 1.46 38
October ............................................. .5 .1 .314 10
November .............................. .5 1 .14 4
D ecem ber ....................................... ..25 .05 .10 3
January 1-2, 12-31 ..................... 2.1 .05 1.82 40
February ........................................... 2.1 1.7 1.99 56
March .. ............. 1.9 1.7 1.80 56
April ............................... 2.3 1.2 1.85 55
May ... ................. ................ 2.6 1.9 2.10 65
June .................... .......... . . ... 2.3 1.7 1.91 57

The period (352 days)a 501........ .... ...........

1915-16
JI y ..... ........................................... 2.3 1.4 1.78 55
August ....... ....... ................. ........ . 2.3 1.9 2.29 71
Septem ber ................ .................. " 2.3 1.9" 2.15 64
February ............................. 7 .15 .40 12
June-..-. ................... ...... 1.4 1.0 1.12 14

The period (151 days)b .. 2....... ..... .- "236

a Estimates cover periods in which water was flowing in ditch.
b Weir flooded during months for which discharge is not given.



SURFACE WATER SUPPLY OF OAHU, 1909-28

Ir-LU-UKU STREAM NEAR KANEOHE, OAHU

LOCATION.-Short distance above junction with Kaneohe Stream and 3 miles
southwest of Kaneohe; elevation is about 140 feet.

EQUIPMENT.-Vertical staff on right bank; measurements made by wading
or from foot-bridge at gage.

CHANNEL AND CONTROL.-One channel at all stages; straight for 30 feet above
and 10 feet below control; left bank steep; right bank sloped gently;
bed of stream composed of boulders and gravel. Control was riffle of
large boulders; shifted during heavy floods.

EXTREIMES OF DISCHARGE.-

Year Maximum .Minimum

ending
June 80 M.G.D. Hour Day M. G. D.I Hour Day

1914 ..... 50 7:40 a.m. Apr. 26 0.3 7:40 a.m. Mar. 9
1915 ............. 12 7:35 am. Sept. 14 .3 7:30 Mar. 17 and 18
1916 ............... 118 10:00 a.m. Mar. 7 .8 10:00 a.m. May 8

DIVERsIONS AND REGULATION.-South Luluku ditch diverted about 0.1 million
gallons per day half a mile above station; North Luluku ditch diverted
ubout 1,500 feet above station; amount diverted above station varied;
used for irrigation of taro. Water flowing past the station joined Ka-
neohe Stream, from which it was diverted for irrigation of rice.

AccuRAcY.-Stage-discharge relation affected by growth of grass and weeds
on control and changed frequently; rating- curves, based on 8 low-water
measurements very poorly defined, gage read once daily; records poor
for all except low stages; monthly estimates for October, 1914 to June,
1915, approximate only.



DURATION-DI SCHARGE TABLE

Luluku Stream near Kaneohe, Oahu

Number of days having a discharge, in millions of gallons, equal to or greater
Number than

Year ending June 30 of days
record

110 100 75 50 25 10 8 6 41 21 1 0.8 0.6 0.4 0.3
1914a ---------- ------------------------ 122 ................ 0 1 1 1 2 2 2 5 8 10 14 104 122
1915a --.------------------------------------ 361---------------- ------ -0 1 1 2 2 5 6 14 35 332 361
1916a... .. ....... ..... ......... ---------- . 366 2 2 3 4 9 25 37 64 92 143 351 366 ......... ........ ........

Total days..---.............................----- 849 2 2 3 5 10 27 40 68 96 153 365 3'90 415 8612 849
Per cent.-..-........................................................ 100 .2 .2 .4 .6 1.2 3.2 4.7 8.0 11.3 18.0 43.0 45.9 48.8 944 100.0

Means (2.32 years) ---------- I .9 .9 1.3 2.2 4.3 12 17 29 41 66 157 168 179 346 365

a Daily-discharge tables not published
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Monthly discharge of Luluku Stream near Kaneohe, Oahu, for years ending

June 30, 1914-16

Discharge Total
_run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1Q14
M arch ------ .................................... 1.6 0.3 0.40 12
A p r il ................ ......... . . ............ 5 0 .3 2 .1 3 6 4
May ................................ 8.5 .4 .82 26
June ............................ .5 .4 .69 21

T he period (122 days) ............. ........ 123

1914-15
July ................................. .9 .4 .49 15
August............ -........ .......... 3.5 .5 .72 22
September 1-21, 26-30 .....----....... 12 .4 1.38 36
O c t o b e r ............ .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .5 .4 .4 0 1 2
November ..................................... 2.4 .4 .56 17
December .............. ............. 7 .5 .51 16
January ......................................... .5 .3 .46 14
F ebruary ......... ...... ........... . 4 .3 .38 11
M a r c h ...... . . . .. 5 .3 .2 6 1 1
April ........................... ..6 .3 .44 13
May ............... . ............... .5 .4 .44 14
June ......... ........... ............. . .5 .3 .40 12

The period (361 days) ............. ... ... 193

1915-16
July .... __.................................. 1.4 .8 1.18 36
August --- ..................... ... 3.4 1.4 1.86 58
September ... ...................... _. 6.0 2.2 3.59 108
October ............ ................................. 7.0 5.0 5.77 179
November. ........................ 96 1.1 10.5 314
December .......................... 34 .8 4.08 126
January .......... ................ 114 1.1 10.7 332
February ........... ........ ................... 2.2 1.4 1.58 46
March ......... ................................. 118 1.4 • 10.0 310
April-.... .... .................. ............. 11 1.4 2.63 79
May ................................ 6.4 .8 1.57 49
Jun e .................... ................ ... 1.4 .8 1.19 36

The year ........... ............ 118 .8 4.57 1,670

NORTH LULUKU DITCH NEALR KANEOKE, OAHU

LOCATION. About 200 feet below intake. Ditch diverted from Luluku Stream
about three-fourths mile above confluence with Kaneohe Stream and about
3 miles southwest of Kaneohe; elevation is about 140 feet.

EQUIPMNT.-Vertical staff on right bank; measurements made by wading.
CHANNEL AND CONTROL.--Channel straight for 20 feet above and below gage;

subject to growth of grass and weeds. Control was 2-foot sharp-crested

weir with end contractions. Weir not used for measurement of discharge

on account of high velocity of approach and tendency of weir to become

choked with sediment.

EXTREMES OF DISCHARGE.-M ximum stages uncertain; ditch dry occasionally.

D1VERSioNS AND REGULATION. Small amount of water diverted above station

for irrigation of taro; no regulation; irrigation of taro and rice below.

ACCURACY. Stage-discharge relation permanent; rating curve fairly well de-

fined, by 6 measurements below 1.5 million gallons per day; gage read

once daily; records fair.



DURATION-DISCHARGE TABLE

North Lulku ditch near Kaneohe, Oahu

Year ending June 30

1914 ............................................... 1 3
1 9 1 5 ............. 7........ --.. ........... ................. 7
1 9 1 6 a ...... - -- _ -----.. ............... .. . ......... 3 6 3

T o ta l d a y s ----------------------- . --. ....... ...... ........ 8 3
Per cent --------------------..-.-----------.------....-----....---....... 100

M e a n s ( 2 .4 2 y e a r s ) ............................................................ ---

a Daily-discharge tables not published

Number of days having a discharge, in millions of gallons, equal to or
greater than

4 31 21 1.001 0.9 081 0.71 0.6 0.51 0.41 21 01 0.05

0 5 27 2 1 81 82 1371 162 163
1 81 81 127 127 193 193 281 324 357 6.

,4 . 2 54 54 54 92 92 138 18 23 8.0 339 36201 51 5 13 21 2
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Monthly discharge of North Luluku ditch near Kaneohe, Oahu, for years ending

Jnne 30, 1914-16

Discharge Total

Month run-off

Million gallons per day Million

1914 Maximum Minimum Mean gallons

January 15-31....................... 0.65 0.3 0.45 8
February 1-3, 8-28 ...................... .65 .3 .33 8
M arch ..................................................... .85 .15 .47 15
A pril ................................................ 1.3 .65 .82 25
M ay .................... ......................... 1.1 .45 .68 21
June .............. ................ ..... .. 85 .45 .55 16

The period (163 days)a ............ .......... 93

1914-15
July ................................ .. 65 .45 .53 16
August ........ ................... 65 .3 .5 16
September 1-21, 30 ................... .65 .45 .55 12
October ..................... ... .85 .15 .37 12
November ...... ... ................... .45 .15 .18 6
December ............................ .45 .15 .32 10
January .................................. 1.1 .3 .56 17
February ............................. 1.1 .85 1.07 30
March ...................... _ ........ 1.3 1.1 1.11 34
April .............................. 1.3 .65 .86 26
May... ........................ 11. ii .45 .82 26
June .......................................... .1.1 .65 .83 25

The period (357 days)a .............. .. ... 230

1915-16
July ....................................... 1.1 .65 .72 22
August .................. .65 .3 .54 17
September .................................... . 1.3 .15 .47 14
October .............................. ..45 .3 .44 14
November 1-10, 12-30 .................. 4.2 .05 .70 20
December ........................... 4.2 .05 .65 20
January 1-17, 19-31 ..................... 2.2 .05 .66 20
February ............................. 3 .05 .16 4.7
M arch 1-6, 8-31 .............................. 4.2 .05 .49 15
April ............................................... . . 1.6 .15 .33 10
May ................................ 1.6 .15 .95 30
June .......... ........................ 1.1 .85 .88 26

The period (363 days) ............... 213

a Estimates are for periods in which water was flowing in ditch.



KAWA STREAM

SAWA STURAX NEAR RANEO E, OA3U

LoCATION.-At highway bridge one-half mile south of Kaneohe ranch build-
ings and 1 mile southeast of Kaneohe; elevation is about 30 feet.

EquIpMENT.-Vertical staff bolted to right abutment of bridge, installed
October 19, 1914, to replace original gage washed out September 22, 1914;
measurements made by wading.

CHANNEL AND CONTROL.-One channel at all stages; confined between bridge
abutments at gage; straight for 20 feet above and below gage. Confrol
shifting.

EXTREMES OF DISCHARGE.-

MaXimum Minimum
Year

ending
June 30 M.G.D. Hour Day M.G.D. Hour Day

1914 .......... 15.2 9:05 a.m. May 30 02 8:45 a.m. Mar. 16
1915 .......... 46 8:10 a.m. Apr. 27 .2 8:50 a.m. July 24
1916 ....... ..... 35 8.00 a.m. Mar. 4 .3 ......... Sept.

DIVERSIONS AND REGULATION.-None above station; low-water flow diverted
below station for irrigation of rice.

AcCURAcy.-Stage-discharge relation changed during floods; rating curve
based on 14 measurements, fairly well defined below 10 million gallons
per day; gage read once daily; records fair for low and medium stages,
approximate for high and fluctuating stages.



DURATION-DISCHARGE TABLE
Kawa Stream near Kaneohe, Oahu

Number of days having a discharge, in millions of gallons, equal to or
Number greater than
of days

Year ending June 30 record

40 2 15 10 5 3 2 1 0.8 0.6 0.5 0.4 0.3

1914 ......... .............................. 122 0 2 3 13 22 63 98 98 105 105 122....
1915_ .. ................... .... ... .................................... ......- -- 338 1 1 1 2 31 15 131 193 193 265 335 335 3
1916a .......... ......................... ......... 363 141 206 226 292 331 356 163'

Total days .................. 823 1 5 8 15 59 115 239 497 517 662 771 813 823
Per cent 100 .1 .6 1.0 1 8 7.2 14.0 286 60.4 62.8 80,5 93.7 98.8 100.0

M ean s (2.25 y ea rs) ......._..................... .. 4 2.2 3.5 6.7 6 51 104 221 229 294 342 361 365

a Daily-discharge tables not published



KAWA STREAM 153

Mionthly discharge of Kawa Stream near Kaneohe, Oahu, for years ending

June 30, 1914-16

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1914
M arch ..... .. ......... .......... - 7.4 0.4 1.22 41
A p r i l ................. . . . . . . . . . . . . . . . . . . . . .. 1 5 2 .0 4 .1 6 1 2 5
M ay -----. ........... .16 1.1 2.28 71
June ............................................ 3.2 1.1 1.75 53

The period (122 days)....L .... . ......... 290

1914-15
July ................................ 1.5 .3 .87 27
A ugust ................................ . ....... 1.5 .5 .64 20
September 1-21.................... .3.2 .5 .92 19

October 19-31 ......................... 1.5 1.1 1.47 19
Novem ber ..................... ..... ... . 5.5 1 1.46 44
December ..................................... 3.2 1.1 1.47 46
J a n u a ry ....... ... ..... .... ..... ..... ......... 1 .5 .7 .9 9 3 1
February ......... .... ................... 1.5 .5 .76 21
March ............................... .7 .5 .53 16
April ............................. 46 .5 2.94 88
M a y ............................................. ......... 4.8 1.1 2.1 8 6 8
June-_ ...................... 1.5 .7 1.13 34

The period (338 days) ...... ............. 433

1915-16
July ...................................... 1.5 .5 .79 24
August ............................. 1.1 .5 .55 17
Septem ber ........................................ 1.1 .3 .56 17
October ............................. .1.1 .5 .75 23
November .................................... 32 .7 5.07 152
Decem ber .......................................... 13 .4 2.21 68
January 1-17, 20-3J ................ 76 .4 2.76 80
February .......... ................. 7.6 4.4 5.88 170
M arch 1-6, 8-31 ................................ 35 2.2 5.63 169
April ......................... ...... 4.0 1.7 2.45 74
May ......................................... 11 1.7 2.84 88
June .................................. 2.8 .8 1.48 44

The period (363 days) ........... .... ....... .... 926

WING WO TAI DITCi-3 NEAB EMIA, OAN'U

LocATION.-About 100 feet below intake. Ditch diverted from Heeia Stream
one-half mile west of Heeia. Elevation is abput 20 feet.

EQUIPMENT.-Vertical staff on left bank; measurements made by wading. A
2.5-foot sharp-crested weir with end contractions installed but rating by

current meter used, as conditions for measurement by weir not good.
CHANNEL AND CONTROL.-Channel cut in earth and gravel; section about 2

feet wide and 3 feet deep; subject to growth of grass and weeds. Con-
trol was 2.5-foot weir.

EXTREMES OF DaScHARGE.-Maximum stages uncertain; ditch occasionally dry.
DIVERSIONS AND REGULATIO.\ .- None above station; flow regulated by head-

gates for irrigation of rice below.

AccURACY.-Stage-discharge relation permanent except for grass and weeds

frequently choking channel; rating curves, based on 6 measurements,

fairly well defined; gage read once daily; records poor.



DURATION-DISCHARGE TABLE
Wing Wo Tai ditch near Heeia, Oahu

Number of days having a discharge, in millions of gallons, equal to or
Number greater than

Year ending June 30 of days
record

3 21 1.5 1.01 0.91 0.81 0.7 0.61 0.51 0.4 0.3 0.2 0.1 0.05

1914 .................................................. 162 0------- 0 39 78 100 100 116 116 131 i31 144 159 162
1915 .......................... ............... 356 0 19 42 131 174 175 194 194 224 224 263 284 341 356
1916a........................................355 7 34 49 168 192 192 242 242 275 275 334 348 355 --------

Total days ........................................... 873 7 53 130 377 466 467 552 552 630 630 741 791 858 873
Per cent .............................................. .100 .8 6.1 14.9 43.2 53.3 53.5 63.2 63.2 72.2 72.2 84.8 90.7 98.3 100.0

Means (2.39 years)..................................... 2.9 22 54 158 195 195 231 231 254 264 310 331 359 365

a Daily-discharge tables not published



WING WTO TAI DITCH

Monthly discharge of Wing Wo Tai ditch near Heeia, Oahu, for years ending
June 30, 1914-16

Month

1914
January 19-31 ...............................
February ----.__............................
March ............................
April 1-5, 7-30 ........................
May-..............................................
June ............. ............................

The period (162 days)a. ---
1914-15

July ..............................................
A ugust ....... ....................................
September 1-21, 26-30.....: ..........
O ctober ............................................
November .........................
December ....................................
January ...........................
February ...................................
M arch. .......................................................
April 1-25, 28-30 ..................
May 1,9, 13-81 ..........................
June ...................................................

The period (356 days)a ..........
1915-16.

July ..............................
A ugu st ...................... .........................
September................................
October 1-11, 13-19, 23-27, 30-31.
November ..............................
December-..................................
January 1-16, 19-31 ...........
February........................................
March 1-6, 8-29 ..........................
April ............................ ............
May ........ ..................
June.........................

The period (355 days)b...

Discharge

Million gallons per da

Maximum Minimum

1.7 1.4
1.7 1.1
1.7 .2
1,1 1

1 .4 3
1.1 .3

2.0 1 9
1.4 05
1.7 .051.4 -.2

.5 .
1.7 .35

2.7 1.4
2.7 .5
3.1 .7
2.4 .1
9.1 .3
1.1 .3
1.1 .3
3.1 .1
3.1 .1
1.4 .5

Total
run-off

by Million
Mean gallons

1.68 22
1.67 47
1.05 33
.34 10
.78 24
.77 23

.. .. 159

290

.60 19

.75 22
.88 26
.73 20

1.04 31
.96 30

1.24 39

........ 350

a Estimates are for periods in which water was flowing in ditch.
b Water shut off Oct. 12, 20-22, 28 and 29.

I-,



156 SURFACE WATER SUPPLY OF OAHU, 1909-28

HOP TUCK DXTC3 NEAR -EEXA, OAHU

LoCATION.-About 200 yards below intake, 300 yards above rice maill and 1
miles northeast of Heela; elevation is about 20 feet.

EQUIPMENT.-Vertical staff on right bank; measurements made by wading.

A 2.5-foot sharp-crested weir with end contractions installed when station
established, but rating by current meter used, as conditions for measure-
ment by weir not good.

CHANNEL AND coNTRoL.-Channel cut in firm earth; section about 5 feet wide

and 4 feet deep; straight for 50 feet above and below gage; channel

and banks subject to growth of weeds and grass. Control was 2.54oot
weir, sometimes drowned out by closing of gates below.

EXTREMES OF DISCHARFE.-Maximum stages uncertain; ditch occasionally dry.
DIV sIoNS AND REGULATION.-None above station. Ditch diverted from Heeia

Stream; flow regulated by head gates for irrigation of rice.
AccvmAcy.-Stage-discharge relation affected by growth of weeds and grass

and back-water due to closing of gates below; rating curves, based on 7
measurements, fairly well defined between 1 and 2 (3 for 1916) million
gallons per day; gage read once daily; records fair July 1, 1915 to April
16, 1916 and for periods between 1 and 2 million gallons per day; poor

for extremely low and high stages, owing to lack of measurements.



DURATION-DISCh1ARGE TABLE

Hop Tuck ditch near Heeia, Oahu

Number of days having a discharge, in millions of gallons, equal to or
Number greater than

Year ending June 30 of days

record 1 5 4 3 2 1 0.9 0.8 0.7 0.6 0.5 0.4 0.31 0.2 0.1

1914 ......... 122 . . 0 16 87 87 108 108 111 111 113 113 120 122
1915. -- -- -.............. ....... .. 161 ...... 1-l 24 104 276 276 307 307 317 317 330 330 351 361
1916a .. .. ... ................................ .. 86 8 38 117 229 229 283 281 287 287 306 3'06 327 346

Total days .............................. ...... .................. 829 1 9 62 237 592 592 698 698 715 715 749 749 798 829
Per cent .................................................... 100 .1 1.1 7.5 28.6 71.4 71.4 84.3 84.3 86.4 86.4 90.4 90.4 96.3 1000

Means (2.27 years) .4 4.0 27 104 261 261 Z07 307 315 315 329 329 351 368

a Daily-discharge tables not published



158 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Hop Tuck ditch near Heeia, Oahu, for years ending
June 30, 1914-16

Discharge Total
run-off

Month
Million gallons per day Million

Maximum Minimum Mean gallons

1914
M arch................................................. 2.2 0.4 1.60 50
April ............................... 1.8 .1 .64 19
May ............... ................... . 2.2. .2 1.45 45
June .................. . ....... ......... 2.2 1.4 1.61 48

The period (122 days)a ............. ... ........ 162

1914-15
July ............................................... 1.4 .4 1.09 34
August.................... ...... 2.2 .4 1.19 37
September 1-21, 26-30 ............. 1.8 .8 1.23 32
October ...................... 1.8 .6 1.06 82
Novem ber .............. ....................... 22 .8 1.39 42
D e c e m b e r ......... . . . . . . .. .. . .... .... . . .8 .1 .3 1 1 0
January ..---------- , 3.7 .1 1.20 37
February ............................................ 3.7 1.8 2.74 77
M arch ............................................... 3.2 1.8 2.75 85
April .................................. 4.2 .8 2.13 64
M ay ..................................... 2.2 .8 1.31 41
Ju ne ...................... .......................--. 3.7 1.1 2.15 64

The period (361 days)a ... . ...... . ....... 556

1915-16
July ............ ........................... 1.8 .2 .97 s0
August ............................ 1.8 .8 1.33 41
September 1-13, 15-30 .............. 22 1.4 1.84 58
October............................ 2.2 .1 1.40 43
N ovem ber ... .... ...... .. ................ 3.2 .4 .88 26
D ecem ber ................................ ....... 2.2 .2 .73 23
January 1-16, 19-31 ................ 3.2 .1 .47 14
February .......................................... 4.2 1.4 2.89 84
M arch 1-6, 8-29 ............................ 3.2 .2 2.54 71
April 1-25, 27-28m........................... 5.5 .2 2.11 57
May 1-9, 11, 13-14, 16-17,

19-21, 25, 29-31 ............. - 4.3 .2 .98 20
June 1, T-30 -------........................... 2.7 1.4 2.28 66

The period (346 days) ....... ....... ........ 528

aEstimates cover period in which water was flowing in ditch.



LEE DITCH

.E DXTO NEARW=ZXA, OAHU

LOCATION.-About 100 feet below intake. Ditch diverted from Heeia Stream

1 miles northwest of Heeia. Elevation is about 20 feet.

EQUIPMENT.-Vertical staff on right bank; measurements made by wading.

A 2.5-foot sharp-crested weir with end contractions installed when station

was established, but rating by current meter used, as conditions for

measurement by weir not good.
CHANNEL AND CONTROL.--Channel cut in earth and gravel; section about 3

feet wide and 3 feet deep; straight for 50 feet above and below gage.

Control was 2.5-foot weir.
EXTREMES OF DISCHARGE.-

Year MaXimum Minimum
ending
June 30 M. G. D. Hour Day M. G. D. Hour Day

1914 ----------- 1.4 1:20 p.m. May 16 0 Apr. 27-28
1915 ..... No record Sept. 22-25 0 Occasionally
1916 .......... 94 2:40 p.m. June 3'0 0 do

DIVERSIONS AND REGULATION.-None above station; flow regulated by head

gates for irrigation of rice.

AccuRAcy.-Stage-discharge relation permanent March 1, 1914 to February

11, 1915; changed thereafter because of growth of plants in ditch. Rating

curves, based on 9 measurements, fairly well defined for first period and

poorly defined for second period; gage read once daily; records fair and

poor in the two periods respectively.



DURATION-DISCHARGE TABLE

Lee ditch near Heeia, Oahu

Number Number of days having a discharge, in millions of gallons, equal to
of days or greater than

Year ending June a0 record

_ 91 8 7 61 5 4 3 2 1 0.8 0.6 0.4 0.31 0.21 0.11 0.05

191 4 --------------.. . .. .. ... .. . ....... ... 120 .... .. . . ............... 0 11 11 57 67 84 84 114 120
1915 -----..................... 361 5-8 13149 0 22 30 138 293 348 349 361
1916a .... --- -----------------------------------------------------.................- 350 1 51 19 35 81 81 257 31 1 337 347 350
T otal days ----- .......---- .-- .-.------------- .__.---- .-.-------------------- .- 831 1 5 5 8 13 14 19 35 114 122 452 671 769 780 825 831

Per cent .-- _.----------- --------- ------- 100 .1 .6 .6 1.0 1.6 1.7 2.3 4.2 13.7 14.7 54.4 80.8 92.5 93.9 99.21 100;.0

Means (2.28 years) .................... ...............................4 2.2 2.2 3.5 5.7 6.1 8.3 15 50 54 198 295 337 342 3631 3S5

a Daily-discharge table not published.

C

0

0



LEE DITCH 161

Monthly discharge of Lee ditch near Ileeia, Oahu, for years eading
June 30, 1914-16

Discharge Total
run-off

Month Million gallons per day
Million

Maximum Minimum Mean gallons

1914
March ........... ........................ 1.0 0.05 0.54 17
April 1-26, 29-30 .................... 7 .05 .14 4
M ay ........................................... 1.4 .06 .6 20
June .......... 1.0 .1 .55 17

The period (120 days)a . ... ......... 58

1914-15
July ....... .... ................................ 1.0 .1 .45 14
August ... ............. 7 .3 .54 17
September 1-21, 26-30 ............. .. 7 .1 .53 14
O ctober ............................................... .7 .1 .40 12
N ovem ber ..... .. .............................. 1.0 .3 .53 16
December ............... ... ..... .5 .3 .48 15
January............................................... . 1.0 .5 .66 21
February ............................... .9 .6 .70 20
March ............................. 9 .4 .54 17
A p ril-................................................7 .2 .43 13
M ay ... ............ ................. .... ... 1.0 .3 .57 18
Ju ne ...------ .-------- . ----------......... 1.0 .1 .61 1-8

The period (361 days)a ..... ..... ... ..... 195

1915-16
July .......... ... ................................ ..7 .3 .40 12
A ugust ................................ .. ........ 1.0 .S .65 20
September ......................... 7 .3 .64 19
October 1-22, 25-26, 30-31 .......... 4.4 .5 .98 25
Novem ber ....................................... 5.2 .7 1.16 35
D ecem ber ........................................... 3.7 .5 1.11 34
January 1-16, 21-31. ............... 6.6 .7 2.08 56
February. .... ...... ................ 2.4 .7 1.11 32
M arch ........................................... 8.4 .2 1.26 39
A pril ............................................. 8.4 .2 1.26 38
May 1-25, 27, 31 --- 8........... .4 .1 .72 20
J u n e 1 -2 , 6 -3 0 -------- . .. . .. . .. ... .. 9 .4 .4 1 , 2 4 3 4

The period (350 days) 1..................... 364

aEstimates cover periods in which water was flowing in ditch.



SURFACE 'WATER SUPPLY OF OAHU, 1909-28

Z11IAZU STRZAM NEAR HZEIA, OA3tU

LoCATIO.-About 60 feet above intake of Reservoir ditch and 1V miles west
of Heeia; elevation is about 320 feet.

EQUIPMENT.-Gurley printing water-stage recorder installed June 14, 1919.
Stevens continous water-stage recorder April 28, 1914 to June 14, 1919,
at same location and datum as staff gage. Measurements made by wading
or from footbridge.

CHANNEL AND CONTROL.-One channel at all stages; straight for 20 feet above
and 40 feet below station; banks steep and high; stream bed of solid
rock. Control was smooth solid-rock ledge; permanent.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending
June 30 M.G.D. Hour Day M.G.D. Hour Day

1914 ............ 250 8:30 p.m. May 1 1.9 Frequently
1915 .... Unknown 1.9 do
1916 ................. 170 8:00 p.m. Nov. 10 1.9 do
1917 ............ 560 1:00 a.m. Mar. 20 1.4 ........- July 16
1918 ------........... 180 12:05 a.m. Apr. 4 2.2 Frequently

6:15 p.m. Apr. 11
1919 . 294 12:45 a.m. Dec. 7 1.2 June 20
1920 4......... T 5:45 p.m. Sept. 3 1.15 From 1 p.m. Sept. 11

I I to 8 a.m. Sept. 13

DIVERSIONS AND REGULATION.-None.

AccuRAcy.-Stage-discharge relation practically permanent throughout period
except during periods in 1918-19. Rating curves, based on 4, 3, 2, 2, 4,
7 and 4 measurements made during the 7 years respectively, well defined
for low and medium stages between 2.5 and 12 million gallons per day
and may be considerably in error above 16 million gallons per day up to
July 1, 1918 when curve became well defined from 1 to 20 million gallons
per day. Original gage read once daily up to April 28, 1914; operation
of recorder generally satisfactory except short periods in 1918-19. Shifting
channel methods used March 7 to June 5. Records generally good for
low and medium stages; poor for high stages and periods in 1918-19
when water-stage recorder not operating.



DURATION-DISCHARGE TABLE

Haiku Stream near I-eeia, Oahu

Number of days having a discharge, in millions of gallons, equal
Number to or greater thanYear ending June 30 of days
record

30 20 10 5 4 3 2 1.8 1.6 1.4 1,3 1.21314 . - -- - - - - - - -
191_................. ......................................... . 153 0 3 3 17 17 43 69 153 -------......... -----1915 ... __.-.----------------.-_---------------------.---.__.-------_-----............... 365 1 3 4 16 27 123 295 365 .................................1916 .................... - -............ ................................................... 366 1 2 10 24 35 186 286 366 ------.... .................1 9 1 7 ....... .. . . ...............................................................-- -3 6 5 0 3 7 2 1 2 5 1 3 9 3 4 5 3 6 0 3 6 0 3 6 5 .__ _ -. .. .....1 9 1 8 ----------------------- ..... ... ... ... ... ............ ...-- -- -- ---- --_...... ............ .... .... 3 6 5 1 1 8 2 4 5 2 9 9 3 4 5 -------- .... .. .... ... ... .......... -- -

1 9 1 9 . . . . . ._ -... ......................................... . 3 6 5 0 2 4 1 8 2 1 6 8 3 0 6 3 6 4 3 6 5 6 . ... .... ...... .1920 - -----------. ................... 116 .0 2 2 5 45 69 72 116
Total days 2,095 3 14 36 122 179 663 1,711 2,042 2,046 2,070 2,093 2,095
P er cent ----------------------------------------- ............. 100 1 .7 1.7 5.8 8.5 31.6 81.7 97.4 97.6 98.7 99.8 100.0

M eans (5.74 years) --- ... . .... . ... . .................. . .5 2.4 6.3 21 31 115 298 356 356 361 364 365
M axim a ...-.--------------------------------------------.__.. _-..1 3. 10 24 52 186 365 366 366 366 366 366

M in im a ----.------ ..._.------ . -----. ----..-.---- .- . ---... ...... ......... .0 1 4 16 21 , 68 286 360 160 3 6 5 365 365



164 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Haiku Stream near Heeia, Oahu, for years ending

Jlne 30, 1914-20

Discharge Total
______________________________ run-off

Million gallons per day

MaximumI Minimum Mean gallons

The period (150 days) ............

1914-15
J uly ......................................................
August.........................
September ................
October ........... ..............
N ovem ber.................. . .. . ... .
D ecem b er ........................................
Jan u ary ........... .........................
F ebruary .. ............... .... .. ..
M arch ......... ....................
A p ril .................... ...... .. . . .. . . .
M a y ...................... .- --- .......................
June ........................................

T he year ................................ .

The year -----------

1916-17
July .... ................
A ugust................. ...
Septem ber ----------..........
O ctober .........................
November ............
December ...........
January ...........
February ...........
M arch.................
A pril . ..... ...............
M a y ........ ..._.- ... ..........
J u n e ----------------..---..-----...

T he year.------_-------

1917-18
J u ly --------------- . -.... ...
A ugust ......................
Septem ber...................
O ctober ..........................
November .................
December..............
January ......
February..............
M arch .........................
A p r il.. ...... ...... ...... ......
M ay - . _. .. . . . .
June .... ........

The year ..------

1.9
6.4

26
9.4

1.9
1.9
1.9
2.4
1.9

1.90
2.24
3.27
5.32
2.61

53
69
98

165
78

463

3.6 1.9 2.11 65
9.4 1.9 2.71 * 84

32 2.4 6:00 180I.0 1.9 2.42 75
6.4 2.4 2.93 88
6.4 2.4 3.05 95
3.0 2.4 2.79- 86
3.0 2.4 2.55 71
3.0 1.9 2.25 70

14 1.9 3.50 105
4.9 1.9 3.55 79
3.6 1.9 2.29 69

32 1.9 2.92 1,070

5.0 1.9 2.56 79
2.4 1.9 2.16 67
6.4 1.9 2.35 70
4.3 1.9 2.18 68

18 1.9 3.43 103
18 1.9 3.77 117
33 2.4 6.47 201

7.1 2.4 3.13 91
12 3.0 3.81 118

4.3 2.4 2.88 86
7.8
3.0

3T

4.3.... 4.3

3.6
3.6
7.8
7.1

14
3.6

26
7.6

...... 27
....... 3.2

27

1.9 3.26

1.4

2.6 2.2
---------- 3.2 2.6
-.. --------.. .. 3.2 2 .6

....... 2....... . 2.6 2.6
--------.-...... 4.0 2.2
------ 4.0...... C O 2.2
------------- 7.3 2.2
----... ------... 6 .4 2 .2

--------------- 3 2 2 .6

----.... -----------. 7 .3 2 .2
........ 4.8 2.6

.................. 3 2 _ 2 .2

1,190

83
94
80
73!
84

102
104

65
154

75
122

73

3.04 1,110

2.48 77
2.75 85
2.66 80
2.60 81
2.51 75
2.52 78
3.12 97
2.76 77
4.85 150
6.85 205
3.01 93
2.79 84

3.24 1,180

1914
February-....
March ...........
April ........

May ............
June .............

1915-16

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

July .. ------
August .......
September.
October ......
November.
December..
January...
February.--
March .........
April ............
M ay ..............
Ju ne ............

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

----------.. . . . . .



HAIKU STREAM

Monthly discharge of Haikn itteam nea tleeia, Oahi, for years ending
June 30, 191 -20

Month

1918-19
J u ly ... ... -- ---.. . . ..... .... .. -.
A ugu t ..... ....................
NeDr)ct be ,_r _ -... _................._.............O ct:ober ............. ..... ....

N ovem ber ................. -----------
D ecem ber ------------------
J a n u a ry ------ .--------- .-- ... ...........
February .............................
M a rch ............ ........................

pril.............................
M a y .. ......................................................
J u n e ..... .. ..... ... .. . .. .. .. . ..

The year.................

1919
J u ly ...... . . . . . . . . .. . . ..
August.........................
September............
October 1-24-........... .........

The period (116 days) ..............

Discharge

Million gallons per day

Maximum Minimum Mean

9.7
53
7.7

23
22

3.4
2.2
9.4

8.2

2.6
2.4
2.7
2.4
2.4

1.9
1.8
1.9
1.9
1.8

23 1.7

1.9

8.3 1.2
7.0 1.3

1.063.30
2.68

3.10
9.66
3.76
2.28
1.94
2.18
2.65

2.37
2.08

2.78

2.06
2.19
1.70
1.69

Total
run-off

Mlillion
gallons

41 2 8



SURFACE WATER SUPPLY OF OAHU, 1909-28

RESERVOI
1
R DITCH NEAR HEEZA, OAHU

LocATIO.-About 200 yards below intake. Ditch diverted from Haiku Stream
P"2 miles by road west of Heela and 12 miles by road from Honolulu.

Elevation is about 300 feet.
EQUIPMENT.-Vertical staff on left bank; measurements made by wading.

A 2.5-foot sharp-crested weir with end contractions installed when station
established but current-meter rating used, as conditions for measure-
ment by weir not good.

CHANNEL AND cONTROL.-Channel cut in firm earth and approximately rec-
tangular in section; subject to growth of weeds and grass, which affected
flow. Control was 2.5-foot weir. Crest of weir bent over somewhat
June 3, 1915, changing stage-discharge relation.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending

June 30 M. . Hour Day M. G. D. Hour Day

1914 --------------- 9.8 10:55 a.m. Apr. 5 0 Occasionally
1915 ......... .... 11 10:00 a.m . Sept. 14 0 do
1916 ............. 7.6 Occasionally 0 do

DIvERsIONS AND 'REGULATION.-None above station; flow regulated by head

gates; part of ditch flow impounded in reservoir for domestic supply of
Heeia and part diverted for irrigation of taro.

Ac cv-Stage-discharge relation permanent except for change on June

3, 1915; rating curves, based on 9 measurements generally fairly well
defined below 4 million gallons per day; gage read once daily; records
from fair to good for low and medium stages; approximate above 4 million

gallons per day.



DURATION-DISCHARGE TABLE

Reservoir ditch near Heeia, Oahu

Number Number of days having a discharge, in millions of gallons, equal to or greater
Year ending June 30 of days than

record 10 8 6 4 3 2 1 0.9 0.8 0.7 0.6 0.5 0'.4 0.2 0.1.

1914 ........... ......................... 163 0 1 1 5 15 60 162 162 162 62 16 3
191L5......................................-------- ---------- 358 1 2 6 51 121 266 346 246 246 3,52 252 '356 6 25 38----------------.................. 366 0----- 037 71 18 340 365 365 366- ---- ----
Total days., . ........ 887 1 3 20 93 217 444 848 873 873 880 880 885 885 886 887

Per cent ................................ 100 .1 .3 2.3 10.5 24.5 50.1 95.6 98.5 98.5 99.2 99.2 99.7 99.7 99.8 100.0
Means (2.4 years). ............................ .4 1.2 8.2 38 89 183 349 359 359 362 362 364 364 364 365

aDaily-discharge tables not published
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Monthly discharge of Reservoir ditch near Heeia., Oahu, for years ending

June 30, 1914-16

Month

1914
January 19-31 ......................
F ebruary ......................... .. .. .....
M arch ..... .. . .. . ...... ......
A p r il ------------- _ -----. _. ----._ _. _----------......
M ay .......... ............. ..... ....
June .................................... .

The period (163 days)a..........

1914-15
July ..............................................
A u g ust .................... .......................
September 1-21, 29-30 ...........
O ctober .......... .. .. . ......... .......
November ............ .....
D ecem ber --_-----------........ ......
J a n u a ry ............................................
February........................ .
M a r c h ---------- .------ .--------- .-- _ -- .. ......
A p r il -----..------------- ..._.----- .-- .- ... ......
M ay .......................................... ......
Ju n e .............................

Discharge

Million gallons per day

Maximum M~nimum Mean

1.8
1.5
3.4
9.9
4.9
4.4

The period (358 days)a ........... .....

1915-16
July ............................... 5.8
August .............. ................. 4.2
Septem ber ------------ ......... . ..... 5.8
October ............................................ 6.4
N ovem ber .................... .................... 7.6
D ecem ber ...... ....................... 6.4
January. ......................... ... 7.6
F ebruary ..... .................. ................. 3.2
M a rch .................... ........ .. ........... 7.6
A pril ........... ................................. 7.6
May ... ............ ................. 7.6
J u n e 2.0................................................ _0

The year ...... ................... 7.6

1.6 1.52
1.5 1.50
1.2 1.57
1.2 1.83

.5 2.44
1.2 2.48

Total
run-off

Million
gallons

20
42
49
55
76
74

316

2.2 2.31 72.1 2.4476

.7 3.30 76
4.9 5.08 157
.5 3.53 106
.5 1.98 62

2.5 2.97 92
1.2 1.54 43
1.0 1.25 39

.3 2.74 82
2.2 2.71 84
1.4 2.67 80

969

2.8 3.71 115
1.7 2.23 69
1.4 2.14 64
1.1 1.77 55

.9 1.58 47

.9 1.96 61

.9 2.41 751.4 1.70 49.

.7 1.65 51
1.1 2.09 63
1.1 2.55 79
1.7 1.71 51

.7 2.13 779

a Estimates cover periods in which water was flowing in ditch.

WAIPIO DITC3 NEAR RNIL . -OAHXU

LOCATION.-About 50 yards below intake. Ditch diverted from Haiku Stream
1 mile west of Heeia. Elevation is about 120 feet.

EQUIPMENT.-Vertical staff; measurements made by wading. A 2.5-foot sharp-

crested weir with end contractions installed when station established,
but conditions for measurements by weir not good and rating by current
meter used.

CHANNEL AND CONTROL.-Channel cut in earth and gravel; section about 4

feet wide and 2 feet deep; straight for 20 feet above and below gage.
Control was 2.5-foot weir.

EXTREMES OF DISCIARGE.--M ximum stages uncertain; minimum daily dis-
charge, 0.6 million gallons per day, December, 1914 and January and
February, 1916.

DIvERSONS AND REGULATION.-None above station; irrigation of rice below.
AccuRAc.-Stage-discharge relation sometimes affected by silt filling in back

of weir; rating curves, based on 10 measurements, fairly well defined
for ordinary stages below 3 million gallons per day and flow steady;
gage read once daily; records fair below 3 million gallons per day and
approximate only for high stages.



WAIPIO DITCH

D URATIONDSCHA .,GE TABLE

Waipio ditch near Heei, Oahu

Year Number Number of days having a discharge, in millions of gallons,
ending of days equal to or greater than

June 30 record "
20 15 10 8 6 4 2 1.5 1.0 .8 0.6

1914 .. 163 0 1 1 1 2 9 28 57 1511 163 .

1915 361 0 1 2 2 5 122 192 323 357 361

1916a ........... 363 1 1 1 7 12 33 208 267 320 357 363

Total days 887 1 2 3 10 16 47 358 516 7941 877 887
Per cent .... 100 . .2 .3 1.1 1.8 5.3 40.5 58.2 89.5 9.10 100.0

Mas(.3Years) .. .4 .8 1.'2 '4.1 6.6 19 1471 212 26 361. 365

aDaily-discharge tables not published

Monthly discharge of Waipio ditch near Heeia, Oahu, for years ending

June 30, 1914-16

Month

1914
Janusary 19-31 ............................
F e b ru a ry _-----------------.........................
3a4 rch ._..... ...................... .... .. ..
April ...............
M a y ..................... .............................
June ........................... ..............

The period (163 days)a...

July .....
August -------
September
October ......
November-
December...
January -----
February_
March ........
A pril...........
May.........
June --------

1914-15

1-21, 26-0 ..........

The period (361 days)a ...........

1915-16
J u ly ................ .... .. ........... ......
A ugust ........... ...........................
Sep tem b er ...... -. ---------------..............
O c to b e r -------------------------------------------
N ov em ber-..- ---._.. -. -------------...........
D e c e m b e r -.. .. ....... _ _-..... ..... ..... .....
January 1-16, 19-31 .....................
F ebruary ......................... ... ....
M arch 1-6, 8-31 -----------------------------
A pril....... .................. ..... .........
May ......................
June ....... .......

The period (362 days) .........

Discharge Total
______________________________ ru-off

Million gallons per day on

Maximum Minimum Mean gallons

1.3 0.8 1.02 13
1.0 .8 .99 28
4.3 1.0 1.24 38

15 .8 1.77 53
7 6 1 0 2.13 66
4.3 11 .97 59

257

4.3 1.0 1.49 46
3.6 1.0 1.59 49

11 .6 1.81 47
1.6 .6 1.29 40
3.0 .8 1.06 32
2.0 .6 1.09 34
2.0 .8 .94 29
2.0 1.6 1.77 50
2.5 1.6 1.94 -60
9.6 1.3 2.32 70
2.5 1.6 1.97 61
3.0 1.6 1.95 58

.... .... .... .... .... 5 7 6

4.3 1.6 1.96 61
2.0 1.0 1.34 42
3.6 1.3 1.87 56
4.3 .8 2.07 64

20 1.3 3.09 93
9.6 .8 3:03 94
7.6 .6 2.49 72
2.0 .6 .91 26
9.6 1.0 2.77 83
5.8 .8 2.00 60
5.8 1.6 2.79 86
3.6 1.0 2.58 77

814

a Estimates cover periods in which water was flowing in ditch.
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ZOLEXAA STaAM NEAR HEIA, OARU

LoCATIoN. -About 50 -feet above uppermost diversion 2 miles west of IReeia;
elevation is about 290 feet.

EQUIPMNT.-Vertical staff fastened to boulder on right bank, 12 feet above

footbridge; measurements made by wading or from footbridge.
CHA1NNEL AND coNTRoL.-One channel at all stages; straight for 10 feet above

and 40 feet below gage; banks steep and high. Control composed of
large boulders; fairly permanent.

EXTBEMES OF DISCHARGE.-

Year , Maxinum Minimum
ending
June 30 M.G.D. Hour Day M.GD. Hour Day

1914_ 14 11.30 a.m. Apr. 5 0.3 10:20 a.m. Mar. 18
1915 ............ No record ........ Sept. 22-25 .6 9:50 a.m. Aug. V
1916 ...... 9.............. 9 ........ Jan. 17-18 .7 8:40 a.m. Oct. 14

and Mar. 7 . 7 " 7 7. and 15

DIVERsIONS AND REGULATION.-None above station; low-water flow diverted be-

low station for irrigation of taro and rice.
AcCURACY.-Stage-discharge relation fairly permanent; rating curves, based

on 10 measurements well defined below 4 million gallons per day and

fairly well defined below 20 million gallons per day; gage read once daily;

records fair for low and medium stages, approximate for high and
fluctuating stages.



DURATION-DISCHARGE TABLE
Iolekaa Stream near Heeja, Oahu

Number Number of days having a discharge, in millions of gallons, equal to or greater
Year ending June 30 of days than

record
75 50 25 10 8 6 4 2 1.5 10 0.8 0.6 0.4 0.31 9 1 4 -- ----- ----- ------- ---- --- -- -----. .... ..... 2 4 1 2 2 4 7 26 7 6 1 : :: : 6 : ::1915 .................................................16 - 0 1 1 2 4 14 6 76 317 16 - -61915..36..0.1.2.2.8 160 264 /  348 326 361. .

1916a ....................... .............. ...... 36 %3 3 5 12 6 19 39 22 48 366 . . .

Total days ........................... 8 -------------....................... . 90 3 3 3 7 15 20 31 313 508 748 750 834 8087 90
Per cent.......... ............. ............. 100 .3 .3 .3 .8 1.7 2.2 3.5 35.2 71.3 84.1 84.3 93.8 99.7 100.0

Means (2.44 years) ....................... ...... ......... ..... 1.2 1.2 1.2 2.9 6.2 8.2 13 128 208 306 307 342 364 365

aDaily-discharge tables not published
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Monthly discharge of Iolekaa Stream near Heeia, Oahu, for years ending

June 30, 1914-16

Month

1914
Janiary 19-31..............................
February ...............................
M arch .......................................
A pril ........................................
M a y ......... ............................... ....
J u n e ............. ------....... ... .. .......

The period (163 days) ...........

1914-15
July. .........................
A u g u s t ......... .... ... .... .... ... ........ ...
September 1-21, 26-30 ...........
October.... ..................
N ovem ber........ ....................... .....
D ecem ber . .............................. ....
January --------- ._- ...................
February .............................
M a rc h ............... .................... . . -
A p r il ...... .... ..... .... ..... .... ..... .... ...
M ay .... ....... .............
June .......................................

The period (361 days) --------

1.915-16
July _ ........... . . . . . . . . . .
August ............
September .......
O ctober....... ....... ..............
N ovem ber .................................
D ecem ber .................................
January ................................
F ebruary ...................................
M arch ............................................
A p ril ..... .......................... ............
M ay_ --------.. . . . . . . . .
June............ .................

The year ................. .

Discharge Total
run-off

Million gallons per day Mli
Million

Maximum Minimum Mean gallons

1.1 0.3 0.56 7
.7 .5 .51 14

3.4 .3 .74 23
14 .7 2.02 61

6.4 .7 1.51 47
2.2 .7 .98 30

182

2.2 .7 .81 25
2.2 .7 .96 30
8.0 1.0 1.73 45

2.2 1.3 1.59 49
5.6 1.8 2.01 60
1.4 1.8 2.21 68

2.8 2.2 2.22 69
2.2 1.8 2.16 60
2.8 1.8 2.05 64

13 1.8 2.80 84
28 1.8 2.13 66

2.2 1.3 1.79 54

. . 674

8.0 1.3 1.79 56

2.2 1.3 1.34 41
2.8 1.0 1.35 40
4.8 .7 1.60 50

22 1.8 2.56 77
8.0 1 1.8 2.29 71

98 1.8 8.25 256
8.0 2.8 3.06 89

98 1.3 5.89 182
6.4 1.3 2.12 64
3.4 .7 1.84 57
1.5 .7 1.11 33

98 .7 2.78 1,020

WAIAZOTE STREAM BE1'LOW POWER HOUXE, NEAR WAIAHOLE, OAHU

LocATIo.-About 600 feet below hydroelectric power station, one-half mile

above gaging station, at lower boundary of government land and 22

miles south of junction of Walahole Valley and main country road;

elevation is about ...... feet.

EQUIPMENT.-Gurley water-stage recorder on left bank; measurements made
by wading.

CHANNEL' AND CONTRoL-One channel at all stages, except possibly extreme

floods; straight for several hundred feet above station and with very

high gradient, resulting in series of rapids and pools; bed composed of

large boulders; prior to beginning of work on tunnels in valley above,

-clean, containing little gravel or silt. Waste from tunnels partly filled

pool at station; right bank perpendicular; left bank of fairly flat slope,

both above and below station; banks covered with heavy vegetation

above ordinary flood stages.



WAIAHOLE STREAM

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending

June 30 M.G.D. Hour Day M.G.D. Hour Day

1915 ............. 75 2:30 a.m. Apr. 26 27
1916 6---- ....... 58 1:30 p.m. Sept. 19 17 .oct.

DivEltsioNs AND REOULATION.-None above station; station established to meas-
ure water obtained by main Waiahole tunnel and water development
tunnel in upper valley. Tunnel structures prevented direct measure-
ments being made In tunnels or at portals. Water used first to operate
hydroelectric power plant and then wasted back into stream at point
about 600 feet above station. Discharge at station included flow from
several springs in addition to tunnel water; miscellaneous measurements
of discharge of these other sources made at frequent intervals and co-
efficients obtained to apply to total discharge at station to determine
flow from tunnels.

AccuRAcY.--Stage-discharge relation probably permanent before, but affected
by tunnel waste after tunneling began; rating curve, based on 13 and 7
measurements made in the two years respectively, fairly well defined;
continuous gage-height record; records fair for ordinary stages.

DURATION-DISCHARGE TABLE

Waiahole Stream below power house, near Waiahole, Oahu

Number of days having a discharge,
Year Number in millions of gallons, equal

ending of days to or greater than
J une 30 record 402"1

1915 -.----- 77 50 77. --
1916a ...... ...... ....... 100 0 7 26 8 100

a Daily-discharge table not published

Monthly di.scharge of Waiahole Stream below power house, near Waiahole,
Oahu, for years ending June 30, 1915-16

Discharge Total
run-off

Month Million gallons per day

Million
Maximum Minimum Mean gallons

1915
A pril 1;-30 --------------- . ------............. 47 34 36.6 585
May ............................... 34 27 29.8 923
June ....... ......... . ............ ... 30 27 28.2 846

The period (77 days) --..... 2,350

1915
July ........................................ 3'0 23 26.5 820
A ugust 21................. ............... ......... 23 21 22.0 681
September.............. ........21 18 19.2 577
October 1-8.. ....................... 21 17 18.5 148

The period (100 days) ...... ........ 2,230
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WA!XAOL- STBEAM NEAR WAIAHOLE, OAH-U

LocATI o-About 100 feet south of house of Peleloholani, at lower boundary

of government land, a mile above junction of Waianu and Waiahole

Streams and 2 miles south of junction of Waiahole Valley and main

country roads; elevation is about ...... feet.
EQuIPMENT.-Vertical staff on right bank about 100 feet south of house of

Peleioholani; measurements made by wading.

CHANNEL A ND CO'(NTROL.-One channel at all stages, except possibly extreme

floods; straight for several hundred feet above and below gage; composed

of loose boulders and gravel. Right bank nearly vertical *and covered
with vegetation; left bank of very flat slope and covered with vegeta-

tion; cross section the same for several hundred feet above and below

station. Control made up of large loose boulders; shifting.
EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending I
June 30 M.G.D Hour Day M.G.D. Hour Day

1912 U............. Unknown Unknown
1913 do...... ...... do ...... 12 ....... D ec. 30-31

Jan. 1-15
1914 ................ do ........ 14 ........ July 9-16

22-24

1915 ......... . 210 6 a.m. Aug, 5 Unknown
1916 ----------- 120 1:35 p.m. Dec. 28 9 .... May to June30

DIVERSIONS AND REGULATION.-None above station; small part of original flow of

stream was used to irrigate taro and rice in lower valley. The Waia-
hole tunnel, principal feature of large irrigation project to deliver dis-

charge of windward Oahu streams to sugar-cane lands near Pearl Har-
bor, diverts greater part of low-water discharge of stream.

AcCURACY. Stage-discharge relation changed; rating curves, based on 0, 3,
8, 3 and 7 measurements made in the five years respectively, fairly well
defined for all shifts: gage read twice daily; records generally fair for

stages less than 30 million gallons per day. Prior' to August 1, 1913,
discharge was very steady, the greater part being supplied by number

of large springs about a mile above station. In August, 1913, additional
water was developed in bore of Wdiahole tunnel in upper valley and
spilled into stream above station. As bore progressed quantity of tunnel

water added to stream fluctuated considerably and increased previous low-

water discharge proportionately at station below. After May 27, 1916,

no tunnel water was spilled into stream.



WAIAHOLE STREAM 175

DURATION-DISCHARGE TABLE
Waiahole Stream near Waiahole, Oahu

Year Number Number of days having a discharge, in millions of
ending of days gallons, equal to or greater than
June 30 record

150 100 75 50 35 25 15 12 10 9

1912 ...... 257 .0 3 221 257 ..... ......
1913 ............ 365 ........ 0 1 2 2 4 66 343 365 ...
1914 ............. 365 ........ ....... 0 3 27 243 335 365 ....... .......
1915 ..._ __ 365 2 2 5 8 288 365 . .......... .. ......
1916 366 ...... ....... 0 3 6 48 308 326 332 366

Total days-.... 1,718 2 2 6 16 323 663 1,295 1,661 1,684 1,718
Per cent ........ 100 .1 .1 .3 .9 18.8 38.6 75.3 96.7 98.4 100.0

Means (4.71 years) ...... .4 .4 1.3 3.4 69 141 275 351 358 365

Maxima ............................. 2 2 5 8 288 365 365 365 365 366

Minima ............................. 0 0 0 2 2 4 66 326 332 365

Monthly discharge of Waiahole Stream near Waiahole, Oahu, for years
ending June 30, 1912-16

Month

Maximum

1911-12
September 25-30 .......................... 28
O ctober -----------------_----- ............ 28
N ovem ber ........................... ......... 19
December......... ......................... 35
January .............. ........ ................... 17.1
February ...................................... 18.4
M arch............................................ 17.1
April ........................... _ -23.3
M ay ..................... .... .................. a20.7
June ..... ...... ......... 17.1

The period (280 days) ------------

1912-12
July ........................... .. 24.6
A ugust ................... .. ..................... 15.8
September................ ............ 15.8
October ...................................... 28.4
N ovem ber............................................... 18.4
December .................................... 85.1
January........................................ 65
February_ ................................ 18
M arch........................................... 14
A pril-............................................ .. 13
M a y -................................. ............ . 30.
June ........ ..................... 19

The year ........................... 85.3

1913-14
July ... ........... ............................. 15
A ugust ............... ...................... 59
Septem ber ........................................... 32
October ...................................... 28
November ...................... . .25
December _ .......... 25
January ...................................... 25
February ........................................ 25
March ................... ..................... 50
A p ril .......................................... 3 6
M ay ....................................... 40
June --------....................... 40

The year ................................... 59

a 8 days only

Discharge

Million gallons per day

Minimum I Mean

14
16
18
18
17.1
17.1
17.1
17.1

a13.9
13.9

13.9
13.9
13.9
13.9
13.9
11.5
12
12
13
12
13'
14

11.5

14
17
28
24
24
24
23
23'
23
29
32
34

14

17.5
17.4
17.5
18.1
17.1
17.2
17.1
17.3

a14.8
14.3

16.1
14.5
14.0
15.2
14.3
15.6
13.8
11.6
13.1
12.9
14.0
14.5

14.3

14.0
27.2
29.5
25.6
24.2
24.8
24.1
23.6
27.8
30.4
34.5
35.2

26.7

Total
run-off

Million
gallons

105
538
525*
560
531
498
531
518
460
430

4,700

498
450
420
469
430
482
430
381
404
388
433
433

5,220

435
842
885

795
726
769
747
662
863'
911

1,070
1,060

9,760
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Monthly discharge of Waiahole Stream near Waiahole, Oahu, for years ending

June 30, 1912-16

Month

1.414-15J u ly .. ........ ..... ........... .August .............. .................

S ep tem b er . ..........................
O ctober.-. - ..........
November ---------. -----.............
D ecem ber ... ........................ ... .......
January ............... .......................
February ........................................
M arch ...... ........... ..........................
A pril ................. ..............................

ay ......... ....................
June. .... ........

The year ....... .....................

Discharge

Million gallons per day

Maximum Minimum Mean

38 38

52 38
42 35
35 s0

168 90

191.5-16
July ................................. 3 26
August .......................................... .4
S e p t e m b e r ... ............ ........................ 4 7 2 2
October ........................... 34 22
November ............ ............. 72 15
December .......................................... 68 17
January ............................... 50 17
February ...................................... 20 16
March........... . ................ 18 12
A pril ..... ........................................ ... 18 11
May ..................................... 20 9
June- .......... ............................... 9 9

The year 7............ ........... 72 9

Total
run-off

Million
gallons

38.7 1,200
37.9 1,170
43.0 1,290
44.0 1,360
44.1 1,320
42.2 1,310
38.3 1,190
38;7 1,080
38.0 1,180
40.7 1,220
37.6 1,16081.5 946

39.6 14,400

27.9 864
24.3 752
24.6 738
22.5 698
20.7 622
19.8 613
21.2 658
17.8 516
15.2 472
14.8 44316.7 518

9.0 270

19.6 7160

WAXAOLE STSMAM AT WAIXANE, OAKU

Loc ATION.-One-fourth mile above belt road highway bridge 1 mile southeast
of Waikane; elevation is about.............. feet.

EQuiPmENT.-Vertical staff; low-water measurements made by wading; flood
. measurements from bridge.

CHANNEL AND coNThL.-One channel at all stages; slightly shifting,
EXTREMES OF DISCHARGE.-Unknown for period.
DIvERsIONS AND REGULATION.-Several irrigation ditches diverted water above

station; none below. Discharge at this station shows amount of water
going to sea.

AccURACY.-Stage-discharge relation changed; rating curves based on 12 and
3 measurements made in the two years respectively; gage read once
daily about 7 a.m.; records from poor to fair (extreme peaks probably
missed).

I



WAIHI STREAM

DURATION-DISCHARGE TABLE
Waiahole Stream at Waikane, Oahu

Number of days having a discharge, in millions

Year Number of gallons, equal to or greater than
ending of days

June 30 record
75 50 401 30 251 201 18 171 16

1912 ................. 257 1 1 2 42 148 212 234 234 257
1913 ............. 184 0 1 3 3 10 48 80 84 184

Total (ays ................ 441 1 2 5 45 158 260 314 318 441

Per cent .................... 100 .2 .5 1.1 10.2 35.8 59.0 71.2 72.1 100.0

Means (1.21 years) .8 1.7 4.1 3'7 131 215 260 268 365

Monthly discharge of Waiahole Stream at Waikane, Oahu, for years ending

June 30, 1912-13

Month

1911,12
September 25-30 .....................
O ctob er ..................... ........ ............
N o v e m b er ---._.---...------ ....--- . ................
D ecem b er .........................................
Jan ua ry ................................. .... .
F eb ru a ry .......................................
M a rc h ..... _ _ ----------- .... .. .. ... .. .
A p r il..... ... .. ...... ..... ..... ...... ..... .....
K a y ....... .............. ...... ........ . . . .. .

J u n e ....... .................. ......

The period (280 days) .............

1912-13
Jl. -................ .... ..............
A u g u st -....................... ............ .
S ep tem b er. ........ _..-.------._.-.-._...............

O ctober ...........................................
N ov em ber ------------ ...---------- ............

December......... ......................

The period (184 days)...........

Discharge Total
run-off

Million gallons per day Milliongallons

Maximum Minimum Mean

38 21 25.7 154
84 25 31.9 991
32 28 29.0 870
39 28 30.4 945
32 25 27.5 854
36 21 25.5 736
25 19 21.2 658
23 19 21.9 658

a19 a17 a17.1 531
23 17 16.6 [ 528

... 6,920

17
17
17
17
17
17

658
541
512
560
645
648

F-,560

a 9-day period

WAINI STILEAM NEAR WAIKANE, OAHU
Waihi Stream is one of the main branches of Waiahole Stream. Its

flow was practically constant. During the latter part of 1911 a few measure-

ments were made on this stream at 750 feet elevation which show its natural

flow.

DURATION-DISCHARGE TABLE
Waihi Stream near Waikane, Oahu

Number of day having, a dis-

Number charge, in millions of gallons,

Year ending June 30 of days equal to or greater than

record ______________

I 2.\ 2.6 2.4

1 9 1 2 -- ----- --------_........ ... .. ... ... ... .. ... ... ... .......... 3 1 1 2 t ° 3 1
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Monthly discharge of Waihi Strean near Waikane, Oahu, for year ending
June 30, 1912

Discharge Totalrun-off
Month Million gallons per day rnff

Million
Maximum Minimum Mean gallons

1911
August 11-12 ------ ................ .... 2.4 2.4 2.40 4.8
September 21-30 ---------------------------- 3.0 2.5 2.63 26.8
October 1-19 ............................... 2.5 2.5 2.50 47.5

The period (31 days) ....... . ...... --------....... 78.6

HALONA BT31MAN NEAR WAIXANE, OAHU

Halona Stream is the chief branch of Waiahole Stream. It rises in
springs at elevation about 1,000 feet and had a very uniform flow. During
the latter part of 1911 several measurements were made on this stream at
elevation 750 feet, which show the natural flow.

DURATION-DISCHARGE TABLE
Halona Stream near Waikane, Oahu

Number of days having a dis-
Number charge, in millions of gallons,

Year ending June 30 of days equal to or greater than
record

7.0 6.5 6.0 5.8

1912 ...... ............................ 27 1 6 6 27

Monthly discharge of Halona Stream near Waikane, Oahu, for year ending
June 30, 1912

Discharge Total
______________________________ run-off

Month Million gallons per day
Million

Maximum Minimum Mean gallons

1911
August 9A0 ................................... 5.8 5.8 5.80 11.6
September 21-30 ........................ 7.1 5.8 6.14 61.4
October 1-15 ......... ....................... 6.5 5.8 5.89 88.4

The period (27 days) .............. ----- 161

WA.XANU ST--AM NEAR WAINANE, OARU

Waianu Stream is tributary to Waiahole Stream from the north about
1 mile above the mouth.

A temporary gaging station was established on this stream above all
the main diversions September 28, 1911. This station 'was a short distance
below Uwau tributary and above the main Waianu ditch. The stream was
uniform in flow, being fed by springs at about 1,000 feet elevation. The few
observations made in 1911 show the natural flow of this stream. Discharge
based upon three measurements and gage heights for the days given.



WAIKANE STREAM

DURATION-DISCHARGE TABLE
Waianu Stream: near Waikane, Oahu

Number Number of days having a discharge, in millions
Year ending June 30 of days of gallons, equal to or greater than

record
9.7 9.5 9.01 S.81 8.51 8.21 8.01 7.8

1911........................... - 22 1 1 2 1 2 2 91 91 2

Monthly discharge of Waianu Stream near Waikane, Oahu, for year ending

June 30, 1912

Discharge Total
run-off

Month Million gallons per day
Million

Maximum Minimum Mean gallons

1911
September 9-10, 28-30 ............... 8.4 7.8 8.04 40.2
October 1-16 ................................ 9.7 7.8 8.18 131
N ovem ber 22 .............................. ................ 7.8 7.8

The period (22 days) ................ ............... ........ 179

W .X ANIE STREAM NEAR WAIANE, OAHU

LoCATION.-One-half mile above belt road highway bridge at Waikane; eleva-

tion is about ...... feet.

EQUIPMENT.-Vertical staff washed out September 30, 1912 and not replaced.

Measurements made by wading.

CHANNEL AND CONTROL.-One channel at all stages; shifting.
EXTREMES OF DISCHARGE.-Unknown.
DIvERSI NS AND REGULATION.-Several diversions above station.

AccURAcy.-Gage read once daily, about 7 a.m., from January 27 to Sep-

tember 30, 1912 when station was discontinued; range of gage heights

during this period from 0.90 to 1.30. No discharge rating obtained;

see miscellaneous measurements.



SURFACE WATER SUPPLY OF OAHU, 1909-28

RANANA STE AX NEAR KAHAANA, 0AHU

LocATIo-.-One-half mile above confluence with East Branch of Kahana

Stream 1 miles above mouth of stream and south of Kahana; elevation

is about 80 feet.
EQPMENT.-Stevens -water-stage recorder; made by wading or from cable.

CIANNEL AND CONTROL.-One channel at all stages; straight for 50 feet above

and 150 feet below gage; stream bed of gravel and boulders; right bank

steep and high; left bank sloped gently. Control composed of large and

small boulders; shifted during floods.
,ExTREmES OF DISCHARGE.-

Year Maximum Minimum
ending
June 30 M.G.D. Hour Day KVl.G.D. Hour Day

1914 ---. (Only 12days) (Only 12 days
1915 6 a.m. Sept. 23 19 ... Feb.-Apr.
1916 ......... 1,150 9 p.m. Feb. 1 13 -- --_ June
1917 .................... 1 800 3 a.m. M ar. 9 11 ........ Sept. 4-11

DIvEiRsIoNS AND REGULATIOX.-None above station; irrigation of sugar cane,

taro, and rice below.

AcCURAcY.-Stage-discharge relation changed during floods. Rating curves.

based on , 7, 7 and 6 measurements made during the four years res-
pectively, fairly well defined to April 26, 1915; poorly defined to Novem-

ber 11, 1915; well defined, below 200 million gallons to end of records
except for periods from August 15, 1916 to January 26, 1917 and March

10 to April 14, 1917 when poorly defined; recorder operation unsatis-

factory for short periods only and discharges interpolated or secured

by comparison with Kaluanui Stream. Records generally from fair to

good. for low and medium stages, poor for high stages.



DURATION-DISCHARGE TABLE
Kahana Stream near Kahana, Oahu

(See PLATE XVIII)

INuiber Number of days having a disclarge, in millions of gallons, equal to
Year ending June 30 of days or greater than

record
210 200 100 71 50 35 25 20 18 16 14 12 11

1 9 1 4 -------------------------------------------------------.1 2 -- 0 1 8 1 2 - - --- - - -------1915 .................................................. 15 2 10 14 41 127 238 6 .15 ...
1 9 1 6 _........... ................. ....... ........... ............ ............ .... . 3 6 6 0 1 5 1 3 1 6 6 1 3 9 2 4 7 2 9 9 2 1 2 4 3 5 6 6
1917 865 ....... 0 3__ 5---------------- 2- 3........... ----------- .............. 0 3 5 27 38 75 149 188 235 288 357 365 

Total days . ....... -- -- ------ - 1,058 2 4 18 34 100 239 459 704 814 886 971 1,050 ,058
P er cen t ---------.---- .--_------ . --------.. ------.L. --................- 100 .2 4 1 3.2 9.5 22.6 43.4 66.6 77.0 84.0 92.0 99.5 100.0

Means (2.90 years) .-- 1.2-- 6. 12 
-4 8 168 243 81..3 335- 362 365
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Monthly discharge of Kahana Stream near Kahana, Oahu, for years ending
June 30, 1914-17

Discharge Total
run-off

Month Million gallons per day
. Million

Maximum Minimum Mean gallons

1914
June 19-30 ..................... ... 70 34 42.3 508

The period (12 days) ....... ....... 508
1914-15

July ............... .. ......................... 82 34 43.5 1,350
August 1-3, 24-31 ............................. 64 34 42.1 463
September ........................................ 274 37 84.0 2,520
October .................................................... 74 30 40.4 1,250
November .................................... 67 30 37.2 1,120
December ........................................ 60 23 32.2 999
January ........................................ 32 21 23.5 730
February ................. ..................... 67 10 25.1 704
March 1-9, 20-31 ......................... 37 19 23.9 502
April 1-12, 21-30 ....... ..... 154 19 50.0 1,000
May .............................................- 62 25 35.4 1,100
June 1-20 ......................... 1 4 21 29'.8 476

The period (315 days) .............. 12,200

1915-16
July .............................. 65 18 30.8 956
August.......................................... ....... 28 16 19.9 618
September ............................ 28 16 19.8 594
October .................................................... .100 18 29.3 909
November ........................................ 135 22 40.2 1,210
December .......................................... 110 20 33.6 1,040
January .......................... 241 24 49.7 1,540
February .......................... 47 18 23.9 694
M arch ...................................................... 37 16 19.7 611
April ................................ 60 14 19.5 585
May ....... 1..5.... ....... 116 14 35.9 1,110
June ................................................ 26 13 15.2 455

The year ...................................... 241 13 28.2 10,300

1916-17
July .............................. 69 13 18.1 560
A ugust ..................................................... 69 12 19.6 607
September ......................................... 36 11 15.6 467
October ............................................. 26 12 16.7 519
November ......................... 3' 12 18.2 545
December .......................................... 81 1 28.7 890
January .................. ......... 5 ......... 8 13 20.9 648
February .............................................. 20 13 14.1 195
March ........................... 110 12 39.6 1,230
A pril ....................................................... 65 15 25.5 766
M ay ..................................................... 110 15 25.9 804
June ....................................................... 64 13 20.8 621

The year .......................................110 11 22.1 8,050



KAHANA STREAM

EAST BRANCJ OF KAKANA STREAM NEAR NAHANA, OAHU

LOCATION.-Just above headquarters of Kahana Agricultural Co., 500 feet
above confluence with main Kahana Stream and 1 mile south of Kahana;
elevation is about 50 feet.

EQUIPAIENT.-Vertical staff; measurements made by wading or from cable.
CHANNEL AND CONTROL.-Two channels at high stages; straight for 50 feet

above and below gage; left bank steep and high; right bank low and
overflowed at high stages. Control was riffle of small boulders; not well
defined; shifting.

EXTREMES OF DISCHARGE.-

Maximum Minimum
Year

endingJune 30o]
M. G. D. Hour Day M. G. D. Hour Day

1914 .......... (Only 61 days) (Only 61 days)
1 9 1 5 ------. 1 0 0 6 :1 5 p .m .. S e p t. 1 4 0 .8 1 J u n e
1916 200 6:00 p.m. Nov. 10 1.2 .. Apr. 7-17
1917 ........ 42 5:25 p.m. Dec. 7 1.2 ..... Sept., Oct.

and Feb.

DIvmSioNS AND REGULATION.-None above station; irrigation of taro below.
AceunAcy.-Stage-discharge relation changed. Rating curves, based on 1, 8,

6 and 3 low and medium measurements made during the four years, from
poorly to well defined for different periods; gage read twice daily;
records from poor to good below 16 million gallons per day; only ap-
proximate for higher stages.



DURATION-DISCHARGE TABLE
East Branch of Kahana Stream near Kahana, Oahu

(See PLATE XVIII)

Number of days having a discharge, in millions of gallons,
Number equal to or greater than

Year ending June 30 of days
record

100 751 501 25 151  10 81 61 4 21 1 0.8

1914 .......... 2 0------ --- 13-32-41--5262................................... 62 ------- .... 0 5 13 32 41 52 62 .------- .... ....
1915 ........... .......................... 365 ------- 4 12 24 46 67 111 193 301 35 365
1916 ....... ........................................ 365 1 1 4 9 20 48 67 90 178 280 365
1917 .............................. ... . 250 0 10 17 21 28 68 150 250 ........

Total days ............................................................... 1,042 1 8 26 67 143 196 281 501 793 1,033 1,042
Per cent ......... . . . . . . . . . . . . . ..------ .............. 100 1 1 .8 2.5 6.4 13.7 18.8 27.0 48.0 76.1 99.2 100.0

M eans (2.86 years) ........ ........... 3----------- . ......... 1 2,8 9.1 23 50 69 98 175 277 362 565
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KAIANA STREAM 185

MbMo~hy dtschergt ofi E/ast. lkac. of Kahane Streaa minar Kakania, Oahtu,

for years ecting Jine 30, 1914-17

Discharge Total
run-off

Month
Million gallqnu per tay Mi! ion

.... _ _ - gallons
Maximum Minimum JI n

I 914
May - - --- -- --- 1)6 01 . 445
June 4.- 250

The period (61 dla ys) ...... ---- 695

1914-15
July .. .---------------------- 0 35......... ........ 10 90 , 5
A ugust .................. 18----------------------- - 3.4 .26 225
September 61....... --- 4.7 19.2 577
O -tn e 9---- -. . .... 2.4 .. 79 11
November. ............-- .---------- -. 24 3.4 6.13 184
December . ............... 34 2.4 5.88 182
January.-.-.....-.......- .................. ------- 8.1 2.8 3.02 !J4
February .................. ..... 10 1.6 3.33 9M ar. .............................. 43 0 , 5,

A ob ................... ......... 14.0 1. -454
May-- ------ .-------.--------- 10 1.6 4.76 148
June--. ------------------------ 23 8 2.71 81
Th. .. ..................... 61 .7 2.7 2,310

1915-16

Sete..b e r....... ......---- 4.0 1.6 2.52 80J ul y ... ............. .................. ............... . . 3 :
Octpber-.......... ......... 21 3. .313

November-.. _----------------------108 2.8 10.8 324
dae'ehi r 1

- l 
i ---- ------ i-.--- - 5 1. r, 7.5

J y 62 6.8 17.3 18
Februtry---....-----.....,2]....... ... 9.0 2.2 4.44 12
March.. 7.4 1.7 2. 0 92
April --. -............. 3.3 1.2 1.74 52

Miy-- - ..... 18 2.2 6.4!9 201
June ---- ----- --....- ---. --.... - 4,4 1.7 2.08 62

The period (365 daqs) -- ----- -

-1916-17

o ...-------.----------------- --- - 3 227

Oto1.ber 1661 110
December .......------..................... 242,
January 1-9, 11-31 ...... ..... .- -202
February ... 5......... ........ .......... 9 1.2 2.00 56
March 1-8--------- ...... -............ ...... 3.3 1.2 1.46 12

The period (250 days). 925

The period (250 days) ............. 925



SURFACE WATER SUPPLY OF OAHU, 1909-28

PUNALUU STREAM AT ELVAWIN 539 PENT, NAA PU NAZUU, OAHU

LocATION.-About one-fourth mile below confluence of Kalena and Pio bran-
ches and 5 miles by rad ad foot trail south of P4naluu railroad sta-
tion.

EQUIPENT.-Friez water-stage recorder substituted for 8-day Stevens recorder
February 16, 1916; measurements made by wading or from cable 150
feet above gage.

CHAXNFL AND CONTROL. One channel at all stages, straight for several hundred
feet above and below station; composed of boulders and gravel; right
bank sloped sharply; left bank vertical; both banks fairly clean up to
extreme flood stages. Control composed of large boulders; fairly per-
manent.

EXTREMES OF DISCHARG.-

Maximum Minimum

Year
ending

June 30 M.G.D. Hour Day M.G.D. Hour Day

1915 ............. 18 4 p.m. Apr. 27 2.4 ........ June
1916 --------------- 300 8 P.m. Nov. 10 2.5 ........ Dec. & Apr.
1917 --------------- 450 2:00 a.m. Mar. 9 2.0 Sept.
1918 ---------------- 700 9:20 p.m. Apr. 11 1.5 Oct. & Nov.

DivuESIONS AND uEGULATION.-None above; part of low-water flow diverted
a low elevation for irrigation of sugar cane, rice, and taro. Station was
established to determine feasibility of project to divert water of upper
Punaluu Valley to augment water diverted from Kahana Valley by Waia-
hole Water Co.

AccuRAcY.-Stage-discharge relation practically permanent. Rating curves,
based on 2, 6, 8 and 3 measurements made during the four years, gen-
erally fairly well defined below 20 to 30 million gallonis per day for
first two years, and well defined between 2 and 6 milion gallons per
day for the last two years. Operation of recorders not satisfactory for
short periods when staff-gage was read or record estimated by com-
parison with lower station. Records from poor to good for low stages,
very poor above 100 million gallons per day.



DURATION-DISCHARGE TABLE
Punaluu Stream at elevation 5T9 feet, near Punaluu, Oahu

(See PLATE XIX)

Number Number of days having a discharge, in millions of gallons equalYear ending Jund 30 of days to or greater than
record

100 75 50 25 15 10 8 5 24 3 1.

1915 ....................................................... .................................. 59 ...... .... ---. . .. .0 1 1 3 24 30 40 - -1916...... ............................. .................... - 366 --------- 0 1 4 14 a7 4812 7 31917 ----------------------- -------.......... . . . . . . . . . . ..................... 365 ........ 36........ .0 2 17 34 64 170 221 31 3661918. ... . ....... "' 285 1 1 2 7 15 31 38 8 9 95 162 268 285

Total days ---------------------- ------- 1,075 1 1I 3 13 47 103 153 44 622 6531 1,051 1,7P e r c e n t ......................... ........... .. .. .. .. .. .. .. .. .. .. .. .. .. .-0 .1 6. 54 2 7 . 8 7 90 .6 1 00.
Pe cn----------------------------- ----- 100 .1 . 3 1.2 4.4 9.6 14.2 37.6 78 7. 98. O00

Means (2.94 years) ......... ...........................................3 .3 1.0 .4 16 35 52 1381 360 365
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Monthly discharge of Punaluu Stream at elevation 539 feet, near Punaluu,

Oahu, for years ending June 30, 1915-18

Month

Maximum

1915
May 4-31 ..................................... 8.0
J u n e . .-----------------------------------.................. 5:5

The period (58 days) ........... .....

1915-16
July.........................................
August .........................................
September ............................
O ctober ....................................................
November .................
December ......................................
Jan uary .......................................... .....
F ebruary .. ...................................
M arch ................... ..........................
April .............. ...........
M a y . .... -. --....- ..................... .......
J u n e .......... ...... ....... .... .... ...

The year ................

1916-17
J u ly ................................ ......
August ............
September............. ..............
O c to b e r ................................. ... ...... ...
N ov em b er .. -..-. -------------------------..........
December.........................
January ...............................................
February ......................... ........

12
5.3
4.0
9.0
35
25
70
12

8.8
7.5

25
5.5

70

9.8

Discharge

Million gallons per day

Minimum Mean

3.4 5.25
2.4 3.19

3.4
2.8
2.8
8.4
4.0
2.5
6.5
4.0
3.2
2.5
4.8
3.2

2.5

2.5
2.5
2.9
2.5

3.8
3.8
3.8
9.0

M a r c h -------. ----------------. ------------. ....... 4 0 2 .5
A pril 19................. ................ 5.5
May ............................... 17 6.4
June .... .............. ................. 3.8

The year ........ ..................... 40 2.0

1917-18
July ---------------...... 4.6 3.0
A ugust 2-- . . . . ................... 3.0 2.$
September .......................... 3.8 2.0
O ctober ....................... 2.......................... 3.0 1.8
N ovem ber ........................ .. ........ 3.8 1.5
D ecem ber .......................................... 7.4 2.0
January ........................... 14 2.5
February ............................... 14 5.5
M arch 8.......... ......... 34 5.5
April 1-11 .. 120 10

The period (285 days) ..------ . .....

4.97
3.84
3.18
4.62
8.56
6.30

12.8
5.52
4.71
3.23
7.97
3.97

5.82

3.25
4.34
3.22
3.75
5.46
7.21
6.00
3.66

11.4
8.60
8.21
6.22

5.96

3.34
2.60
2.46
1.92
2.24
3.33
5.43
7.83

11.5
31.3

Total
run-off

Million
gallons

147
96

248

154
119

96
143
257
195
396
160
146

97
247
119

2,130

101
134

97
116
164
224
186
103
354
258
254
187

2,180

103
80
74
60
67

103
168
219
358
344

1,580



PUNALUU STREAM

PUNALUU STREAM AT ELEVATION 250-rEET, NEA4 PUNALUU, OAHU

LOCATIO.-About 112 miles by road and horse trail south of Punaluu railroad

station.
EQUIPMENT.-Stevens water-stage recorder; measurements made by wading or

from cable, about 150 feet below gage.
CHANNEL AND CONTTROL.*-One channel at all stages; straight for about 200 feet

above and below gage; composed of large boulders; right bank sloped
gradually and was covered with small trees and vegetation; left bank
slopes sharply and was covered with vegetation. Control composed of
large boulders; apparently permanent.

EXTREMES OF DISCHARGE.

Year .Minimum Maximum
ending
June 30 M.G.D. Hour Day M.G.D. Hour Day

1914 ............. (Only 35 days) (Only 35 days)
1915 -------- 700 5:00 a.m Sept. 23 10 .... Mar. 28-30
1916 .---.-.....- 400 7:3'0 p.m. Nov. 10 10 . Aug. and

Sept.
1917 Unknown ....... 12 .... Aug., Sept.

l)ct. and Mar.
1918 ............... 1,080 11:00 p.m. Apr. 11 10.4 ....... Occasionally

DIvERsIONS AND REGULATION.-None above; part of low-water flow was diverted
below for irrigation of sugar cane, rice and taro.

AccuRAcY.-Stage-discharge relation not permanent. Rating curves, based
on 2, 4, 4, 4 and 4 low-water measurements made during the five years,
generally fairly well defined below 100 million gallons per day. Water-
stage recorder satisfactory except for short periods throughout, when
discharge was estimated by comparison with upper station and Kaluanui
Stream. Records from fair to good for low and medium stages, poor
for high stages.



PUNALUU STREAM

PUNALUU STREAM AT ELEVATION 250 FEET, NEAR PUNALUU, OAHU

LoCATIO.-About l y miles by road and horse trail south of Punaluu railroad
station.

EQUIPMENT.-Stevens water-stage recorder; measurements made by wading or
from cable, about 150 feet below gage.

CHANNEL AND CONTROL.-0ne channel at all stages; straight for about 200 feet
above and below gage; composed of large boulders; right bank sloped
gradually and was covered with small trees and vegetation; left bank
slopes sharply and was covered with vegetation. Control composed of
large boulders; apparently permanent.

EXTREMES OF DISCHARGE.-

Year Minimum Maximum
ending

June 30 M.G.D. Hour Day M.G.D. Hour Day

1914 ----------.... (Only 35 days) (Only 35 days)
1915 ------------ 700 5:00 a.m. Sept. 23 10 Mar. 28-30
1916 .--. 400 7:3'0 p.m. NOv. 10 10 Aug. and

ov, Sept.
1917 ................. .Unknown 12 Aug., Sept.

Det. and Mar.
1918 ............. 1,080 11:00 p.m. Apr. 11 10.4 Occasionally

DIvERsIONS AND REGULATION.-None above; part of low-water flow was diverted
below for irrigation of sugar cane, rice and taro.

AccuRAcY. Stage-discharge relation not permanent. Rating curves, based
on 2, 4, 4, 4 and 4 low-water measurements made during the five years,
generally fairly well defined below 100 million gallons per day. Water-
stage recorder satisfactory except for short periods throughout, when
discharge was estimated by comparison with upper station and Kaluanui
Stream. Records from fair to good for low and medium stages, poor
for high stages.
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Monthly discharge of Punaluu Stream at elevation 250 feet, near Punaluu,
Oahu, for years ending June 30, 1914-18

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

May 14-31 ...................... 89 14 81.5 567

June 1-5, 19-30 ................... 116 16 3l.5 536

The period (35 days) - .... - ------.......... 1,100

1914-15
July ------..------....---------......... 21 10 16.5 512
August ................................... ............. 42 16 21.6 669
S ep tem b er ----------- .. ......... ..... 1 86 16 46.6 1,400
October ............................................. 31 19 22.3 691
Novem ber .......................................... 55 19 24.3 729
Decem ber ......................................... 50 19 25.5 790
January........................... 22 14 16.6 514
February .......................... 25 12 14.4 403
M arch ................................................. 16 10 13.7 426
April .............................. 84 12 29.4 881
M ay .................................................... 42 14 20.2 625
June. ....... . . . .................................. 38 14 15.8 474

The year ....................... 186 10 22.2 8,110

1915-16
July ............................... 38 14 17.2 534
August................... ......... 16 10 12.6 390
September ..................... 14 10 11.3 338
October. ........................... 28 12 14.5 451
November ........................... 84 14 25.0 749
December ......................... 64 12 20.2 626
January _---------------------- .................. 140 19 38.6 1,040
F ebruary ----------------................................. 34 14 18.6 539
March........ ...... - ... 28 14 16.7 519
April .............................. 28 12 13.9 416
M ay ................................................... 64 16 26.2 811
June ................. ........... 19 14 14.5 435

The year ...................................... 140 10 18.7 6,850

1916-17
July --- _ ....................................... 31 12 13.9 432
August..................... ....... 38 12 16.7 517
Septem ber ............................................. 25 12 13.9 418
October ----------........................ 3'8 12 16.2 501
November ..................... ......... 50 14 17.9 537
Decem ber ............................................ 55 16 26.3 815
January ............................................... 50 16 24.5 758
February .... ............. .......................... 25 14 17.0 476
March ..............................................100 12 32.8 1,020
A pril .................. .... ... ..... 50 19 26.8 804
May --- .................... ........... .... .... 64 19 27.5 852
June ........................................................... 34 16 21.9 657

The year ................ ................ 100 12 21.3 7,780

1917-18
July ........ ......... ...... ..................... 22 14 15.0 464
August ............................ 14 12 13.3 412
September ......................... 19 10 12.5 375
October........................... ............... 14 10 11.2 346
November ......................... 16 10 12.2 366
Decem ber .................... ... . ... .. . 42 12 17.8 552
January ....................... ... 55 12 21.8 677
February .......... ------ -.--. ......... 38 16 24.2 679
March .......... _ ...... . 94 19 34.4 1,060
April ........... ................ 200 19 53.0 1,590
M ay ---. ...................... -- .. . . . 64 19 27.5 853
June-...................................... 31 19 23.1 693

The year ................... 200 10 22.1 8,070



192 SURFACE WATER SUPPLY OF OAHIU, 1909-28

PUNALUU STREAM NBA. HAUULA, OAHU

Weir (15-inch) records were kept on Punaluu Stream at elevation 2,500

feet by W, E. Rowell for J. B. Castle from October, 1906, to October, 1907,

inclusive, and results furnished to the U. S. Geological Survey by Mr. Castle.

Monthly discharge of Punaluu Stream near Hatula, Oahu, for years ending June
30, 1907-08

Month

1906-07

Discharge

Million gallons per day

Mean

Total
run-off

Million
gallons

O c t o b e r . ............................................ 0 .3 6 1 2
N ovem be r ............. ................... ... .37 12
D ecem ber .................. .-............... 76 24
January -----------------------_---- .59 18
February ................ . . .. .... .26 7.2
M a r c h ........... ......... ......... .. - ....... . . .2 9 9 .1
A p r il ........................................................-.2 1 6 .5
M ay_ ....-------------- . . . .. .11 3.6

June ...--------- ............... .22 6.8

The period (273 day s) -------------....... 99.2

1907-08
J u ly ---------------- _ -- .._.---- ..- .--- _ --.. ....... 2 9 8 .8
A u gu st --------------------....... .50 16
Septem ber --- _ ............ .....-- .29 5.9
October ---- - . . .21 6.5

The period (123 days) ...-- ....... 37.2

WAIHOI STREAM NEAR PUNALUU, OAHU

LocATIO.-One-half mile above confluence with Punaluu Stream, 3 miles by

road and trail from government highway and 6 miles by road and trail

south of Hauula; elevation is about 500 feet.

EQuipmFNT.-Vertical staff; Stevens 8-day water-stage recorder in use April

27 to November 9, 1915; measurements made by wading.

C ANNEL AND CONTROL.-One channel at all stages; very steep and rough; both

banks high and wooded. Control composed of large boulders; shifted

somewhat owing to growth of grass and roots at banks.

EXTREMES OF D1SCHARGE.-Maximum discharge recorded, 2 p. m., November 3,

1915,-approximately 9.0 million gallons per day; minimum daily dis-

charge, 2.5 million gallons per day, November 13-24, 1916.

DIVERSIOXS AND REGULATION.-None above station; station established in con-

nection with contemplated plan for development of Punaluu waters.

AccuRAcY.-Stage-discharge relation fairly permanent, except for growth of

grass and roots; rating curve, based on 6 and 3 measurements made

during the two years respectively, fairly well defined for ordinary stage.

Flow so steady that water-stage recorder was removed, November 9, 1915,

and only weekly readings of staff gage made after that; for this reason

some of higher stages doubtless not recorded. Records fair.
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DURA.TION-DISOHARGU TABLE
Waihoi Stream near Punaluu, Oahu

(See PLATE XIX)

Number of days having a discharge, in millions of gallons,
Year Number equal to or greater than

ending I of days
June 30 record 5.6 -5.01 4.51 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.5

1915a ................ 65 2 2 24 30 65 ....... ...... ..............
1916a.........366. ........ 0 7 142 263 270 278 285 366. ...... .1,917a.........g365 . ... 0[ 7j5]l~ 25 4117 290C 336] 34[33 6

Total days ... 796 2 2 38 227 441 460 484 517 721 767 779 784 796
Per cent ...... 100 .3 .3 4.8 28.5 55.4 57.7 60:8 64.9 90.7 96.3 97.8 98.5 100.0

Means (2.18 years)... .9 .91 17 104 202, 211 222 237 131 352 357 3601 365

aDaily-discharge tables not published.

Monthly discharge of Waihoi Stream near Punaluu, Oaku, for years ending
June 30, 1915-17

I Discharge

Month Million gallons per

Maximum
I - I

1915
M ay . .............. ............................... 4.8
June... ............................ 5.6

The period (61 days) ............ . ........... I ..

1915-16
July ..............................
August ....................... ...........
September ....................................
October ........... ..............................
November .......................................
December .........................
January ........ . ...........
F ebruary ............................................
March ..............................................
April..................._..
M ay .....................................................
June .........................

The year ...........................

1916-17
July .................. ......................
August ...........................
September ........................
O ctober .............................
November . ........................
December-...................................
January.................................
February ......................................
March..............................
A pril ..................... ... .............
M ay ..................... ...... .............
June .............................................

The year ................................

4.8 3.3

Minimum

Total
run-off

day
Million

Mean gallons

4.0 t 4.48
4.0 4.11

139
123

262

4.15 129
4.00 124
3.74 112
3.48 108
3.47 104
3.44 107
3.97 123
4.40 128
4.40 136
4.40. 132
4.40 136
4.00 120

4.00 1,450

3.58 ill
3.42 106

3.54 1,290

3.54 1,290
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NALUANUZ STREAM NEAR HAUUI A, OAHU

Weir records on this stream were maintained by W. E. Rbwell for J. B.
Castle at 2,500 feet elevation from November, 1906, to October, 1907, inclusive,
and at 1,900 feet elevation from October, I96, to October, 1907, inclusive.
These records were furnished to the U. S. Geological Survey by Mr. Castle.

At lower station, a 30-inch notch weir, 1 foot in depth, was used for days
on which discharge exceeded 5.37 million gallons per day, the excess was
discarded.

At upper station, 15-inch weirs used on 3 separate branches of Stream;
records give sum of discharge of the three branches at 2,500 feet elev'ation,

Monthly discharge of Kaluanui Stream (at elevation 2,500 feet), near Hamula,
Oahu, for years ending June 30, 1907-08

Discharge Total
run-off

Month Million gallons per day
Million

.Mean gallons

1906-07
N ovem ber...........-...... ........................................ 1.32 38.8
D ecem ber ................................... ................... 2.71 84.1
January ............................................................-...... 1.92 60.0
February ............................................................. .. 1.22 34.5
M arch----- ................................................................... 1.31 40.1
April ........................--....................-................ .93 27.1
M ay .................................................... ....... .... 60 18.0
June .... .. ............................................................. 1.22 36.8

The period (242 days) ........... 9.... ............... 339

1907
July ................................. ........................................... 1.22 38.1
August ............................................... 2.25 70.1
S ep te m b er ................ . . ....... . . ......................... 1.3'3 4 0.7
October ................................................................ 96 24.0

The period (123 days) .................................... 173
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Monthly discharge of Kaluanui Stream (at elevation 1,900 feet), near Hauula,
Oahuu, for years ending June 30, 1907-08

Discharge Total
run-off

Month Million gallons per day
Million
gallons

Mean

1906-07.
October.... ........................................... 2.49 78.2
November ........................................ . . 1.69 50.5
December ....... ...... ............................... 3.45 106
January- ............................................................ 2.84 88.0
February ---- .................. ...... .............. 2.14 59.6
M arch ------------........... ................ ....... 2.16 66.1
April .. _ . ...... .................................... 1.45 42.7
lay . ........................... .............................. 1.08 3.9
June .--- . ..................... ........................ 2.29 67.8

The period (278 days)i--..-.. ....... 593

1907
July ........... ....... ....... .............. 2.02 62.2
August ............ ... . ............. . .. 50 108
September .................. .............. ................... --- 2.05 61.9
October. ..................................... 1.52 48.2

The period (123 days)a ..... ......................... 280

aFor days on which the discharge exceeded 5.37 million gallons per day, cor-
responding to 1-foot head, the excess was discarded. Excess discharge discarded
as follows: October, 6 days; November, 5 days; December, 8 days; January, 9 days;
February, 3 days; March, 5 days; April, 2 days; May, 2 days; June, 1 day; July,
2 days; August, 10 days; September, 3 days; October, 2 days.

K.&LUANUI STREAM NEAB 3.UULA, OAHU

LocATIoN.-At Castle's rest house, 5 miles from government road and 7%
miles by road and trail south of Hauula; elevation is about ...... feet.

EQUIPMENT.-Stevens continuous water-stage recorder installed February 17,
1916, in place of 8-day Stevens recorder; measurements made by wading.

CHANNEL AND CONTROL. One channel at all stages; straight for 25 feet above
and below gage; bed composed of boulders and gravel; right bank sloped
gently; left bank steep and high. Control composed of large boulders;
probably permanent.

EXTREMES OF DISCHARGE.-

Year Maximum Minimum
ending .
June 30 M. G. D. Hour Day M. G. D. Hour Day

1915 27---------_ 7 ........ Apr. 12 0.35 June 10-14
1916 ........... 1 5 2:30 a.m Jan. 8 .8 Mar. and Apr.
1917 ............ 200 2:00 a.m Mar. 9 .25 Feb. 25-26

DIvERsIoNS AND REGULATION.-None above station; irrigation of sugarcane and
rice below.

AcCURACY.-Stage-discharge relation probably permanent; rating curves,
based on 5, 5 and 3 low and medium measurements made during the
three years respectively, well defined below about 40 million gallons per
day. One gage height daily up to June 1, 1914. Operation of water-stage
recorder satisfactory thereafter except short periods when discharge
estimated by comparison with record of flow of Punaluu Sttream. Rec-
ords generally fair to good for low and medium, and poor for high
stages.
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DURATION-DISCHARGE TABLE
kaluanui Stream near Hauula, Oahu

Year Number Number of days having a discharge, in millions of gallons,
ending of days equal to or greater than

June 30 record
540 301 201 10 8 6 4 2 1 0.8 0.6 0.4 0.2

1915 .................... 7 2. 0 5 12 17 18 19 30 35
1916 .... 366 3 7 2 41 53 84 148 241 262 290 356 366
1.17 S . 3 15 25 29 64 160 264 299 328 358 365

Total days ... 766 3 5 10 40 66 82 153 320 522 579 637 744 766
Per cent . 100 .4 .7 1.3 5.2 8.6 10.7 20.0 41.8 68.2 75.6 8T.3 97.3 100.0

Means (2.10 years)_. - 1.4 2.4 4.8 19 31 39 73 152 248 276 303 354 365

Monthly discharge of Kaluanui Stream near Haunla, Oahu, for years ending
June 30, 1915-17

Discharge Total
run-off

Month
Million gallons per day Million~gallons

Maximum Minimum Mean

1915
April 28 ........ ...................... 5.7
May 5,.2, 2 58, ....... . .......... .7.2_
June ... ..................... .... 5.7 0.3Z5 1.42 42.6

The period (35 days) ------- ........ 55.5

1915-16 . . ....
July ..... ...... ..................... 9.2 1.2 2.78 86
August ........................... __ .. .. 3.2 .4 1.63 50
September--..................... .. 2.6 .4 1.09 33
October-......... .......... 8.0 .5 2.49 77
November... ....................... 32 1.0 5.92 178
December ........................................... 46 .5 6.56 203
January ............ ............... 46 1.7 10.1 314
February --------------........................... 15 .4 2.04 59
March ................................. 2.6 .3 .61 19
A pril ............................................. 6.7 .3 .97 29
m ay ............................................. 18 .8 4.02 125
June .... .................................. 8.0 .5 1.45. 43'

The year ...................... . 46 .3 3.33 1,220

1916-17
July ........... .................... 12 .65 1.76 55
August ................. ..................... 11 .8 2.45 76
September ............................... 5.7 .45 1.37 41
October ....................... 14 .45 2.18 67
N ovem ber ............................................ 12 1.3 3.10 93
December .......... ............... 16 1.7 4.16 129
January. .......................... 11 .8 2.73 85
February ........................... 3.2 .25 .69 19
M arch .................................. .......... 20 .35 4.87 151
April .... .............................. 24 .5 3.78 113
M ay ....... - ----------.............. ...... - 11 .6 2.28 71
June ............. ...... ...................... 5.7 .5 1.33 40

The year ........... ......................... 24 .25 2.58 940

AZ?3.PAU STR-AM NEAR HAUULA, OAHU

Weir records were kept on this stream at an elevation of 1,900 feet by
W. E. Rowell from October, 1906, to October, 1907, inclusive, for J. B. Castle,
who furnished records to the U. S. Geological Survey.



KAIPAPAU STREAM

Monthly discharge of Kajpapa Stream vear Hauula, Oahu, for years ending
June 30, 1907-08

Month

1906-07
October
November .... ............ .....................
D ecem ber...... ................................. .... .............
January ................ ..... ................................
February ................................
M arch ............................ ......... ... .......

----iL - -----------------....... -
May .................................................
June ................... . . ............ 

The period (271' days)a ....................

1907
July .............. .. ......... ... . ......................
A ugu st . ............................ ....................................
Septem ber ................. ............
October ............... .................

The period (123 days)a ........................

Discharge

Million gallons per day

Mean

0.71
.65

1.41
1.22

.86
.86

.58
.38
.90

.74
1.56

.76

.54

Total
run-off

Million
gallons

22.0
19.4
44.0
88.1
23.5
26.0
15 5
12.0
27.1

228

22.0
48.2
23.3
16.0

110

'IFor days on wichl the dlischarge exceeed 68 mllongaloserdaor
responding to 1-foot head, the excess was discarded. Excess discharge discarded
as follows: December, 4 days; January, 7 days; March, 4 days; April, 2 days;
May, 2 days; July, 1 day; August, -9 days; September, 1 day; October, 2 days.
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KOLOA STREAM NEAR L.&1, OARU

LocATIoN.-At elevation about 500 feet, 3 miles by horse trail southwest of
Laie.

EQuIPENT.-Stevens water-stage recorder on left bank; measurements made
by wading or from cable about 20 feet below gage.

CHANNEL AND CONTROL,-Channel straight for a hundred feet above station;
right bank clean and perpendicular; left bank clean with gradual slope
to above high-water stage. On October 23, 1915, reinforced concrete
control 33 feet long having low-water notch 16 feet in length was com-
pleted.

EXTREMES OF DISCHARGE.-

Maximum Minimum
Year

ending
June 30

M. G. D. Hour Day M. G. D. Date

1915 ....... 755 9:00 a.m. Sept. 25 Less than 0.1 Frequently
1916 ........... 450 9:30 p.m. Nov. 9 do do
1917 ......... 300 11:00 a.m. Nov. 11 0. Oact. 1-8
1918 ---- 400 11:00 p.m. Apr. 3Dry Aug. to Nov.

DIVERSIONS AND REGLATION.-None above. Stream not perennial in its lower
course. Small part of flood discharge was diverted at low elevation for
irrigation of sugar cane. Station established to determine whether total
discharge of stream would justify construction of large flood-water storage
project in vicinity.

AccuRAcy.-Stage-discharge relation practically permanent. Rating curve,
based on 3, 5, 5 and 4 measurements made during the four years re-
spectively, generally fairly well defined between 2 and 10 million gallons
per day. Operation of recorder unsatisfactory at times; discharge es-
timated for such periods by comparison with Wailele Stream. Discharge
for days of decided fluctuation in stage computed hourly. Records from
poor to good for lower stages; prior to October 15 for extreme low
stages may be considerably in error owing to seepage through gravel
in natural control; high-water records poor.



DURATION-DISCHARGE TABLE

Koloa Stream near Laie, Oahu

Number Number of days having a discharge, in millions of gallons, equal to or greater than
Year ending June 30 of days

record 150 100 501 251 10 8 6 4 2 1 0.8 0.6 0.4 0.2 0.1 0.0

1915 ................. -........ I............ 346 1 1 7 15 31 34 48 61 112 217 256 282 292 329 ,346 .......
1916a ................................ 333 0 6 18 29 37 64 107 242 269 297 297 319 333 0
1917 ............ ................365 0 1 18 30 36 56 119 264 264 357 357 365 ....

1918 ...... ...... ........... .... 365 -------- 0 1 19 27 41 73 115 206 206 241 254 299 338 365

Total days........................ ........... 1,409 1 1 7 23 86 120 162 254 453 929 995 1,177 1,200 1,312 1,3'82 1,409
Per cent .............................................. 100 .1 .1 .5 1.6 6.1 8.5 11.5 18.0 32.2 66.0 70.7 83.5 85.2 93.3 98.1 100.0 i

Means (3.86 years). --- .3 .3 1.8 6.0 22 31 42 66 117 241 258 305 311 340 358 365 td

M axim a ---------------_-_ - ----.................... 1 1 7 P16 p32 p36 p51 71 119 p265 p295 357 357 365 365 365

M in im a .............................................. 0 0 0 1 1 8 2 7 3 6 5 6 1 1 5 2 0 6 2 0 6 2 4 1 2 5 4 2 9 9 3 3 8 3 6 5

a Daily-discharge table not published.

p Proportional; computed from a critical period above, exceeding half year.
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Monthly discharge of Koloa Stream near Laie, Oahu, for years ending

June 30, 1915-18

Month

1914-15
August......... .............
Septem ber ............ .......................
O ctober ..................... ...................
November ............................
D ecem ber ......... ............... ............
January ..........................
February ................................
March ....................................
A pril ........... ............. . .. . . .
May ......................................
June ..... .... .... ............ .............

The period (334 days) .------

1915-16
July ..................................
August ............................
September ......................
November................................
D ecem ber......................................
January. ...........
February ..............................
March .......................
April .............................
M ay ----------------- ........... ............ .........

The period (305 days) .............

1916-17
July ............. ...............
August .............................
September ................. .
O ctober ................................ ........
November _.........................
December ............................
January ...................................
F ebruary. ..........................................
March ........ ..............................
A pril ... ............... ...........................
M ay ...........................................................
June ....... .....................................

Discharge

Million gallons per day

Maximum Minimum Mean

47 0.9 7.32
165 1.1 17.7

6.5 1.76
Sc

The year .... ..................... 31
1917-18

July ............................................... . 3.1
August ............................................. 1.6
September ...... ....................... 1.6
October ............................ 3.1
November .......................... 8.1
D ecem ber ............. .................. 22
January-....... ........ ......... 7.4
February ........................ . 10
M arch ......... ...................................... 19
April ................................ 28
M ay .................................................... . 9.5
June ............................... 6.2

The year ............................ . 28

~t ~u?
2.6 I .1 .45
8.6 p.1 1.94
2.1 .2 .67

72 .6 10.8
16 .. 6 2.75
31 .2 2.50

13 1.0 2.71
6.5 .8 1.578.9 ".8 1.73

42 i .0 6.75

30 1.0 4.24
45 1.0 6.83
6.6 .6 1.38
9.3 .3 1.33
9.9 .15 .91

17 .6 3.03

.6 .87

.6 1.13

.6 :85

.3 1.88
1.0 3.34
1.0 4.66
1.6 3.95
.6 .95
.6 4.81

1.0 3.73
1.0 2.69
.6 1.48

.3 2.54

.3 .57

.0 .28
.0 .38
.0 .26
.0 1.08
.25 2.16
.25 2.31

1.2 3.42
1.2 4.90
1.5 8.561.0 3.22

.7 1.09 3

.0 2.41

Total
run-off

Million
gallons

227
531

55
86

126
14
54
21

325
85
75

1,600

84
49
52

202
131
212

40
41
27
94

932

27

25
58

100
144
123

27
149
112

83
44

927

18
9

11
8

32
67
72
96

152
257
100

58

880



WAILELE STREAM

WAILELE STREAM NEAR LAZE, OAHU

LoCATION.-About 3 miles by horse trail southwest of Laie, about 525 feet
above sea level.

EQUI'MENT.-Stevens water-stage recorder on right bank; measurements made
by wading or from cable 20 feet above gage.

CHANNEL AND CONTROL.-Straight for about 50 feet above gage; right bank
sloping and clean; left bank nearly vertical. Control for 1915 records
consisted of apparently permanent natural dam of large boulders about
15 feet below gage; thereafter, artificial control of concrete slab 32 feet
long with low-water notch 14 feet long.

EXTREMES OF DISCIIARGE.-

Year Maximum Minimum
ending

June S0 M.G.D. lHour Day M.G.D. Hour Day
1915 ........... 295 9:30 a.m. Sept. 23 Dry Frequently
1917 .............. 140, 3:00 a.m. Nov. 18 0.1 Oct. 6-8
1918 ................ More than

3190 li:00 p.m. Apr. 11 Dry Frequently July 19 to
Nov. 20

DIvERsIONS AND REGULATION.-None. Stream not perennial. Small part of
flood discharge diverted at low elevations for sugar-cane irrigation.
Station established to determine whether total flood discharge of streams
at 500 feet above sea level Would justify construction of large flood-
water storage project in vicinity.

AccuRAcY.-Stage-discharge relation practically permanent. Rating curves,
based on 4, 5 and 3 low and medium water measurements made during
the three years respectively, generally well defined between 3 and 80
million gallons per day. Operation of recorder unsatisfactory for short
periods throughout and discharge for such periods estimated by com-
parison with Koloa and East Branch of Kahawainui Streams. Records
from fair to good. for low and medium, and poor for high stages.



DURAT ION-DISCHARGE TABLE 

Wailele Stream near Laie, Oahu

Number Number of days having a discharge, in millions of gallons, equal to or greater than

Year ending June 30 of days

75 50 25 10 8 6 4 2 1 0.8 0.6 0.4 0.2 0.1 0.0 T
1915 --------.--.-------... ......... _...... ............ 263 1 1 3 12 13 15 0 35 52 64 85 110 205 225 263

1917 ......... ............ .................... ........ . 268 ........ ....... 0 3 5 13 29 72 134 193 193 265 265 268 268 t
1918 ........ .............................. 365 .-. 0 3 7 8 16 33 63 114 190 190 256 256 314 365 t

Total days ............................... ..... .......... 896 1 1 6 22 27 44 82 170 300 447 468 631 726 807 8
Per cent ......................................................... 100 .1 .1 .7 2.5 3.0 4.9 9.2 19.0 3T.5 4%.9 52.2 79.4 81.0 90.1 100.0

Means (2.45 years) ............ ........................ 4 .4 2.4 9.0 11 18 33 69 122 1!2 191 257 296 329 365



WAILELE STEAM 203

Monthly aischarge of Wale Stream ar Laic, Ohu, fo years enhing

June 30, 1915; 1917-18

Discharge Total
I run-off

Month Million gallons per day Million

gallons
Maximpm Minimum Mean

1914-15
August--...-.... ......... - .-.-- ..... - .- ... 6.9 0.1 0.83 26
Sepemer.----.--.-- ------ -- s0 .0 8.14 244
O ctober ...- .------------------------------- 3.0 .2 .81 2

.................. - 16 .2 1.44 43

D ecember...... ................. 23 1 1.91 59
January ............................... 3 .0 .28 9
February...................20 .0 1.83 51
March................ _...........1.5 .0 .23 7
April .................................... ........... ... .- ...- .0 5.4 162
M ay ............................ .. - ---- 1.4 43

--une--- --------- '. 1.2 36

T he period (334 days) ---- ... ..... : -------- ---..... , 705

196-17
Octob 6-31 -................. ...... 7.8 .1 1.34 35
November .. - -- -- 1.6 t.4 1.76 1 53
December 7.9--------- ---- . 2.80 65Decembe............. ......... 2 .064.11
Fanuary ... ...........- - - -- 7.9 .8 2.09 65
February .............................. ......... •

12 .4 2,11 63

M ay - ---- -_-- --- --- 6.5 .4 1.344
June ....... ....................... .5.2 .4 .8

The period (268 days) -------- -- ----------- 
- - -

-..... 451

1917-18
July................................---1.8 .0 .24 7
August 6  ............... -.. . . . . . . . . . . . . . . . . . . . . . . . . . .8 .0 .19 6

Se t m e -------- -------- --- .8 .1 .26 -8
October .........-- .., -..... -... .......-- - 1.2 .0 .15 5
November.... ............ .---------- 2.5 .0 11
December... ---- .-...........-.-..... 5.8 .1 .83 26

Jan a r ---__----------------- ------ 7.4 .41. 41
February-..---..-.....----...... -....... ..12 85
March.~......_.......-------_.....- 26 .4 2.97 92
April.............................86 .8 6.31 189
May...................... .. -- - 9.3 .8 1.89 59
Jue ........ ......... 3.4 .4 1.00 30

The year ............ _ ............ 36 .0 1.56 569



SURFACE WATER SUPPLY OF OAHU, 1909-28

EAST PANOX OFA X9 HAWAzUz STREAM NEAR MAZ, OAV

LOCATIO.-One-half mile above junction with Wiest Branch of Kahawainui
Stream, .o miles b tril sotws o L ad about 500 feet
above sea level.

EQUIPENT.-Stevens water-stage recorder; measurements made by wading
or from cable 10 feet below gage.

CHANNEL AND COTNOL-One channel at all stages; straight for several feet
above station; bed composed of large boulders; free from vegetation;
right bank clean and nearly perpendicular; left bank sloping and fairly
clean. Control prior to October 26, 1915, consisted of natural dam of
large boulders subject to shift during extreme floods. On November
1, 1915, reinforced concrete control, 32 feet long with low-water notch

15 feet long, was completed.
EXTREMES OF DISCHAlE.--

Year Maximum lininum
ending

June 30 TYLG.D. Hour I Day M.G.D. Date

1915 -------- 6 0 700 am. Sept. 25 Dry Much of time
1916.00........2Q 11:00 p.. Nov. 9 do do
1917 .......... 15 4:00 a.rn. Nov. 18 do do
1918 -........... 440 10.00 P.m. Apr. 11 do do

DIvERSIONS AND REGULATIO.-None. Part of flood discharge diverted at low
elevations to irrigate sugar cane. Station established to determine
whether total flood discharge at this elevation was suffcient to justify
large flood-water storage project near Kahuku.

AccunAcy.-Stage-discharge relation practically permanent after November
1, 1915.. Rating curves, based on 3, 2, 5 and 1 measurements made dur-
ing the four years respectively, poorly defined until November 1, 1915,
after which fairly well defined between 3 and 80 million gallons per
day. Operation of recorder unsatisfactory at times throughout four
years; discharge estimated by comparison with flow at East Branch of
Ivlalaekahana and Wailele Streams. Discharge for days of decided fluc-
tuation in stage computed hourly. Records very poor until November 1,
1915, after which results are poor for low and high, and fair for me-
dium stages.



DURATION-DISCHARGE TABLE
East Branch of Kahawainui Stream near Laie, Oahu

Number Number of days having a discharge, in millions of gallons, equal tok or greater thanYear ending June 30 of days I__ x_........ ....___......___'_______

record .... .
6 60 50 301 20 10 81 61 4 21 1 0.8 0.6 0.4 0.2 01 0.0

1915 ............................. 4......... 3011 1 1 3 7 16 19 21 25 40 53 62 81 122 1941 196 303
. ..... 24.......... . 24 .... . ....... 0 6 7 9 12 19 40 50 68 102 118 147 2431917 ....... .......... 65 0 1 2 4 8 21 37 66| 67 96 147 188 210 3651918 ............ . ......... ....... 365 ... -- ................... 0 4 5 7 19 43 78 7 105 163 199 96209 65

Total days ................................. 1. ,276 1 1 8 8 28 -35 45 77 1,9 237 2 7 35i - 534 719 762l,26
Per cent ...............................- 100 .1 .1 2 .6 2.2 2.7 3.5 6.0 10.9 18.6 20.2 27.4 41.8 56.3 59.7 100.0

Means (3.49 years) ............... .3 .3 .9 2.3 8.0 10 13 22 40 68 74 100 153 206 219 365

a Daily-discharge table not published

z
H



2 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of East Branch of Kahawainui 'tream near Laie, Oahu,
for ycars endin juee 30, 1915-18

Month

1914-15
September........................... ---------.
October-.............................
November.................-------------- -
December ......................---------------
January- .........- --------------
F ebruary ..............................................
M arch ................................................
April ------------------------------------------- --
M ay- - -............. _.... ............... . .......
June ..............................................-..-..

The period (303 days)-..... -----

1915-16
July 14-31 ..........---------------- _-
August- ----..............................
September..; ..... .............. --
October 1-25 ........................... -..
November 2-0 .......................
D ecem ber .................................. -----
January -----------------------------------I
February 1-16 ....-------------_---------.
April 3-24 ..........................
May 16-25 -------- -: ............................

The period (243 days) ........ ---

1916-17
July ............................................... ..
A u g u s t - ... ------ ............-- - ---------------- -
October _ .....................................
November ---------..... ..................---
D ecem ber ................................... .
Jan uary -_---------------------------......... .....
F ebruary ............................................ ..
M arch ............. ............................ ___
A pril ............................_ -............
M ay _...... -............................
June ......................................

The yeara---------------

1917-18
July ............. ..................... ....
October ...................-------------------
November .................................. .....
December .....-............................. .
January .......................------------ --
F eb ru a ry .......... ................. .........--- .-- .-
March .................................... - -- ....
April .................................. ....
M ay ...... ................................. .
June ....................-- -............... ----- - -

T h e y eara.........................----.-----

Discharge

Million gallons per day

Maximum

60
2.0

13
24

47
1.137
29
16

6.6

16
17

0

98

3.5
8.416

6.2
43
14.

28

.7
.221

2.55.2
2. 8

17
11

Minlmm

0.2

.2

0
0

0

0

.2

0

.2
;?1

-a i

.0 .03

.0 .01

.02

.0 .40

.0 .78

.2 1.07

.4 - 2.20

.2 3.34

.2 11
.1 .41

.0 .79

Mean

7.16
.50

1.00
1.64

.06

.32

.35
4.67

.99

.70

.78

.04

.02

.64
2.52
1.37
2.10

.38
0

.47

Total
run-off

Million
gallons

215
16
30
51

2
9

11
140

31
21

526

14
1
1

16
79,
42
65

6
0
5

- - - .223

.77 281

1
0
7

12
24
30
68

100
34
12

288

&'No flow during September.
a No flow August and September.



M ALAEKAHANA S~TREAM20

EAST BRANCH or MALrAEKA3EANA STREAM NEAR3 XANUXU, OAHU

LOCATIo.-About three-fourths mile above junction with Middle Branch of

Malaekahana Stream and j3 /4 miles, by horse trail, south of Kahuku

and about 375 feet above sea level.
EQUIPMENT.-Stevens water-stage recorder on right bank. Original staff gage,

established on July 3, 1914, washed out by flood September 24, 1914.

From September 25, 1914, to May 28, 1915, reference point consisting of
20-penny nail in kulkui tree on left bank 50 feet upstream, at same

datum as staff gage, used to check gage heights. On May 28, 1915, new

staff gage established at original datum. Measurements made by wading

or from cable about feet upstream from staff gage.
CHANNEL AND CONTROL.-One channel at all stages; straight for several

hundred feet above gage; bed composed of loose boulders and gravel;

right bank at gage clean and nearly vertical; left bank of gradual slope
and above ordinary flood stages eovered with small trees and vegetation;
cross section same for severl hundred feet upstream. Reinforced con-

crete control completed November 9, 1915, was 33 feet long with a 14-foot
notch for low water. Original control consisted of concrete slab 2 feet

wide, with small notch for low flow, between larger boulders, about 6
feet below gage; this control destroyed by flood November 24, 1914.

EXTREMES OF DISCHARGE.-

1 maiut +  1Minimum

Year
ending

June 30
M.G.D. Hour Day lM.G.D. Date

1915 ................ 378 5:00 a.m. Sept. 25 Dry Greater part of time
1.916 .----........... 180 1 :30 p.m . Nov. 9 do do
1917 ................ 90 6:00 p.m. Mar. 8 d1 do
1918 ................ 320 1 :15 p.m. Apr. 11 C, do

DIVERSIONS AND RMIULATIO4,.-None Stream not perennial. Small part of

flood discharge is diverted at low elevations for irrigation of sugar
cane. Station established to determine whether total flood discharge at
elevation of about 350 feet above sea level would justify construction

of large flood-water storage project near Kahuku.
AccURAcY.-Stage-discharge relation practically pernanent affer November.

9, 1915; rating curves, based on 5, .5, 2 and 1 measurements made dur-
ing the four years respectively, very poorly defined for first two years

after which well dfned between 2 and 12 million gallons per day.
Operation of recorder unsatisfactory for short periods. Discharge for
days of decided fluetuation in stage computed hourly. Records gradually
improved from poor to fair for medium stages, poor for very low and
high stages.



DURArION-DISCHARGE TABLE
East Branch of Malaekahana Stream near Kahuku, Oahu

Number : Number of days havinga dischae, in millions of gallons, equal to or greater than

Year ending June 30 f days-
60 50 3 20 15 10 8 6 4 2 1 0.8 0.6 0.4 0.2 0.1 0.

1915 ...................... ... 335 1 1 1 3 7 13 14 18 181 31 441 49 54 4112 14 211 335
916a .......................... :40 ---...-... 0 3 4 6 7 10 0 47 10.3 103 104 107 201 216 '340

1917 .......................... . 65 ------ ------- 0 1 6 i 41 34 12 4 134 1 13'4 272 27 2 36
1918 ........................... 365 -------- -------- -------- ------- 5 6 16 28 58 166 166 166 166 204 204 36

Total days ............................... A-- 1,405 1 1 1 !6 11 25 . 91 77 447 452 458 519 861 910 1,405
Per cent-.. ..-------_-_----.-- --------- 100 .1 .1 .1 .4 .8 1 8 2.3 3.9 6 5 12.6 31.8 .32.1 32.6 37.0 61.3 64.8 100.0

Means (3.85 years) -------- 3 .3 .3 1.6 2.9 6.5 3.6 14 24 1461 116 117 119 13 224 236 365

a Daily-discharge table not published

o



M4l-)LAEKAHA_-A S1TRIAI20

Oahm, for years endi/ng June 30, 1915-18

Discharge Total
_ _ _ _ _ run-off

Month Million gallons per dayl illion

gallons
.... ... .. ... Maximum Mtnimunm Mean

1914-15
August --.. --..-.- .. ... --.-- -..-- ... .7.8 0.8 0.78 24

see ~ber_ - .I .- ---- 6T .2 6.01 180

November ---- ............... 12 .2 ..
Dece .be .... .... ... --... 11 .85 2
January. . . ...... ... -.... -..... .2 0 .01 0
February...__.... ....... .....-.... 5 0 .4o 11
March .... .............. . 2 0 02
April....--.-.-....---- .. ____28" 0 2.T2

_X a --- --- -- --- --- -- --- ---- -.. . . - . - 2 4 .
June --- _ ------.................. "14 0 .- 16

The period (334 days) ..... ...... ......... 405

1916-16
July ..... .......................... 5.4 0 .52 16
..... . -- ........ ........... ............ 2.5 0 .12
S ep tem ber ...................................... 0 0 0
October .... ..... ............... . 6.4 0 .705 22
December 7-1 ..................... 23 .3 2.80 70
January -- .......................... - . 23 .3 4.O. 124
ebruary .......................... 2.6 .3 .6 19

June- ---------- - -................ .. . 1.Q 0 .12 4

The period1 (3005 da s -- ---- ------- 0

July ..-- ---------- .......... . ..... . . . .- -5 .19 6
August ........................... .. 0 .27 8
Seteber.................... ....... ". 0 .1

Nuvemnber-_ ---------- - 0 1.0)2
December - -. -. .. . - "8. ..12. 62
.J n u a ry ... -------- .. --- -------------- ----- -- ... 6.5 .3 2. 09 " 65
Fe rua ry ------ ---------- ---------- . 1 8 .3 2:1 14

a y- -- ......... -.-.-. ---.-........... ............ .- 14

J ne -_ - -. 1 .3 .67 20

The year ..................... ---------- 11 360

1917-18
July ................................ 1.0 .0 .10 3
October ........................... . .2 .0 .01 0
N ovem ber ........ .. .................... .. 1.8 .0 .19 6
Decem ber ........................................ 3.5 .0 .33 10
January .............................. 7.5 .0 1.69 52
February ........................ ... 7.5 1.0 1.65 46
M arch ......................................... 17 .3 2.96 92
April ................................................. . 24 1.0 5.09 153
M ay ...................................................... 7.5 .3 1.99 62
June ........ ......................... . 3.5 .3 1.03 31

The yeara ... .................... 24 .0 1.25 455

a No flow August and September



210 SURFACE WATER SUPPLY OF OAHU, 1909-28

IDL BRAN OF 3ALASAWiNi A sTEMAX NEAR KAHUKU, OAHV

LOcATION.-About a mile above junction with East Branch of Malaekahana
Stream, 3, miles by horse trail south of Kahuku and bout "440' ft
above sea level.

E 9Qui'AENT.-Stevens water-stage recorder on right bank; measurements
made by wading or from cable 15 feet downstream from staff gage.

CHANNEL AND CONTROL-One chainel at all stages; composed of loose boul-
ders and gravel, free from vegetation, and straight for several hundred
feet above gage; at gage right bank clean and nearly vertical; left bank
sloped gradually and above ordinary flood stages was covered with trees
and vegetation. Reinforced concrete control completed November 20,
1915, replacing concrete control washed out September 24, 1914.

EXTREMES OF DISCHARGE.-

Maximum Minimum
Year

ending
Juno M30 M.G.D. Hour Day M.G.D. Hour Day

1915 ........... 147 12:30 a.m. Sept. 25 Dry Greater part of period
1916 ........ 200 9:30 p.m. Jan. 7 do do
1917 ......... 40 3:00 a.m. Dec. 6 do do
1918 180 11:30 pm. Apr. 11 do do

DIvEESIONS AND liso.TAOrN.-None. Stream not perennial. Small part of
flood discharge was diverted at low elevations for irrigation of sugar
cane. Station established to determine whether total flood discharge at
elevation of about 400 feet above sea level would justify construction
of large flood-water storage project near Kahuku.

AccuRAcY.-Stage-discharge relation changed during flood of September 24,
1914; assumed permanent thereafter. Rating curves, based on 2, 2, 1
and 0 measurements made during the four years respectively, poorly
defined for first 2 years and fairly well defined for low and medium stages
for last 2 years. Operation of recorder unsatisfactory at times. Dis-
charge for days of decided fluctuation in stage computed hourly. Records
v y poor to poor, except for 1917 which are fair.



DURATION-DISCHARGE TABLE
Middle Branch of Malaekahana Stream near Kahuku, Oahu

Number of days having a discharge, in millions of gallons, equal to or greater than
Year Number

ending of daysJune 80 record t ''0 3 r 20 10 8 6 4 21: 1 0.8 0.61 0.4 0.2 0.05 0.0
1915. ............................... .................. 1 335 1 5 5 8 15 20 34 40 51 70 120 125 3551916a ........................ ............. 305 0 1 • 4 12 13 23 43 57 58 61 66 73 82 3051917 ............................... ...........:::::::::::::-----------:-- 319 - -------- - 0 1 7 11 12 14 33 37 63 3191918 ............................. .......... --365 1 2 . 4 5 5 16 26 58 58 58 98 98 108 365
Total days ..... ...... ............. .-.- 1,324 2 4 13 22 26 55 96 , 160 168 184 267 328 37; 1,2Z4Per cent --------------------- ......... ----------------------- . 100 .2 .3 1.0 1.7 2.0 4.2 7.2 12.1 12.7 13.9 20.2 24.8 28.6 100.0
Means (8.68 years) 6....... .......................... 6 1.1 3.6 6.1 7.2 15 26 44 46 51 74 90 104 865

a Daily-discharge table not published

z
n
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2012 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Middle Branch of Malaekahana Stream near Kahuku,

Oahu, for Years ending June 30, 1915-18

Discharg TotalMonth ?: "run-off

Month Million gallons per day

Million
gallons

Maximum Mininium Mean

1914-15
A u g u st ....................................---- ....--- 1.5 0.1 0.43 13
September .................................. 31 .2 3.00 90
October .......................................... 50 0 .88 27
November ..................... .... - 23 0 .12 4
December ........................... .. . 0 .02 1

J a n u a r y . . . . ....... .. .......... .2--- .----- 0 . 3February ........................................ .04March...............................0 0 0 0
April---- 11 0 1.82 5

Ayrl......................... .... .7-Q.05
June ............................. 3.3 0 .17 5

The period (334 days) ------- ---- 1 ........ 197

1915-16
July ----....................... ...... .7 0 .03 1
August ... ....... ...................... ....... 0
Septem ber 0---------------_--. ............ 0 0 0 0
October ...................................... 1 0 .12 4
December ------ -5 -- 0 2.53 78
January ........................................ 13 0 3.49 108
February .................................... 6.6 0 .97 28
March 1-13........ ...................... -------- .......... 1.45 19
M ay 7-31 ...................................... 0 0 0 0
June ................................ 0 0 0 0

The period (282 days). . ... 238

1916-17
O ctober a - --I................................ ...---- 1.3 1 0 .07 21.3 0 .04 2
November ......................................... . 1.3 0 .04 1
December 1-6 ............. ........... __....- - 4.0 0 76 5
January 6-31 ............... 2. .05 .69 18

February............... .............. 6 0 .04 1
M arch ....... ......... .......... :.0. .06 2
April ....................... ....... 2.5 0 .18 6
M a y ------------------------------------------- ------- .4 0 .0 3 1
June .............. . ..................... 2.2 0 .07 2

The period (319 days)..... ------ 38

1918
January b ...............................1 0 .0 1.15 36
F ebruary .................. .......... - 5.8 0 1.01 28
M arch ........................................... 0....... 16 : 1.54 48
A pril ---------.------------ ............. ........ 35 .0 3.58 107
M ay ...... .......................... 2.5 .0 .36 11June ....... ........ ................................ 2.5 .0 .16 5

The year ........................... 5 .0 .64 235

aNo flow during August and September qr on days for which discharge is not
given, except July 10-25, ad Dec. 7 to Jan. 5, for which gage heights were not
recorded

b No flow July to December, 1917



XAUKONAHUA STREAM 218

NOTH PORX OF KA1IKONAHUA STREA NEAR WAHIAWA, OAHU

-- Thy lWorff otnis stredin were 6btined by, the Enf ier Corps of the
United States Army, and were furnished to the U. S. Geological Survey
through the courtesy of Capt. A. B. Putnam. Elevation is about-.-.. ---- feet.

DURATION-D ICHARGE TABLE
North Fork of Kaukonahua Stream near Wahiawa, Oahu

Nubmber of das having a discharge, in millions
Year Number of gallons, equal to or greater than

ending of days _ _ _ _-_
June 30 record

50o 25 10 19 s 7 6.5

1912-. 24 1 4 1 19 20 21 23 24

Monthly disfsJharge of North Fork of Kukonaltua Stream near Wahiawa,
Oahlta for ycar endiorlg Jne 30, 19!2

Discharge Total

Month Million gallons per day
+ • . .... galons

Maximum Minimlum Mean gallons

August 20-29 ------- 44 7.1 11 3'
September 9-22 ----- - 132 7.1 37.9 531

The period (24 days) .... -. . .724

RIGHT BRANCH or NORTH PORN OF KAUKCONAH11A STRIJAM NEAR

LocATIo. N_\.-About 200 feet upstream from intake of Wahiawa Water Co.'s
tunnel, which is just below cofifluence of Right and Left Branches of
North F'ork 8 miles northeast of Wahiava; elevation is about ,150 feet.

,QUIPMEN'T.-Stevens. water-stage recorder on left bank; measurements made
by wading near gage or from iootbridge just above gage.

CHANNEL AND CONTROL.-Channel is straight for about 100 feet above and
below gage. Below control stream bed is full of boulders and gravel but
for 75 feet above the large boulders have been removed. Banks are steep
and covered with vegetation. Control consists of large boulders; some-
what improved for low stages; subject to shifts.



214 SURFACE WATER SUPPLY OF O-AHU, 1909-28

EXTREE OF DICAG.

Maximum Mininium

endl ..g

J . G. D. Hour Day, M. G. D. Hour Day

1914. 387 10 P.M. Nov. 20 0.2 ------........... M ar. 24, 28
1915... 560 10 1p.i. Nov. 8 .4 ------------ Jan. 25-Feb. 6

Feb. 919
1916 . 440 4 a.m. May 1 .6 -------- Apr. 24
1917 ------ 400 5 p.m. Apr. 14 .7 ..... Feb. 28-Mar. 2
1918 ... 280 8:35 a.Im. Apr. 11 .6 Oct. 9-10
1919 321 6:15 a.m. Nov. 25 .22 4 p.m. Feb. 8
1920 ........ 985 -3 a.m. Mar. 26 .24 10 p.m. Feb. 27
121 . 980 4;40 a.m. Jan. 16 .5 7a.nl-4p.m. Apr. 4
1922 ........ 408 7:15 a.m. Dec. 12 .8 8 p.m Nov. 18
19,3 . _518 . Midnight- Sept,10 ._7 7 a.m, July 22

9 a.m. July 25
1924..... 775 1:25 a.m. Sept. 22 .4 4-10 p.m. Feb. 9
1925 ........ 786 Oct. 16 .2 6-8 p.m, -Sept. 231926 .......... 490 95pm o. 4 09 2:15 p.m. Mar. 22
1927 ---- 18 9 p.m, Mar. 5 .2 12-7:45 p.m. Dec. 4
1928_. .. 0. 2 .fn D. c. 12 .4. .-. 1 .1 . r. 23

3 a.m. Mar. 24

DIvEmsloNS AND RPCuLNTIo01.-None. Object of station is to determine amount
of water taken from Territorial land by Wahiawa Water Co. Wahia'Wa
Water Co.'s tunnel diverts entire low-water flow of Right and Left
Branches of North Fork for domestic water supply and irrigation in
vicinity of Wahiawa. Nearly entire flow of North Fork, except that
diverted, is stored in Wahiawa reservoir for irrigation of sugar cane
on Waialua plantation.

AgccAcy-Stage41acharge relation ,changed .during floods; boulder shifted
and drift lodged on control. Rating curves, based on 2, 15, 6, 6, 4, 6, 8,
9, 12, 10, 12, 7, 5, 5 and 5 mea6sureents made during he I5 years re-
spectively, developed to cover all shifts. Operation of water-stage rec-
order generally satisfactory except during occasional short periods
when discharge is not given or was estimated by comparison with Left
Branch and rainfall records. Records goo for ordinary stages except
during shifts, when they are fair; high-stage and estimated records are
poor.



DURATION-DISCHARGE TABLE
Right ,Branch of North Fork of Kaukonahua Stream near Wahiawa, Oahu

Number of days having a discharge, in millions of gallons, equal to or greater than
Numlber

Year ending June 30 of dlays
record 200 5 25 0 5 1 0.8. 0.5 5 . 0 2 0.1 0.09

191 --- --- ----- ----- -------- --- 20025100---------------------------------------------- -------- ---------- -
1913 .......--- .. ............ ........ ........... 33 ..... 3 11 14 2 33........ 3 3 3.......
1914 3- ........................ ............---- 365 0.. 6 19 48 87 113 13 171 271' 205 327 3 0 354 --5- --1915 .... .. ; ... :"225 1 3 16 31 , 88 98 11 142 172 187 210[ ,225[, .1916 .... 2 ....:::::::::::::::::::::: 66 0 1} x 6 18 32 203 :229 272 312 352 252 86; .I..: I ... ,..
1 9 1 9 - -. .... . -- ........... ...... . 365 1 4 2 9 4 1 29 2 204 346 2 362 1 365 -------- ----- .....1918 ... ............. 6...0..1.6..19 54- 129 14 Ol1 189 230 302 342 r3631 365/ v '"
1919 ..... . . . . . . . . . . 365 01 4 17 54 129 160 209 265 332 351 365 --- I - ---- - --- -- "

1921 ....~...------...... 5 1 2 923 63 101 135 192 241 323 355 365 6 --- ---

1920 -................... " ................ 366 0 7 16 55 102 134 158 192 274 292 3 23 348 359 -31922 ...... .............................. 2 ... 0 78 145 196 2 300 61 365 173 1 207 27 27 9

192 .... ...................... -. 365 1 18 36 75 136 170 207 276 356 365 . " 4 . 344 365
1925 ......... ......... .............. ::::::::::::: 366 01 31 6 18 51 101 "129 162 222 327 ;344 3641 366i .. -;:''1:-19 5 ....j ........ A;:;,Z.:7.]:;. :.]::7] 34 : 0 :O; :1 74 :12 51 87 108' 142 17 ]:.275 .. 294 321/ 328 334t .. -t ;[:1926 .. ......... ... 279-- .........":--- 01 2 5i 21 ' 40 49 67 97 1[44 "13 1731 1841 207 27 279 ;

365... 0...........L..:..... .'.::o 4 9 30 82 153 171 201 25 288 300 824/ 334 344 36

Total dlys ......... .................. 4,889 1 15 85 175 868 1,755 2,105 2,597 3,283 4,,182 4,400 4,629 4,724 4,778 4,88 4,889
Per ceit ...-------------.--------------------- ......"-- 100 .02 .3 1.7 5.6 17.8 .5.9 43.0 53.1 6G.2 85.5 90.0 94.7 96.6 97.7 99. 100. 0
Means 13.39 years) .... _.-...............-----1 .1 6.4 21 65 131 157 194 242 312 329 346 353 357 364 6
Maxima ............... 1---............ 4 4 18 36 100 229 258 304 346 362 365 366 266 3 366 366
Minima ............................. 0 1 P7 P28 p53 P65 P88 D127 P189 P200 1227 P9, ,21 , 0 p36 51-4] / .... -...
1928.... .......... ...................... 366 0 11 22 65 138 168 231 307 340 350 360 26...........

PProportional; computed from a crttical period above, exceeding half year.

~c1

0z



216 SURFACE WAT-ER SUPPLY OF OAU, 1909-28

Monthly dicharge of Right Branch of North Fork of Kauko4hua

near Wahiawa, Oahu, for years ending June 30, 191348

Month

M ay 29-31 ....... - ..-. ------
June .. ...... ..... ...

The period (3 days).

18-14
J u ly ................... -.-. ----.. -----. --.... ---. -
August ................... _ ._._.....
September ... ..........
October ........ _........ ,....-.. - .
N ovem ber.....--- .-- ..---------- ...--- ._ -
December ...... ... . .... -.-.----
January........ - .-..........----.-----
February .........--........
March .................._........ .
April .... _ ...........................
M ay ....................... . . . ...
June ..................... -.........

T he year.... .. ......... .........--

1914-15
August 10-8.... ............
November 2-1 6 ...... .. .-- -.
January ..- ---- ----- ------ - - .--
February ------ - .-- ..__ .- .._ -March....... ----------- .....................
A pril.........---- -- .. .... .. .. .-.- - .--
M ay ..... .... .--..-. ---- -
J u n e .......... .... .... .- .....-- ......-- "- " "

The period (218 days)..

1915-16
Ju ly .................................................--
August .......... .... ...._. - _ .- ------
September.. ................. ....
O ctob er .............---- ..........-.-.......
Novem ber ....... ............
D ecem ber .... ......... ..... .. ..,-
January...... . .. -.............
F ebruary ....................................
M arch ....... .. ...................... -- I
April ...... ... ......... ............
M ay ......... --- ...- -........ . ...
June ye..... ... ............................

The 9-1r_ ............

July ...................... ............ ............
A ugust.... .... --------
September ----------.............-- ........
October .... .............. _ .........
November .................. -... --..............
D ecem ber ------- - .-.-- .---- . .
J a n u a ry ----------------------------
F ebruary .--- --------- - .-. -------
March.. - -......
A pril ........ - - - - -......... _ __
M ay.... ... ..................... -.- .........
June-........ - -................... . -

The year ............ ........-----

Discharge

Million gallons per day

Maximum Minlnum Mean

6.2 2.8

23 . .3.

91

4.4
37
32

25

t 23

16
16
84
70
89
82
12
14

9 .

126
14

126

36
18
58
t36
42
26

7.0
66

101
44
36

101

.45

.4

.7
1.2
1.2

.4

.2

.4

.95
34

.2

5.2
4.4

.4

2.4

.65

.65
2.0

.

2.0
1.6
2.5
5.2

4.5
1.0
1.0

.6
4.5
2.5

.6

2.0

.7

2.0

3.0

3.0
2.0

.7

4.76
5.50

5.31
2.84
1.17
1.67

20.96.76"

2.75
1.34

.68

8,18
8.42

5.44

16.6

.87
4.08
3.90

14.4
6.24
4.08

8.62
5.22
5.02
9.62

15.0
9.05

13.4
3.043.21

19.29
5.77

6.54
8.46
5.22
9.46

12.6
11.0

8.172.36
14.813,9
12.3

8.40

9.48

Stream

*
Total

run-off

Million
gallons

14.3
165

179

165
88
35
52

627
210

85
38
21

160
254
253'

1,990

366
164

27
114
121
432
193
122

1,540

267
162
151
298
449
281
415

88
102
53

596
172

3,030

203
262
157
293
377
342
253

66
458
416
380
252

3,460
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Moat My discharge of Right Br ach of North Fork of Kaukow hua tre m
near Wahiawa, Oahu, for years engin Juane 0, 1913-28

Discharge Total
Month_ run-off

Month Million gallons per day Million

gallons

Maximum Minimum Mean

1917-18
July -------------- ---------- -" 13.2 0.8 2.77 86
August .............----- . ............ 9.0 .5 1.87 58

September ............ ......... 5.2 .5 1.46 44

O ctober ......_...- ...... .......................... 5.9 .4 1.43 44

N ovem ber ...-------......-.. ... ............. 13.2 .5 2.89 8,

December .......... .. ..------------ -----. 6.8 1.1 2.45 76

January ..... _ .------ _ .-.---- ---.----------- 18.2 .8 4.58 142

February ......------ ------- ---------- 26 3.1 8.86 248

M arch ----- . ......... . .......... - 102 3.8 17.8 552

A pril-.--. ...........-.............------- - 75 3.1 21.5 645

May .--------------.......... .. 33 1.8 -6.59 204

June ......... . . . . . . . . .. 18 1.3 5.12 154

The year........ ...... 102 4 6.41 2,840

1918-19
July- _ -........... . ..---------- 58 2.1 8.72 210

August .......... ___ ---- ----- 33 2.8 8.77 272

September .......-- --. -.-. ..---- --- sr .9 3.82 1

October ............... .7 5.05
November ... --------------- -... 49 1.0 6.72 202

December . .... ------- 45 . 7.03 248
Janui . . . . 26 2.3'9.Ja ....n---------- 17.8 8.6910
February .: . '.'.:. ...... 3
M arch --- ............................... . ..... - ..... 8 4.45 138
April .........c.h............. .... 56 .6 8.48 254
May 37 1.5 5.23 162
Mune ........... .. ....... 34 1.9 9.55 287

The year .- . -.......... 8 ....... 6.17 2,250

1919-20
July.------------------- ........ ..... .---------------- 9.03 280
August--------------- -----------...... -... 8.08 4
Septem ber ------------ ..-. ..... . . .... .- . 5.90 177
October ........-....... ---- ---- - - - 10 7.11

N ovember ............. 1 . .1... 2...... .......-- , 1 0 2.407

D ecefm ber 1 5..... ........... . -. . 13.3 .3 1.28
Janu a ry ..... ..... ..- ..-- .. ....... ..... --........... 1.15 2 .

March ---------- --- --------- --------------- 1... 14.1 43
A pril!, .......................... . .. , 56: 1.4 8.99 2"70
M a ........ .......... ... 14.4 .8 3.41 106

June ---- .... ..- -- .-------- 14.6 .9 2.82 84.6

The year -. -. ---.. . .- ---.- 5.49 2,010

July 1. .......... 21920 . . . 17.0 .9 3.19 9.(0
ug................ 26 1.1 5.80 161

Septem ber ............... ....... ................, 22 1.9 5.50 165

O ctober .................. -,. _ -1.. ............. 25 1.5 5.29 164
N ovem-iber ............. .. .... -------- ..... -- - 26 1.3 5.75 172
December ................ ............ ........ 46 1.5 8.15 253
January.............. _--- ----- 23'0 3.1 88.0 1,180
Febry_.. ................... -- .8.8 1.4 3.81 107
March--r. .............---- ....---- - 5.8 .6 1.35 41.9
april ..............------------------...... 43 .6 8.71 261
May .............--------------------------------- 24 1.9 6.48 201

June.. ......... .............. .7 1.0 39.1

the year-------...------------- 2W.
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Mow.ntlydicharge of Right Branch of North Forrk of Kaukonahua Stream

near Wahiaw, Oahu, for years engaZi Jvne 30, 1913-28

Month

1921-22
July..,. .............. .........
A ugust ......................... .....................
Septexpber --------- -- .................. - --
O ctober .------------- --- ................ .
N ovem ber........... ......................
December .---- - ......................
January .-- - ...................
February .......--- __- - ............... .-
March ...................................
April.,. ........... ............................
May ...........................................
June....... - ..................

Discharge

Miion gallons per day

Maximum Minimum ] Mean

20
42
36
27
17.3

30
- 26

1.3
2.0'
2.0

.8
1.0

1.6
1.4

5.14
8.61
5.56
3.79
3.44

12.8
12.2

5.93
10.4

8.48
7.09
9.77

The year ........... .................... .8 7.30

1922-23
July ..... ..... . ........ .....
August ..................... . ...... ... .
S ep tem b er ............. _............ ....
O ctober .-.-------------..-----... ....................
Novem ber ........... ................ -.
Dece ter ---- -....... -------.....................
January .......... , -- .............. ....
February.....................-------
M arch.......... ..... ....................
April .............. ---. -- ...........
May.-..---_--------------- ....... .-
June.-. -. ....... .... . ........

The year.. ----.. .... - -

1923-24
July.... .............. .......................
August .... ..........................
September ........ ............
Octobe ..............--- ...........................
November ............................. -.
December....................---------- 7-
Janua r .. ....... ...................
February ......................................
M arch. ...........................................
April ............. -------- .................
May...-_- ........... .........
J u n e ------ _ ----- ------ ------

The year ..................

1924-25
July ----. .......... ............................
August .................... ............. ...
September. .................... .
October ........ ......------............
November .......... __ ...............
December ........ ............
January .......-------- ,-.._-. ...............
February...............................
March ............ .................
April .................. .............
M ay 1-5 ....... ...... .- --- ...................
June 6-30 ............-- . .................

The period (334 days). ..........

28
61

119
18.7
96-
45

..
43
63

8.7
23

.8
1.4
2.8
1.8
2.21.3

1.9

1.4
1.3

.8

3.35
5.92

15.0
4.29

12.1
5.15

27.7
11.7

4.05
14.0

2.92
3.60

9.11

Total
run-off

Million
gallons

159
267
167
117
103,
397
379
166
31
254
220
113

2,660

104
184
450
133
364
160
859
327
126
420

90.4
108

3,320

17.9 1.5 3.97 123
29 1.1 3.55 110
90 .8 8.85 266
29 1.3 5.04 156
22 ...... 3'.70 111
41 1.6 A 11.9 369
29 .6 3.67 114
15.6 . ........- 2.75 79.8
14.2 .6 2.41 74.7

187 .6 27.2 817
25 2.0 7.15 222
16.7 .7 2.30 69.0

187- ----- 6.86 2,510

57 " 4.85 150
11.0 . 2.50 77.6
311 .3 1.98 59.5

147 .4 14.5 449
30 .8 3.29 98.6
43 .8 3.86 120
12.1 .8 2.80 86.8
80 .6 6.11
32 ...... 6.05 188
22 1.3 6.60 198
....... . I ....... 7.66 38.3
54 3.4 10.8 270

........ ........ ... . 1,910



KAUKONAHUA STREAM

Monthly discharge of Right Branch of North Fork of Kaukonahua Stream

.e. r Wahiawa, Oahu, -for, years ding June 1913-28. ......

Discharge Total
, _run-off

Month Million gallons per day...... . . M illion
gallons

Maximum Minimum Mean

1925-26
Ju ly --- --_ _ _---- --- -
October ...................................
N o v e n b e r ------------- .. . . .. . .. ..-- - -- -- -- - -- -- --
December---------- ........ .
January- ..... ............ .
April ------- --.-----.....
May ................... .......

The period (215 days) ------

1926-27July .......................................
August.. ----- _- ---.........

ctoeber... ........... .................
O otnober -------....... - .............

December .................................
January ...................................
February. ..---- -------------- _..
March ...... .-- .....
April ............................

The year ......................

1927-28
July ................................................
August .........................................
Septem ber ........................................
October ......................
November ............................
Decem ber ...........................................
January ...................................
February ......................................
M arch ................ -........................................
April .............................
May ...............................
June .........................

The year ........................... ]

6.03
4.10

11.3
1.78
1.19
1.06

.302

187
127
338

55.2
36.8
31.7

9.35

. . . - - -785

26 .2 4.20 183
45 .45 6.26 194
51 .85 7.08 212

'1 .7.4 2.8 3.
35 .25 ,.85 55.4
80 .2 6.89 214
74 .65 8.60 267

9.4 .65 2.54 71.0
179 24.5 760
35 2.7 10.2 ..

174 3.9 24.1 746
30 3.0 8.28 248

179 .2 8.9 9 3,280

12.5 2.1 4.60 143
80 2.2 9.73 302
56 2.1 8.08 242
17.5 2.0 4.42 137
74 1.9 15.6 468
66 4.1 18.9 587
19.6 2.5 5.65 175

9.5 .8 2.14 62.1
13.4 .4 1.45 45.0
94 2.4 17.0 509

9.7 1.8 4.30 198
23 1.5 4.17 125-1I

.4 1 2,930

LEFl BANCH Or NORTH rOaZ or r&uxOn A STREAM, NEAR

WAZZAWA, OAHE£U

LocATxmO.-About 100 feet upstream from intake of Wahiawa Water Co.'s
tunnel, which is just below confluence of Right and Left Branches of
North Fork; 8 miles northeast of Wkhiawa; elevation is about 1,150
feet.

EQUIPMENT.-Stevens continuous water-stage recorder on left bank (Au rec-

order used June 7, 1923 to September 15, 1926); measurements made
by wading or from cable just below gage.

CHANNEL AND corTRo.--Channel straight for 100 feet above and below gage.
Bed composed of boulders and gravel. Banks steep and covered with
brush. Control composed of large and small boulders; probably subject
to backwater from Right Branch at high stages.
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'EXTREMES O1F DISCHARGE.-

Year
ending

June 30

1914 ..---- -....
1915 .--------..
1916 .-------.......
1917
1918.
19198 ......
1920-.---------

1921 
. ...........

1922 ...........
1923 ............
1924. ...........
1925 .-- -
1926 .-----
1927.--. ..............
1928. ...........

- Aaiuil

M.G.D.

484
750
680
850

1,000
586

8,460
1,690
4,080
1,850
2,870

Unknown
1,950
2,580

Hour

10 p.m.
5 p.m.

Morning
10 p.m.

2:45 p.m.
7:15 a.m.

11:35 p.m,

4:30 a.m.
7:20 a.m.

5 a.m.
12:25 a.m.
11:45 a.m.

2 a.m.

Day

Nov. 20
Nov. 8
May 1

Mar. 19
Apr. 12
Nov. 25
Mar. 25

Jan. 16
Dec. 24
Jan.:- 14

Sept. 22
Oct. 16

Mar. 5
Dec. 12

MG.D.

0.58
.25
.5
.8
.7
.62.10

1.7
1.0

.3
Unknown

do
do
1.0

Hour

Noon
4 a.m.

11:30 p.m.
8:30 p.m.
3 p.m.
9 a.m.
S-6 p.m.

Several

Day

Nov. 1
Feb. 9, 19

Apr. 24
F'eb. 26-Mar 2

Nov. 2
Jan. 17
Feb. 18
Mar. 5
Apr. 3
June 19
Jan. 1
Feb. 11

Mar. 15-18,
21-24,

DIVERSIONS AND REGULATI0.-See description under "Right Branch of North

Fork of Kaukonahua Stream."

AccuITAcY.-Stage-discharge relation changed throughout during floods. Rating

curves, based on 4, 15, 6, 10, 6, 6, 8, 7, 12, 10, 13, 7, 5, 6 and 6 measure-

ments made during the 15 years respectively, developed to cover all

shifts. Operation of recorders unsatisfactory at times due mostly to

clogging of well-intake when records estimated by comparison -with

Right Branch and rainfall records. Records generally good to fair except

for low and high stages when they are fair to poor.

Mf rij W iLW



DURATION-DISCHARGE TABLE
Left Branch of North Fork of Kaukonahua Stream near Wahiawa, Oahu

Year ending June 30
Number
of days
record

Number of days having a discharge, in millions of gallons, equal to or
greater than

500 400 200 200 100 50 25 ,10 51 2 11 05 02 01

1 ; 1 3 ................... . . . . . . . . . . . . . . . . . . .. . . . . .. ... . . . .. . . . 3 7 . -- . . . . . ...... 0 1 8 2 0 3 7 ...... -----
1 9 1 4 ......................................-......................... . 3 6 5 - 0 7 2 3 6 5 1 3 5 2 3 1 3 00 3 37 3 6
19 -i ............................................ :::::::::::::::::::::::- -296 ....... 4 10 42 122 182 232 259 271 296 ........
1 9 1 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 3 6 6 . ........ ........ 0 1 4 1 6 4 5 1 5 6 2 6 7 3 3 2 3 5 2 3 6 6 _ _ ..... ......
1947 ............ ................. ........... ---365 0 1 14 50 181 281 346 360 365
1 91 8 ..... .................. ................. 3 6 5 . . 0 1 5 9 2 3 7 6 1 6 2 3 1 6 3 6 4 3 665
1919 ....................................................- 365 -- 0 2 10 25 83 197 315 363 365..
1 9 2 0 ....................................... ...... ....... 3 6 6 O 0 1 4 1 3 2 3 7 0 1 5 0 2 4 6 2 9 1 3 1 3 3 6 5 3 6 6
1 92 1 ............. .. ... .......................... .................... 3 6 5 -" 1 .... 1 1 3 9 1 7 3 4 1 0 4 1 9 0 3 22 3 6 5 ........
1 9 2 2 ....... .. . . ... .. . . 3 6 5 ........0.. ...... 0 1 1 1 6 4 3 1 0 6 2 5 7 3 6 5 ........ ... . ..... . .
1923 .......................................... ........ 365 0 1 2 6 17 42 108 215 344 365 .................
19 04 ................................................. ...... .. 3'6 6 ---. ........ . 0 1 2 7 1 8 9 1 1 60 2 86 3 50 3 6 3 3 66 .
1925 ............................................................ 334 - ------ 0 1 3 5 13 79 135 222 320 334 ........ .
1926 .......................................................... 271 .. .... . ..... 0 9 44 68 134 167 196 271 ........
197.... 365 --- ----......... 0 9 15 37 127 231 316 346 363 365.

Ttal days ................................. 4,957 1 1 2 11 50 156 428 1,420 2,650 4,044 4,604 4,771 4,956 4,957
Per cent 100 .02 .02 .04 .2 1.0 3.1 8.6 28.7 53.5 81.6 92.9 96.2 100.0 100.0

M e a n s ( 1 3 .5 7 y e a r s ) ..................................... .1 .1 .1 .8 3 .7 1 1 3 2 1 0 5 1 9 5 2 9 8 3 3 9 3 5 2 3 6 5 3 6 5...... -- - - -.. .. .. -- ---- ---- -- -- -- .. .. - -- 6
Maxima ............................................ ...... 1 1 1 3 9 1 p52 181 281 365 365 366 366 366

Minima ......... ..... 0 0 0 0 0 1)12 P59 191 p180 p215 P264 365 365

1928 .................................................... 366 ...... 3 14 35 110 229 336 366

P Proportional; computed from a critical period above, exceeding half year.
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Monthly discharge of Left Branch of North Fork of Kaukonahua Stream

near Wahiawa, Oahu, for years ending June 30, 1913-28

Month

1913
May 25-31
June .......... .....................................

The period (37 days) .............

1913-14
July ..... ....................
August ........... _ _ .... ...... ..............
September ...................................
October ...................................
November ..............................
December .....................................
January...........................................
February ......................................
March ......... ................
April .........................................
M ay ................................................
June ...........................................

The year ...................................

1914-15
July ...................................
August .......... .............
September ....................................
November 2-30 ...............................
December 1-6 .............................
January ..... .......................
February .............................
M arch ............................................
April ................. .................
May ................................
June..............................................

The period (308 days)...........

1915-16
July ........................ .................
August .............................
September ...............................
October ...........................
November .... ..........................
December ....... .............
January ............ ..............
February .....................................
March .................................
April ....................----.....
May ....... ............................
June ...........................

The year. .......... ...................

1916-17
July....... ......................
August ......... .............................
September ........................
October ....... ...............
N ovem ber ...................................
Decem ber .........................................
January .........................................
February ......... ............
March ........................
April ...............................
May ...................................
June ....... ..................

Discharge

Million gallons per day

Maximum Minimum Mean

4.6 2.8 3.59
39 2.7 8.66

41
13

8.4
21
88
62
31
17
12
54
85
73

88

133
73

31
31
60
73
28

158
18
38

46
21
28
81

126
50

144
17
17
14

214
50

214

86
76
34
58
50
81
42

4.8
99

148
74
48

The year .............................. 148

2.2 7_45
1.8

.7
.6

2.2
1.4

.45

.3

.45
4.2
5.2

.3'

6.1
8.0

9.0
.4
.25
.4
.4
3.2
1.5

4.8
3.2
3.2
4.8
6.8
4.0
6.8
1.5
1.0

.5
6.8
5.8

.5

4.0
4.8
4.0
3.2
7.9
6.8
2.6
.8
.8

4.6
5.5
3.2

.8

Totalrun-off

Million
gallons

25.1
260

285

3.63 113
2.29 69
3.03, 94
8.34 250

11.7 364
4.15 128
1.66 47

.89 28
10.8 323
16.3 507
14.4 432

7.08 2,590

22.723.2
a5l.1
11.4
17.3

1.25
6.60,
4.06

17.5
7.27
8.75

13.2
8.02
8.84

18.3
23.8
13.1
20.9

4.25
3.90
2.42

31.8
13.7

13.6

13.8
16.2
10.4
14.7
18.7
18.3

9.47
2.07

20.3
18.4
16.3
12.0

14.3

705720
al,530

329
104

39
185
126
525
225
262

4,750

408
249
265
568
716
405
648
123
121

73
986
412

4,970

427
503
310
454
562
567
294
58

629
553
506
3'62

5,220

a Partly estimated



KAUKONAHUA STREAM 223

Monthly discharge of Left Branch of North Fork Of Kaukonahua Stream
near Wahiawa, Oahu, for years ending June 30, 1913-28

Discharge Total
__run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1917-18
July -------............................................ 27 1.5 4.91 152
August ................................................... 15 1.5 3.43 106
Septem ber ........................................ 24 1.5 3.38 101
October ................. -......... ............... 7.5 1.0 2.63 82
November --------.. ............................... 19 .7 4.91 147
December --------............... ................. 1 1.5 4.67 145
January ......................................... - -. 12 1.5 3.36 104
February ..........._-......................... . 48 3.8 10.2 286
March .---- ..--------- --......................... 217 4.6 26.8 830
April ...........---------------- ....... .............. 109 4.6 29.9 896
M ay .................................................. 36 3.8 10.8 334
June ..........-...................... . 40 3.2 8.35 250

The year ..............................-...... 217 .7 9.41 5,430

1918-19
July ........ ... ............... 125 4.5 16.1 498
August ----------..................-----.---- 54 4.8 12.9 400
Septem ber ........................................ 23 ..... 5.44 163
October............................................. 92 2.2 8.11 251
November ...........--------------------------- 120 2.8 11.5 345
December .......................... 64 ...... 10.5 325
January- ............................................ 36 ..... 3.65 113
February.......................................... 24 1.5 4.67 131
M arch ................................................ 31 1.3 6.00 186
A pril ................................................... 1.1 11.7 350
M ay........-........................................... 24 3.6 7.21 224
June ...........--- -----............................ ................ 12.1 364

The year ....................... 125 ........ 9.18 3,350

1919-20
July .................................................. 37 3.6 10.5 327
August................................................... 70 4.3 13.0 402
Septenber ......-.........-.................... 111 3.1 10.9 327
October ............................................ 64 ........ 11.1 344
November ........................................ 12.0 .8 31.59 108
December ....................................... 21 .2 1.85 57.2
January .....................................-....... 10.2 .3 1.63 50.4
February .......................................... 10.6 .2 1.02 29.6
March ............................. 231 .1 27.5 851
April. .................................-............... 111 ........ 14.1 423
M ay ..................................................... 17.0 ........ 5.34 166
June .............................. .22 1.2 5.00 150

The year ................................... 231 .1 8.84 3,230

1920-21
July ..................................35 1.8 5.86 182
August ................................................... ...... 9.47 294
Septemi~ber ............... -----------------_--------2.6 7.73 232
October ....................---------------......... 35 2.4 8.66 269
November .... - - --.......................... _ 66 1.8 11.9 357
December .......................................... 101 3.2 16.3 504
January .... ............ ................. 597 5.0 81.6 2,530
February ......... -----------------............. ......... 5.73 160
M arch .................................................. 18.7 ..... 3.02 93.5
April .................-- ----------..................... 64 1.1 11.0 33'2
May .................-------------.................. 36 2.5 7.89 244
June ........................................... 7.2 1.1 2.30 68.9

The year .................................. 597 ...... 14.4 5,260



224 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of Left Branch of North Fork of Kaukonahua Stream

near Wahiawa, Oahu, for years ending June 30, 1913-28

Discharge Total
run-off

Month Million gallons per day Million
gallons

Maximum Minimum Mean

1921-22
Ju ly ................. .. ....................... 50 3.2 12.9 400
A u gust ---------- --- ..... .................... . 56 4.2 13.5 418

September .............. ..------------- -- --- -............ 9.66 290
October ........... ..----.----------- - - --........-........ 8.05 250
N o v e m b er ............. ..... ....- _ _ -----. 2 8 -...... 7.2 1 216
December ... ..----------- ...... . ........... 213 2.3 21.9 680
January ............. ....................... 68 3.2 17.0 528
February.. ---------............................... 42 3.9 12.7 355
M a rc h ..................... ........ ... .. ... 7 4 3 .2 1 6 .0 .4 96
A p ril , _ -------------_ -............ ...... ... 47 2.5 11.1 333
M ay ......... . . . . . . . ........... 50 2.9 10.0 311
J u n e ..... .. ... ... .. ... ... ... .. ....... 3 2 2 .0 5 .7 5 1 7 2

The year ....... ........... 213 ...... 12.2 4,450

1922-23
J u ly _ ............................................ 33 1.6 4.96 15 4
A ugust .... .......... ....... ...... ............... 105 2.8 11.4 354
Septem ber ..................................... 131 4.9 21.3 640
October .............. ..................... 91 2.4 8.75 271
November ....... - --..................... 107 2.4 13.8 415
Decem ber -----......... ........ _ 54 1.3 5.78 179
January------- -............ -------------. ........ 303 1.2 41.8 1,290
F ebruary .................. .......... ...... 69 ........ 14.9 417
M arch -------------------. ....... ............. 43 7.12 221
April.- .............. 126 ....... 20.1 604
M a y .... .......................... 13.9 2.2 5.65 175
June- --- _-------------.... ....... 21 1.1 5.04 151

The year .... ... ...... 303 1.1 13.4 4,880

1923-24
July ...... 19.2 1.9 5.88 182
Augus.t-- - - - - -......... ................ 23 1.8 5.92 183
Septem ber ....................................... 163 1.4 15.3 460
October ... .......... . . . ....... 30 2,8 7.76 240
N ovem ber ..... _--------_-_----.......... 24 1.6 4.68 140
D ecem ber ...................................... 1.6 14.1 45'8

J a n u a r y .............. ............ ............ ..... ....... 1 .0 4 .1 6 1 2 9
F ebruary ....... 1............................. 17.8 .3 3.97 115
M a rch ......................... - .................. 27 .6 4.58 142
April...- ....... . -- - 270 .6 25.5 765
M ay ...... ..... 27 3.5 9.21 286
June- ........ ............ ....... .............. 21 1.6 3.74 112

The year ...... 270 .3 8.73 3.190

1924-25
July ...............-------------------------------- 60 1.8 7.54 234
A u g u st ------------------.. -------------------........ 2 2 2 .7 7.1 7 22 2
Septem ber ........................................ 29 .5 3.11 93.3
October ......................--------------------- 215 1.3 19.6 608
Novem ber ...... .................................. 31 1.2 3.75 113
D ecem ber ------------.-----..................... 58 .9 4.36 135
January,.. ............ --.................... 18.6 1.2 3.87 120
F ebruary ......................................... 152 9.65 270
M arch ......... ........ ....... ... ............ 3'3 6.77 210
A p r il ........ ..... ....... ...... ....... ...... ...... 1 8 .6 7 .5 0 2 2 5
M ay 1-6 ..................................... ... _ ............... 11.5 68.8
June 6-30........................................ ............. 14.0 350

The period (335 days)_ ....... ..... 2,650



KAUKONAHUA STREAM 225

Monthly discharge of Left Branck of North Fork of Kaukonahua Stream

near Wahiawa, Oahu, for years ending June 30, 1913-28

Discharge Total
run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1925-26
July ........................ 8.61 267
October ........................ 5.81 180
Novem ber ........................................ ................ 15.0 450
December ................................... ........ . ..... 4.36 135
January ....................................... ................ 2.57 79.8
April..................................................21 1.97 59.2
May ...................................... ...... .. ........... .... .52 16.0

The period (215 days) ............. ......... ........ 1,190

1926-27
July ................................................... ................ 6.66 207
A ugust ................................................... ................ 10.5 326
September .......................... ................. ........ 12.2 365
October ..................................... ........ 1.5 6.92 214
November ......................................... 35 .7 2.70 80.9
D ecem ber ...................................... 92 .4 7.46 231
January.............................................. 98 1.4 14.1 486
February .......................................... ................ 4.98 138
M arch ................. 8................................ 31.5 976
April ............... ............... 65 8.0 15.6 467
M ay .................................................... ................ 34.6 1,070
June ............................................. ................ 12.0 360

The year ......................... . ..................... 13.4 4,870

1927-28
July ................................................ ................. 8.44 262
August ............... .............. ............ 152 4.5 18.0 558
September ........................... 60 2.5 11.1 334
October ............................................. 21 2.5 6.71 208
November. .-----...... .......... ....... ........ 2.1 21.1 633
Decem ber....................................... 109 5.8 22.7 705
January .............................................. 29 3.1 8.07 250
February .................................. 16.9 1.6 X.48 101
M a r c h . ' ..................... . . . . . . . . . . . . . . . . . . .. . . . . . . 2 3 1 .0 3 .1 2 9 6 , 6
April ................................................ 73 8.6 19.1 574
May ................ ................. 17.0 2.6 7.30 226
June ................................................ 42 2.3 769 231

The year ..................................... ........ 1.0 11.4 4,180



226 SURFACE WATER SUPPLY OF OAHU, 1909-28

SOUT3H YORK OF .UXONAHUA STREAM A OVE -UNT3BD STATES ARMY
20AEUVOI,, NEAR WA LLWA, OAZU

LoCATION.-About one-eighth mile above United States Army ditch intake,

5 miles by trail above United States Arny reservoir, and 10 miles east of

Wahiawa by road to reservoir and trail along ditch; elevation is about

............ feet.
EQUIPMENT.-Stevens continuous water-stage recorder on left bank; measure-

ments made by wading or from cable at gage.

CHANNEL AND coNTROL.-Channel in vicinity of gage straight and cleared of

boulders; banks steep; flow confined past gage. Natural control at head

of long riffle improved for low-water stages by construction of low rock-

fill dam.
EXREMES OF DISCHARGE.-

Maximum M¢inimum
Year

ending

JnIe.0 M. G. D. Hour Day M. G. D. Hour Day

1911 ................ Unknown Unknown
1913 ----------..---.. do do
1914 ................ 900 11:00 p.m. Nov. 20 0.2 Occasionally
1915 .................- Unknown .15 ........ M ar.
1916 .............. 550 1:30 a.m. Jan. 8 .5 ------- Apr. 3-8
1917 ...... 600 8:00 a.m. Mar. 9 .8 ........ Feb. and
S 7 . Mar.

DIVERSIONS AND REGULAToN.-None above gage. Low-water flow past this sta-

tion diverted one-eighth of a mile down stream into United States Army

ditch, and impounded in United States Army storage reservoir of 21
million gallons capacity, 5 miles downstream, and carried thence by

pipe line for water supply for cantonment at Castner. Records show

amount of water available for additional water supply for Castner.

Discharge from South Fork is impounded in Wahiawa reservoir for
sugar-cane irrigation on Waialua plantation.

AccuaAcy.-Stage-discharge relation excellent after November 20, 1913.

Rating curves, for last 5 years of record based on 1, 12, 5, 9 and 2

measurements respectively, well defined for low and medium stages.

Continuous record of gage height S6ecu1ed Ist two years. "Records from

poor to excellent for low and medium stages, poor for high stages.

CoOPERATION.-Records for 1911 obtained by Engineer Corps of United States

Army. The Quartermaster Department United States Army appropriated

funds to cover cost of equipment and installation.



DURATION-DISCHARGE TABLE
South Fork of Kaukonahua Stream above United States Army reservoir, near

Wahiawa, Oahu

Number of days having a discharge, in millions of gallons, equal to orNumber greater thanYear ending June 30 of days _
record 0100 50 25 10 81 61 4 2 1 0.8 0.6 0.4 0.21 0.1 Z

!,912 .................. ........................................ .. 166 0 2 1 4 5121 91 118 147 163 164 165 166 ...........913 ........................................................ 11 ... .... C2 5 7 1 .... ... .... .... .... ....1914 ................ ..- "------------8--------0212 0 72 2 5 7 11

194------------------------------------------------------------------------------------------------- 35 L 08 10 22 6 7 2 30 32Total days---------------------------------1,484 9 44 149 426 522 723 870 1,146 1,284 1,315 1,335 1,396 1,473 1,484
Per cent ................................................. 100 .6 3.0 10.0 28.7 35.1 48.7 58.6 77.2 86.5 88.6 89.9 94.0 99.3 100.0Means (4.07 years) .2.2 11 3 105 128 178 214 281 316 323 328 343 562 65



SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of South Fork of Kaukonahua Stream above United States

Army reservoir, near Wahiawa, Oahu, for years ending June 30, 1912-17

Discharge Total
_run-off

Month Million gallons per day Million

Maximum I minigallons
_-Maximm IMnimum Mean

1911
July 19-31 ....................................
A ugust ........................................... .
Septem ber .................................... ..---
October .....................................
November .......................
December ............................ .....

T h e p e r io d ( 1 6 6 d a y s ) ............... .......

1913
June 20-0 ..........................

The period (11 days) .......

1913-14
J u ly ----._.--------- .-------------- _ --.....................
August ...... ..................
September .......................
October ... .........................
November ........... --.................
December ............................ .............
January ........................ .
F ebruary ..................... ........ _ ------
M a rch .. ... .......... ..; ------- .....
A pril .............. ..............................
M ay ..................................................
June ............... .......... . .........

The year .... ............

1914-15
July ............. ................... ....
A ugust. .. . .............................
September ........................
October ...........................
November ....................
December 1-7 .......................
January ............................
February ............ .............
M arch ................................................
A pril ... ..... ...................................
June 3-30 .........................

The period (308 days) .....

1915-16
July ...... ...................
August ............................
September .......................................
O ctober.............................................
November .......................................
December ...................................
January ......................................
February ..........................
M arch ........ ... .............................
April .............. .................
M ay........................... .......................
June .........................

The year ...................

1916-17
J u ly ........ .......... . . . . . . . . . . .. ... ......
A ugust ................................................
September.................................
October ...........................
November ....................
December ...................... . .......
January ............ .. .......................
February ..... ........ - ...-...- _
M arch.......... ...................... ....,. .......
A pril 1-5 .............. ................. ... .....

The period (279 days) ............... ........

14
39
63
43
17
25

15

28
23
10
12
77
41
45

9.2
9.2

64

77

100
48

138
25
34
15

.5
20

9.2
88
42

64
11
31
74

102
60

115
17
15
20

122
38

122

44
64
22
41
48
84
52

4.8
84

7.5

3.8 6.37
2.8 10.5
4.2 21.2
1.7 8.14
1.2 5.74
0.6 7.24

3.3 6.26

1.3 5.38
.45 2.41
.6 1.83
.45 1.30
.4 23.6

1.6 10.9
1.5 5.32

.35 1.65

.2 1.08

.35 9.15
31.0 11.0
3.0 13.6

.2 7.25

5.0 20.0
5.0 15.6
6.2 32.3
2.2 7.64
1.5 7.68
4.0 7.94

.2 .33

.2 2.49

.15 1.07

.15 10.1

.2 5.04

3.5 9.12
1.5 4.04
1.5 8.18
3.5 14.8
4.8 21.6
2.8 12.2
3.5 20.3
1.5 3.53

.8 2.60

.5 3.50
4.8 27.2
2.8 12.3

.5 11.7

3.5 9.51
6.0 18.4
2.8 7.60
2.0 8.11
4.8 14.5
4.8 19.3
2.8 9.17

.8 2.22

.8 13.9
3.5 5.86

82.8
326
635
253!
172
225

1,690

68.8

68.8

167
75
55
40

708
337
165

46
33

274
340
407

2,650

620
482
968
237
23'0

56
10
70
33

303
141

3,150

283
125
245
460
647
377
630
102

81
105
844
368

4,270

295
569
228
251
436
597
284

62
430

29

3,180



UNITED STATES ARMY DITCH 229

UNITED STATES ARMY DITCH AT RESERVOIR, NEAR WAHIAWA, OA31U

LOCATION.-At United States Army reservoir 3 miles east of Wahiawa;
elevation is about .... feet.

EQUIPMENT.-Vertical staff; measurements made by 3-foot sharp-crested weir
with end contractions.

CHANNEL AND CONTROL.-Cement-lined canal. Water emerged from tunnel
directlty into pool at weir.

EXTREMES OF DISC1APGE.-Maximum discharge recorded, April 26, 1915,-3.0
million gallons per day, ditch frequently dry.

DiVERSIONS AND REGULATION.-NO diversions; head-gate regulation; water sup-
ply of United States Army at Castner Barracks.

AccuRAcy.-Conditions at weir good but flow unsteady; gage read twice
daily; record fair.

DURATION-DISCHARGE TABLE
United States Army ditch at reservoir, near Wahiawa, Oahu

Number of days av"ing a discharge, in millions
Year ending Number of gallons, equal to or greater than

June 30 of days
record

2 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0519 5..................... 169 3 O 5
169 5 4 4567 67 6 0 13/130 11 151 169

Monthly discharge of United States Army ditch at reservoir, ncar Wahiawa,
Oahu, for year ending June 30, 1915

Discharge Total
M run-off

Month Million gallons per day Million

gallons
Maximum Minimum Mean

1914-15
October ................................................ 1.6 0.35 0.69 21
November ............................-......... -1.6 .05 .56 17
Decem ber ........................................ 1.6 .05 .71 22
January 1-5, 10-11, 30-31 ............. .35 .05 .15 1
February 1-7, 9, 12-26 ..................... 1.6 .05 .66 15
M arch 4-9 ......................................... 1.0 .05 .40 2
April 16-20, 24-30 ........................... 2.9 .2 1.34 16
M ay 14, 17-19 .................................... 1.9 .05 .50 8
June 15-16, 18-22, 27-28, 30 -------- 2.9 .2 1.08 11

The period (169 days)a ............ 113

aNo water in ditch Jan. 6-9, 12-29; Feb. 8, 10-11; Feb. 27 to Mar. 3; Mar. 10 to
Apr. 15; Apr. 21-23; May 15-16; May 20 to June 14; June 17, 23-26 and 29, 1915.



SURFACE WATER SUPPLY OF OAHU, 1909-28

SOUtVX YO3Z Or KAUXONANVUA STZAX NELOW .UNTED STATES ARMY
RESERVOIR, NEAR WARIAWA, 0AKU

LocATION.-About 600 feet upstream from highway bridge on road from Cast-
ner to United States Army reservoir, about one-fourth mile above gulch
entering from northeast, 2% miles east of Castner and 2 miles south-
east of Wahiawa; elevation is about ...... feet.

EQUIPMENT.-Stevens water-stage recorder on right bank; measurements
made by wading or from cable directly over concrete control 50 feet
downstream from gage.

CHANNEL AND cONTROL.-Reinforced concrete slab 26 feet long, extending
from bank to bank; 4 feet wide, with rectangular low-water section 7.5
feet wide near left bank, to confine extreme low flow. Downstream side
of concrete slab protected from undermining by apron of discarded fence
posts. Banks high. Bed composed of gravel; channel straight and
fairly smooth in vicinity of gaging station.

EXTREMES OF DISCHARGE.-

Maximum Minimum
Year

ending
June 30

M. G. D. Hour Day M. G. D. Hour Day

1915 1,"00 9:30 a.m. Sept:25 1.0 Mar. and -June
1916 .......... 1,400 7:00 a.m. Aug. 5 1.0 do
1917 --- Unknown 1 6 Feb. and Mar.

DIVERSIONS AND REGULATIN.-United States Army ditch diverts water from
stream near headwaters; practically no regulation. Water diverted at
about 1,130 feet above sea level by United States Army ditch impounded
in Army reservoir and carried by pipe line to cantonment of Castner
for water supply. Additional supply is pumped into this pipe line dur-
ing periods of extreme low water from stream just below highway bridge
below gaging station. Wahiawa reservoir, into which stream empties,
supplies water for sugar-cane irrigation on Whialua plantation.

AccuRAcy.-Stage-discharge relation permanent. Rating curves, based on 5
measurements per year, well defined below 120 million gallons per day.
Operation of recorder excellent except for short periods estimated by
comparison with station above Army reservoir, Records fair for low
and medium stages for 1915, good thereafter below 120 million gallons
per day; poor for extremely high stages.



DURATION-DISCHARGE TABLE
South Fork of Kaukonahua Stream below United States Army reservoir, near

Wahiawa. Oahu

Number of days having a discharge in millions of gallons, equal
Number to or greater than

Year ending June 30 of days
record

350 3001 250, 200i 1 50 100 6 0 1 25 1 10' 1 2 1

1915 ................................ ............. ....... 343 . 0 1 4 5 6 20 55 133 186 294 343
1916 ... ........ .................. ................... 366 1 1 2 5 10 16 39 68 207 259 324 3661917 ........... 5 - - ........... _ . .. . .. . ... ... 0 1 7 19 57 234 312 356 365

Total days ........... ................. ......... 1,074 1 1 3 9 16 29 78 180 574 757. 974 1,074
Per cent ............................... ............................ ........................ 100 .1 .1 .3 .8 1.5 2.7 7.3 16.8 5X.4 70.5 90.7 100.0

Means (2.94 years)... .3 .3 1.0 3.1 5.4 9.9 27 61 195 257 331 65,



232 SURFACE WATER SUPPLY OF OAHU, 1909-28

Monthly discharge of South Fork of Kaukonahua Stream below United States
Army reservoir, near Wahiawa, Oahu, for years ending June 30, 1915-17

Discharge Total
_run-off

Month Million gallons per day", Million
_____ -____-gallons

Maximum Mininmum Mean

1914-15
July 23-31 -- ................................... 218 7.8 52.4 472
August ......... . .................... ........ 80 7.8 21.5 668
Septenber ................................. 266 8.9 54.6 1,640
October ........................... 1 70 6.8 19.2 595
November ................................ 85 4.0 15.5 465
December .......................... . 23' 4.0 8.42 261
January ..................... 4.9 2.1 2.69 83
February ............................................... 70 1.6 7.11 199
March .................... ......... 23 1.0 2.81 87
April ..................................................... 168 1.3 16.7 500
May ...................................................... 17 1.3 4.96 154
June ............................................ 96 1.0 9.44 283

The period (343 days) .............. ....... 5,410

1915-16
July ..................................................... 90 2.6 11.6 160
August ............................ 12 1.3 1.91 121
September ................................ 50 1.3 11.7 351
October ......................... .- .. 108 4.9 21.2 659
November ......................................... 226 11 43.9 1,320
December .. ....................... 196 6.8 23.2 718
January .......................... 372 11 51.5 1,660
February ................. .- ........ 65 3.3 11.5 333
March................................. .......... 19 1.0 4.03 125
April .............................. 42 1.0 5.29 159
M ay ............................................... 210 1051.5 1,660

80 6.8 22.0 660

The year ....................... 8 72 1.0 '22.2 8,130

1916-17
July ...................................................... 75 5.8 15.8 489
August ................................................. . 96 10 26.0 806
Septem ber ................................. I ......... 28 4.9 12.0 359
October .............................................. 70 2.6 13.9 412
November .............................................. 108 10 24.6 739
December .......................................... 114 7.8 30.4 944
January .............................................. 147 6.8 19.4 602
February ............................................ 10 1.6 4.49 126
M arch ................. ................................. 182 1.6 26.7 829
April .................................................... 42 4.0 12.1 363
M ay ........................................................ .96 3.3 15.1 469
June .................................................... 23 2.6 8.34 250

The year ............................................ 182 1.6 17.5 6,390



WAHIAWA RESERVOIR

WAHIAWA UBU-ZVOIR DITCH NEAR WAHIAWA, OAHU

LOCATIO.-Below Wahiawa reservoir; elevation is about ...... feet.
EQUIPMET.-Water-stage recorder; measurements made by 10-foot weir.
CHANNEL AND CONTROL.-Ditch, weir; excessive wave action in channel above

weir.
EXTREM3ES OF DISCIIARGE.-Unknown.

DIvERsIONS A2'D REGULATioN.-Wahiawa reservoir ditch diverts from Kaukona-
hua Stream below Wahiawa reservoir and for irrigation of higher-level
cane fields of Waialua Agricultural Co. Record shows amount of water
impounded by Wahiawa reservoir at junction of two forks of Kaukona-
hua Stream.

AccURACY.-Current-meter measurements gave discharge 6 to 10 per cent
greater than weir, percentage difference being greater at lower heads.
Records poor.

CooPERATioN.-Station installed and records furnished by Wahiawa Water
Co.

DURATION-DISCHARGE TABLE
Wahiawa reservoir ditch near Wahiawa, Oahu

Year Number of days having, a discharge, in millions of gallons,
ending Number equal to or greater than
June 30 of days

record
60 50 40 30 20 10 8 6 4 2 1 0.8 0.0

1910 ........ 181 0 39 108 136 140 142 150 177 179 181
1911 ............. 365 2 6 96 189 261 298 309 327 346 3'61 362 363 3.5
1912 ............ 184 . ..... 0 68 130 159 173 175 178 184 ...... . ...... , .....

Total days 730 2 36 164 358 528 607 624 647 680 722 725 728 730
Per cent ----- 100 .3 5.0 21.2 49.1 72.3 83.2 85.5 88.6 93.2 98.9 99.4 99. 100.0

Means (2.00 years).. 1.0 18 82 179 264 304 312 324 340 361 362 364 365
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Monthly ;discharge of ,Wahiawa reservoir ditc, near Wahawa, Oahu, for
years ending June 30, 1910-12

Discharge Total
run-off

Month Million gallons per day Million
-- ____-gallons

Maximum Mininum Mean

1910
January ..................... .... ... 4.3 0.84 3.16 98.1
February ....................................... 23 1.9 11.1 311
M arch .............. . ......... .............. 34 8.4 22.5 697
April .............................................. .. 33 8.4 23'.8 717
May .............................. 37 16 29.3 909
June .................................... 38 19 28.6 860

The period (181 days) ..... ........ - 3,590

1910-11
July ............. .................. 50 26 44,1 1,370
August ............................ 50 14 41.5 1,290
September .................................. 50 .00 33.2 997
October ................................. 65 .00 42.9 1,330
November .......................... 48 1.2 24.0 720
Decem ber ---- ................................... 46 4.3 28.6 886
January ............................. 14 2.2 6.17 191
February ................................... ........ _8 2.3 10.3 290
M arch._ ........................... 43 5.9 25.2 782
April ............................. 3.6 6.5 23.2 697
May ........... ........... ........ 40 16 30.4 945
June ............ ............................... 39 16 30.4 912

The year . ............ ........ 65 .00 2.83 10,400

1911
July ........... ................... 46 16 41.0 1,270
August ..... ............. ....... 45 29 41.0 1,270
September ................ , ......... 40 22 35.7 1,070October... ........................ 45 19 38.5 1,190
November ...... ....................... 43 12 28.6 860
D ecem ber -------------------.................. 35 5.7 1.2 535

The-period (184 days).... ,.: ........ 6,200



MISCELLANEOUS MEASUREMENTS 1909-1928



KALIHI VALLEY

Misccllaneou8 measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

I per day

MOANALUA VALLEY
(See PLATES I and XVII)

1927 . Sept. 23 Moanalua........... Point No. 1; left fork above reservoir
intake, about elevation 770 ............. 0.048

1928.... Jan. 3 do............. . .......... d.......... .................. .227
Feb. 7 ..........do ................... do ........................................ ..389
J u n e 2 6 ....... ......- d o --- ...... ............... d o ..... 74................................. . . 7 4 8

1927... Sept, 23 .............. do.......... Point No. 2; right fork, about eleva-
tion 72 0 ----------------- ................................ . 0 3 6

1928.... Jan. 3 .............. do.............. --- . do........... .... ........... . 0930
Feb. 7 do ...... ....... ....... ... .do ..... .......................... .159
June26 -- do ....................do........................ 4.80
Jan. 3 .......... do ........... Point No. 3; about elevation 600 ...... .748
Feb. 7 --------- do _ ........................ ........................ 000
June 26 ......... do .................... do .. _................ ........... 4.57
Jan. 3 ......... do .............. Point No. 4; about elevation 475 ........ .850
Feb. 7 .... .......do. ........ ............ do.......................000
J u n e 26 ..........-- - d o .................................... d o ........ ..... ........ 4.14

1927 .... Nov. 19 .......... do.......... Point No. 6; at U.S.G.S. gage, about
e l e v a t i o n 3 0 0 ....... .... .. .... . . . . . . . . . . . . . 5 4 .0

Dec. 14 ............... do ... .................. do..................... 14.5
1928 .... Jan. 3 .......... do................ ....... . ...... do .......... ... ...................... .850

F eb. 7 ------- .... do ......... do .-_-------------......................... .00
J u n e 2 6 ------- .. . d o ........ ... ..... ............... d o _ _.................. .................... 3 .6 0

1927 .... Dec. 14 .......... do ................ Point No. 7; left tributary, about 1,000
feet below U.S.G.S. gage.................. 1.15

1928 .... Jan. 3 ............do........ Point No. 5; at Golf Club, about ele-
vation 150 .......................... 1.20

Feb. 7 ............... do ................................... .000
J u n e 2 6 ............... . d o . . . . .o ......... ...... ............ ........ 1.42

1927 .... Nov. 18 .............. do ------ Point No. 8; at highway bridge, in
M oanalua Gardens ............................... 194

KAHAUIKI VALLEY

1914. Oct. 15 Kamehameha well... Fort Shafter ................ 1.23
15 ................ d o ................. ........... .- d o .... .... ....... ... ..--.......... 1 .1 4
16 ... .... do .............. do......................... 1.58
16 ........... do...................do............... 1.62

KALIHI VALLEY
(See PLATES II, IV, X, XVI and XX)

1911 .... Aug. 24 Kalihi ........................ Above all diversions ............................. 3.0
1923 .... Oct. 1 ................ do ................Near Honolulu at forest line fence 1.25
1913 ... June 2 .......... do.... _ ...... Upper Kalihi Valley........................ 1.53
1915 ... Feb. 25 Orphanage ditch ........ 50 feet below intake, near Honolulu 3.8

25 ..... ...... do.......... 1,000 feet below intake................. 3.9
1911 .... Aug. 24 No. 1 ditch ........... Intake above rice mill ....... ......... 2.48

24 N o. 2 ditch .... ....... Just below intake .................................. 1.10
24 N o. 3 ditch ....................... Below intake ............ ............... . 44
24 No. 4 ditch ................... ... . d................ _ ......... 71
24 No. 5 ditch ..................................... ...... .32

1913 '... June 3 Artesian well, on Bish-
op Estate land ........... Below Kamehameha School ............... 1.22

1911 . Sept. 15 Johanthen ..................... East of Houghteling residence, Hono-
lulu ............... .................... 68

15H oughteling residence -Tonolulu ...................... ................ ..... .08

1927.... Sept. 22 Kalihi ....................... Point No. 8; right tributary, about~~~~elevation 960 .................... .. .039
Oct. 28........... do ...... do.................................. 004
D ec. 13 .......... do .... ..... .................... do .............. ....................... 1.05

1928.... Jan. 24 ....... do ... .......................... .032

Note.-Ditches are numbered in order downstream.
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Miscellaneous measurements on Oahu during the years 1909-1928

-. Million
Year Date Stream Locality gallons

L perday

1928.... I Feb. 10 Kalihi ..........................

Mar. 8
Apr. 13
May 15
June 26
Sept. 22
Oct. 28
Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June 26
Sept. 22

Oct. 28
Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June 26
Sept. 22
Oct. 28
Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June 26
Sept. 22

1927....

1928....

1927....

1928.

1927 ....

1928 ....

1927 ....

1928....

1927....

1928 ....

1927 ....

1928 ....

1927 ....

1928....

do .............
do ............
do .............
do ............
do .............
do .............
do ............
do ............
do .............
do .........
do .............
do .............
do .............
do .............
do .............
do .............
do .............
do .............
do .............
do ---.........
do .............
do .............
do .............
do ..
do ............
do .............

-.......-...... do . .... ....
............... do .............
................ do .............
................ do .............
................ do .............
................ do .............
................ do .............
................ do .------------
................ do .............
................ do ............
. ............. do ..... * .......
................ do ..........
.............. do .............
................ do ........

................ do ...........
................ do ...........
................ do .............
................ do .--_-----_
................ do ...........
................ do ........
.............. do ............
............... do ..........
............. do .............
......... ..... do .............
.............. do .............
............... do .....
.............. do ............
............ do .
. ........ ..... do .............
............... do .............
-.............. do .... ..........
.......... ..... do ..............

.. Point No. 8; right tributary, about
elevation 960 ..............................

... ...... .....-.- ... do ............ ..... .........
.. . ..... .... ..... - - 4 o _ __.. ..... ........................ ......

.. ... ........... do ..........................................

.......... do .........................
... Point No. 7; about elevation 970 ......
... .................... do . ......... ... ................

................. do ..................- ... ................
- -........ ..... ...- d o ....................... ........ .........

.. ........ ....... ... d o _..... ...... ..................... ..

.. ................... d o ...... ....................... ..... ----
................. do ..................... ......

....................... do ..........................

.................... .do .......................................
... Point No. 6; left tributary, about ele-

vation 950 .......................................
................... do .. .......... ................

-. do .............. .. .......... .
-... ................... do ...................................
..................... do ................... . . ..............
--. ................ ... d o _......... _ _ _.......................

..... ..... do .......... . . ....................
......... do .............. ........................

. ......... do . ........ .. ..............
- Point No. 5; about elevation 860........

.. .................... do .......... .........................
.. ............ . do ........................................
... ......... do........ ..............
... ... ........... .do ...................... .... . . . .

.................... do ..................... ...........

.- ................. do ......... . ........... ...........
.. .................. do ........................................

--- -.. ...............- d o _ _- ---_...................... ....... .. ..
--- Point No. 1; left tributary, about ele-

vation "1,170 .............. ............
. Point No. 2; left tributary, about ele-

vation 1,040....................
Point -No 3; left tributary, about ele-

vation 900 .___..... .......... ....................
.do... ....... do ........ ....... ...... . ..........

........................... do .............. .. .............. 2 ......

....................... do .........................................

......................... do ................ .. ............ .....

... Point No. 4: left tributary; abOut ele-
vation 860 .......................................

...................... - do ...............................

... .................... do .............. . ...............
............. .... ........... ..............

... ........... ...... do ....... ....... ....... ...............

... ................. do ................ .........

....................... do ...... ................

... ................... od ........ ....................
- ................. do ....... ...... .......

... Point No. 9; about elevation 860.

....................... do ......................
-.. ...........--------. d o .......................................
........................ do .... ........ ........ .............
................. do ...............................

........................ do .........................
............. ....... do. ..... . ..... ... .............
---..---.- ............. d o ..........................................
....................... do .................... ...........
--- Point No. 10; about elevation 760 ....
... ................... do ........... .. .......... ......

.... .. ..... ..... ..... d o ..........................................
- --.. . -.. -... ........ d o .......... _ - - - __....... . . . . . . . . . . .

... ....-.. -. ---........ d o ......................................

... . .......... .....-- -- d o ..................... ....... . . . . . .
do ............................

...............do ............................
.do .................

22 .............. do ........

221 .... ........ do.......

0.010
.000
.053
.074
.03 6
.080
.134

8.65
.263
.209
.023
.225
.343
.694

.028

.016

.599

.072

.016

.000

.048

.434

.036

.300

.470
13.4

.480

.309

.173

.962
1.03

.871

'.015
.050

.145

.132

.293

.143

.441

.238

.284
10.8

.454
.448
.022
.132
.734
.456
.722
.865

25.8
.814
.552
.195

1.319
1.94
1.34
1.02

.797
39.4

1.30
.801
.406

1.86
3.52
1.93

Oct. 28
Jan. 24
Apr. 13
May 15
Sept. 22

Oct. 28
Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June26
Sept. 22
Oct. 28
Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June 26
,Fpt. 22
Oct. 28

Feb. 10
Mar. 8
Apr. 13
May 15
June26

................
- ..............
.............. -
................
- .............
................
................
-1 ..............
................
................
................
................
.. .............
..............
............ I ...
................

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

................
---------------
----------------

..............
................
................
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Miscellaneous measurements on Oahu during the years 1909-1928

- D Million
Year IDate Stream Locality gallons

_per day

1927.... I Sept. 22 IKalihi .......................

1928....

1927....

1928 ----

1927 ....

1928 ....

1927....

1928....

1927 ....

1928 ....

1927 ....

1928,...

Oct. 28
Dec. 13
Jan. 24
Feb. 10
mar. 8
Apr. 13
May15
June 26
Oct. 28

Dec. 18'
Jan. 24
Feb. 10
Mar. 8
Apr. 13
14ay 15
June26
Oct. 28

Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June26
Sept. 22

Oct. 28
Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June26
Sept. 22

Oct. 28
Dec. 13
June26
May -5

Sept. 23

Oct. 28
Dec. 13
Jan. 24
Feb. 10
Mar. 8
Apr, 13
May 15
June 26

................ do ................

........... .....do .... ......
................ do .........
........... do........

......... d o ...... ......
.............. do ..............
................do
... .......... do .............
.............. do . -.........

... ..........do.. ....... ....
................ do ...............

................ do ............
................. dTo........ ---

S........... do ......
................ do .............
.. ...............do
......... ..... do ......

.............. do ................
. ...........do .........

-. .----.. . d o ................
.............. do ................
................ do .............
.. .......... do ................

................ do ................
... ... ........do. ........

...............do

............... do.........
............... do ................
........ ..... do ................
................ do ................

------... do ................
................ d ............

........... do ...... .........
............... do ..............

................ do ........
.. ........... do. ..........
..............do. ........

.. ..............do .........

do .... - .........

......... ..... (o ............
. ................ do ...............
................ do ...............
-..............do .........
........ ........ .do .............
.......... do ...............
..............do.........
.................do.........

Point No., 11; left tributary, about
elevation 660 .....................

...... .. .............. do .. ........ ............... .....
............. .do ......................

............. . d o . .. ..... ........... .......
.. ...... - ......... d o .... . . . . . . . . .------ ------ ------ ------

........... do ..... ...... .....................

.-----------...... d o ....... ... ......... ........

.................. do ...........................................
, ............. ...... d o _ ...............- ------...................

Point No. 12-A; overflow from Gay's
tunnel, about elevation 660 .............
............ do .........................................

...... do ... .. .. .....................
............. do ..... .... ..................

.- .............-do ............ ..........-- ------.... d o .... : . . . . . . . . ...... --- -- -- -- --- -- -- --
.... .... .... d o ........................................

.- .............. (To ....................... .............

Point No. 12-B; right tributary, about
elevation 580 ...................................

............. - do ..... .... ............ . ..
..... do ................. . . .................-.i....... .............. d o .............. ............. ...........

........... do ..........................................
.......... ...... do ............ -...........................

- -.. .. .. .. .. .. . d o ............... .. :......................... .
........ do ............... ...........

Point No. 12-C; at U.S.G.S. gage,
about elevation 470...........................

.................... do .......................................
.................... do .........................................
....... ....... do ........................ ............ ..... ....... d o ...........................................
....................... do ...............................

............ .................. ...........
.... ............. do ......... .... ...................
......... do .................. ...........

Point No. 12; about elevation T60 ......

............. do ..... ..... . ............ !....
.............. do ...............................

..................... do ..... ............
Point No. 13-A; about elevation 300..

Point No. 13; just below King Street
bridge . ...................................................

..................... do ..........................................

.............. .do ......................................
.................. d o ---------------........... ................
............. .do ........... ...............

...... ............ do ...... . ......... ..........

.... ........... do . ... .......... ......................

............... do ........... ...........

0.068
.034

4.83
.534
.357
.013
.373
.318
.833'

.034

.523

.215

.114

.024

.097

.383
.166

.070
.640
.235
.113
.078
.183
.206
.056

2.0
1.6

37.0
3.53
2.20

'1.30
3.3
4.05
5.2
1.32

1.00
27.4

5.45
3.94

1.49
.524

81.4
4.12
2.42

.314
1.65
4.88
4.68
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Miscellaneous measurements on Oahu during the years 1909-1928
. . ... ... • -" vIillIotn

Year Date Stream Locality 
g a l l

o
n s

Iper day

KAPALAMA VALLEY

1911 .... Sept. 15 Ah Yin Spring ............ West of Ah Yin Pond, about half a
mile east of Bishop Museum, Hono-
lulu ........-.-.................................................. 0.55

1914 .... Jan. 17 Y. Ahin's artesian well Palama .................................... 1.2
N o. 1 .............

17 Y. Ahin's artesian well ...... ...... do .................... ................. .85
N o. 2 ..........................

17 Y. Ahin's artesian w ell ................... do ...................... ................. .44
N o. 3 ..........................

17 Y Ahin's artesian well ................... do........ .................. .42
N o. 4 _.---.................

1911.... Sept. 15 Kahuniwai ............ Near Kumuhahana Spring and west
of Liliha Street .......................... .98

NUUANU VALLEY
(See PLATES III, IV, IX, X, XV, XVI, XVII and XX)

1911.... Aug. 4 East Fork-Nuuanu.--- Above reservoir No. 4 ................. 2.35
23 ..........------ do ......... ............do.......................... .47
23 ................do .....................do.......................... .73
4 Nuuanu .......................... do ......................................... .48
23 . ............... do ............... do.................do ......... ................. .85

1926.. Jan. 25 Nuuanu tunnel No. 4 ............. do ........................................ .56
Mar. 22 ........... do........ ............ do ......................................... .16

23 -----_--------- do ................ ..... ............do.......................... .18
24 ...............do ............ .........do ......... ................. .18
25 ............... do ............................................. .16
26 ................do.............do...... ..... .... ................ .18

Apr. 28 ........... .do ................... . ...... .. do .......................................... .16
June 4 ........... do............... ...... do ........................... 08

18 .......... do .......... . ........... do .... ........................ . .47
July2 .. ...... do..................- do ........................................ .28
Aug. 13 .. .. ......... do.....................do ..... ....................... .. 18

30.... ....... do .................................... do .......... ............... .. 32
1927 .... Apr. 5 ............do..................... do............. ..............93

* 29 .... . do ....................... .... do .......................................... a
1916 .... Apr. 1 Maole ....................... Elevation 1,030 feet, Hillebrand Glen .04

1 ............ do .......... Elevation 760 feet, about 300 feet
above reservoir No. 2 ......................... 2

May 4 ............ do.... _ ...... Proposed gaging station site, 4 mile
below upper falls ............................... 1.9

1917.... Aug. 24 .......... do ................ Hillebrand Glen, 200 feet below di-
version dam, at old U.S.G.S. station... -. 04

1913.... Apr. 2 Lulumaha ............ Near Honolulu ............................................ .33
14 .............do ....... o................... do......................... .40

May 23 ........... do..................... do ......................................... .45

aWeir submerged



NUUANU VALLEY

M4sellaneous measurements on Oahu during the years 1909-1928

Mallion
Year Date Stream Locality gallons

__Per day

1913'.... Sept. 12 Lulumaha ..................... Near Honolulu .......................................... 0.39
Nov. 10 ................ do ..... ................ do......................... 1.2

1911.... Aug. 4 d..............do .......... Above reservoir No. 4 .......................... .52
1927 .... May 7 Spring nearest road.... Near Honolulu, below reservoir No. 4 .20

7 Spring near spillway ......... ...... do ......................................... .50
1916 .... Jan. 11 Main leak reservoir

No. 4 ......................... do......................... 2.1
21 1------- o........... ..... . ............... do .......................... ...... 2.3
11 Total seepage reser-

voir No. 4 ------- ......... .................. ........................ 3.1
21 ................do..........do ...... . . ................. 3.8
11 Drainage fron swam........ ------ do _..------_.............1.5
21 do......I.. -o-----. .. ............. ................do....................... . 2.3

1911.... Aug. 4 Nuuanu ......................... .About 200 feet below reservoir No.
4 and opposite old weir ...................... al.31

7 ................. do ........................... do. ............... bl.47
28 ................ do.....................do........................ l.62

Nov. 14 ........... do .....................do...... .......... dl.20
20 ................ do ........... .......... do ......................... el.02
20 ----------...... do ................ About 300 feet below dam of reser-

voir N o. 4 .................................................. f2.641915.... Apr. 80 Afong's ditch ............ 150 feet above driveway to Afong
house ..................... ............ 1.3

aDepth in reservoir 39.0 feet
bDepth in reservoir 39.5 feet
cDepth in reservoir 41.0 feet
dMain stream only, depth in reservoir 37.0 feet
eMain stream only, depth in reservoir 96.0 feet
fDepth in reservoir 36.0 feet
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Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

per day

1911 . Aug. 7 West tributary ............ Culvert at spring watering trough.... 0.23

7 .............. do .......... West of car line opposite Laimi road .68
7 No. 1 ditch ...................... do.... .................. _ .46
23 ........................ Intake near rock crusher ................... 1.51
5 ................ do .......... Below intake near rock crusher......... 1.96
7 7 ............ o ............... .................... do 8 .. ................................ .83

5 No. 2 ditch ................ Below intake at new dam on west
side near Laimi road ....................... .52

5 No. 3 ditch ................. Old bridge above Waldron's. resi-
I dence ................................ .59

Nuuanu

............... .....d .........

.... .......do.........
........... do ................

................ do ................

............... do ................

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

Keiliohia Spring ...........
............... do .............
................ do :.....-.................. do ..........
................ do ............................... do ................
.Nuuanu .......................

..............do................

................ do ................

................do .........
............... do ................
................ do ................

Maole ditch ...................

1928 .... Feb. 10 1 ............. do ................
1927 .... Oct. 25. ............do ..........

................ do ................

................ do ...............

................do .........

................do . ...........
.... -........do .........

Lulumaha ditch .-----

............. do ............

................do . ...........

......... do ................
........... do ................
......... -.....do .........
................do .........
-..............do .........
................do. ...........

................do . ...........

........ .......do .........
...... - .......do .........

...............do . ...........
.......... .... do ...............
.......... .....do . ...........
..... .......... do ...........

Point No. 3; about elevation 1,140 .......
-.... . .. ......do .. ........................

......................................do........... .........
... ............do .........................
..... ......... . do ........ ..............................

....................do. .......... .........

...... .......do ..... .....................
-............... . do .......................................

In reservoir No. 4; at elevation 975..
............... ..... ...........do .* . ............
.............................d. .....................

.................... .............do ......................
..... ........... do ..................................
.................... d o ............................ ......
About 100 feet below Keiliohia Spring,

partly bank storage ...................
....................do . ........................

. .................do..... .. ...... ............
.................... do ...........do....... ...............
......................................do.........................
....... ....... do....... ..................
Point No. 7-B; at U.S.G.S gage, mauka

station, about elevation 1,040..........
....................................do.........................

Point No. 7-A; at U.S.G.S. gage, makai
station, about elevation 1,030 ..........

......................................do .........................

..................... do ..I ............do ..........................

........................ ..............do ... ............. ..........
..................... ............ .......... ................

......................................do.......... . .............
Point No. 2; above intake, about ele-

vation 1,060 .........................
....................do .. ........................
....................do.........................
....................... ............... do ... . ....................
.................. do .......................................
.......................................do ..... ....................
..................... do ...... ...............................
..................do....... .. ................
Point No. 1; below intake, about ele-

vation 1,040 .........................
.....................do.........................
........................... ...........do .........................
........................ .............do ..........................
.....................................do . .......... ..............
.....................................do.........................
....................... ..............do.........................
....................... ..............do ..... .........................

.040

.000
1.74

.568

.266

.000

.379

.238

.512

.405

.3934

.355

.427

.255

.952

.745

.732

.890

.907

.850

.280

.000

.330

.034

.000

.000

.8

.000

.550
1.05

.368

.346

.322

.273

.479

.704

.246
1.18

.430

.800
.000
.000
.000
.000

1927 ....

1928 ....

1927 ....

Sept. 21
Oct. 25
Dec. 12
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June28

29
1i0

July 3
July 5

6
June28

29
30

July 3
July 5

6
Oct. 25

1928 ....

1927...

1928.,

1927 ....

1928 ....

Jan. 24
Feb. 10
Mar. 8
Apr. 26
May 23
Sept. 21

Oct. 25
Dec. 12
Jan. 24
Feb. 10
Mar 8
Apr. 13
May 15
Sept.21

Oct. 25
Dec. 12
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15

Note.-Water passing reservoir No. 4 is picked up by Luakaha ditch and de-
livered to lower reservoirs. Ditches are numbered in order downstream, No. 1
taking out below all reservoir diversions.

------------------------



NUUANU STREAM

Mi8cellaneous measurements on Oahu during the years 1909-1928

I I Tower Million
Year Date Stream Locality gage gallons

I height per day

1927.... Dec. 14 1Nuuanu ........................

15
27
15
27

Jan. 11
Feb. 3
Mar. 1
May 5

23
Dec. 14

27
Jan. 11
Feb. 3
Mar. 1
Apr. 2

26
May 5

9

Apr. 26

May 23
June 25
May 23

Dec. 31

Jan. 21
Mar. 13

23
24
26

Aug. 13
June 25
May 23

1928 ....

1927 ....

1928 ....

1928 ....

1925 ....

1926...

1928 ....

1928 ....

June25 .......... do ................
1927.... Sept. 21 .......... do ................

................ do ............
...... do ....

. .... do.............
I.... ......do. ........

................ do . ........

................ do ................

.............do. ........

....... ........ do ................

................ do ................

................ do ................

................ do ................
............... do ................
............... do ................
................ do ................
............... do ................
............... do ................
.......... do ...............

................ do ................
................ do ...............
..............do. ........
Nuuanu ..........................

................ do ................

................ do ................

................do .........

................ do ................

................ do ................

............do. ........
..............do. ........
.............. do ..........

................ do ................

................ do ................

................ do ................
............... do .........
-............... do ................
................ do ..........
.............. do .............
............. do ................

.......... do ................
............... do ........

.......... ... do ................
......... do
.............. do ............
................ do ................

--.do ._ ..............
............... do ..............

............. do ...............

............ . do .....d ...........

............... do ...........
Luakaha ditch ...........

...... ........ do ............

............ . do .....do. .......
Nuuanu ..................

Alewa Heights
Spring............

..............do. ........
................ do ................
................ do ................
................ do ...............
................ do ................
............... do ................
............... do .........
................ do . ........

Flow over spillway from res-
ervoir No. 4 ............................... 61.65

.................... do .................. 60.98
................... do ............................... 60.56
Leakage at east end of dam-... 60.9
.................... do .............. ... 60.55

.............. d o -------- ..................... 55.9
... ..... ..... do ............................. 49.5

----- ... do ................................ 37.4
.. .. .. ... do .............................. 35.8

................. do ... .............. 29.8
Total leakage below reservoir

No. 4 ........................ 60.0
............ do ......... ......... 60.61

................... do .................. 55.9

.................... do .................. 49.5
Sdo ............................. 37.4
S- do. ................. 15.5

............. do 32.85
......... do .................. 35.8

....--.............. do ............. ................ 34.9
------- - -------- do ....................... 29.8
Point No. 8; at Luakaha weir, about

elevation 840 .......................................
.......... . . .................do........................
....... ............do. ... .....................
Point No. 9; overflow from reservoir

No. 3; about elevation 800 .............

Near Honolulu, about elevation 750-.
....................do..........................
.................... .................... do........ .............
....................... .... I ............do. .. .... . .................
....................... ................do . .........................
................... do .......................................
....................do .......... ...... ........
....................do......................
Point No. 10; inflow to reservoir No.

2, about elevation 750 ........................
........................................do........ ....... .....
Point No. 11; above wasteway of res-

ervoir No. 2, about elevation 750.
............................ do ..........................................
Point No. 7; at U.S.G.S. gage, about

elevation 630 .......................................
................. do......................---
S............... do .................... ..............
.................... do ..... ...........................
........................ do ......................................
.................... do .......................................

.................... do ..........................................

.................... do ......... ...................
............ do..........................
......... ....... do ................................. .......
.................... do .................................... 
.................... do. ...............do ..........................
Point No. 4; about elevation 410 ......
....................do..........................
................... .. .................do..........................
.................... do ..............do......................
................. . do -......................................
-............. do ......................................
....................do..........................
....................do..........................
...................... .. .I ............do..........................
Point No. 5; Waolani Branch, about

elevation 32'0 ...........................................
--.--.--........... do _................................... .
....................do ....... .......................
.................... do ...................................
...................do................... . ..
...................do ... ................. ..
.......................... ...... ...........do ......................
.................... do .................. . ................ ............... do..............................

36.9
9.05
1.75
1.65
1.67
1.17

.577

.129

.061

.000

4.42
4.24
3.02
3.28
2.24

.077

.23
1.57
1.47

.955

2.37
1.82
1.06

1.47

.294

.227

.149

.169

.169

.169

.159

.975

1.57
1.41

.234

.201

2.3
3.0

22.9
39.4
10.4

6.3
2.8
2.6
6.13.3t
2.6
2.4
2.41
2.36

23.3
10.3

5.83
1.56
2.28
2.78
1.83

.621
1.93

21.6
2.09
1.68
8.48
1.72
2.84.372

June 25 do................
May 23 ...............do ......

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

Oct. 25
Dec. 12

14
Jan. 24
Feb. 10
Mar. 8
Apr. 13

26
May 15

23
June25
Sept. 21
Oct. 25
Dec. 12Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June 25
Sept. 21

Oct. 25
Dec. 12
Jan. 24
Feb. 10
Mar. 8
Apr. 13
May 15
June 25

I I.................... do ............................... .372



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

per day

1927... Sept. 21 Nuuanu .......................... Point No. 6; at Nuuanu Street bridge,
about elevation 130 ............................. 2.08

Oct. 25 . .......... .do ......... ............ do ..................................... 3.54
Dec. 12 .............. do ....... d ............... do . ... . .................... 33!.8

1928.... Jan. 24 .......... .do .... . . .......... ... do ............................. ....... 12.0
Feb. 10 ................ do ......................... 6.46
M ar. .8.......... ...... ............. ....... do ............ .................... 2.82
Apr. 13 ................ do ...... __ .... ........... do......................... 2.24
May 15 ............do.............. .......................... _ ........ 3.38
June25 .................. do do .................... ..... 2.94

PAUOA VALLEY
(See PLATES V, IX, X, XV, XVI and XVII)

1911.... Apr. 6 Ditch, Pauoa ............... East side below intake to Pacific
Heights ......... ...................... . . .. . .21

6 ....... d.....do.......... East of Kahuawai Spring intake be-
low Pacific Heights intake .... :.... .21

6 Pauoa .................... 50 feet below concrete intake for
Pacific Heights ..... .................. .30

6 ...... do ... Opposite Kahuawai Spring ................. .52
1914 .... Mar. 12 ........... do .......... 100 feet below Pacific Heights in-

take ................................... . . .11
12 ........... do .......... Below pump-house springs .............. .10

1910 ---- Apr. 7 Kahuawai Spring ..... Under rose-apple tree, elevation 618
feet . ....... ..... ................................. - - .35

191 1.... Apr.6............ --........... .......... do................ _ -- _------ .32
June 7 ................do ........ ............. do ................ ...................... . .38

7................do.....................do........ ....................39
Aug. 1 ...... ......... do ....... ..... .........do .... ....................... .32
O ct. 22 . ___........ do ..........do ...... .................... .................. .32

29 ........... do.....................do. ......................... 3.31
Nov ..............do .......... ...........do .............................. .31

12 .. . do .. _.. .. ........... do ............... .................. .31
19 ................ do.....................do.......................... .32
26 ................do ......... .................... ...................... .32

Dec. ............ do.....................do....... .................... 31
10 ........... ...do .. .................do ....................... ....
17 ............... do .....................do .. ......... ............... .31
24................ d...........................do..... ......... ... 32
31 ......... d...... do ..................... do ...... .................... .32

1912.... Aug..27 _ do.......... ..... . ..... ......do ....... ..... ................. . .48
27 ................ do ........... .. .................................. .54



PAUOA STREAM

Miscellaneous measurements on Oahu'during the years 1909-1928

I Million
Year Date Stream Locality gallons

per day

1911-.. Apr. 6 Pauoa ........................... 400 feet below Kahuawai Spring ...... 0.87
1914.. Mar. 12 ................ do.........Above Kaakahi Springs, elevation

275 feet ...... . ... . ..................... .37
12 do ............. Below Kaaikahi Springs ...................... .47

1910 .... Apr. 13 Kaaikahi Spring: ......... Below inflow from springs about 300
feet below road ............ ...................... .38

1911 ---- Apr. 6. Pauoa ................... ust below inflow from X inli
Spring...-................. .... .35

A ug. 13 do .............. do.. ............... .18
Apr. 6 ................ _do ............ /50 feet above road crossing and in-

take of ditch .......................................... 1.05
13' Pauoa ditch...... . Intake on west side at road crossing 1.02

Aug. 13 ............ do ................ .................. do ........................... 1.34
Sept. 6. .............. do - ..... ...........do......... _ ........... ........ . .54

15 Pauoa................Pauoa bridge ............................ 13
1915... Apr. 17 Y. M. C. A. artesian

well ........ .. --- - Y. M. C. A. Building ..................... 97
1913 .... Apr. 4 Drain from Young Ho-

tel artesian well.... Honolulu ................. ...................... .39
4 Alakea Street flood Alakea and Merchant Streets ............. 48

sewer ....................
4 ............ do ......... . lakea and Queen Streets ............. .38
4 ............ do ... ......... .Opposite Hawaiian Electric Co. plant 2.75
4 ............ do ----------- 100 feet above outlet ...................... 3.46

1914 .... Oct. 2 Kawaiolena Springs.... East outlet ......... --- .................................. .30
2 ................ do .......... Ditch from upper pond .............. ...... .41

1918 .... Mar. 28 Lung Do Y artesian
well ......... --.................. Honolulu ................. ......-... .83

1927 .... Sept. 20 Pauoa ............................... Point No. 8; about elevation 820........ . 004
Oct. 20 ............... do .......... ........... do ..................... .000
Dec.9 ........... do ..................... do................ _ ........... 300

1928... Feb. 3 ............ do ..................... do ..................................... .016
June22 ..........do........ ................do.................. .........000

1927.... Sept. 20 ................do. .... Point No. 9; below Booth Spring No.
1, about elevation 710 ........................ 220

Oct. 20 ........... do......................... do.......................126
Dtc. 9 .......... do.. ................. do .......... 3.28

1928. F eb. 3 ......... do .. ------- -................... do .......... .......................... .872
June 22 ............ do ....................... do .......... ............ 8

1927.... Sept. 20 Kahuawa Spring ..---- Point No. 10; at elevation 618 ............. .415
Oct. 20 . ........ ... ...... do ......................................... .432
Dec. 9 .... ..... do ..............do....................do ....................... .356

1928._ Feb. 3 ........... .......... ............do. ...................... . .308
June22 ........... do .......... do ........................ ............. .455

1927 .... Sept. 20 Pauoa.................. Point No. 11; about elevation 590 .... .669
Oct. 20...........do ...... ....................do. ......................... .694
Dec. 9 ............ do........... .......... do ........................................ 3.90

1928... Feb. 3 ..............do .....................do................. ; ................ 1.50
June 22 ........... do.... .. .................do.................... ..................... .588

1927 .... Sept. 20 ......... do.....Point No. 12; below Booth Spring No.
2, about elevation 430 .................. .734

Oct. 20 .......... do ....... .............. do. -----........... ..... 646
D ec. 9 . ............... do ...... .........do....................do............. ............ 3.06

1928,.. Feb. 3 ............ ... .._ .. ........ . . . . do ......................................... 1.56
June 22 .......... ....... do. ............ ... ........ .729

19*27 .... Sept. 20.......... -- _do ....... Point No. 13; at Fort Street bridge.. 1.20

Oct. 20 ........... do.... do ................ . do ............................. .790
Dec. 9 ............ do........................... do ._...................... 6.3'0

1928.... Feb. 3. do ...........................do. .................... 2.19
June 22 ................... do ........................... 801



Sept. 20 ................

Oct. 20..........
Dec. 9 .............
Feb. 3
June22 ...............
Sept. 20 ...............

Oct. 20
Dec. 9
Feb. 3
June 22
Sept. 20

Oct. 20
Dec. 9
Feb. 3
June 22
Sept. 20

Oct. 20
Dec. 9

Feb. 3
June 22

do ................

do ...........
do ...........
do ................

do ...............
do ............
do .........
do.. .......
do.......

................ do ............

................ .do ..............
............... do ................
............... do ................

............ do ............
------.:.- .------- d o ................
..... .... .... d o ...............
............ do ........ ........

................ d1o .................d............ do ............
........... .do .............

............ do . ..........
................ do ................

1927.... Sept. 20 .......do.........

20 do ..............

20 ................do .........

20 ............... do .........

Oct. 20
Dec. 9
Feb. 3
June22
Sept. 20
Oct. 20
Dec. 9
Feb. 3
June 22

1927....

1928-_

1927 ....

1928 ....

1927...

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

Point No. 3; right tributary, about
elevation 880 .......................................

.................... do .. ... ... . .................
............... .do ........ . ..... ....................

.................... do _ ..... ..........
...............do ............................

Point No. 1; left tributary, about ele-
vation 1,000 ... .................

....................-do ...... w ..............................

..:..:......do...............................

.d --------CO _.- ................ ...

................. .do ...... . ..... ................
Point No. 2; left tributary, about ele-

vation 900 ..............................................
.....................do ......... ...........
......... . .do .......... ..........................
................... do .........................................

.......... ......... (1 o ..........................................

Point No. 4; about elevation 660 ........
.................... d o ............ ..... ....................

.................... do .........................................
................ do ........ ...........

Point No. 5; about elevation 4T0........
............. .do .....................................
............. do ........ ..........

.do.....................

.................... do ........ . ...... . ...............

Point No. 1-A; left tributary, about
elevation 900 .....................

Point No. 2-A; left tributary, about
elevation 700 ........................................

Point No. 3-A; left tributary, about
elevation 500 ....................

Point No. 6; at government nursery,
about elevation 360 ........................

...................... do .. ............ .......................
................... do ..........................................

.................... do ........................................

. - - --. -----..... do .........................................

.,Point No. 7; about elevation 200.
.................... do .....................................
.do .........................................

.................... do ........... _ . .... ......................

1928 ....

1927 ....

1928 ....

.012

.043

.080

.002

.016

.013

.011

.019

.022

.011

.035

.015

.086

.168

.036

.039

.923.572

.106

.030

.063
2.03
.690
.045

.024

.017

.025

.096

.050
2.54
.651
.043
.000
.000

2.13
.525
.000

244 SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality I gallons

per day

MAKIKI VALLEY
(See PLATES V, IX, X, XV, XVI and XVII)

1911.... Nov. 8 IMakiki Upper end of valley, elevation about
800 feet 0.63



MANOA VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

.. . ... Million
Year Date Stream Locality gallonsI I I per day

MANOA VALLEY
(See PLATES VI-X; XIV-XVII and XX)

1925.... July 15 Tunnel No. 2 a ......... At elevation of 550 feet above sea
level ....... ............................ 0.096

Sept. 20 .......... do..... _ ................. do .......................... .010
Oct. 13 ................ do ........ do...... ..................... do --------------------------------------. . 007

1926.... Nov. 27 ..........do..................... do ...................................... .002
1927_... Mar. 4 ........... do ...................... do .................................. .043
1911 .... Aug. 10 West Branch ............... 1,000 feet above road in upper Ma-

noa Valley .............................................. .45
10 Middle Branch ........... Bridge in upper Manoa Valley ........... 4.8

1910 .... Sept. 15 East Branch ........ About half a mile above the house of
Jam es Boyd .......................................... .67

1911.. Aug. 10 --------- do.......... Above Boyd ditch intake ................... 2.31
1910 ... Oct. 6 Boyd ditch ................. About 1,000 feet below intake ........... 1.90

Nov.7...........do ...... ................do. ...................... .93
1911 .... Mar. 31 .......... do......................do......................... _ 1.68

July 19 ..........do....... do .................... ...................... 1.12
Aug. 10 ................ do ............... ........ .... do ............................... 1.12

25 ...............do .....................do......................... 1.10
Sept. 7 ........... do ................ ................... do ........................... 1.02
Nov. 13 ......... do...................... do ................................ 2.88

1910... Oct. 6 Manoa ditch ........ ......................... __ 1.33
N ov; 7 ........... do..... ........ ............... do .......................................... .93

1911 .... M ar. 31 -------. do................ doo...............................- .78
July 19.. ....... do ...................... do ........................ 1.02
Aug. ........ do .................. do .......................... . 78

25 ..... ..........do ...... .. ..............do .......................... . 70
Sept. 7 ........... do ...................... do ......................................... .67
Nov. 13 ......... ..do....... ................... do ........................................... 1.45

1914-... Mar. 21 ..........do..... ..... Intake, one-half mile above College
of Hawaii ............................ 11

1916-... July 13 East Manoa ditch ........ 100 feet below intake ................. 1.4
Aug. 29 ..........do.................... do .......................................... 1.2
Sept. 29 ..........do........ do ............ I .............................. .8

aTunnel dry Oct. 24-25, 1925; Jan. 21, Mar. 4, 23, Apr. 28, June 4, July 2 and
Oct. 20, 1926. "Trace" noted Nov. 18 and Dec. 3, 31, 1925; June 8 and Nov. 8, 1926.
"Weir submerged" Mar. 18; Apr. 29; May 9, 27, 31; June 10, 20, 30; July 13, 20, 29;
Aug. 8, 19, 31; and Sept. 13, 1927.



246 SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measuremenwts on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

I I , I 1perday

1915 .... May 17

1911 .... Aug.-10

East Manoa ditch.

No. 1 ditch .................

...... do ................
No. 2 ditch ...............

............ do ...
N o. 3 ditch ........ ___

........... do ----------------
No. 4 ditch ..............

................ do .............
No. 5 ditch ................

................ do .............No. 6 ditch ... ..........

................ do ...........
No. 7 ditch .................

..... .......... .do..........No. 8 ditch ... : ..........

................ do .............
No. 9 ditch ................

..... .do ................
No. 10 ditch ...................

28 ............. do .........
11 No. 11 ditch ..............

28
1910... Apr. 13

................ do .............
No. 11 ditch.

1911.... Aug. 11 No. 12 ditch .........

28. ...... ....do.........
11 No. 13 ditch.........

1910 .... Apr. 5 Manoa .........................
1921 .... Mar. 19 Punahou Springs ........
1911 .... Sept. 17 Small springs ...........

Lagoon fish pond ........

Waikalau Springs ........
Pond outlet ................
Waikiki swamps ........

............ .do .............

................do .........

Footbridge, 300 feet south of gaging
station on West Manoa Stream......

Intake on west side of stream op-
posite Rowell's place .....................
ta....... on........ do ......... ..... ........................

Intake on east side 200 feet below
N o. 1 ......... ........................................
-_ ................... doI .............. .. ..... ..... . .... ............

Intake on east side about 1,500 feet
below No. 1

................... do -----.....................
Intake on west side 1,800 feet be-

low No. 1 ...........................
. ................... d o --------- ........... . . . . . . . . . . . .
Intake on east side near the concrete

dam and wooden flume ....................
............................ .................................

Below intake on west side about 800
feet below No. 5. ......................... .

--......... ..... do ..........
Below intake on west side 1,500 feet

below N o. 5 .......................................
e ow.................. do ......................................

Below intake on west side 1,900 feet
below N o. 5 ............ ....................

do .....
Below intake on west side, 3,000 feet

below No. 5 .......................................
.................do ............
Intake on east side near College of

H aw aii grounds ------------------------------
............. ..... do ......................
Intake on west side on College of

Hawaii grounds .............................
West.side, do ......................

st s opposite College of Ha-
waii weir ............ .................... . ...

Intake east side above Waialae car
line ......................................................

..................... o ..........................................
Intake on east side below Waialae

car line .............................................
College of Hawaii ..................... .......
Honolulu ................................
Below Waialae road, west side of

M a n o a V a l l e y ....... .......... .. ..... .......
..... .. ........do..............................
N e a r H o n o l u l u ................ . . . . . . . . . . . . . . .........
At Kumalae's place, Waikiki ............
Culvert at junction of Rapid Tran-I

sit Line and Kalakaua Ave., near
Cressaty station ................................

Culvert at Cressaty station of Rapid
Transit Line, Kalakaua Ave ............

Fort De Russy culvert, Kalakaua
Ave ...................... ................

1.4

3.81
1.75

.3

.00

1.74
1.06

1.68
1.57

1.52
.88

2.77
1.73

.65

.76

.48

.00

.81

.46

3'.8
3.6

.3
.3

1.42

.3
.53

.3
3.08
.35

.03
2.53

.45

2.0

1923 ....
1918 ....
1916 ....

17
Oct. 1
July 17
Jan. 11

8

8

Note.-Boyd and Manoa ditches took out on the east side above the regular
station.

The ditches below the station are numbered in order downstream.



MANOA VALLEY

Miscellaneous measitrements on Oahu during the, years 1909-1928

.. Million
Year Date Stream Locality gallonsI Iper day

1927 .... Sept. 15

1928...

1927...

1928....

1927...

1928 ....

1927 ....

1928,__

1927..

1928 ....

1927 ...

1928._

1927 ...

1928 ....

1927...

Oct. 27 ............. .. do ................
Dec. 8 ............... do ................

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June28
Sept. 15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

West Manoa ................

................ do ..... . .

.......... .. do ...............

..... ..........do.. .......
............do.........
...... ..... _
.............. do . _........ ...
............. do ..............

do. ..........
.............. do ............

............ do ................
........ .,--. do .............
................ do ...............----- do ...............................do.....
............... do ...........
............. do ............
................do .........

.. ..........do .........

................ do.........ii~iii
-----.. . do .......... .

.. . ..........do .........
. ............. do .............

............do .............
................ do ................

................do .........

............... do ...........
-.......... .do ................
.. ........ do ................

................ do ................

.... .......do. .......

............. do .............

.............. do ....o . .......

............... do .-....... -.....

............... do ..........
.......... do ................
...............do .........
............... do ................
............... do ............
............... do ...............
.............. do ................
............ do ...........

.... .......do. .......

.............. do ----

............ do ...............

........... do ................

...............do

............... do ..............

............. do .......do ........
.......... ..... do ................
........ .... ....... .....
................ do ..... . -

................do ...........

.......... .......... ......... d o ............::
...... . do ..............
...............do. ........

.... do ...............
................ d o ................
................ do .... ............
............. do ................

Point No. 3; right branch just below
falls, about elevation 760 ............
.... ............. do ...... .............
................ do ................... .... ......................

.................... do ................do ......................

............. ............... do......................--------...... .... do ...... .........................:ii!!!i~ !i~ o°............. - -d _ ............. ... .............
............ d o .......... _ ------------ _ ------ --------2

.. . .... . . . . d o ..... .... ............. . .................

Point No. 2; right branch below H. S.
P. A. reservoir, about elevation 720

................. do ..... ........ ....
... . .........................................
................... do .................................

............. -do . ................
. . . . .. ....... do ..... ................................

........................................do. .....................
......................................do. ............................
................... do ..........................................
Point No. 1 ; right branch, left trib-

utary, about elevation 670................
I....... ....... do ........................................
. .................... do............ ..........
---------------.. .. .. ... .. .. do _ 7...................

..................... .... do................__...-.
.do......................-

.............................................................. .
.............................do .._ ................ ....

-.. . .. .....- ... .do ............ ...... . .............
Point No. 4; right branch, about elev-

ation 530....................... -- ....ato. 5 0......do _ .........................................
................ do ...................................

............ d o ............................................
......................................do.......... ...............
.................... do
............. ............... do...................................

................................ ..... .........................
............................... do ..........................................
........................ ................do...........................
Point No. 5; left branch, right fork

below falls, about elevation 850 .......
.................... do ................d........................

---- d o ..... _ ..................................
................... do ..... .........do.........................

--- d o . .........................................
.......... ..... do ......................................

..................do . ........ . ...............

...................do .... ................
.....................................do. ....... . . .................

Point No. 6; left branch, right fork,
about elevation 690....... ........

................do............... .....do ...........
....... ............ d o .. ................... ....... .....
........................................do ......................
.............do........................do

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

....... .......... d o .............. . ................ .... .

...................... do ...........do......................
.................... do ..... ................... .................
Point No. 7; left branch, left fork, be-

low falls, about elevation 800 .......
....... ......... . do ..................do......................

..... ............ d o ...................... ....................
-.. . .. ......... .... do ..................................

------... --.. .... d o _. .. . ........ ..................
. ... ...... ... do ......... .............................

...................do.. . ......

.................... do _....... ...............................

..................... . do ................................. ...
Point No. 8; left branch, about eleva-

tion 640 ............................ ... ......
.. ... ........... d o .........................................
........................................do ...........................

0.034
.000
.126
.096
.000
.000
.000
.000
.009

.101

.083

.169

.3'27

.092

.000

.071

.045

.059

.015

.083

.001

.240

.081

.016

.132

.166

.086

.216

.085

.980
1.43

.173

.027

.280

.287

.364

.134

.041

.690
".440
.068
.000
.318
.068
.235

.061

.054

.793

.943

.092

.006

.196
.190
.164

.117

.058

.277

.133
.044
.000
.112
.082
.140

.291

.205
1.54



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

-? milin
Year I Date Stream Locality gallons

__per day
I

1928....IJan. 20 West Man

1927 ....

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

1927....

1928 ....

1927 ....

1928 ....

I---------

Feb. 16
Mar. 14
Apr. 12
May 29

June28
Sept.15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June28
Sept. 15

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

Oct. 27
Dec. 7

8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 15

Oct. 26
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 15

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

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

..........
.................
.................
.................
.................
.................
East Ma

Oct. 26
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 15

Oct. 26
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 15

Oct. 26
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28

. I

oa............ Point No. 8; left branch, about eleva-
tion 640 ..............................

do -............................... do ........................................
do ------ .------- .......... .... do ......................................
d o ................ ....................- d o ................ ................................
do ................ Point No. 8; left branch, about eleva-

tion 640 ........... ...................
d o .............. . . . . . . . . . . . . . . . . . . . d o . . ..... ...... ..... .. ....... ......
do .......... Point No. 9; left branch, about eleva-

tion 500 ................................................
do ......... ................ do..........................
do ................ . ............do ......................
do ................. ........... do ...........................................
do .....................do......................
do ................. .......do ......... .............
do .......... . ...... ....................do......................
do ......... ........ ........do......................
d o ................... .......... d o........ ... ..............
do ................ Point No. 10; right tributary, at road

crossing, about elevation 470 ....
do ........... . do ...............do......................
do ....................... do "
do .................................. do ......................
do ........ .............do......................
do ................ .............do.... ... ................
do .....................do......................
do ... ..................do......................
do .......................do......................
do ............. Point No. 11; at U. S. G. S. gage, at

elevation 300 ...................
do ................................. ..........
do..... ................ do .................. ...........
do ....... do ..........................................
do ..... ....... . . .....do...... ...... . ..........
do ---------- .. ........... ...... do .....................................
do ................. .....do..................
do....... do ................ ................-----
do ................ ....................do......................
do......... ............ do ..........................................
noa ................ Point No. 16; right branch below

falls, about elevation 860 ................
do .....................do..........................
do ................ .*.................. do ......................................... ....
do ..... __ .... ............do........................
do .............. * ....................do .. .......... ................
do ................................. do ......................................
do .........................do... ..........................
do ....... .............. do .......................................
do .......... _Point No. 17; right branch, about

elevation 670 .................................
do ........... ....................do ......................
do .. ... .................... do ......................
d o ... ....... ...... . . . . . . . . . . . .. d o ...........- .......................
do .........-- do ................... ............
do ................. do ..........................
do ................ ....................do.............................
do .....................d.......... ............
do ..............Point No. 18; right branch just above

diversion ditch, about elevation 540
do ................ ....................do......................
do ........................ do..........................
do ......................... do .....................
do ............ ......... do ............................................
do ................ .................. do .........................................
do ............. ..............do ........ ..................
do .............................do ......................
do ................ Point No. 19; right branch, about

elevation 450 .......... ...........
do ..................... do....................
do ............................ ........... ...........
do ................ .................... do......................
do ................ ....................do .....................
do ................ ........ ...... do ......... ...... ..........
do ............................. do .........................
d o d o ..................... ...................

1.42
.142
.046
.431

.378

.540

.253

.107
1.89
1.86
.328
.079
.660
.492
.572

.058

.000
.962

3.73
.036
.000
.052
.011
.318

2.50
.70

22.4
22.8

6.5
1.0

.200
1.3
1.7
1.4

.335

.317

.846

.X88

.230

.446

.327

.352

.387

.114

.709

.240

.208

.517

.246
.178

.557

.425

.859

.301

.288

.378

.418

.503

1.26
.0471.92

1.13
.208
.390
.917

1.13



MANOA VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

MAllion
Year Date Stream Locality gallons

perday

1927 .... Sept. 14

1928....

1927,_

1928....

1927_

1928 ....

1927 ....

1928 ....

1927...

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

1927 ....

Oct. 26 ................ do.... ..........
Dec. 7 . ........ do ..............

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

East Manoa ................

................do. ........
...................do.........
. . ...........do.........
... .......... . do .....d .........

-- . ........ do ................
................. do ...............

................ do ..........
-- ........ . do .............
........I....... ............

.......... ..... do _..........

.................do. ...........
..................do .........

. .................do

............. do ................
........... do ................
............. do ...............
---..... . do ................

.. ..........do .........

. . ................ do
................ do ... .........
--...... d ....... do.........
. ............ do ............
.............. ............
............ do ................

i...... ..... do ............
-....... ...do. ............

-- ........ .... do ............

.................do. .......
............... do .... ....
............. do ...

.. ................do .
I .......... do ...........
. ................do ................
. ............ do ..............
.................do. ...........

..... ........ do .. .......
..................do .........
................ do . ........
................ do .
I.. ..... ...... do .............

. . .... ......... do ........ .
--------..-....- do ............
- - --........ d o ..........

....... do ..............

. ................do ........
.. ................do.........

do ........
. . ........ ... do ................

.................do..........
S................ do ...............
... ...............do
...........do.........

-- ------- ....do.. ......

............ do .....do .........
............ d. ..... do .........
................ do ...............

-..... .... . do .............
. .. ...... ...... do .........
. . ..........do............

. ..........do........

. ...... ..... do ................
.......... -..... do . ...........

Point No. 13; middle branch,, right
tributary, about elevation 720 ..........
.................... do ..............................

.............. do -......
........... do ._....... .............
.................... d o .....................................
.................... . .... ...........do.........................

.................... d o ........ ............... ..................... ... do ........................ ..................

.................... do .......... ...............................

Point No. 12; middle branch below
spring, about elevation 770 ..............

.................................... ......do......................

...... ...... .... do ....... ...... ...............

..........................................do......................
.................... do .. ............ ...................

... ..... . .....do ... ......................
elevati- * ...... .... .................

.......................................d.............. ............... do...............................
..................... ............ do ..............................

P~oint No. 14; mide --- an .... abo ut

elevation 680 .........................................
------.-- do ......................

................... do .............................
.................. d o ..................._.....................

..................... ............ do ..............................
.. .. ................ do ................ .... ...... . . .
.........v.....o do ... ... .....................
....................... . .............do ..... ... .....................
.................... d o .................. .....................

Point No. 15; middle branch, about
elevation 440 -------................... ...........

............................ ............do. ..................

.. ...................do..............d.........................

... ............... do ..................................

..........................................do ......................

.................... do . ........ ...................
.................... d o ----.................... ............ _ _-
............. ...... do ........................................

Point No. 5; left branch, right fork
above falls, about elevation 1,071)

........................ ..................do . ....... ....... ...........
........ do..........................

-----.......... .... do ... ...................
............................. do ...........................

....................... ............ ...... ................... ....
.......... .... d o ........................-- .................-

.. ... ... ........ d o _.........................................

----.. .......... .... do ... ..................
Point No. 4; left branch, right forl9

just above confluence, about eleva.
tion 960 .........................

. . . . . . . . . . . . . . .............. do .....................
.............................. do.............................
........ ...... do ............ ................

do . ....... ..............
...... .. do .....................................

..........................................do ......................
............... do ................................

Point No. 2; left branch, left fork,
about elevation 1,020 .......................

....... ............. d o .......................................
......................... do ............................
- --.. -------... ... d o ............................... ....
.........................................do......................
.......... .....- d o .......................................

.... do .............. ........
............... ...... d o .......... .........................

do ........ ..............................
Point No. 3; left branch, left fork

just above confluence, about eleva-
tion 930 . ..........................

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

........... .... do ............ .................

0.056
.035
.736
.389
.170
.070
.121
.084
.160

.035

.524

.853
1.29

.220

.043

.076

.620

.433

.496

.138
4.03

.420

.391

.403

.859

.368

.232

.775

.191

.904

.556

.X98

.268

.614

.549

.076

.031

.165

.137

.009

.009

.073

.052

.155

.045

.015

.229

.328

.046

.013

.041

.029

.050

.117

.024

.152

.105

.019

.013

.023

.038

.124

.147
.034
.183
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Miscellaneous mneasuremeats on Oahu during the years 1909-1928

Stream

Jan. 20 lEast Manoa ..............

Year

1928...

1925.

1926..
1927 ---

1928 .

1927__-

1928....

1927 .

1928...

1927...

1928...

1927....

1928 ....

1927...

1928 ....

1927 ....

Date

Feb. 16
Mar. 14
Apr. 11
May 29
June28
July 15
Oct. 13'

25
Nov. 18
Dec. 3

31
Jan. 21
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June28
Sept. 14

Oct. 26
Dec. 7
Jan. 20
Feb. 1C.
Mar. 14
Apr. 11
May 29
June 28
Sept. 14

Oct. 26
Dec. 7

7

....... do ............
....... . do ............

.do.......... o -...........

.do.........- do .......
................ do .........
Manoa tunnel No. 4

...... do ............

...... do ..........
......... do ..........

...... do ...........
.......... do ............

... do .--------
East Manoa .......

........... do ............

........... do .........
.do ...........
. do ------.--...

-..... .... .... d o -..........
------ do .........

... do .........
. ... do ........

------ do ............
. ....... do ..........

do .......

......... do ........
--- . do .........

............... do .........
.do ........

do .----................ do.

................ do . ------

. ...do .--------- _ .do ...........
......... do ..........

do ..........
........... do ............

do
do .-------

.............. do ...........

do .----------
.do ......

................ do ...........
do .....

d o ..........

.------- do.... do ...........

.-do
do ...........

....... do ...........

........ do ...........
.... ... do ........

.............. do
.......... do __ ------............. do ............

......... do ...........
-- - do .....

......... do ...........
................ do.

East Manoa .

--- ... do .----------
----... do ........

------ .. .. d o 

v1'IIlIon
Locality gallons

_per day

Point No. 3; left branchleft fork just
above confluence, about elevation
930 ...................................... _ 0.443

........................ do ....... _---- ...... _ ............. .050
.. do.......................... .012

..... .................... do ....................................... .0435
.......... ......... d o 7 -. ------.... -.. -... ................... . 0 7 3

-.--..--...--- ........ - do .. ............ ........ .... . . 086
Near Honolulu at elevation 880 .......... .076

......................... do ...... ... .......... .......... .075
-------- do ........................................ .037

....................... do .......... .............. . . 129

........................ do.......... . . 061
..... ..................... d o . .. . . . . . . ..... ... . . . ......... .0 5 5
---- ........... do 0.......2.. ......... .......... ..... . 052

Point No. 6; left branch below tunnel
No. 4, about elevation 830 ................191

--.. -----.. -..-------.-. d o ........... .......................... .0 40
... -_ ..... _.do ... I.........._........--....... .44
................... do ......................................... . 411

.do ......... ............... 4.01
- ... do ... ....................... 253

d......... o.......................... I.0
........... .... .... do ........... ................. .200

Point No. 7; left branch, about eleva-
tion 720 -------.-------- .------ ........... .......... . 18"9

....................- d o ......--. -----. -.........................

..... do ........ .................. ...
--- do ........ .......................

................ ... d o ._ _............... ........................

.. .................... d o .................. ... ... ... ... ... ..
.................... d o .... _ - - - - - - --........ . . . . . . . . . . . . . .

.................... d o .......................................
. ............. do ........... .... ......................

Point No. 1; left branch, left tribu-
tary below falls, about elevation
7 2 0 ..... ..... ..... ......... ..... ..... .... ..... .........
............... do ......................
.............. do ....... ...................

do

... --.. do......................

...I........- do..............--.-.-- ...-
Point No. 8; left branch below tunnel

Nos. 1 and 2, about elevation 540
..... .do ....................

........ d o .... ............. ........... .........
.do .....................................
. ........... do ............................ .....
I. ....... .... do ..............................

........... ......... d o ..........................................

......... do ................................
.................... d o ............................... ......

Point No. 9; left branch, about ele-
vation 470 .......... ................

....... do ......................

....... do ......................................
do ......................................- ------ -.........: d o ............_.............................

................. do .. .... .........................

....................... do ........ ..................
o............ CO ... ... .................

do......................
Point No. 11; at U.. G.S. gage, about

elevation 3'20.........
do ............................... . ...

....... .do ........ ..........................
-- .... do ......... _ ------ .......

.................... do ... .. ..............................

................ do ....... ....
---------- - do ...... .........................

......................... do ........ .. . ....... ........
... . . ......... d o ...... . ......... ..... ..... .....

Point No. 10; at U.S.G.S gage, about
elevation 300 ....... .... .............

.......... .. do ................. . ......... ........
................... do ...................................

d o --.. -----.. ---------------------------...

.000

.430

.600

.018

.000

.035

.118

.171

.016

.000

.008

.017

.000

.000

.002

.004

.001

.261

.139

.550

.591

.109

.084

.123

.450

.164

.374
.202

1.43
1.39

.165
.410
.225
.728
.265

.3

.3

.65

.9

.4

.3

.35

.65

.3

3.3
1.90
3.89

27.4- ------------ -- ----------------



MANOA VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

I_ I per day

East Mal

Manoa .

1928....

1927--

1928 ....

1927 ....

1928--

1927 ....

1928 ....

Jan. 20

Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 16

Oct. 27
Dec. 8
Jan. 20
Feb. 16
Mar. 14
Apr. 12
May 29
June 28
Sept. 16

Oct. 26
Jan. 20
Feb. 16
Mar. 14
Apr. 11
May 29
June 28
Sept. 16

noa .......... Point No. 10; at U.S.G.S. gage, about
elevation 300 . ..- -------

dole d o ---.......... ......... ...............
do do ....... - .................. . ...do............................. do ..............................
do .... ..................do ......................
do .. ........... .......... ....... do ...................................
d o' ............ ... ...... ............ d o .... ................................. .

....................... Point No. 12; just below conffiuence
of West and East 'branches, about
elevation 280 .........................

do ................ ........... do ...... ..............
do ........... ..... ........ do .......... .......... . .. . .. .
do .............. ... ..... .............. d o ............... ......................
do ............................ .... do ........... .. ... ...................
do - ......... ............... do .
do ......................do...... ........
d o ................ ......- .......... d o ......... ..... .....................
do ..........----- - .............do. ......................
do .......... Point No. 20; Woodlawn branch,

about elevation 450 .................
do ......................
do .. do........... .................
do - .... . . . do .-.....................................
do ..................... do .................... .........
do ...... ........... d...................
do .. ................... do ..........
do ..... - .......... ........... .................
do .......... Point No. 13; at Fair Grounds, below

confluence of Manoa and Palolo
Stream s ....................................................

do .....................do...............
do .............. do.....................
do .....................do... ........ ...........
do . ....... ........... do ..........................................
d o ............... ......... ..... d o ......................... ..................

do ..................... do ..........................................
do.......... ........... do ..........................................
Springs ...... About 200 feet mauka of Alawai,

* W aikiki ..............................................

4.2
1.9
1.60
3.1
3.7
3.3

5.61
2.22

31.7
12.4

3.56
2.64
9.69
6.27
5.14

.093

.000

.143

.018

.000

.150

.036

.148

3.91
.000

7.02
8.53
3.95
4.56
1.10
5.66
3.95
3.42

2.42

Oct. 27..........
D ec. 8 -------------
Jan . 20 ---------------
Feb. 16 ................

2 0 ................
M ar. 14 ...............
Apr. 12 ...........
May 29.........
June 28.........
Feb. 20 Kumalae



252 SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the year8 1909-1928

Million
Year Date Stream Locality gallons

I Iper day

PALOLO VALLEY
(See PLATES XI-XVII and XX)

1911 .... Apr. 8 Pukele .............. .. Near Mahoe Springs .......................... 0.80
1912.... Feb. 29 ........... do...... ,,. Below Mahoe Springs .............................. .52
1913 .... Jan. 25 .......... ................ ..... do .......................................... .32

Feb. 26 ............ do ...... ............... do ......................................... .35Mar. 29 ........... do .......... .. .. . ..... do ............................. .40
Apr. 13 , ... ......do ....... . do .......................................... 12.4
June24 . ........... do....... .............. do ..................................... .65

1911.. Iar. 30 Kaau ................. Outlet from Kaau Crater .................. 23
30 ............. do .. ...................do .. ....................... . .25
30 Waiomao ............... Above foot of falls from Kaau Crater .05

1913.... Vay 30 ..................... Above outlet of Kaau Crater ............... 03
1911 .... Mar. 30 .......... do ................ 100 feet below inflow from, Kaau

Crater ...................................................... .26
1913 .... May 30 ................ do.......- 300 feet below outlet, Kaau Crater .18

30 ..... ....... do .......... Top of lower falls ............................... .19
1921 .... Oct. 29 Palolo development At elevation 995 feet ............................ .15

tunnel ..................
1922 .... Aug. 27 Palolo tunnel .................................. do ......................................... . .2
1 9 2 3 .... S e p t. 2 8 .d o .. . . . . . . . . . . . . . . . . . .. d o ......................................... .2 5
1922 .... Aug. 27 .......... do ............... Old dam in upper end of valley -------- .25
1911 .... Sept. 12 Waiomao ..................... About 950 feet elevation just below

waterfall and springs on side ........ .97
1913.... May 30 ........... do .......... About 900 feet elevation ........................ .26
1911.... Sept. 5 ............. do --- About 800 feet elevation ........................ .67

12 ................do .....................do.............. : ............ 1.29



PALOLO VALLEY

Mifseellaneous measurements on Oahu during the years 1909-1928

Million
Year, Date Stream Locality gallons

IIIperday

1911.... Nov. 11 Waiomao ........................ About 800 feet elevation near weir.. 0.47
Aug. 9 ........... do ................ About 700 feet elevation ........................ 1.45

16 ................ do .... .................do......................... 1.38
Sept. 12 --------- do.......... Just above waterfalls and springs

on side ............................................. .81
1923 ... Sept. 28 Palolo ........................... At forest-line boundary ....................... . .2
1911 .... M ar. 30 W aiom ao .......... ......... Bridge on governm ent road.. ............ .69
1913 .... Feb. 26 ..... do ................ Above Pukele ......................................... .27

M ar. 29 .......... .do..... ................. do............... do .................40
Apr. 13 ................ do .......... ................... do........................ 11.5

1911 .... Aug. 9 Waiomao ditcha. ........ Intake above bridge on government
road ............... .............................. 1.03

16 .. . ............. do .. ......... .... ......do.......................... .72
19 ................do. ............. .............. ..................... 1.01

Sept. 5 ...... d......... do ......... ......... .......................... .30
Nov. 11 ................do ....... ..... .........do.......................... .08

1910 .... Oct. 5 Palolo ................ Bridge on lower Palolo road ...........-... 1.62
1911 .... Aug. 9 ........... do............................................. 1.96

Sept. 13 Pukele .......................

do .........
do .........
do ............
do ...........
do...........
do ...........
do............
do............
do............

do ............
do ............
do............
do............
do............
do............
do............
do............
do............

do............
do............
do............
do............
do............
do............
do............
do............
do............

do............
do............
do............
do............
do...........
do............
do............
do............
do............

do............
do ...........

do..........
do ............
do ................
do .........
do .........

Point No. 1; right fork below falls,
about elevation 1,040 ....................

.................... . ....................do..........................
...... ........... do -........ ..............................

.......................... ................do.........................
.. ........ do ..... ..............................

...............................do........ ................

..........................................do......................
._..............do. ..................
.. .................... do ..........do.......................
Point No. 2; right fork, about eleva-

tion 900 ......... ....................................
.................... do ......... ..............................

. . . ................... do .....................................
.................... do ...... .................. ...........
...................... ...................do........................

-.. ......... do .........................................
-----.................do.. .. ....................
.................... do ........................................
...................do......................
Point No. 9; right fork, about eleva-

tion 800 ...............................................
- ............... do ....................................
.................... do.....................
....................... ....................do......................
...................... . . ..............do. ..... . . ........... .....
.... - ...........do.........................
-..................... .................do .........................
..................... do ...........................................
...................do.........................
Point No. 4; left fork below falls

about elevation 1,040 .................
.................... do...................................
....................do. .. .....................
-.. . . ........... do ......................................
........................... do ................do......................
...... ........... do .......................................

I..... -. ..... do ...........................................
...........................................do. .. ..................
.............................do.....................

Point No. 5; left fork, about eleva-
tion 890 ..............................

.................. do ......................................
.................... do ..........................................
......................... ............ do..................

....... d ......... do.. ..................
................do. ...................
................ do ............. ___ .....................: .

.................... do ........................................

......................... ...................do ..........................

aThis ditch diverted water above station at bridge

1927 ....

1928 ....

1927....

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9''
May 31
June 27
Sept. 13

Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June27
Sept. 13

Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27
Sept. 13

Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27
Sept. 13

Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June27



254 SURFACE WATER SUPPLY OF OAHU, 1909-28

Mi cellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

t I per day

1927.... ISept. 13 Pukele ...........................

1928....

1927..

1927 ....1927-,

1928....

1927...

1928 ....

1927 ....

1928-...

1927 ....

1928 ....1927 ....

1928 ....

Oct. 21
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27
Sept. 13
Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27
Sept. 13
Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27
Sept. 13
Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June27
Sept. 13

Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27
Sept 13
Oct. i1
Dec. 6
Jan 19
1.'r. 12
Apr. 9
May 31
June27
Sept. 13

Oct. 21
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27
Aug. 16

Oct. 17
Dec. 5
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June 27

..........

..........

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

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

--------------
............

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

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

----------------................

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

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

do ........-....
do ...........
do ................
do .........
do ................
do .............
do .............
do ..............
do .........
do .........
do ................
do ................
do ...............
do . ..........
do ...........

do .........
do -.----------
do ...............
do .I............
dto -----------.--..
do ............
do .........
do .............
do ..............
do ................
do ...-..........
do ................
do ................
do ...........
do .............do.....
do .........
do ................
do ................

Point No. 6; left fork, about eleva-
tion 820 ..........................................
. . . . . . . ......... do .........................................

......................................do...........................
.....................................do .... ....................

........................... w ............do... ......................

... .............. do ......................................
Point No. 7; about elevation 700 .................................................do...........................
.......................................do. .. ................... .
........... z ........ do ........................................-...................do........... ........ . .. . . . . . . .. .............. do ------------.........
................do.... ......................
-.................................do . ..... . . .................
......... ...... do ... ...... . ..................

. d ..................................... ......

.................... -...do. .. ...................

............ .. . o...... ...... . ............

................... do ............................ .........

....................do.........................

....................do ........................

....................do......................
-----...... -.. .......o............... do .....................

Point No. 9; about elevation 470......
---... ... .. ........ do.......................
.................... do ..........................
......................................do........................

........ ... do .........................................
....................do. .. .....................
........................... .... ................. ............
......................................do........................
......................................do........... .............
Point No. 10; at U.S.G.S. gage, about

elevation 370 ......................................
.......................d......................

.................... d o ............ ............... ....... ...do ............. - ... ......... ....
.. .................. . . ..... .............................
.. ..................................do . ... ... . ... ............

v......a ..... do ..... -- .. .................
. ........... .... do .....-................................
....... .......do - - .. .....................

Point No. 11; about elevation 290 ..-..
.................. do .......................................

do ......................................
.................d.. .......... ...do....... ...........
...... do .............. .....................

......................................do............ .............

......................... do ........... . ........................
Point No. 12; just above confluence

with Waiomao Stream, about ele-
v.ation 240 -..........................................

.. ............... do ... ................................. .
.....................................do...... ...................
....... .........do ..... .....................

................................. ..............................
............................do.....................
.. ............. do ... .......do......................
Point No. 3; below falls from Kau

Crater, about elevation 1,170 ............
........-.............. ....... ......do.....................
............. do ......................

................. o ......... ................ .............
...... do ................................

. .................... do ......................

.....d ....... .................................

.................... do .......................................

.................. do ... .........................

. ........... do ..............
............. do ...............
............ do ...............
.............. do ................
........ do ............

... ......... do ............ :..
......... do.........

d o................
............... do.........
............ ...do.........
..........do .........
.. ....... do ................

.. ..........do...............

............. do............
;... .........do. ........

.......... do .........
.............do. ........

................ do ...............

............. do ...........

............... do ................

..............do. ........
.. .........do ....

.... ...... do ....do ........
.... ......... do .... .......
-.... .o. ...........
Waiomao ....................

.............do .........
................do .........
................do .........
................ do .............

.. ....... d o .............. ...... do.........
................ do ..............

0.059
.000
.000
.059
.036
.239
.090
.132
.045
.000
.000
.000
.000
.000
.012
.000
.134
.0 'o

.000

.000

.012

.000

.000

.000

.039

.141

.000

.000
1.20

.225
.000
.421
.194
.151

.650
.300

1.45
1.17

.526
.40

1.15
1.0
1.1

.559

.068
1.35
1.32

.157

.578

.578

.478

.762

.131

1.53
1.12

.550
.271
.614
.791
.374

.340

.221

.476

.490

.472
.144

1.35
.463
.671



PALOLO VALLEY

Miseellaneous measurements on Oahu during the years 1909-1928
. . .. ......... .. . . . . . lM illio n

Year Date Stream Locality gallons
I I per day

Waiomao ...

do ............
do .... .........
do ................
do ............
do ................
do ................
do ............
do ................
do ...............do.
do ..............

do ................
do ..............
do ................
do ................
do ..... .... do ................

1927 ....

1928...

1927 ....

1928._

1927 ....

1928 ....

1927-_

1928 ....

1927 ....

1928-_

__ ..........do.
. ............ do
.. .... do ................
........ - do ...............

............... do ...............
........... do _..............
.......... do ............

Palolo ............... .........

............do........
.......... do ................
......... do ................
...........do. .......
.. ..... ....... do ..............
.................do ..........
................ do ................
................ do ............
................. do...........

-------------. do ............
:::::::::do............... ............. do ............

.................do .........

................ do ................

........... do ................
................- d o .. .. .. .. ..

Aug. 16

Oct. 17
Dec. 5
Jan.19
Feb. 14
Mar. 12
Apr. 9
May 31
June27

Aug. 16
Oct. 17
Dec. 5
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June27

Apr. 9

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

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

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

Point No. 2; below tunnel overflow,
about elevation 940 ..................

....................do. .. ..... ................
.........................................do.......................

...................... ................. do...........................
....... ........... do .......................................
.............. .... do _......... .............................

..................... .......do. ........... .........

.................................. .......do........ ..................
......................... do ............. ...................

Point No. 1; about elevation 800 ........
.........................................CIO...... ...................
................... do --.... .............................
.................... do ........ .............................
.........................................do... .....................
.................. do ..... .............................
............... ..... ............do .... .....................
.........................................do. .................
...... ........ d o _.........................................

Point No. 4-A; just above Forest Re-
serve fence, about elevation 600 ....

................... do......................

........................ .................do .. ..... ..................
Point No. 4; at U.S.G.S. gage, about

elevation 400 ......................................
............. .... do _........................................
........................do ..........................
.1................. d o . . ...............................- --

............. do .......................................
................... do .... ......... ............ ..........

.........................................do. ...........................

....................... .................do ........... ................
Point No. 13; at bridge near St.

Louis College, about elevation 90..
.................. do ................do..... ................
...................do . .. .........................
....... .... do ...... .............................

.... do ..........................
.........................................do........ ... ..................
.....................do ..... .....................
...................... do .....................................
..................... . ..... do ................................
Point No. 5; below Waialae road

and above confluence with Manoa
Stream, about elevation 50 ..............

.................... do .................................... .
- .do........................
................. do .......... ............ . ..

..................... do ............. .................. ...

.................... do ........................... ......
....................... do .................... ........
....... -........ do ..........................................

May 31 ...........- do ...............
June27 ................ do ..........
Aug. 16 ........... do

Oct. 17
Dec. 5
Jan. 19
Feb. 14
Mar. 12
May 31
June 27
Sept. 13

Oct. 17
Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June27
Oct.17

Dec. 6
Jan. 19
Feb. 14
Mar. 12
Apr. 9
May 31
June27

0.570
.333
.813
.950
.243
.459

1.19
.401
.670
.660
.315
.717
.890
.526
.395

1.88
.577
.884

1.97
.265
.646

.65

.30

.715
1.1

.55

.35

.5

.85

1.13
.267

3.08
2.27
1.21
.483

2.22
1.06
1.50

.124
1.72
2.10
.621
.159

2.05
.8351.14



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

perday

WAIALAE VALLEY

1927 .... Nov. 29 Waialae.............. Point No ; at road crossing------ --- 0.089
1928 .... Feb. 9 .......... do ................. do -................. . 000

June30 .......... do ............. .... ...... do . .: . . .. ".. .000

WAILUPE VALLEY

1927 .... Nov. 29 Wailupe ........................ Point No. 4; about elevation 110 ........ .028
1928 .... F eb. 9 ................ d o ............ ............... do ........................... ......... .000
1927 .... Nov. 29 ........... do ................ Point No.- 3; about elevation 80 ........ .215
1928 .... Feb. 9 ............ do ....... .............. do ........................................ .000

June30 .......... do............... ................... do ........................................... .000
Feb. 9 Wailupe flume ............ Point No. 8; near Hind-Clarke hog

farm ...................................................... .980
June30. -....... do ................ do................ ........... 938
Feb. 9 ............ do .......... Point No. 9; from well near Hind-

Clarke dairy ........................ 1.52
June30 ...........do..................... do ......................................... 1.47

NIU VALLEY

1927 .... Nov. 29 Niu .................................. Point No. 6; at road crossing ............ .000
1928 .... Feb. 9 ................do ........... do .............do .......................... . 000

June30 ...........do............ ......... do ........................................... .000
Feb. 9 INiu flume ...................... Point No 7; about elevation 25 ......... 988
June .. ........ do .............. .................. do ........................................... .000

KULIOUOU VALLEY

1927.... Nov. 29 Kullouou ............... .. Point No. 2; about elevation 50 .030
1928 .... Feb. 9 ........... do.. ............ ............................. :000

June 30 ..........do..................... do ........................ .000

MAUNALUA VALLEY

1927.... Nov. 29 Tunnel spring ............ Point No. 1; at road crossing .......I 068
1928.... Feb. 9 ....... ...do ..................... do . 058

June 3'0 ................do ......... ............ do ........................................ .029

WAIANLOVALLyEY

1911.... Nov. 28 No. 2 Spring ................ Above ditch north of Waimanalo res-
ervoir ............. ................... .6

2 8 N o . 8 S p r in g ................ J u s t a b o v e ' r e s e r v o ir ............................... .1 4
28 No. 4 Spring ................ Above ditch south of Waimanalo res-

ervoir ....................................................... .21
1911 .... Nov. 28 Upper Kailua ditch.... Just above Waimanalo reservoir ....... 2.86
1912 .... Oct. 81 Waimanalo ditch .......... At U.S.G.S. station below reservoir a4.77

D ec. 27 . ............... do ..............do....................do........................ aDry
Oct. 31 Pump ditch ........... At U.S.G.S. station ............................ 1.58

aDitch operated 11 hours per day; dry during remainder of 24 hours.
Note.-The Upper Kailua ditch diverted water from upper Kailua Springs into

Waimanalc basin, where water of several other springs was also picked up.
Ditch emptied into Waimanalo reservoir.



KAILUA VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

Year I Date I Stream I Locality
illiongalns
ne a

KAILUA VALLEY

Nov. 27 Maunawili ditch .... 100 feet below spring in Upper
K ailua .......................... . .

28 Makawao ditch ------..... Between intake and Upper Kailua
ditch.........

Apr. 5 Makawao ditch .......Irwin's flume"......".........................
Nov. 28 Ainone ditch......... Between intake and Upper Kailua

ditch ..................... .......
28 Upper Kailua ditch... North of Maunawili Stream ....
28 ... . do ........... Below Ainone ditch ...............
28 ... do .......... South of Ainone ditch..................
28 ....... ................ North of tunnel to Waimanalo basin
29 South Fork.. ......... Below road near Maunawili ranch....
29 Middle Fork .... ..... ..................... do ........
29 North Fork ......... ............. do .......................................
29 Tributaryb ..............................do ......................

Dec. 27 Kailua ............ At U.S.G.S station ....................
Aug. 13 ............... do _............... Near Kailua .......................

25 ............... do ............ .... .......... do .......... ...........
Apr. 17 .............. .. do..........1 mile below confluence of two main

tributaries and : mile south of
Kallua . ...........................

May 16 ............ do ..................... do......................................

1911 ..

1912 ....
1911 ....

1912 .

1923 ....

1922 ....

aDiverted low-water discharge at Makawao and Kaimi Streams
Note.-Upper Kailua ditch intercepted number of spring-fed tributaries of the

Kailua, and took water through ridge south to Walmanalo basin.bThis tributary entered Kailua Stream from north below intake for rice-mill
ditch.

I



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

..... ~MllionYear Date I Stream Locality gallons
I I Iperday

1923... June28

1924 .... Feb. 2
1912.... Nov. 20

Dec. 27
1924 ---- Feb. 2

1923 .... June 28

1911 .... Nov. 29

1922.... I Oct. 30

Kamakalepo ..........

............... do ............
Pohakea ..........................
.......-....... do ................
Pohakea (two
branches) .............

Rice ditch-Pohakea..

Rice-mill ditch ..........
Kahanaiki-South
B ranch .........--......

........... do. ............
Kahanaiki ...............
................ do ...............
............ . do ............
........... . do ............

...---.... .....do. ........
Kahanaiki ditcha ..........
............... do ................
South Branch of Ka-

wainui ..................
North Branch of Ka-

wainui .................
Kailua ............................ do ....... X.

Wong Leong's Ditchb..
............... do ... .....

............. do .....
.............. do ............ b_
................ do ................,

Kailua ......................
Makawao ....... .

...... ; - - do ................
................do .........
................ do ................
.. ........ do ................

. ..............do .........
.............. -do .............
Kaimi ...........................
........... do ............
................ do .................
............... do.........
Kamakalepo ---------..4....
...............do
Box Flume ditch .;..".
Kawailoa (govern-

ment springs) .....
Kawainui .................

.............. do ................
................ do ................
............... do.........
Kawainui ditch ...........
............... do ................
................ do ...............
................do .........

150 feet below gaging station oper-
ated from 1912 to 1915, 30 feet
above intake ditch. .......................

Near Kailua ..................................
At U.S.G.S. station, near Waimanalo
..................do ....................... :-

Near K ailua ..............................................
100 feet from gaging station on

Kailua Stream .................
Intake below junction of three forks

Near Kailua .........................................
. .............. . do .......................................
At U.S.G.S. station ..............................
.................... do ............ ...d......... * ..............
Government road bridge.: ...................
Kailua .......... I I .................
....................... ............ .........................
......................................do....... ..................
.................... do ....................... .................
300 feet above road, 100 feet above

confluence with North Branch ........
700 feet above road, 125 feet above

ditch intake .....................
First bridge on Kailua road'....
'-mile below first bridge on Kailua

road .................. ...........
At U.S.G.S. station ...............................
........... d .......................................

Flume below intake............
Kailua Valley ..........................................
......................................do..........................
Below intake Wong Leong's ditch-...
At U.S.G.S. station, near Waimanalo
............... do..........................
.................... do ................................................ ............ do...............................

Above Upper Kailua ditch ....................
Near Kailua ............................................
40 feet below highway bridge............
....................do..........................
.................... d o ..........................................
300 feet above highway bridge ............
Near Kailua ...........................................
At U.S.G.S. station, near Waimanalo
............ ............... do ..............................

Near Kailua ............................................

Submerged weir at outlet of Kawai-
nui swam p ............................................

....................do

..................... do .................... ...............
................... do ....................................
N ear K ailua ...............................................
... .. ..........do......... .................
... ..................................do..........................
.......................................do .... . ................

0.7
'.75
.04
.11

.1

.08
3.20

.1

.35

.42

.53

.60
.65
.41
.20
.18

.15

.35
2.8

2.2
2.00
4.19
3.14
3.01
2.73
1.43
1.17
1.53

.62
1.45

.41
1.10
1.2

.89
2.40
1.2
1.25

.62

.98

.39

.06

2.1
8.0

30
d2.3

2.5
3.5
2.9

aDiverted from Kahanaiki Stream
bDiverted low-water discharge of Kailua Stream
cDiverted loW-water discharge of Kawainui Stream
dLeakage through altered weir

258

1924....

1912...

1913-_
1914 ....
1913 ....

1923...

1922....

1912 ....

1913 ....

1912 ....

1911 ....
1924 ....
1923 ....
1912 ....

1923 ....
1924 ....
1912 ....

1912 ....
1924 ....

Feb. 2
2

Nov. 20
Dec. 27
Apr. 5
Apr. 11
Sept. 17
Apr. 11
June 4
June28

28

May 16

Nov. 20
Dec. 27
Apr. 5
Apr. 11
Sept. 9
Apr. 5
Oct. 24

31
Nov. 20
Dec. 27
Nov. 28
Feb. 2
June28
Nov. 20
Dec. 27
June28
Feb. 2
Nov. 20
Dec. 27
Apr. 5
Feb. 2

1923....
Dec. 12
Feb. 4
June 19
Aug. 13

13,
25
25



KANEOHE VALLEY

Miscellaneous measurements on Oahu. during the years 1909-1928

Million
Year Date Stream Locality gallons

perday

KANEOHE VALLEY

Nov. 5 South Branch ................

5 North Branch..- .....
5 Kaneohe ........................

3 ... ..... do ................

7. ........... do........
4 Parker .....................
4 ................do .........
5 First tributary ......
5 Second tributary .........
5 Ditch No. 1..... ............
3 Ditch No. 2..... ........-

1911 ....

1911...

1912-_

1911....

1912...

.. ......do .........

.. ....... do .........

............ .... do ................

Ditch No. 3 ...................
Ditch No. 4a .--------------
.........i...... do ................
Rice-mill ditch No.4 ....
............... do ............
Waste ditch ..................
Ditch No. A .............
................ do ................
................ do ................
Ditch No. B ..............
Ditch No. C ..................
Waikalua ditch .........
................ do ................
............... do ...............
............... do .............
Old Waikalua ditch ....
Kepo ditch ......................
............... do .........

uOu ku.................
Luluku ..........................
.. . ...... do ...............
......... ......do. ........
.............. do .........

South Luluku ditch ....
................ do .... .........
North Luluku ditch ....
Keaahala Spring .........
Punaluu Spring..........

Below intake of ditch No, 1 and above
junction with North Branch ........... .2.34

Above junction with South Branch... 2.11
Road above No. 2 ditch and below

second tributary on the left ......... 6.59
Below intake of ditch No. 2 .......... 5.5
Above Parker Stream, near govern-

ment road .......................... 3.3
.... al.......... do ............... .......... 2.29

Above all ditches ....... ................ 34
Just above government road --------------- 1.25
Above junction with Kaneohe -----------. 99
-. ................. do. - - - -................... .2
Below intake on South Branch --------- 1.32
Below intake near mouth of second

tributary ........... -----------........................ 1.76
..................... do ..................... ......... ........... 1.68
Below inflow from No. 1 ditch ............ 1.74
Government road ...................... .56
Intake below third tributary .......... .38
Intake above government road ............ 4.5
.......... .......... do ...............................- ...... 4.5
Intake, Kaneohe ........................ .. 4.40
................... do ......................................... 4.44
Below rice mill ....................... . . .60
Intake ................................. . 78
Below Parker Stream crossing ............ 1.31
Above government road ................. .90
Opposite mouth of first tributary . .37

----. -----.... do --- _------.......................... .56
Above box flume ...................... 1.69
Ah Lo flume ........... .............. 4.38
S................ do ... .................... 5.36
Sugar mill ................. ........... 6.85
50 feet below intake ............................. .83
60 feet below government road .......... 1.65
200 feet below government road ........ 1.72
Near Kaneohe ......... ................ 1.0
At elevation 545_..................................... .65
At elevation 500 .................................... .7
At old highway bridge ....................... 8
At highway bridge .................................. .95
Near Kaneohe .... ...................... .6
.................... do .......................................... .13
. .... .. ...-. do .......................................... .13
.................... do .......................................... 1.3
....................... do ...... .. .................... .31
-- ..... ......... do ........ .......................... .30

1927 .... Oct. 11 Kaneohe ................. Point No. 2; at highway bridge ........ 6.25
Dec. 15 ............. do ..................... do........................ 30.3

1928 .... Feb. 13 ................ do ................ do .......................................... 10.9
June 7 ........... do...... ................ do ................................. 7.86

1927 .... Oct. 11 Parker .......................... Point No. 1; at highway bridge ....... 1.09
Dec. 15 .............. do ........ ............. do.......................... 7.55

1928 .... Feb. 1 -... ...... do ....................do......................... 1.43
June 7 ........... do ..... ...... .................... do .......................... .006

aThis ditch supplied rice mill
Note.-Tributaries enter from the north and are called first, second, and third

in order downstream. Ditches from main stream are numbered in order down-
stream.

6

5
3

Nov. 3
7

Nov. 3
7

Mar. 9
Nov.'4

4
5
5
5

Mar. 9
9
9
9
9
9
9

Feb. 26
26

Mar. 18
18

Feb. 26
Sept. 7
Jan. 14
Feb. 1
Sept. 27
Dec. 5
Jan. 14

1926...

1926 ....

1923 ....
1914 ....

1923 ....
1913 ....
1914 ....
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MiscellaneoUs measurements on Oahu during the years 1909-19,8

I Million
Year Date Stream Locality gallons

per day

HEEIA VALLEY

1926.... Oct. 7 Haiku ............... Mauka boundary of Coomb's mauka
I kuleana ................ 0.55

7...... do ................ Makai boundary of Coomb's mauka
kuleana ___. ....................... ! 1.30

1914.... Jan. 14 Baskerville's Springs-- Near Heeia ......................... 3.2

1927 --- Oct. 7 Irrigation ditch ............ Point No. 5; about elevation 400 .. .520
Dec. 15 .... _ ....... dodo .... ............... do... .............. ....... 000

1928 ... Feb. 13 ........... ... ..................do............ .............. --....... .453
June 12 . do .............. ......do ..................... -- ..... .428

1927 .... Oct. 7 Haiku .................... Point No. 6; just below irrigation
ditch .................................. .197

Dec. 15 .. ... .. do ............. ............do ... ...................... 3.64
1928 .... Feb. 1' _ ............... do ......... ............ do.. ....................... 2.03

June 12 ................ do ...... do ......................... 1.76
1927 .... Oct. 7 Iolekaa ...............Point No. 3; about elevation 420 ..... .542

Dec. 15 ..... o......... ....... I........ .437
1928 .... Feb. 13 ........... do .......... ...........do .......................... .428

June 12 ......... do......... .do .......... _ ............ ....... . .493
1927.... Oct. 7 ----------..... do ......... Point No. 2; about elevation 420 ....... . 684

Dec. 15 .d................ do d ................... ....... 782
1928.... Feb. 13 do.....................do............... ........... .671

June 12 ............ do ......................... . ....... ................ 759
1927._ Oct. 7 ............... do ............ Point No. 1; at road crossing, about

Heeia......... ......------ elevation 110 ----:...... ........ 2.40
Dec. 15 ............ . do ......... ................. 11.4

1928 ._ Feb. 13 ...........do.....................do................. .......... . . 5.78
June 12 ---------------- do .... .. .............do......................... 2.62

1927... Ot ...... .do ..........Point No. 4; about elevtion 100 3.88
Dec. 15. .........do. ........... ............do ____..... .................... 15.2

1928 Feb. 13 __..-......... do ...... ................do_ do ..... .............. ........... 4.36
June 12 ..........do............... ...... do ........ .......................... 2.25

KAHALUU VALLEY

1927.. Sept. 29 Kabaluu............ Point No. 4; main spring at elevation
605 ....................... _................. 4.20

Nov. 2 ................do ............ ..........do.. .................. ..... 3.59
Dec. 16...........-do...... ...... .......... o......... - -------... _.......... ... 3.43

192U.... Jan. 25 ............ do .......... ..... d ( ----- _..... . ..... 3.86
Feb. 21 ........... do .................... .... .................. __ ..... 4.05
Mar. 21 ........... do ...................... ......do . ..................... ... 3.68
June 4 .........do....... ...............do. ................... .. . . . . 3.29

1927.... Sept. 29 ........ do.......... Point No. 2; secondary spring, at ele-
vaio 0...... . ............ ...............32

1928:. Jan. 25 ...........do.....................do...........................369
Feb. 21 do .... ..... - .............. ........... . .. 390
Mar. 21 ......... do............ ......... do ........... ................ 556
June 4 .......... do........ ..............do _............ .................. .384

1927.... Sept, 29........do..... P Point No. 3; left tributary, just above
confluence at elevation 420 .... .334

Dec. 16 ................ _ .............. do ............ _ ...............441
192,8.... Jan. 25 ........... do .. ....... ....... do .......... ................ .272

_Fe2b.. .........do o ......................... .679
ar.21............do........... ..........do. ......................... .373

June 4 .............. do .......... . ...... ... ....................... .533
1927..- Sept. 29 .......... do ..... ....... Point No. 5; just above intake of

N 2 .. d .. Libby ditch, at elevation 365 ........ 4.22
Nov. 2 ... ....................... ................ ................ 4.25
Dec. 25 .................do ........ __ ..............do ................. ........ 4.06

1928.. Jan. 25 ..........do........ _ . ...........do. ..................... - - 4.13
Feb. 21 ...........do.....................do ......................... 5.47
Mar. 2 ..........21 do .............. ... ... do ............ ......................... 3.79
June4...........do ..................... do .......................... 3.63

1927 .... Sept. 29 Libby ditch ........... Point No. 6; Libby ditch, at elevation
315 ................. ................. 1.52

Nov. 2 .............. do ..................... do........... ................227
D ec. 16 ------ ...... do do............ ....... ........... do ...................................... . .... .000

1928 ... Jan. 25 __............ do ........................... -.434
Feb. 21 ..... do .....................do................ do .............. 1.01
Mar. 21 do................ ... ..do........................ .680
June 4 1 ........ do " _ ..... do ............ .............. . . ... . 656



WAIIHEE VALLEY

Mseclaneous measurcments on Oahit durifg the years 1909-1928
I I - I MililonYear Date Stream Locality gallons

per day

1927.... Sept. 29 Kahaluu ......................... Point No. 1; above all diversions, ex-
cept Libby ditch, about elevation
160 ..........'a.--.-.- ............................... ..... 4.32

Nov. 2... .... ..... do........................ d0 . ............... 4.80
D ec. 16 ............... do ................................... do ...................... ..... .... ... 7.86

1928... Jan. 25 .......... do .....................do................ do ......... 5.83
Feb. 21 ................ do ................ ................ do ................................ 6.16
Mar. 21 .........do......... d................ do ......................... 5.81
June 4 ................ do -------------... _ ..... _ .........do do ... ............ ..................... 5.00

1927., Oct. 6 ................ do --_----------- Point No. 7; above confluence with
Waihee Stream, about elevation 5. 5.00

N ov. 3 ............. do ......... ............. do ................ ...... ......... 10.8
Dec. 16 ........... do ............. ...... ...... do. . . ................ 19.4

1928.... Jan. 25 .............. do.. ................... do ......................................... 8.52
Feb. 21 ............... ................... do ...................................... 8.58
Mar. 21 ................................... 6.09
June 4 ............ do.................. ..................... 5.09

WAIHEE VALLEY

1914.... Sept. 9 South Branch of South
Fork of Waihee ....... Near Kahaluu . . 1.6

9 North Branch of South
Fork of Waihee ........ Elevation 630 feet near Kahaluu.... 1.7

9 Waihee ........................... 300 feet above intake near Kahaluu 9.7
9 Waihee ditch ................ 30 feet below intake, near Kahaluu.. 7.1

1927 .... Sept. 8 Waihee ................. Point No. 8; about elevation 690 ....... 2.53
8 .............. do ................ Point No. 1; about elevation 470 ---- 1.86
8 ................ do.......... Point No. 2; about elevation 460 ...... 1.28

Oct.6 .............. do ................ Point No. 4; about elevation 290 ....... 5.10
Nov. 3 ............... do ..................... do .... ....... ..................... 4.62'
Dec. 19 ........... do ................ .................. do ............... .......... _ .85

1928.... Jan. 25 ................do .............. do...................do......................... 5.32
Feb. 21 .... ........ do ................ ................... do ......... ......................... 5.02
M ar. 21 ................ do ..................... do. ....... ................. 5.37
June 4 ........... do ..................... do.......... _ ............... 4.92

1927 . Oct. 6 ................ do....... .. Point No. 8; about elevation 290 ........ 1.55
N ov. 3 .... d........... do .................................. 1.20
Dec.19........... do ................................ ... do .............................. 2.14

1928._ Jan. 25............... do .......................do. ........................ 1.56
Feb. 21 _......... do ............... ............................. 1.55
Mar. 21 ........... do..................... do ......................... 1.33
June 4 ........... do.... .. ................. do ........................................ 1.16

1927 .-- Oct. 6 ---............. do ............... .Point No. 2; about elevation 240 ....... 8.38
Nov. 3 .............do ..................... do ...................................... 8.11
Dec. 19 ........... do ........................ do ...................... 9.60

1928 .... Jan. 25 .......... :. do _ .......................do......................... 8.20
Feb. 21 ..... ......do .......................do ........................... 7.46
Mar. 21 ............... ddo .............. ........... 7.66
June 4 ...............do ..................... do ....................................... 7.00
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Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

I -I Iper day

1927. Nov. 3 \Waihee ............... Point No. 1-A; about elevation 200... 0.331
Oct. 6 .... do ................ Point No. 1; about elevation 70 ........ 8 .70
Nov. 3 do .... . ....... ...... . do ....................................... 7.68
Dec. 19 ...... ......... do ..... do..................-do ...... ..................... 10.3

1928... Jan. 25 .............do ........... ...............do . ........................ 9.04
Feb. 21 ............do........ ............. do.......................7.45
Mar. 21 ........... do............... do 10.
June 4 .......... do ..................... do................... ...... 5.62

1927.... Sept. 29 ............... do.........Point No. 6; above confluence with
Kahaluu Stream, about elevation 5 7.62

Nov. 3 do ........ ........ .......do ...... .. ... .................. 9.40
Dec. 19 ................do ...... ...............do........................ 16.8

1928 .... Jan. 25 .o............do .... .................... do .................... ... 9.43
Feb. 21 ....... ............... do ............................... 8.81
M ar. 21 .............. do ......... do ........................................ 10.9
June 4 ........... do_. do ......................... 5.93

1927 ... Oct. 6 ........... do....... ... Point No. 5; about elevation 40 ........... .685
N ov. 3 ................ do ................ ..... ............ do......................... 3.37
Dec. 19 ........... do..................... do . ......................... 3.00

1928. Jan. 25 .... do .................... .do.................. ....... 2.78
Feb. 21 ------. do ... ................. do .-----------_-........................ 2.41
Mar. 21 ...........do........... do ........................... ..... .441
June 4 ............. do ................ do......................... 1.79



WAIAHOLE VALLEY

Miscellaneou.s measurements on Oahu during the years 19091928

Million
Year Date Stream Locality gallons

I per day

KAALAEA VALLEY

1927... Sept. 9 Kaalaea (right) ........... Point No. 2; about elevation 820 ....... 0.170
Sept. 9 ........... do ................ Point No. 3; about elevation 210 ........ .560
Dec. 19 ................do do ......................................... .820

1928 Feb 1 . .......... o... ................. do.................... do ........................ .348
June 12 ......... . do ................ .. . . .... do .... .......................... .341

1 92 7 .... S ep t. 9 ................ d o ---- ............ P oin t N o. 4 ; ab ou t elev a tion 120 ....... .780
Dec. 19 ......... do .....do .................... . .. ....... .................. 2.09

1928 .... Feb. 13 ............do............... ...................................- 1.61
June 12 ............ do .. . . .--- _ ................do.. ..................... .666

1927 .... Sept. 9 ................ do -.-.(left) Point No. 1; about elevation 120 ........ .110
Dec. 19 ......... do....... .................. do................... .o .......... 850

1928 .... Feb. 13 ........... do.....................- do ........................................ .171
June 12 ..........do........ do ...........d.............. .............186

WAIAHOLE VALLEY

1914.... May 7 East Branch of Waihi Near north portal of Waiahole tun-
nel ......................... ..... ......................... . 2.3

1916 .... Jan. 26 Waihi ................ Side tunnel No. 3, Waiahole ................. .85
1911 .... Aug. 11 ................ do About elevation 750 feet ...................... a2.39

Sept. 21 ............. do ............... Old weir at elevation 750 feet ............ b3.0
29 -........... do ....... ....... .... ..........do ...... ... .............. b2.5

1912 .... Aug. 3 ................ do ........... Upper Waiahole Valley .............. 6.08
1913 .... July 2 . .......... do ... .......... Confluence, near W aiahole ................... 2,4
1914 .... Apr. 8 - -.............. do --- _ .................... do ................................. 3.1

Aug. 13 . -- ....... d...do ............ ................. do........................ 3.0
N ov. 20 ........... o . ............... ....................... _ ....... 3.6

1915.... Jan. 22 ........... do ............. do _ ....................................... 3.2
Feb. 18 ................ do ..................... do............ ............ 3!.9
M ar. 4 ............ do ................ .... do.......... .............. 8------------ 3.3
A p r. 1 ................ d o ..... . ....... .. ........... . . . d o........ ......... ......... 2.5
M ay 7 ............ do ..................... do ................... ........ . . . . . . . . . . 2.4
June24 . _....... do ................ ..................... do ......................... 2.6

1912.... May 24 North Fork, Halona.. Upper Waiahole Valley ...................... 49
24 Halona ...... .................... do........................ .3.3

A ug. 3 .. ............... do .......................... .......... do ....................................... 2.81
1911.... Sept. 21 ........... do ................ Old weir at elevation 700 feet ............. 7.5

29 .... -...... do. ................ do ....... ---.............................. 5.8
Aug. 11 ......... do ............... About elevation 650 feet .............. a5.49

aMeasurements by weirs put in by engineers investigating Oahu-Koolau ditch
project.

bWeir measurements corrected for leakage
Note.-The Halona on the south and the Waihi on the north unite to form the

Waiahole. Ditches are numbered in order downstream. No. A ditch is the highest.
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Misee~laneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallonsYear Dat 'II Iper day

1911 ....

1912 ....
1913 ....
1911 ...

Sept. 10 IDitch No. 3 ....................

1912....
1913 ....
1911 ....

1914._
1918 ....

1911...

1918 ....

1913 ....

1911 ....

1912 ...1918 ....

Oct. 11
11
11

Aug. 4
July 2
Sept. 9

9

30
Nov. 22
Sept. 10
Oct. 4
Sept. 9

9
10

Oct. 14
14

Aug. 11
11
11

Sept. 9
Oct. 14
Sept. 9
Oct. 14
Sept. 9
Aug. 12
Aug. 4
July 2
Sept. 9
Oct. 11
Apr. 3'
July 15

15

Sept. 9

Oct. 13
Sept. 10

Oct. 14
Sept. 9

10

July 15

Feb. 1
Aug. 8
Oct. 3

Sept. 10

10
Oct. 13

6
Sept. 10
Oct. 6

10

South Fork of Waianu
Middle Fork of Waianu
North Fork of Waianu

WVaianu .....................
................do.........
................do .........

. ................ do .........
.... .......... do ................
....... ...... do ...........
........... .... do ..........

........... do.........-
Ditch No. 1 (Waianu)..
......... do ................

.......... do ................
....... do ............

. ................ do ................................. do.........

Ditch No. 2..................
Ditch No. - - .............
.............. do .............
..............do........
Ditch No. 4 (Waianu)
................ do ............
Ditch No. 5 ...............
Waikekee ditch...
Uwau ........ .......
................ do.
.............. do .........
................ do .........
W aiahole ......................
. .......-..... do ...........
........... do.........

do.........

. ................ do .........
............ do ................

......... ......do.........

................do.........

..... ..... do ................

...... . do ......do ........

Waiahole .........
..............do
No. A ditch b(Waia-

hole) .........................
Ditch No. 1 ..................

............ do ...........
-....... .... do ----............

......... ... -- d o -----------
Ditch No. 2 ....................

........ - do ................
.... .... d o ................

About 650 feet elevation ....................
....................... .................do ...... ...............

.. ... ... .......................... ......
Upper Waiahole Valley ........................
Weir No. 2, Walanu Valley ...............
Camp above Uwau .............................
Just above intake ditch ditch No.1

on north side .......................................
...................do........................

A ...............b.o do ..... .............................
Above junction with Waiahole ..........
.............................................

Intake on north side ....................
About 1,000 feet below intake ...
Road crossing on ridge ...............
Intake on north side .....................
About 1,000 feet below intake ............
About elevation 750 feet ....................

do --- ..-- ...............................
............. -----..do ...................................
Intake south side ............................

In ak ou h side-- .........._........................
01....... ........ do ...............................

t elevation 750 feet ...........
Upper W aiahole Valley ......................
W eir, W aian u V alley . .........................
Above m outh ........................................
......-.- a.h.

° 
.............. . .......................

Above W aihi tributary ............................
Left Branch near power station ....
Right and Middle branches 7 feet

above weir grating at power sta-
tion ............. ................ .. . ..........

About 2,000 feet above junction with
W aianu Stream ..................................

............... do .............................
Just above junction with Waianu

Stream ..................... .............
........ ...... do ............ ...................
About 100 feet below junction w-ith

W aianu Stream ... ........... ..............
Just above intake of second ditch on

south side .............................
50 feet below old ditch intake near

Cullin's place- .............- ...........
Near W aikane ..................... .................
......... I . ......do . ......................
Just below Manianlaula on south

side .... ................. ...........
Just below Manianaula on north

side .................................................
About 1,000 feet below intake............
.. ..... ....... do ................. ........ ........
Intake below Manianaula ...
Intake on south side ------------- ... : ......
.................... do ..........................................
House under mango tree about 500

feet from mouth of Waianu Stream
Near intake about 1,000 feet below

junction of Waiahole and Waianu
Stream s ........... ............ ...........

I... ...... ........ do ......................................
Government road on south side ........
Near government road on north side
W aiahole Valley .................. z ..........
Right Branch at 140 feet elevation

1.20
2.73
1.51
5.90
2.4
8.53

8.53
7.95
7.69
7.11
8.34
5.6
3.6

.94
4.6
3.3
a.50

a2.20
al.1

.24

.26
.44
.19
.73

a.78
.38
.31

1.29
1.43

12
1.4

3.7

12.6
12.2

14.3
14.3

20.9

1.73

11.2

18.6
28

6.7

10.1
1.79
2.20
6.5
6.2
4.3

4.1

2.6
.12
.65
.90
.84

1.0

............. do .........Ditch.
. .............do................

McCandless ditch........
Waiahole ditch .........

Oct. 6
Sept. 20

26
May 24
July 15

aMeasurements by weirs put in by engineers investigating Oahu-Koolau ditch
project.

bThts ditch returns to stream a short distance below intake.
Note.-Waianu Stream is formed by South, Middle and North forks. Uwau is

a tributary from the north, entering above ditch No. 1. Ditches are numbered in
order downstream.



WAIAHOLE VALLEY

Miscellaneous measurements on Oakiu during the years 1909-1928

Year

1915 ....

1916 ....

1915....

1916 ....

1913 ....

1915 ....

1916 ....
1914 ....
1915 ....

1914 ....

1916..

1915----

LocalityDate I Stream

May 7 Large siphon ................

June24 ......... . do ..........
24 Small siphon ................

Apr. 9 Waiahole side tunnel
N o. 26 .....................

Apr. 27 Waiahole tunnel ........
May 7 ............ do .........
June24 ................ do ......
Jan. 26 .............. do ____..........
Mar. 8 ............... do .........

2 0 ............. do ................
28 ...... ..... do .......

Aug. 8 ............ do .........
15 ................ do . .........

Sept. 12 ...... ...... do ....... ..
Oct. 22 .............. do .............

31 ...............do .........
Jan. 22 Development tunnel A

Feb. 18 .............. do -..............
M r. 4 ---------------- do .........
A pr. 1 -1 ..... ......... do ................

2 9 ----------- _ -- d o _ ...............
M ay 7 ............ do ...............
June24 ---.d.....do........
Apr. 1 Tunnel R

15 ............ do
29 ........... do .............

May 7 ................ do ........
June 24......... do .........
Mar.8............--do ......
Jan. 10 Waiahole tunnel.: -------
Apr. 15 .......... do ................

29 .......... do ..............
M ay 7 ................ do ...............
June26 .......... do ...............
Mar. 20 ........... do ........

13 ............. do ................
21 ------------..-. do ..............

Apr. 21 ........... do ...............
21 ........... .. .........

- I - I I I -
Oct. 10 Waiahole ..................

Dec. 20 ............ do ............
1928.... Feb. 29 . ............... d ..............

June 7 ................ do ........ .
1927... Oct. 10 ............... do (Waianu)

Dec. 20
Feb. 29
June 7

Oct. 10

Dec. 20
Feb. 29
June 7
Oct. 10
Dec. 20
Feb. 29
June 7

------- do ........
--. --.... do ......

................ do ......

........... .do ...... ..

.............. - do .............

................ do ................

................ do ............
W aiahole .................

............... do ................

.............. do ........ ......

................ do ................

Point No. 1; right branch just below
Water Reserve fence, about eleva-
tion 290 . ..... . ................................
............. ... do ........... .............

.................. do

.................... do. .. ...... ... . ..................
Point No. 3; left branch, about ele-

vation 220 ..........................................
.............. .. . d o ............ ......................
------......... do .....................................
............. do ....................................

Point No. 2; left branch at road
crossing, about elevation 100-.....

-----------......... d o ..... ... .....................
-............... d o ....................... .................

................... do ......... ...................
Point No. 4; about elevation 60...........
----. ------ ... - d o ... .......... ..........................
---------------- do ...... .....................

..... ............... do ........... .. .................

illi ]on
gallons
per day

North end of Waiahole tunnel near
W aiahole .............. ...................
---. ....... d o .........................................

-i..... u.... --....... 
d o  

_ _ __._.................

Includes all water from intakes 1,
2 and Z_

Flume at north portal ..... ..........
..... do ....... ... ...................

------------.... d o ............. ............. .............
------.-.--...... - do .............................

.................... d o ............................ ...........
.do ......................... ........
................. do ........... . ....... ....

North portal ...................................
........... do ...............................

.......... I....... ... d o .............................. ............

.................... d o _......................... ...............

-------.. ---------- d o -------- _ -----------.. .. ... ... ..
................ do ......................

Porta, near north portl of WajaholE

.........i...................... .......
............... .do .....................

------........ .. d o ........................... ..... ......... .do ........ .................
........ do... .......... ...........

. ........ do ...............................

------. do.........................
................. do ...... .....

- 1- -- - d o .. .. _ _ - - - -- _ - - - - - -

Northporto............ ...............
North portal .........----------------
1,100 feet from north portal................
1,305 feet from north portal ............
........... ..... do ........... .......... ......
1,350 feet from north portal ..............
.................... do ............................
Government boundary 1,700 feet in

from north portal ...........................
South portal, near Waiawa ...............

..................... do ...................................
.............. do ...............................
.............. do ................................

1927-

1928 ....

1927 ....

1928 ---

1927 ....

1928 ....

2.26
5.80
4.37
2.10

.880
5.30

.955
1.80

.520
7.04
1.19
1.17
1.78

15.7
4.24
11;.17



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

IMillion
Year Date Stream Locality gallons

I Iper day

WAIKANE VALLEY

1912.... Jan. 27 Waikane ............. At U.S.G.S. station ...................... 4.08
M ay 24 ................ do ...... .......... .......... do ................................ 5.85
Aug. 1 ............ d..... ............ .....do ......................... 2.81

1911... Oct. 9 -............... do .......... Above all diversions, about 2 miles
from the mouth ...................... 6.0

9 ............. do .......... Government road, near ocean ...........8.3
20 ..................... About half a mile from mouth ........... 4.0

Nov. 23 ................ do ..................... do .......................................... 3.16
Aug. 12 Waikane ditch ............... About elevation 750 feet ........................ a.30

12 ............... do ..................... do............ ............ al.42
Oct. 9 Ditch No. 1 ............. Intake on north side .................. 1.59

20 ...... .......... About half a mile from oceanb ............ .81
N ov. 23 ........... do ................ ..... do............. do .....---.................................. ..43
Oct. 9 Ditch No. 2c .......... Near intake on south side ................... 3.11'

9 Ditch No. 3 .................. Government road on north side ............. .65

1927 .... Oct. 10 Waikane ............. Point No. 1; left branch just above
confluence, about elevation 290 .... .722

Dec. 20 ........... do............................... do ....................... 1.64
1928 .... Feb. 29 .............. do .................... ... ....... ... do .298

June 7 ...... .... . do - ...... .. ......... ...... do __............... ...................- 1.10
1P27 .... Oct. 10 .......... .... do ............. .Point No. 2; just below confluence 1.27

D ec. 20 ................ do ..................* - do ......................................... 3.75
1928 .... Feb. 29 ........... do ..................... do................ ......... 1.09

June 7 ............. do .................d... ........................ 1.36
1927 .... Oct. 10 ........... do .......... Point No. 3; about elevation 160,....... 1.98

Dec. 20 ...........do.. .o . -............ do ......................... 7.30
1 9 2 8 .... F e b . 2 9 ... ............ d o ..... ...... . . . ...... d o..... .. . d o ...................... ......... ......... 1 .4 9

June 7 ............. do .......... do................8 -----_--_------- - . 8 334

aMeasurements by weirs put in by engineers investigating Oahu-Koolau ditch
project.

bMeasurement made below small diversion to south.
cDitch used to carry water to rice mill near public road.
Note.-Ditches numbered in order downstream.



KAHANA VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons1per day

HAKIPUU VALLEY

1927 .... Oct. 10 Hakipuu ............. At highway bridge ......................... 0.580
Dec. 20 - - do. do ............................ ............. 2.14

1928 ... Feb. 28 ---------------- do ................ do......... ................. .611
June 5 ------- do do __................ ............. .82

KAAAWA VALLEY

1927.... Oct. 11 Artesian well ................Swanzy estate ...........................20811 Kaaawa ..............At highway bridge ...................... 447
1928 .... Feb. 28 _............... do . ............. do --------- . .697

June 5 ....... do........... do ............ .............. .53

KAITANA VALLEY
(See PLATE XVIII)

1913 . July 1 East Branch of Ka-
hana . ................ eir N o. 12 ................................... ........ 48

1 West Branch of Ka-
hana ............................ W eir No. 2 .................... ........ .23

1 Kahana ......... Weir No. 5 .............................. 3.8
1917 ... .. do.......... Near Kahana at old U.S.G.S. station 16
1911 .... Oct. 27 .................... Just below intake of upper ditch on

north side .......... ................ 20.8
27 Ditch No. 1: .......... Intake on north side ................................ 2.95
27 Old ditch .................. Intake on south side .............................. .00

- I-

1927.... Nov. 9 East Kahana .............. Point INTo. 10; right branch right tri-
butary, about elevation 400........... 597

1928._ Feb.23.............. do .......................... do ...... ................. .079
Mar. 26 ............ ................... . .................................. .018
June20 .......... do ....................... do .. ......................... .039

1927 .... Nov. 9 ................do.......... Point No. 9: right branch, about ele.-
vation 290 ... . .......................... ..03'81928 .... Feb. 23 _ ......... do ........................do.......................... .000

M ar. 26 _ .............do.......... ........... ...... .000
June20 ...........do............. . ... . ... do ............................... .000

1927.... Nov. 9. .............do ............ Point No. 8; right branch left tribu-
tary, about elevation 290 ............. .252

Note.-Ditches numbered in order downstream. Water in ditch No. 1 used for
taro. A considerable part of lower end of valley consisted of swamp land and
abandoned rice fields.



SURFACE WATER SUPPLY OF OAHU, 1909-28

Mi~ceaneous measurements on Oahu during the years 1909-1928

Yea . Date Strea

1928.... Feb. 23 lEast Kahan

1927-.

1928 .

1927...

1928 ...

1927..

1928----

1927...,

1928...

1927....

1928 ....
1927 ....

1928....
1927 ....

1928 ....

1927 ....

1928 ....

1927 ....

1928 ....

1928 ....

1927 ...

Mar. 26 do
June 20 ............... do
Nov. 9 1 do

Feb. 23
Mar. 26
June 20
Nov. 9

Feb. 23
Mar. 26
June 20
Nov. 9

Feb. 23
Mar. 26
June 20
Sept. 27

Nov. 9
Jan. 26
Feb. 23
Mar. 26
June 20
Sept. 27

- - -.. --... --.. d o
........... do

.. ........... do
............... do

. ............ do
............... do
................ do
................- d o

Jan. 26 I. do
Sept. 27. . do

Jan. 26 -- ----- do
Sept. 27 .......... do

Jan. 26 I... .... do

Feb. 23
Mar. 26
June 20
Sept. 27

Jan. 26
Feb. 23
Mar. 26
Time 20
Sept. 27

Nov. 9
Jan. 26
Feb. 23
Mar. 26
June 20
Sept. 27

Nov. 9
Dec. 22
Jan. 26
Feb. 23
Mar. 26
June20
Feb. 23
Mar. 26
Dec. 22

Nov. 9

Dec. 22

.. d............. do

................ d o
............... do

.............. .do

................ do
................ do

.............. .do
................ do

........... do

.............. do
................ do

..... do
do

............ do

............. do

........... .do
.......... .do

-- -do
............ do
................ d o
.............. .do

Kahana .......

............ do

........... do

...... do

.......... do

Llfl Locality

a ................ Point No. 8; right branch, left tribu-
tary, about elevation 290 ................

.............................. do ..........................
................................ do.... .........................

......... Point No. 11; right branch, about
elevation 270 ............................

----... .. .. .. .. .. .. .. .. .. d o _.......................................

............................ d o ....... ..................... .......
- .............. ..... ............ d o .. .......... ................... ..
........... Point No. 12; right branch, left tribu-

tary, about elevation 230 ................
... ......... ....... .....- d o ...............................

................. do ....... ........... ...... .....
................ ..do ---------...........

............ .Point No. 13; right branch, left tribu-
butary, about elevation 220 ..........

.............. .................. - do ........... __ ............... ..
.... .....................- do .... . ... .............. . ...

---------.- ................... do .....................................
.Point No. 6; right branch, just above

confluence, about elevation 170 ....
.. ... .. . ............ - - -- -- -- -- -- -- -- d o .......--................................................. .................. do ....... ...............

.............................. do .................................
.. ........... ............ do ... ....... ................

I.. . .. . ..-- --- -. - ---- -. -.. ....... d o ..... .... .... .... ..... .... .... ....

... .............P o i n t N o . 2 ; l e f t b r a n c h , r i g h t t r i b u -
tary, about elevation 440 ............

................ ................... do .. ............ .......................
............... Point No. 1; left branch, about eleva-

tion 430 ..............................
........ . ........ do ..... ...............

--------------- Point No. 3; left branch, right tribu-
tary, about elevation 300-...............

.......... Point No. 3; left branch, right tribu

........... .......... do ........................
............ ....... do .............. ...............

Point No. 4; left branch, about eleva-
tion 290 ....................................................

do ..... ..... ........................~ ......... .... ....... ... d o ... .. .. ......... _ ....................

--- ---- _ .... d o .._ .._ --- --- --- -
--------- Point No. 5; left branch, about eleva

tion 200
.............. . .............. .

....... .do .............................
t o 20 ...........................do............ ......__ _- --- _.

................... do .. ....... .........................
...... ........ I ... ... .. d o - - - - ___ ' -- , , ............ .... .. .. ... .. .

.......... . . ........... do .................. ............ .
................. Point No. 7; just above confluence

with Main Kahana, about elevation7 0 ............... . ........... .............................

............... ........ ...... do .........................
............. .do ...........................................

............. _ _.... .............. do ........ ......
............. do .... ............ . ......

........ ........ ....I-- - --- -...... d o ...... _...... ... . _ _......... ... .... ..

.. ... . . ............ .........1-1-- d o ..........................................

................... P oint N o. 10-C ; below confluence of
adit Nos. 18 and 19 ...................

......... ............... do -. .............. .............
................ Point No. 10-B; left tributary, about

elevation 720 .......................................
.......... .Point No. 10-A; left tributary, about

elevation 560 .....- ---------------- .......
................ .... .... do ....... ...............

Million
gallons
per day

0.035
.026
.029

1.52
.879
.408
.540

.140

.262

.184
.220

.098
.111
.049
.072.

1.50
2.16

.956
.665
.943
.608

.122

.055

.033

.017

.121

.052

.023

.096

.362

.390

.209

.122

.234

1.19
.97
.521
.355
.448
.532

3.40
6.66
9.10
2.55
1.87
1.09
1.70

.090

.041

.032

.260

.278



KA-ANA VALLEY

Miscellaneous measurements on Oahu durino the years 1909-1928

Stream

Kahana
do .........
do .....
do ..........
do --...

Year

1927_

1928__

1927...

1928 ....
1927 ....

1928__

1927 ..

1928 ....

1927 ...

1928 ....

1927-_

1928 ----

1927 ....

1928_.

1927----

1928_

1927...

1928...

1927...

1928 ...

1927...

1928-_

1927...

1928__

1927 ....

1928 ... June 20 .......... do .........

Locality

Sept. 30
Dec. 22
Feb. 23
Mar. 26
Nov. 9

Dec. 22
Feb. 23
Dec. 22

Feb. 23'
Mar. 26
Jan. 26

26

Nov. 9

Jan. 26
Feb. 23
Mar. 26
Nov. 9
Feb. 23
Mar. 26
Dec. 22

Feb. 23
Mar. 26
Sept. 30
Dec. 22
Jan. 26
Feb. 23
Mar. 26
Nov. 9

Jan. 26
Feb. 23
Mar. 26
Sept. 30

Nov. 9
Dec. 22
Jan. 26
Feb. 23
Mar. 26
Sept. 30

Nov. 9
Dec 22
Jan. 26
Feb. 23
Sept. 30
Nov. 9
Dec. 22
Jan. 26
Feb. 23
Mar. 26
June20
Sept. 30

Nov. 9
Dec. 22
Jan. 26
Feb. 23
Mar. 26
June 20
Sept. 30

Date I

I ............. do .... _ -------
....... do ---

do .......

............... do .... .........
... do . .........

-------------- - do ...........

........ do ..... .

...... .... do .........

-- . .... do
------- - - d o ..........
............... do .............
............. do . ...........

. do ..............
do ............

.......... do .............
......... ...... do ..... ...........
............ CIO . ... ............

do .. ........
.......... do ...........

..... do .........
............ do ..........

.......... -.... d o ................

................ do . ...........
... do --------
. do ............
. do ................

........... do ................. .. do ...........

..... .. do ...........

..... .. do .......... .

..... .. do .......... .
......... do .......... .
......... do . ..........

'do

................ do .............
............ do ................-------.. .. d o ----------------
.... ... do ............

................ do . ............

---- ...... do ... ..........
................ do. ..........
.... do ..............
....... . do.........
.. .......... d o ----------------

do---

-- ...... do .............
....... do ................

........... do ................
..... do ...............

................ do ................

........ do..---- .

.......-- do .........
......do .........

_ -_ I I - - d o ------- - d o - ------

Point No. 10;' about elevation 560._-
... ........ .do .. _ .. .............................

.do ....................................
--- . ....... .. . d o .........._................... ........

Point No. 9-A; left tributary, about
elevation 520 ................ .................

........... do ..........................................
...... do ........................................

Point No. 9.D: right tributary, about
elevation 520 ...................................

.. . . ........ d o ....... ....... - - - - _...... . . . . . . . . . .
........ . ....... .. d o -.. --- ----... ... ...... . ... ... .. .. .....

Point No. 9-F; left tributary, about
elevation 690 -----.................... ......... ...

Point No. 9-G; left tributary, about
elevation 530 .............. ...... ...................

Point No. 9-B; left tributary, about
elevation 490 ...........................................

......... 1....... . d o .......... ............................

................. d o ..... ......._............................

.... ........ ...... d o -------............................. . .
Point No. 9-C; about elevation 480..
.. .............. do ..................................... ......

.................... do ... ....................................
Point No. 9-E; right tributary, about

elevation 460 ..... ...............................
. . .. .......... d o ---------------------------------.....-- -- - d o ------

Point No.-9; about etibution ........

e-evatio 690.............................

. .I.. .. . - d o -----. _.............. ...... ...... .....
...................... d o _ _ _............... .................. .

elevationdo ._.......... ..... ...
Point No. 8-A; left tributary, about

elevation 410 .....................................
................ do ............................
.................. do ... ..... .....................
...... .do ..................................

Point No. 8; left tributary, about ele-
vation 410 ............................................

.................... d o -------------..----- ........................------- _-- ._-- do ............ .....................

-.....-.-.. -.......... d o _ _....... ......... .. . ...............
......... ........... d o .......... ............_..............
.. .. ....... .....---- d o ...... _................ .............. ..Point No. 7; left tributary, about

elevation 360 .............. ............
.......... .... do ........... ...........

-----......---....... d o .......................................
------........ ......... d o ........... .... _...... _......... . . . . . .
- -... ............ . d o ...................................._....Point No. 6; about elevation 330....-

...... .. . d o ............... .......................
do ..........................
d o ............................ ... .....

----- d o _.........................................do .........................................

........... . .... d o _........................................Point No. 5; left tributary above old
weir, about elevation 310 410............

.... do ............... .
--------------- do ........................

............. do .................................. ...
vation 410........ do ...................................

.................... do .................. ........
................... do ___..... ....... ........ .............

Point No. 1; left branch below adit
No. 1, about elevation 620 ... .............
---.. . ..... ... do ... .. ......... .....................

mllion
gallons
per day

0.570
2.07
.237
.127

.247
1.01

.000

2.84
.450
.235

.007

.015

.530

.231

.172

.083
2.64
1.03

.495

.436

.049

.051
1.65
6.12
1.74
1.10

.767

.260

.000

.000

.340

.685
1.69

.627

.41

.248

.410

.775
1.37

.387

.358
3.60
8.45

11.6
3.75
2.67
2.07
3.50

1.31
2.68
7.10
1.65
1.11
1.22
1.42

.060

.078



270 SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

I .... ..M illion

Year Date Stream Locality gallons
Iper day

1927.... Sept. 30Kahana ..... .............

1928 .... June 20
1927 .... Sept. 30

1928 .... June 20
1927 .... Sept. 30

1928 .... June 20
1927 .... Sept. 28

1928....

1927...

1928 ....

1927 ....

1928 ....

Nov. 9
Dec. 22
Jan. 26
Feb. 23
Mar. 26
June20
Sept. 28

Nov. 9
Dec. 22
Jan. 26
Feb. 23
Mar. 26
June 20
Mar. 26

Feb. 23

................ do .............

........... .do ...............

......... do . ..........
................ do ................

...... ....... do ...............
.............. do ................

............ .do ...............
...... do .--------_--

.......... . ...............
................ do ...........

............ do .............
.. . do ............

............. do .............
............... do ................
.......... do ...............
------..... do ................

................ do ..........-

.............do. ........
--------. ... _ - d o . . . . . . ..

M ar. 26 ............... do ................
June20 .......... do ................
Sept. 28 .......... do ................

Sept. 28 ..........d o ._ .........
Nov. 9 ............... do.........
Dec. 22 ........... do ................
Jan. 26 ... ........ do .............
Feb. 23 ........... do ................
Mar. 26 ........... .... do ............
June 20 ............... do .............

Point No. 2; left branch, about eleva-
tion 580 ............................................ .....

N.......... . do ...........................................
Point No. 3; left branch, about ele-

vation 410 ...........................................
.................... do ........... .........................
Point No. 4; left branch, left tribu-

tary, about elevation 410................
Pon No......... do ......... .............
Point"No."11; left branch above con-

fluence, about elevation 270............
...... do...............

.................. do ...... ....................
d o ...---------- ......... . .......

........... do ..........................
................... do .......... .......................

.................. d o ..........................................
Point No. 12; below confluence about

elevation 260 .......................................
- do......................

.do ..........................
.... do ......... . ..................

---------- ---- do ..........................
... . . ... do ..........................................

. .... do ....... . ... .......................
Point No. 12-B; right tributary,

about elevation 250 ........................
Point No. 12-A; at trail crossing,

about elevation 100 ...................
.................... d o ...........................................

............ ..........................
Point No. 13; diversion ditch, about

elevation 90 .......................................
Point No. 14; about elevation 70...._
............ d o ............... ............ ...........

-- ...... do .........................................
............ do ............................ .....

................ do .............................
.................... do .............................. . .......

............ do ........ ...........................

0.109
.410

.104

.765

.553

.105

1.60
2.04
6.64
1.21

.792

.80
.920

7.83
10.9
29.2

7.49
4.60
4.19
5.47

.97

10.2
9.19

10.0

.642
14.3
24.0
47.2
14.8
10.9
10.5
14.6



PUNALUU VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

eMillionYear Date Stream Locality gallons
per day

'PUNALUU VALLEY
(See PLATE XIX)

1914 ....
1915 ....

1914 ....

19i5 ....

1916...

Elevation 750 feet, near Punaluu ....
Elevation 700 feet, near Punaluu ....
Elevation 610 feet, near Punaluu ....

Elevation 800 feet, near Punaluu ....

Elevation 760 feet, near Punaluu...
Elevation 700 feet, near Punaluu..

100 feet below proposed diversion
point ....................................................

...... ......... do .......... ...............

..................... do ........ .....................

Aug. 26
Feb. 5
Mar. 3
Aug. 26

26

Feb. 5

May 29

29

29

29

Feb. 12
13
14
15

Aug. 27

June 11
11

Feb. 5
Mar. 3
Apr. 28
Aug. 27
Aug. 9
Dec. 20
Feb. 27
June 6
Feb. 5

Oct. 26
26
26
26
27
26
26
27
27

Pio .......................
................ do ...............

.d.. ....... ................
South Branch of Ka-

lena ...................North Branch of K~a-
lena ............... ....

Kalena . .............

North Branch of South
Fork of Punaluu....

South Fork of Puna-
luu .................................

North Branch of Main
Fork of Punaluu .......

Main Fork of Puna-
luu ..........................

Punaluu ......................
.......... .. 0do ............

........... do ............
............... do ................
South Branch of Wai-

puhio ...........................
Waihoi (south fork)..
Waihoi (north fork)..
W aihoi ............................
................ do .............
................ do ...........

......... dO ..........

........... do ................
................ do ................

................ do ............

....... ...... do ............
Punaluu ...............

.....-.. -. --... do ................
.............. - do ...............

Ditch No. 1 ..............
................ do ............
Ditch No. 2 ..........

.........dO ...........

Ditch No .................
.do ............

Ditch No. 4b ..........

Elevation 580 feet, near Punaluu...
Elevation 560 feet, near Punaluu..,

.................... do ..........................
Elevation 500 feet ..................................

................... do ................ ... ..........
.................. d o ---------------------_---- ..
Elevation 470 feet, near Punaluu...
Elevation 470 feet .............................

............. do .... .............. ..

................. do ..................................
................... do ... .............. .......
Elevation 400 feet, below Waihoi

tributary ........ ................
Nbove all present diversions.._........
Below railroad bridge ................
Near intake on south side ..........
Below railroad near beach ..............
Railroad crossing ..................................
Near intake on north side ....................
Ifitake on north side ..................
Railroad crossing ...........................
'Intake near railroad crossing.............

r- t_________~

Punaluu .............

....... .do ............

.............. do ...........

............. do .............

... ... ... .d o _..............

........... .do ................

......... .do .............

.do ................
................ do ................

..0...... ..... do _ ............
............. do ............................ do ....... ........
................ do ...........

................ do ................

........ ....... do ................

Point No. 3; Pio branch, about ele-
vation 650.... .......................

.... ...... do.........................

................. do ...... ...... .................-°..=.°.......... _ d o ..........................................
................... do ....................................................... do .............. . . ...... .....

Point No. 4; just below confluence of
Pio and Kalena, about elevation
630 .....................................................

.................. do ...........................
...... .... do .....................

....................... do ....................................
.................. do . ...... .......................
............. - do .........................................

Point No. 4-A; at old U.S.G.S. gage
at elevation 589 ................... ...........
.................. do .....................

........... .do .....................................

.859
1.21
4.78
1.00

.723

.360

2.60
2.41
6.86
2.76
2.35
1.67

3.73
8.16
2.98

aTotal of 4 branches
bThis ditch used for irrigating sugar cane; capacity two-thirds million gallons

per day.
Note.-Ditches are numbered in order downstream. Intake of ditch No. 1 was

a mile or more above mouth of stream. On north side of stream was an old ditch
at higher level than present ditches, which was formerly used for irrigating cane.
Its capacity was about 4 million gallons per day at intake. Total flow of stream
and ditches at mouth at tinle of measurement was 19.5 million gallons per day.
This was probably somewhat above normal on account of rain on night of Octo-
ber 25.

_................... doElevation 800

.................... do
................... do
.................... do

1917....

1914._

19.17..

1915 ....

1914 ....

1917...

1918 ....

1915 ....

1911 ....

feet, near Punaluu ----

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

1.7
.80

4.1

1.6

.48
1.3

.4

1.0

.25

1.2
a2.59
a2.36
a3.16
a2.66

.24

.9
2.3
5.4
4.8
4.2
4.3
3.8
2.6
2.7
5.6

4.7
15.5

1.4Z
12.8
3.8
.78

2.42
1.05

.47
.16

1927....

1928_

1927....

1928._

1927..

1928 ....

Oct. 3

Nov. 7
Dec. 28
Jan. 30
Feb. 27
June 14
Oct. 3

Nov. 7
Dec. 28
Jan. 30
Feb. 27
June14
Nov. 7

Dec. 28
Jan. 30

l l

°
.
°
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Miscellaneous measurements o ,Oahu during the years 1909-1928

Date

1927...

1928_

1927 ...

1928 ....

1927 ....

1928--

1927.-

1928....

1927.

1928 ....

192 ....

1928 ....

1927....

1928...

1927__

1928...

1927 ...

PunaluFeb. 27

Apr. 21
June 14
Oct. 3
Nov. 7
Dec. 28
Jan. 3'0
Feb. 27
Mar. 28
Apr. 21
June 14
Nov. 7

Dec. 28
Jan. 30
Feb. 27
Mar. 28
Apr. 21
June 14
Nov. 7

Dec. 28
Jan. 2'0
Feb. 27
Mar. 28
Apr. 21
June 14
Oct. 8
Dec. 28
Jan. 30
Feb. 27
Mar. 28
Apr. 21'
June14
Oct. 3

Nov. 7
Dec. 28
Jan. 30
Feb. 27
Mar. 28
Apr. 21
June 14
Oct. 3

Nov. 8
Jan. 30
Feb. 27
2i4.r. 28
Apr. 21
June14
Nov. 8

Dec. 28
Jan. 30
Freb. 27
Mar. 28
Apr. 21
June 14
Nov. 8

Oct. 4 .............

Nov. 8
Dec. 28 .
Jan 30 .
Feb. 27.
Mar. 28.......A£pr. 21
June 14 ...............
Oct. 4

Nov. 8 ............
D ec. 28 . ...............

Year

Punalui

. .. 1..million
Stream Locality gallons

perday

u .............. Point No. 4-A; at old U.S.G.S. gage,
elevation 539 ......... ....... ................. 2.03

.d o d o ..................................... 2.59
... do ............. ..............do ....................... 1.94
- do ............. Point No. 5; about elevation 470 .......... 3.37
... do ................ ................... do ......................... 3.71
.. do ..........................do 9.88

do .....................do......................... 3.99
.. do .......... ...........do...... ................. 3.58
... d o ...._ _ _ ...... -. . ........ ... ..... d o .. ...... . . . . . . . . . . . . . . . . 2 .8 8
... do ........................... ... do ................................... 2.10
... do .... ............ .. do ............ ............. 2.30

do .............. Point No. 5-A; right tributary, about
elevation 430 ........................ .036

.. do .....................do.................220
--- do do .............. ............. .019
... do ... .................. do........................ .031
... do ..... ............. __ ...................... ... 03
... do do ...................................... 010
_.. do ........... ........... do . 019

do .......... Point No. 5-P3; left tributary, about
elevation 430 ...... .. .................... .916

... do ................ ................. do ........................ 2.73
.. d..o ................. - do..................... _ .... 1.10

do ............... ......... ... do ......... ... ............. 1.16
... do ..... ............... ...... ........................ .569
... do .. ..... ---- .. ............ do --_-----_--..........901

do o.............do ...... ...................... 1.11
... do .............. Point No. 6; about elevation 370 ........ 6.46
.. do .................................... do ..........---- ....................... 14.6
- d o ................ ....................- d o _........ ........ ........ ..... 7.36
.. do ..................................... do ...... ........... ......... 6.20
... do .............................. do ......... ................ 4.51
.. do ...................... do............ do.... . .............. 6.92
.. do ....... do .......................................... 3.90

do .............. Point No. 2; left tributary, about ele-
vation 370 .............................................. 1.10

.. do ................ --------------_-- do ......................... 1.63
d o ... ...... ....- -_ --------- _ - .. .. d o ...... . ..................... .2 3 8

.. d o ...... ..... ...- ------_------------ d o .... ...................... .3 2 5

.. d o .... ........ ... ...... . d o ... .... .. . .................. 1 .2 3

.. do ................ ........ do ............ ...............370
do .....................................do .......................... .208
do .. ....................do...._................ .. 1.25
do (Waihoi) 'Point No. 1; at old U.S.G.S. gage,

about elevation 500 ................. 3.98
..do .....................do. ....................... 2.84

do ..................................... 3.54
..do .............. .do . ........................... 4.04
do........ .__...................................------ 8.02

..do ........ ..............do........................ 3.75

..do ...................... d............ 2.94
do .......... Point No. 1-A; Waihoi branch, just

above confluence with main Puna-
luu, about elevation 300 ................. 7.00

do ........ ... ....................do.......................... 5.00
..do ................ do .......................... 3.75
..do .......................... .... do ................... ....... 4.27

do .....................do......................... .4.42
... do .......... ...........do ........ .................. 4.01
..do ........ .....................do 3.85
S.............. Point No. 1-B; left tributary, about

elevation 280 ........................... ......... . 039
do .......... Point No. 7; at old U.S.G.S. gage,

about elevation 250 ............... 14.9
..do ......... do ........................................ 16.9
. do ............... -------------..... do .................. ...... 20.6
do ........................do. .. ................ 15.8

. do .......... ...........do........................ 14.2

..do ................................................ 12.0
do ... d.........................14.7do ....................do........................12.3
.do .......... Point No. 8; left tributary, about ele-

vation 250 ........................... 1.10
.do .......... ..............do......... ............... 1.78

do ................ ........ do .......... ....... .................. 2.42

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

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

...........

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

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



HAUULA VALLEY

Mislalneous measurements ont Oahu during the years 1909-1928

i llion
Year Date Stream Locality gallons

I__II I per day
1928 .. Jan. 30 Punaluu .............. Point No. 8; left tributary, about

elevation 250 .................................. 1.21
Feb.27 ........... do...... ......... ...... do ............... ...................... 1.45
Mar. 28 ........... do........ ......... .... do ...................................... 1.85
Apr. 21 ................. do ...... ...... do .. ........................ 1.05
June 14 ............. do ..... ..... ................. do ......................... 1.20

1927... Dec. 28 ................ do .......... Point No. 8-A; left tributary, about
elevation 240 .......... .............. 1.59

Oct. 4 ............ do ........... Point No. 9; diversion ditch, about
elevation 250 ........................ 8.55

Nov. 8 _ ------------ o ddo ........ .................. .915
Dec. 28 ................ ..... do ----------------............. do - -. 153

1928.... Jan. 30 : ........... do.................... do 3.46
Feb.27 ............ do .....................do.......... ......... ...... 7.09
Mar. 28 .......... do...... _ ................ do.................... do ..... 7.84
Apr. 21 ---------....... do . ....... ... ........ do.... ....... .......... 9.29
June14 ......... do....... ...... ....... do.........................8.04

1927 .... Oct. 4 ...............do.........Point No. 10; about elevation 50. 10.2
Nov. 8 _--...... do ................... ....... do ............. ....... ....... 17.6
Dec. 28 .............do ......................do ......................... 7.3

1928 .... Jan.50..........d....... .......... .... do..... ............... ,.... 13.9
Feb. 27 .... .._ _ do ------- do .. ............. 12.7

KALUANUI VALLEY

1915.. Feb. 4 Kaluanui .......... ........... Elevation 1,900 feet, near Hauula ....... .06
1917.. July 10 ........... do ......................... ..........do.......................... 2.5
1911.... Oct. 25 ........... do .............. Short distance below Kalihiwaa Falls I

and above diversions-................ 2.09
1914... Aug. 25 ........... do ................ Castle's rest house, near llauula.. 1.8
1915 .... Mar. 3 ............ do. .................. do ................................... 1.1
1911 ... Oct. 25 ............ do ............ Below ditch on north side .................... .44

25 Kaluanui ditch ............ Below intake on north side ............... 1.67

I

1927.... Oct. 11 Kaluanui .................... About elevation 360 ................. 787
11 Punaluu diversion ]Just above siphon, about elevation

ditch ........ .......................................... 2.56

Note.-Water from this stream used for irrigating cane. Stream practically
disappears before entering the ocean.

HAUULA VALLEY

1913 .... Mar. 27 IHauula artesian well.. IHauula ........................ 66

1927.... Oct. 24 Kokololio ....................... At government road .................... . 850
I Dec. 29 ................do ....... . .............do...................... 870

1928 ..... Feb. 28 ...........do.... ..................... ..do ........................... 1.18
June 5 ..........do do .................................. .001
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Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date -Stream. LocalitSY gallons

LAIE VALLEY

1927.... Oct. 24 Laiemaloa (Akiki) ...... At government road ............. ................. 0.000
Dec. 29 ............ do .............. ........ do............................414

1928 .... Feb. 28 ...........do................ ...................................... 023
June 5 ............ do ....................... do .......................................... .128

1927 .... Oct. 24 ................ do (Koloa) ............ do ............................ .000
Dec. 29 ........... do....................... do ....................................... 2.56

1928 .... Feb. 28 ................ do do...................... _ .046
June 5 ................ do ............... d.................... do ....... 089

1927 .... Oct. 24 W ailele ............................................... do . .......................... .000
1928 .... Feb. 28 ........... do...... ............. do .......................................... .000

June 5 ................ do ........................ .000
1927 .... Oct. 24 Laie ......... .................... do......................... 1.32

Dec. 29 ........... . do .... ......................... do ........................ . . 2.61
1928 .... Feb. 28 ...........do....................do................... .........820

June 5 .................. ......... do ............................... .441
1927.... Oct. 24 Kahawainui ......................................do .......................... .820

Dec. 29. ................do do .................. 3.18
1928.... Feb. 28 ........... do ..................... do .. .......................... .258

June 5 ............do....................do............ _ ............. 1.13

MALAEKAHANA VALLEY

1927... Oct. 24 Malaekahana ................. At government road ........................... . 794
Dec. 29 ............ do .......... ........... do... ...................... 6 .17

1928.... F eb. 28 ...------- .- . do ............. . .......... do ........................................ .226
June 5 .........-... do ............... ....................................... 266

WAIMEA VALLEY

1927... Oct. 24 Waimea. ............ About elevation 70.. .................. 4.18
Dec. 29 ........... do....................... do .................... 26.5

1928... Feb. 28 ........... do... .................. do.......................... .665
Juned........... do ..................... ........ ..................... .254

KAWAILOA VALLEY

1927.... Oct. 24 Anahulu ........................ At government road ............................ . 346

PAUMALU VALLEY

1918 .... May 15 Paumalu ...................... Above intake, Pupukea.....................07
1919 .... July 14 ........... do ................ Above dam, near Pupukea .................... .02

14 ................do .......... Where pipe from right branch drops
into tunnel, near Pupukea ............ .005

14 ............. do .......... Above intake to tunnel near Pupukea .02
' 1 4 W a t e r r e s e r v e ". . . . . . ..

N o. 1 .......................... do .......................................... .005
14 Water reserve "C" Just below large pool and fall near

No. 2 ................. Pupukea............................. 01
14 PauIalu ................... Below dam, near Pupukea ............... 01

1913 .... May 15 .................... Below Pupukea pipe, Pupukea........... 05
15 ................ do.........Three-fourths mile below intake,

Pupukea ....... ....................... 0

WAIALUA VALLEY

1913 .... Mar. 27 Walalua artesian well, Waialua ......................................... .51
in flum e .................

27 Waialua artesian well ............ do. .................. .83
ditch .................



KIPAPA VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year e Stream Locality gallons

perday

KAUKONAHUA VALLEY

1911 ... Nov. 21 Wahiawa reservoir
ditcha ........................ Just below weir near Wahiawa .......... 32.7

22 ...............do ................. .... ... do................... - 7.56
23 ............. do ....................... . ....................... 13.9
23 ............ do ............... . ........... do .......................................... 22.6
23 . . ....... do . ...............................do ........................ 27.8
22... .do........... ....................... do ........................ 40.5
21 ........... do. ...... Flume between tunnels 9 and 10 ........ 34.8
21 ........... do 200 feet above lower weir .................... 33.2
21 .... ....... do.500 feet below lower weir ................... 3Z.2

1922.... Apr. 24 ............. Below Wahiawa reservoir near Wa-
2. hiaw a ...................................................... 36

24 . ..........do....... ....... do ......................................... 36

1911.... Nov. 21 .......... do ........... Above siphon across Poamoho Gulch 33.5
22 ........... do.........Flume 1,000 feet below Poamoho

Gulich ............ .................. 34.622 ............... do......... Flume 8, in Helemano Gulch ......... 33.5
22 400 feet above siphon across Hiele-

I mano Gulch ......................................... 33.31918.... Apr. 22 South Fork of Kauko- Below United States Army reservoir
nahua ........................ near Wahiawa, at old U.S.G.S.

station ............................. 22M ay22 ........... do ................... do ...................... ................. 1.91914... Mar. 4 Schofield supply ditch Near Wahiawa .......................... 17

1915.... Feb. 11 Army reservoir ditch.. 2,000 feet below intake, near Wa-
hiawa .................................7May 13 Pump No. 3 ....... .. 60 feet below sump, at Schofield Bar-
racks ......................................................... .36

13 ...... do ................ 100 feet below sump, at Schofield
Barracks .... _ ................................... .39

WAICAKALAU VALLEY

1914.... Apr. 6 Waikakalau ditch ...... Ditchman's house, above siphon, nearI W ahiawa .... ...................................... 36

KIPAPA VALLEY

sMade to rate 10-foot weir and determine seepage losses.

1914.... Apr. 6 Kipapa ditch ................... Government road, near Waipahu ....... 27



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

Salt
contenta Million

Year Date Stream Locality (Grains gallons
per U.S. per day
gallon)

WAIKELE VALLEY

1915.... Apr. 21 Waiahole road ............ Adit No. 8, near Waipahu .... 13
21 ........... do .......... .................... do 13

1911.. Dec. 13 No. 5 pump ditchb.......... Below end of lift pipe, near
Waipahu ....................... ... 8.01

22 ---- .......... do .... ......... ................ do .... 5.49
13 ........... do.......... Flume No. 3, semicircular._ 6.98
22 ............. do............... .... do......... 4.78
13 ...... ........ do .......... Above No. 2 reservoir.- ......... 5.69
22 - do ......... ............. do 4.52
19 ............... do ........... At lower end of flume No. 1,

near Ewa 10.8
19 ........... do .......... Just above diversion into No.5 reservoir _ c..9
19 ........... do .......... Just below diversion into No.

5 re s e r v o ir ...... ................... . . . 3 .9
19 ................ do -. Flume between fields 24-D

and 15-A -- 8.8
19 do ........ Just above 6-B reservoir. 3.6
19 ....... d....do....... ... Flume between fields 16-A

and 17-A ...................... 3.6
14 West pump ditchd .......... Below end of lift pipe, near

SWaipahu ....................... 1.91
Dec. 14 East pump ditchd ................ 5.36
Sept. 14 Waipahu ........................ Waipahu Gulch near concrete-

arch bridge on government
road ........................................ . . 2.06

D ec. 22 ............... do . . .................. do ------ e2.35
12 ............ do ................ Below concrete bridge on

government road in gulch
near Waipahu Spring ........ f7.30

22 Spring-Waikele . ... 200 feet makai of Waipahu
m ill .......... .........................19

1927.... Nov. 1 Oahu Sugar Co. flume Point No. 19; delivering into
pit at pump No. 8 ................ 14.2 2.06

18 ................ do ........ .............. .................... ...... . 2.18
1928-_ Feb.17 ...........do..... ................ ................. 14.6 2.33

Mar. 2 ............ do ..................... .... _ ............. 15.0 3'.14
16 _.... .......... do ..... ..... . . .. ....... do ............ .15.1 4.32
3 0 ....... ....... d o ..... ... .. ............ ------ d o ......... ................ 1 5 .3 3 .0 3

Apr. 16 ................ do. .................... do ................. 15.1 3.66
June15. ....... do...................... ............................ . 2.75

29 ............- do - ................. o ........................... 15.6 3.62

aTitrated by Prof. H. S. Palmer, University of Hawaii
bMade to determine seepage losses
eSeepage into ditch from higher irrigated land
d Made to determine slippage in pump
eConditions unfavorable for accurate measurement
fStream is made up by series of springs below pumping stations in Waipahu

Gulch. Below point of measurement many other springs enter, so that flow at
Waipahu railroad station was probably 13 million gallons or more.



WAIKELE VALLEY

Miscellaneous measurenents on Oahu during the years 1909-1928

Salt
contentd Million

Year Date Stream Locality (Grains gallons
per U.S. per day
gallon>

1927.... Nov. 18 Kapakai (Waikele) ......

1928....

1927.-

1928....

Dec. 21
Jan. 17
Feb. 17
Mar. 2

16
30

Apr. 16
May 14
June 15

29
Nov. 1

Dec. 21
Jan. 17
Mar, 3

16
30

Apr. 16
May 14
June 16

29
Feb. 17

Mar. 2
3
16
30

Apr. 16
May 14
June 15

29
Feb. 17

Mar. 2

Apr 1
May 14
June 15

29
Feb. 17

Mar. 2
f6

Apr. 16
May 14
June 15

29

Point No. 19-A; overflow from
spring pit at pump No. 8_

...................... .. ...............do . ............

..... ............ do - -......................

.................. do .............

...................... . . .............do . .............
.................... do ..-...... ......
...................... . ..............do. .... . .............
................... do ............... ........

..... . d o ..................... ..

------------:: : d o ........................
Point No. 18; at highway

bridge, about elevation 12..

...... do ..................
.................... d o ................ .........

...... do ..............
.... .............. do ......................
........................ ........ .............. ...

..... . ............ do .....................
...... .............. do ................ ...
....................... do ......................
.................... d o .............. .....-.....
Point No. 21; about 1,000

feet below highway bridge,
about elevation 10. ....

.. ............. do .... ......................
................ do ...........................
....... ............ do . ........... .........
.........................................do
............. do ..........................
......... ............ do ................
----.-....................... .do. ........
...........--.d.. . . . .............do
Point No. 22; left diversion

ditch, about elevation 10 ----
.............. .............. do...................

--.................. .......---- -.

. . . . . . . . . .. ....... do ...................
............... .do.---... .. .............do

----.. .......... ... do .........
Point No. 23; right diversion

ditch, about elevation 10 ....
.... ...... ....... .......d ...............

............................... ........... .........
............. do..... .........

..... .. ........ do ................... .....
-----............... do .......................
......... .......... do ......................

14.8
11.8
12.8
13.5

13.9
11.8
13.0
13.7
14.0

7.3
7.4

11.8
12.7
11.1

14.6
14.5

14.0

14.1
14.5
14.1
14.4
14.2
14.7
14.9

14.5

14.6

5.66
6.34
8.13
326
3.05
3.58
2.33
2.94
2.70
2.02
2.21

2.20
29.2
19.0

7.17
5.47
5.97
6.37
5.37
3.81
2.78

15.3
16.8
14.9
14.6
15.1
15.0
13.0
12.4
13.2

2.62
2.96

4.67
.771
.000

.86

.581

.000

.000
1.74

.000

.000
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Miscellaneous measuremctts on Oahu during the years 1909-1928

Salt
contenta Million

Year Date Stream Locality (Grains gallons
perU.S. perday
gallon)

WAIPIO VALLEY

1911... Dec. 21 Spring ......... ............ % mile east of Waipahu mill
and 300 feet below road 0.65

1914.... July10 Ditch B .............. 200 feet below meter at H. S.
P. A. experiment station, at
W aipio ............................... 1.76

10 ............... do ............... 700 feet below meter at H. S.
P. A. experiment station, at
Waipio .............................. 1.69

10 Ditch C ........................ 200 feet below meter at H. S.
P. A. experiment station, at
W a ip io .... ...................................4 6

10 .............. do ................ 1,200 feet below meter at H. S.
P. A. experiment station, at
W aipio ................................ .39

10 Branch of Ditch C .... 40 feet below road at H. S.
P. A. experiment station, at
W aipio ..................................... 41

10 ............... do.......... 300 feet below road at H. S.
P. A. experiment station, at
W aipio ............ ................ 42

WAIAWA VALLEY

1913... July 2 Waiawa ...... Above intake ..... 1.8
1911 .Aug. 17 Waiawa ditch .............. Intake in Wahiawa Gulch b3.43

17 ............- .. do ................ Flume about 3 miles below
intake 2.71

Sept. 13 Walawa ................ Outlet north of Pearl City
and west of Waiawa Gulch .33

13 Waiawa rice mill ...... Rice mill west of Pearl City
and north of railroad ........ 2.82

I I I- I-

1927.... I Nov. 1

Dec. 21
Feb. 17
Mar. 2
Nov. 1

Waiawa

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

Springs ..........

do .........
do ...............
d o ...............
do ................

Nov. 28 .... .........

Dec.21. .......... do --- ....... -
Jan. 17 .......... do ...........
Feb. 17 .......... do............
M ar'2 ... _ ---...... do ...........

16........... do.........
Apr. 16 __........... do.....

Point No. 16; right branch
above intake 0. S. Co. pump
No. 7 _.............

...... ........ do ..............
................... do ...................
-..... . ........ do ........... .. . .
Point No. 15; left branch of

spring, below 0. S. Co.
pump No. 7 .....................

Point No. 15-A; below con-
fluence ........................

do ... ..... .........
..................... do ..........................

--------. .. .. do .. .. ..............
do .............-------- -... :: d o ......... ... ..... .....

27.0
37.1
44.4
,44.2

35.2

40.1
44.8
50.6
51.2

51.0

3.74
13.1
11.2
11.5

8.20

131.5
18.9
18.4
15.2
15.2
13.7
16.8

a Titrated by Prof. H. S. Palmer, University of Hawaii
bFloat measurement of freshet water. Ditch carried about 0.3 million gallons

per day on Aug. 16 and was dry or nearly so for most of time.

1928-_

1927 ....

1928 ....



WAIMANO VALLEY

Miscellaneous measurements on Oahu diing the years 1909-1928

Salt
contenta Million

Year Date Stream Locality (Grains gallons
per U.S. per day
gallon)

1928.... May 14 Waiawa Springs .......... Point No. 15-A; below con-
............. d........... do .fluence. ........ . ............... 49.2 18.4

June16.... ...... ..........do................ 52.2 18.6
29 ................ do . .................... do ........ ......... 46.7 15.8

1927 ... Nov. 1 ............ do ............ Point No. 17; overflow from
rice field ............................ .320

28 ......... ... do ....... ............... do .065

WAIMANO VALLEY

1922.... Mar. 9 Raymond Grove ditch Above flow from artesian
well No. 199 at Pearl City .15

9............----do..... -Below flow from artesian
well No. 199 at Pearl City 2.6

1911.... Sept. 14 Waimano Spring. /4 mile east of Pearl City.. .10

I I -. I

.............. do .............

... ......... do ................

... . ..... do ...........
............ do ................
...............do.... .....
.............. do ---- ---

................ do ............
.................do.........

................ do .... . ...

. ................ do.........

................. do ...........

.. ................do........

............. do.........

.. ................do

...............do
-........ ... do ----------

................ do ........
... ............. (10.
................ do.........
................ do ................
................ do ................
...............do

d......do
........... do. ........

................ do ................

. . ................do
............... do ..............
.................do .........

..-..... .......do .........
............... do .........
........... do ................

d o ----------......
.. . ............. do ...............

Point No. 14; southwest side
0. R. & L. Co. bridge No.
16 .................................. .- .....

... do ...........................
........................ .............do..............
.................... do .............

I............ ... d o ..........................
...............do..................
.................... do ...... ...............
...................... ..... .....do . .................
.................. do .............. ------

.................... do .......................

....................... ........do . .............-.
Point No. 13; southeast side

0. R. & L. Co. bridge No.
16 ..............................................

............. do ..................

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

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

............. ... do. .............
-----------------. d o ................. ..-----

.... ................ do ... .................

..................... do .............o ............
.-........ ......... d o ...................
......................................do... .........

.... . .d o ......................-------- .....::: d o __ _ --_ ----
Point No. 12; under 0. R. &

L. Co. bridge No. 15 ..........
.......................................do.............

..........o........ ............do
...................... ........ ......do. .. ...............

........ .. ...... d o ........................
.................. do ......................
.................... do ..........................
.................... do .........................

..... do ....................
----------.. .... d o ............... .............

12.5
13'.2
15.1
14.8

14.7

14.7
14.0

16.5
16.5
17.2
17.1
17.5
16.9
17.2
16.5

15.8
15.4
15.3

10.4
11.0
12.1
11.1
11.3
10.7
10.6

10.0

1.21
1.46
1.30
1.59
1.49
1.46
1.36
1.53
1.73
1.40
1.36

5.44
5.58
5.71
6.31
7.10
6.46
6.93
6.606.57
8.19
6.79
5.69

2.74
2.97
4.27
3.68
2.78
2.82
2.57
5.54
2.75
2.09

a Titrated by Prof. H. S. Palmer, University of Hawaii

1927 .... Nov. 1

1928...

1927 ....

1928 ....

1927 ....

1928 ....

28
Dec. 21
Jan. 17
Feb. 17
Mar. 2

S16
Apr. 16
May 14
June 16

29
Oct. 31

Nov. 1
28

Dec. 21
Jan. 17
Feb. 17
Mar. 2

16
Apr. 16
May 14
June16

29
Oct. 31

Nov. 28
Dec. 21
Jan. 17
Feb. 17
Mar. 2

16
Apr. 16
June 16

29



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

Locality

Salt
contenta Million
(Grains gallons
per U.S. per day
gallon)

WAITU VALLEY

1914-. July 10 Wai.

1911.... I Sept. 13 ........

1914 ...

1911_

July 10

Sept. 14

13

14

au Springs .......... In ditch, east side of pond,

near Pearl City ....................

do ................ Rice-mill. flume near Waiau
above rice mill and below
Waiau. Pond

........ do ................ In flume, 60 feet above mill,
near Pearl City ...................

--- do .......... Near Waiau, but west of cul-
vert spring at wooden
bridge 100 feet below rail-
road .......... ...........

...... do ................ At culvert west of Waiau
at railroad culvert...............

........ do .......... Between Waiau and Pearl
City and west of large
sp rin g ....................- ....

1.0

2.42

4.7

24.4

3.19

4.46

1927.... Oct. 31 ........... do .......... Point No. 11: 27-inch cul-
vert 300 feet west of
W aiau station ...................... 2.31

N ov. 28 ........... do ..................... do 14............ .......... 14.4 3.23
Dec. 21 .. ........... do do 15.0 2.27

1928.... Jan. 17 ................do................... do ................. 15.6 3.21
Feb. 17 --.---- do do ......................... ... 16.0 3'.17
M ar. 2 ........ do ....... ......... - .............. do 16.4 3.00

1-6 ...............do .................... do .............. 16.2 3.48
Apr 16 ................ do .................... do ............ ......... 16.3 2.95
May 14 ........... do......................... do................. 16.2 3.35
June 15 - _ do . .... _ ............ do ----------------------- 15.7 2.56

29 .. ......... : mdo. , -y - i.......do ................. 16.6 2.54

a Titrated by Prof. H. S. Palmer, University of Hawaii

Year Date Stream
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Miscellaneous measurements on Oahu during the years 1909-1928

StreamYear

1927 ....

1928 ....

1927 ...

1928 ....

1927 ....

1928....

1927 ....

1928 ....

1927 ....

1928 ....

1928 ....

1927 ....

1928 ..

1927 ..

1928 ....

do ........do............

do ................
do .........
do .........
do .........
do ----------------

do ..............
do .............
w ell.............

Oct. 31

Nov. 28
Dec. 21
Jan. 17
Feb. 17
Mar. 2

16
Apr. 16
May 14
June29
Oct. 31

Nov. 28
Dec. 21
Jan. 17
Feb. 17
Mar. 3

16
Apr. 16
May 14
June 15

29
Oct. 31

Nov. 28
Dec. 21
May 14
June 15

29
Oct. 31

Nov. 28
Dec. 21
Jan. 17
Feb. 17
Mar. 3

16
Apr. 16
May 14
June 15

29
Oct. 31

Nov. 28
Dec. 21
Jan. 17
Feb. 17
Mar. 3

16
Apr. 16
May 14
June 15

29
Jan. 17

Feb. 17
May 14
June 15

29
Oct. 31

Nov. 28
Dec. 21
Jan. 17
Feb. 17
Mar. 3

16
Apr. 16
May 14
June15

29
Oct. 31

Nov. 28
Dec. 21
Jan. 17
Feb. 17
Mar. 3

16
Apr. 16
May 14
June 15

29

Locality

Salt
content&
(Grains
per U.S.
gallon)

Waiau Si

Artesian

Million
gallons
ppr day'

......... ...... do ------
................ Co .............
................ do ................

.... do ........ .

.... do ...............
- --. .. do ................

.............. - do ..........
................ do ..........

d o .--------------"-
.... ........ do ..............

Irrigation ditch ..........

do ............
...... .. . do .... ......

. .do................--.. d ----do _ --------------
Waiau Springs ...........

...... do .......
.._ do .. .

...... do.......
- do ................

.......... do ................
............... d o ............
................ d o __....... ........... do ................

.. .do .............

......... do ............
...... do .............
........ do ................

........... do ............
....... .do ................

......... do ................
.......... .d o ......
........... .do ............
... do --------.......... do .. .............

......... ... do ................
............ do .. ........

.-.........--... do ..... ........
................ do ................

............... .....
---------....... d o

...... . do .........

............ I.... d o ........

........... .. d o --...

.do.........
........ do.

................ d o
......... do

.do ................
............ do ...........

............ .do ................

........... do ........

. do............
.do ........................ d o .. - -..... ....

................ do ... .....
do ........

... do ................
................ d o .................

................ do ...............
- ----------- -- d o . .. . . .. .

prings .............

Date

Point No. 10; culvert just
west of Waiau station .......
---.. .... .......... d o ---------------------------

...... -............. do ......... ................................. I do ....................

.......... .......... do ...........................
.................. do ............. ...........
................. do ........................------- .. . d o .............

.do . _........

.do ............ ......

Point NO. 9; overflow into
W aiau Pond ...................
................. do ....................

.................... do .........
.................. d o ............._................................ do ...........
.................. do .........

......... .......... d o ...... ..................
S......... ......... do _ ... ................
---.. .... ......... d o ...........................
-- ...... ..... .... d o ....... ..................
... .I.......... ... d o ....................... _
Poinit No. 8; overflow at east

end of VWaiau Pond .. ........
.. .. ............ d o ...... - --......... . ..
... .............. d o _.......... ................do .........................
.................. -d o

do

Point No. 7; pu lp discharge
at highway ...................

........... do ..........................
.do ......................

a t- --1 1 h i g w .. . . .- ---------. . . . . . ...
.do .....................do.

.do ........................

.do ..........................
............. do ........ .................

.do...................
............ -do ..........................

Point No. 5; pond overflow
near barn .......................... __

...... _............ do ...........................

................... do .......................
.................... do ......................

............ do .........
.do.... o ........

...... ......... d o ........

................ do .................

. . ......... - .... d o --.-. -....................
.-................ d o ..........................

................... do __....................
Point No. 5-A; pond over-

flow near barn .. ............._.......
............._..... do ................... ......

................. do "..................... ----

............ ........ d o ................ ......

............... -.... do _................ .......
Point No. 4; springs below

W aiau Pond ._...............

........ .-........ . d o ................ .......... .
-.................. do ...... ........... .......

....... I......... ... d o ..........................
...... I.... ........ do ...... ..................
............... do __............ .... .......
................ ... do __................

.................... d o ................ ........ ...
-..... .............. d o ..........................

.................... do ..................-......
... . ........ d o .... ............ ........

Poin't"N' 6; power "flutme 'to
rice mill ...................... ..........

----------.-........ d o ............... . . . . .

-------- - -.. -. ---.- d o .......... _ _ --.. ... ... ...
.................. do .........................
................ d o _ _.......................

......... ......... do .........................
.................. do ...........................
.......... ............. do ................. ......

....... -.......... do ................
.......... ........... do .......... .............

do

. 0.470
...... .562

10.5 .652
10.7 .709
11.1 .820
11.1 .894

.704
11.1 .594

.553
77 .620

.260

.506
9.0 .930
9.2 .911
9.1 .853
9.4 .777
9.2 .697
9.2 .890
9.3 .855
8.7 .937
8.8 .781

.390

.955
13.5 2.02

.000

.000

.000

.780

.000

.000

.000

.000

.000
15.2 1.06
14.6 .768
14.7 .955

.000
14.7 .921

.300

.820
14.1 2.9 a
13.4 2.81
13.6 2.65
13.6 3'.56
13.9 3.86
13.8 2.40
13.5 2,00

2.28
.13.5 1.42

13.4 1.09
13.6 1.39

1.41
13.6 1.77

.132

1.30
1.40

9.8 1.89
9.3 2.18
9.4 2.27

2.05
9.4 1.86
9.8 1.68

1.35
9.4 1.05
9.6 1.04

4.45
5.57

13'.2 6.51
12.9 4.93
12.9 3.50
12.6 3.92
12.9 2.51
13.2 5.33

3.69
12.5 2.93
12.6 3.05
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Miscellaneous measurements on Oahu during the years 1909-1928

Stream I Locality

Salt
contenta Million
(Grains gallons
per U.S, per day
gallon)

KALAUAO VALLEY

1927 ---

1928 ....

1927..

1928 ....

1927 ....

1928 ....

1927--

1928....

Oct. 31

Nov. 28
Dec. 21
Oct. 31

Nov. 4

Feb. 17
Mar. 16
Apr. 16
June 15

29
Nov. 4

4

18

28
Dec. 21
Jan. 17
Feb. 17
Mar. 3

16
30

Apr. 16
May 14
June 15

29
Nov. 18

28
Dec. 21
Jan. 17
Feb. 17
Mar. 3

16
30

Apr. 16
May 14
June15

Oct. R

Nov.1
Jan. 17

Kalauao Spr

............... do
............... do
................ do

S................do

............ do
.............. do
............. do
............... do
............... do
............... do

............... do

............... do

............... do

........ ... do

............... do

.............. do
................ do

................ do
do

............... do

............. do

............. do
-. ------. ----.-. do

................ do

................ do
.... do

............. do
............ do

............... do
--........... do

............... do

.............. do
-----.--- ..--- - d o
......... ... - do
............... do

-............ do

............. do
... - do

ings ..... Point No. X; about 500 feet
west of Kalauao station...

-----.. .. .. .... .. .................. d o -........... ............
......... ............... ........... do
............. ... Point No. 1; ina'Ke"to" Rono-

lulu Sugar Co. pump No. 6
.. .......... Point No. 1-E; ditch on south-

west side Honolulu Sugar
Co. pump No. 6 ....................

............... ........... ... do ......................
...................................do

---........... .................do. ......... ....
.......... ....... d .... .................
............. ..... do ..............

----. ......... Point No. l-B; overflow under
building opposite pump in-
tak e ....................... ..........

. ................ Point No. 1-C; overflow from
east Spring ...................

............ Point No. 1-A; below R.R.
bridge, near Honolulu Su-
gar Co. pump No. 6-..........

........ ... .. do.............do... .. ........ .

.............................. ..............do. ..............
.......... ................... do .....................

---------------- ----------- ......... d o .......................
................. .......... ............do. .............
................................... do ...... ...............
.............. ........... ........do ...............
.... ... .. . ........... do ................. . .

---.. .............................do..............
.......... .................... .............. ..........
... ....... .. ............. do ........................

........... ........ Point No. 1-D; in banana
grove, south of Honolulu
Sugar Co. pump No. 6 ......

... ...... .. . .............. do ............. .
................................do ......... ... . ........do - - .

........ ....... .............. . d o ...........................
..... ........... ........... ... ......... d o ........ ........

............ _ ............ do ... ...........
............... ... ............. d o ................ . ..

........... ..... -...................... do ------
... ... .. ................. d o ... .. .. .. .
............ ............. . ... d o ............... .......

... ........ ... .......... do ....
----------.. .. ....... do ............o .............

...... .......-.... :Point No. 2; about 500 feet
south of Honolulu Sugar
Co. pump No. 6 ..............

...... ..... .....................do. .......
.......... I... ...do.........

AIEA VALLEY

1911__.- Aug. 29 W aim alu -----................. Above all ditches ................................... .27
29 Waimalu ditchb ..... Below intake .......................... .17

Nov. 29 Mill reservoir ditchc.... Just below weir ...................... 6.46
29 ...........__ do .......... 300 feet above reservoir.... ........... 5.4

Dec. 9 Eleven-million-gallon
ditchd .. ...............- 200 feet below weir........... ...... 10.6

9 ................ do ............... Channel of approach 10 feet above
weir .................... ... 10.7

aTitrated by Prof. H. S. Palmer, University of Hawaii
bUpper ditch from west side *
eMade to determine seepage losses
dMade to correct weir for velocity of approach

Year Date

28.5
44.9

9.3
9.4

9.1

7.5
7.2
7.4
8.4
7.5
7.6
7.6
7.4

7.2
7.6
7.5

14.2
15.4
16.1

17.0
17.7
15.18

15.71
17.1

0.760
.384
.322

14.1

.803
1.14
1.39
1.77
1.33

.168

7.17

5.27

13.6
15.7
25.8
16.4

5.88
5.77
6.14

14.1
6.36

14.4
1.43
4.07

6.50
6.28
8.52
7.47
6.78
6.47
6.58
7.42
5.78
6.16
5.54
4.3'6

9.37
10.5
22.1



WAIANAE VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year Date Stream Locality gallons

per day

HALAWA VALLEY

1911.... Dec. 23 Makalapa diteha ------ Upper end of lined section near Puu-
loa railroad station .............................. 10.7

23 ..... ...... d..... Lower end of 2,000 feet of lining
near Puuloa railroad station ......... 9.63

23............ .do . -. - Below Pearl Harbor railroad cross-
ing at end of 2,000 feet unlined
ditch ................................ 6.66

9 Puuloa ditcha .............. Below 10-foot weir, near Aiea ....... 6
Nov. .29 - _ do ............---------- do ................ do.. ......... ........... 18.1

29...........do.......... Just above Puuloa reservoir ........... 17.2

LUALUALEI VALLEY

1911 ... July 29 G-6 flumeb ...................... Lualualei Valley ....................... 1.99
29 ............... do . .................... do ..... ..................... 3.81

1922 .... Mar. 3 Puhawai ....................... 30 feet above intake of lowest ditch
above ranch headquarters ................... .09

3 ................ do ......... ____.15 feet below intake of lowest ditch
above ranch headquarters. .......... .016

I Puhawai-tributary... 120 feet above forest reserve fence .029
........... .. do ........... Forest reserve fence .................. .016

3 ............ do . 100 feet below forest reserve fence__.. .052

WAIANAE VALLEY

Kukaki ....................
Niolopua (First stream

Mountain House
side of Coffee
H ouse) ......... ...........

Kanewai tributary
(First stream Lua-
lualei side of tunnel
No. 3

Left Branch Kanewai
Kanewai ..............
................ do ..............

.............. do ...........
Honua (Waianae) .......
............ do ......
............. do . --------

................ d o ..... .......................do

................ do .

............. do ............

............do
.............. do .............

................ do ...
...... ... ...... do ...........
---------.----- do ..........
................ d o ..........
----- .. . d o ........
. ........... .do

do ..............
................ do ...........

do.........
................ do .

W aianae ................... . ..................

d o. ............ ...... ...... ...... .....

.. ...... . ......... do ........................................
Waianae, at trail above tunnel No. 2
Below tunnel Nos. 4 and 5 ----...............
Above flume intake, at elevation 1,320

feet ........................
..... m............. do .............. ......
Above dam at Puea ... ...
-..-----..--------.. do .. .... .... .......... ... ..
Below Otrimba place, above all diver.

sions .................... .................................
Waianae, 100 feet above dam ....
W aianae, at dam ..................................
At main diversion dam, elevation 430

f e e t . . .. ..... .. . .... .. .. ... ... .. ... .. ..... ..
.................... do ...... ..........do......................
.................................. . do ......... ...... ...........
Near Waianae, at Mountain House ....
Near Waianae, at power house .....
W aianae ................................

Sdo ........................................
............... do ........................................

- -. .. I . . d o _............. ............ ..... .. ..

........................................do _ .. ................
Waianae, below tunnel No. 18 .........
................. ...........do ............... ..._--------
.... ...... d o ...................... ................

.022

.021

.015
.010
.015

1.51
2.09
c.70

dl.00

.56

.009

.098

2.73
1.93
1.38
1.95

.15

.23

.415

.28

.061

.004
1.8

.4

.108

.15

1924 ....

1925 ....
1923 ....

1911_

1926....

1923..

1924 ...
1925 ...

1926._
1925 ....
1926 ....

Sept. 13
Oct. 15

Sept. 12

Dec. 8
Mar. 7

7

27
June24

28
28

Sept. 8
Nov. 17
Mar. 6

7
27

Aug. 29
29

Sept. 16
Jan. 29
May 15
June25
Dec. 7
Jan. 13
Sept. 24
Apr. 16
July 22

a Made to determine seepage losses
bMeasurements made to determine capacity of two small pumping units. Each

unit. consisted of a centrifugal, pump -with 90-fot- lift, -belt-driven from 80-horse-
power gas engine.

C Small taro ditches running above
dTaro ditches shut off
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Miscellaneous measurements on Qahu daring the years 1909-1928

Date Stream I

Mar. 7 Kalalua-East Branch
Sept. 13 Kalalua-Left Branch..
Mar. 7 Kalalua-West Branch

192g ....
1924 ....
1923.__

1923...

1924

1925._

1926 ....

1923 ....
1911 ....

1923 ....

1925 .... May 15
June26
Sept. 25

1926... Apr. 16
1924._ Sept. 16

1925._ Dec, 8
1926.. Sept. 9

Nov. 17
1923 .... Aug. 29

29
1926 ... Sept. 8
1923 .... Aug. 29
1925 .... May 15
1926 .... Feb. 10

Apr. 16
Nov. 17

1923 ... Mar. 7
1924 .... Sept. 16

Oct. 16
1925 .... Jan. 29

May 14
June 25

26
Sept. 24
Nov. 2

2
Dec. 7

1926 ... Jan. 13
Feb. 10
Apr. 16
July 22
-Sept 9
Nov. 17

27
7

27
Mar. 7

27
Sept. 16

16
May 15
June 25

26
Nov. 2
Dec. 7
Jan. 13
Feb. 10
Apr. 16
July 22
Nov. 18
July 22

Mar. 7
June 28

28
28
23
24
23
23

23
23
28

Mar. 27

Locality

................ do ................
......... d o .... ...........

.......... .d o ...............
......... do ............
.......... do .............

............ do ................

................ do .............
........ .do ............
.............do .........
........... do .............

................ do ..............

................ do ................

................ do .........
...... do ...........

....-do .-----
......... ... d o .. ............
............... d o ...............
................ _

d o  
-------- __ .. ... -

Kalalua .................
Ancient Auwai.... __ -

............... do .........
............... do .... ....
Power flum e ........

dol........ ...... .. . ................
W est Fork .................
................ do ...............

Mauka tributary ..........
Makai tributary..........

............... do ................
Power-plant tail-race

................ do ................
.......... do ................................ do ____...........

............... do ................
Power - house dis-
charge ..................

................ do .............
Tail-race ditch ..........

...... do ...............
Walanae ditch ...........
Hiu .................. . ....

............ do .... ...........
................ do ..............
................ do (Mauka)
................ do ................
............. do .............

............ do ..............
-----..-....... -do ................

.............. do ................
............. do ........

....... ........ do .........
.......... .do ................
................ do ..... ...

................ do ............
................ do ...... ...
............... do - ........
................ do ...............
................ do ................
............... do ..........
................ do ................

.......... do ............
......... do .............

...do .......
......... do ...............

At lower end of pipe-line tunnel ....
W aianae .. ................................ .............
Above tunnel -No. 15 at elevation

1,510 feet .........................................
.................. do ...... ........ ...
Below tunnel No. 15 at elevation

1,480 feet, and above pipe-line di-
version dam ............ ............ ............ d o ......... ................. .......

At road crossing, elevation 570 feet
................ do ....... .. ... ............

W aianae ................................ ................
.................. do ....................... .....

.................... do ... .... . ..................
.......... .do ..................................

............... do ...........................-.. ........ ... . d o . .._ ................ ... ... ...
At road crossing, elevation 570 feet

................ do ...............................
W aianae ....................................................

............ do .................. ............ . ..
......... do ... ...... ...................

.do .........................
Waianae, between tunnel Nos. 10

and 11 ........................................................
At road crossing, elevation 830 feet
Forks of road below power house._
Brown's house ........... ................
Lower reservoir .......................
Above intake box of pressure pipe..
Just below power house...............
Just below pipe intake for power....
Otrimba place, about 11/2 miles be.

low pipe intake ...............................
Makia place, on west side ..............

..................... do ........... ......... ................do.

At power plant, opposite day engi-
neer's house ......... ................

.................... do .................. ........... . ....................... d o . ..... .... ...... _ ...... _. ...... _
.... do .. ...... ............ ......

........ do .... ...... ...............

................... d o .................. _....................
..... --.. .. .. d o ................. _ ............... ... ............. .do .... ..... ...................

.. ....... -....... d o -........... ..... _.................

NerWaianae, at elevation 430...
Near Waianae, at elevation 1,500 ......
Near Waianae, above horse trail .....
Near Waianae, at elevation 830.
Waianae .................................----... _..... do . .............do ..... .... .........

................ do ............. ............

................. do ........ . ... ..........
At road crossing, elevation 570 feet
W aianae .......... . ................
. ................. do ...... ..... ......................
................... do ...... ...................---...- .... ...... d o _......... ......... .......... .........

................... do ... ...... ... ..... ......
.......... do ......... .................. .....- ... ... d o -.. ..... . ...................... _ _- - --- --
-.-.---------.-. o..... ........ ........._....... ........

Waianae, at road .................................
Waianae ...........................
Waianae, at road ......................................
Waianae ...........................

............ ... do ........ ....................
.................... do ...................-........
Waianae, at road:_.. ...............

...... ....do .. _ ............. .......-----

284

aMeasurements for seepage made in order upstream. Results completely viti-
ated by decreasing flow from reservoir supplying ditch. Actual loss was un-
doubtedly large.

Million
gallons
per day

0.012
.015

.22

.26

.42

.48

.43
.81
.022
.020
.151
.028
.074
.009
.191
.15
.083
.153
.15
.402

.006

.43
a3.02
a3.05
a3.26
1.46
2.24

.29

"29
.11
.16
.1

2.12
2.0
2.03
2.2
1.87

2.07
1.95
1.71
1.59
2.3

.6

.007

.1

.015

.018

.014

.018

.065

.009

.017

.005

.023

.012

.016

.016

.013

.018

.020
.027
.034
.025
.01s
.005
.034



WAIANAE VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

[I IMillion
year Date Stream Locality gallons

I_ I_ Iper day

1925._

1926 ---

1925 ----
1911.
1924.

1925._

1926 ---

1911 ....
1923..
1924....

1925....

1926 ....

1911....

1923 ....

1924.

,1925....

1926._

1911...
1924 ....

1925 ....

1926--

Kumaipo ............... Above Spring Nos. 12-15 ...........
.. . .. .. .................... ........ do _........d ......................

................ do ................ Above tunnel No. 16.................
......... do ............. . ............ do .................. . ..... 

---- ..... d o .... ... .. . ......... ... ... d o .....................
.......... do (Mauka) ........... . ...... ................
............... do ........ .................. .... .............

do............do.......... Waianae, below tunnel No. 16 .....
Tunnel No. 1 ................ Waianae-uka, near Mountain House..
................ do ................ W aianae . ................................ ............
......... do ..................................... do ......... ................

............ ---- do ....... ........ .................... do .....................................

................ do ........... ........ _ ..........do ...........................
............. do ........ _ ............ do ......................
............. do ................ ............. do ...................... ........

.......... do ................ ... do .................... -...... ................ do............................ do ....................... ::]"".....-... ...... ...................... do. ........

... ....do. ..... ---. ....... do.....................
... dO ..... ................ do ................... .......

............ do .................................... do .............................

....... do ........... ..........o. .............. .......

Nov. 2
Dec. 7
May 14
Jan. 12
Feb. 10
Apr. 16
July 22
Aug. 15
June23
Sept. 13
Oct. 15
Jan. 28
Mar. 4
Apr. 15
May 14
June 25
Aug. 11
Sept. 24
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 18
June 23
Aug. 29
Sept,. 1V
Oct. 15
Jan. 28
Mar. 5
Apr. 15
May 14
June 25
Aug.12
Sept. 24
'Nov. 3
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 18
June 23

23
Mar. 7
Aug. 29
Sept. 12
Oct. 15
Jan. 28
Mar. 4
Apr. 16
May 14
June 25
Aug. 12
Sept. 24
Nov. 3
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 18
June 23
Sept. 12
Oct. 15
Jan. 28
Mar. 4
Apr. 16
May 14
June 25
Aug. 12
Sept. 24
Nov. 3
Dec. 8
Jan. 13
Feb. 9

a Duplicate -measurement

o. . ................................................... do ..................... do............... ...........

Tunnel No. 2 ........... Waianae-uka, near Mountain House
------ do ........ Near Waianae, at trail crossing...

do .......... W aianae ....................................... .....
............do....... ..............do.... ..................
................ do ....... .. ....... .... do .................................. -..
......... .. d o ................ ... .............. d o ...........................................
................ do ._.................. .......... do .....................................

... .............do ...................... do ......................................
do .... ....... ......... do .....................................

----------. do ............. .... .. d ................ ......
........... .do ............ .... ...........do......................

......... do ............. ........ do ......................................
................do .....................do................ ......
............ do... .... .do.. .........do ... . .....................
.............. do ... . ................... do -........ .. ........
............do .......... do .............................. ..
--..... .......do .......... .. ........do. .. ...............
.............. do ... ............. ...... ...........do ......................
............. do - .... _ ....... do.... ................. ........
Tunnel No. 3 ..... Waianae-uka, near Mountain House
............. o............ ...........do....................... .............. d..........At tet.. .--..... do . ..... A t outlet ................. ............ ............... _.....

.... ...... do .............. Near Waianae, at mouth . .........
-........... do .......... Waianae ............ ....... ......
.......... .. do ...... ........ ...........do ......... .............

........ ... ......... - ..... ........ .........................
........ do ........................... ........ ..............
................ do . ..........................................
..............do.....................do.....................
........ ... do .... - . -_-----------_--- do ..... ............do......................
................ do ............ .......do ......................

.. ........ do ......................do.....................
........... ..... o.....................do .............. ........
............... do ................do ... .................
... .........d..o............................ ....... ......
.............. do .............. ................. do ....... .......................
...........do...................do..... .................

... .......... do................ d ........................

................ do ............... ..............d o .. ...... ............ .....
...... ___ o...odo ...............................

Tunnel No. 4 ......... Waianae-uka, near Mountain House
... ... do ..... ............................ ......................

.......... do.....................do......................

................do ........................ do ............................
......... do .......... .............. do ..................

.. ......... .......d........... ....... do .. ......................
..............Ido .....................do .............. ........
............... do ...................... do. ..... ...............
........... do .......................... .do...... ..................

...... do .....................do......................
---...... ......do...................do............. . .............

........... do.....................do
----------... do ..................... do ....... . .................

do.......... .......do..........................

a Duplicate 
-measurement

0.053'
.098
.105
.10
.097
.337* .1
.043
.63
.022
.018
.015
.014
.010
.023
.022
.006
.03'2
.013
.024
.024
.025
.024
.043
.018
.03
.4
.73
.724
.811
.743
.717
.711
.804
.75
.75
.65
.9
.60
.80
.704
.55
.005
.003
.15

a.14
.045
.2
.033
.041
.039
.023
.010
.039
.050
.031
.049
.031
.018
.043!
.034
.066
.039
.064
.034
.23
.038
.034
.039
.030
.021
.131
.061
.020
.025
.013
.010
.027
.013



SURFACE WATER SUPPLY OF OAHU, 1909-28

Miscellaneous measurements on Oahu during the years 1909-1928

Million
Year I Date Stream Locality gallons

I Da per day

1926 ....
1911 ....
1926 ....

1911 ....

1923 ....

1925 ....

1926...

1923'...
1911...
1924 ....

1925...

1926...

1911...
1924 ....

1925 ....

1926 ....

1924...

1925 ....

1926-,

July 23
June 23
Apr. 15
July 23
Sept. 9
Nov. 18
June 23

Mar. 7
Sept. 12
Oct. 15
Jan. 28
Mar. 4
Apr. 15
May 14
June 25
Aug. 12
Sept. 24
Nov. 3
Dec. 8
Jan. 13
Feb. 9
Apr. 15

23

Sept. 9
Nov. 17
Mar. 27
June29
Sept. 12

Oct. 15
Jan. 28
Mar. 5
Apr. 15
May 14
June 25
Aug. 12
Sept. 24
Nov. 3
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept.*9
Nov. 18
June 28
Sept. 13
Oct. 15
Jan. 28
Mar. 5
Apr. 15
May 14
June 25
Aug. 12
Sept. 24
Nov. 3
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 18
Sept. 13
Oct. It
Jan. 28
Mar. 5
Apr. 15
May 14
June 25
Aug. 12
Sept. 24
Nov. 3
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 17

Tunnel Nos. 3 and 4... Waianae, at trail ........................
Tunnel No. 5, Waianae Waianae-uka, near Mountain House
Tunnel Nos. 4 and 5... W aianae ............... .................... ............
.... ...... do ........... ................do...................
..........-- do .......................do ..........................
Spring No. 6....................................do..........................
Tunnel No. 6 (Kane-

wai) ...................... Waianae-uka, near Mountain House
.......... do ................ At trail crossing, elevation 1,600 feet

................ do......... W aianae ....-.................-..................... ..............

................do ...... d ....................
............ do ..................... do ..............................

................ do ................. ..... do .. ......... ................ ....

................do....... . ..........do .............. ......

................ do....................do .........................

............... do ......................... do .....................................

...............do..... _ ..... .................................
............. do ............................do. .. ... . ................

................ do . ............................................

................ do .................d...........................

...............do do ... ...........................
................do........... do .... .......................
................do ... do .......................................
............ do......... (and
Spring N o. 6 ............... .................... do ................ :. ....................
............... do ......................... ...... do ....................................
................do.....................do.........................
................do........ .......... ............ ..............
............. do .............- aianae-uka, near Mountain House
------. ---.. -.. do ........ .W aianae ...................................................
.... ............- do ........... .................. do .......................................
................ do ...........................do..........................
................ do ................ ........ ....do..... ......................................
............... do ...... ...............d......................
................ do .......................... ...... do ......................................
............ do ........................... . do ...........................................
...............do....... .............. do .....................

Tunnel No. 7 ..................................do .....................
--------.... do ................ .................... do ...........................................

.. .... .......... do........................ .... . ...................

.................. do.....................do .. _ .........................

...............do........... do ..............do......................

............do.....................do..........................

................do ....... .. .................do......................

................ do . ..... ...............do......................

................do..... ......................................

.. ....... . ... .... ................do .... . ..... ....................
Tunnel No. 8 ......... Near mango tree, above Puea damL.
............... d o ................ W a ia n a e ............................... ......................
................ do .....................do......................
................ do ...... ..............do ........ ..............
................ do ......... ................do......................
................ do.....................do .................. ....
...............do ........ do ................do ......................
................ ........................do ..........................
................ do .....................do......................... .
................ do .....................do......................
............ do .....................do .. .. ................
............ do ..................... do. .. .....................
............ d... o..... d -........ do ...............................
........... do.....................do ......................
............ ..... .................... do ...........................
........ ... do ................................ do.............................
.............. do .....................do......................

- ............. do ........ ............. do......................
Tunnel No. 9 ...... ..............do.............. do ................

do do ............................... . ...
............ do .................. . ........... ...........

........... do ......... ............ do ......................................
........... do. ................... do....................
.............. do.......... ........... do ......................

......... ....do.......... ........... do .. ......................

.. ... .... do ...........do .......................do

................do.....................do.........................

................do ..... . ........... ....do

................do .......... .............. do......................
-........ do ................ ..... ..........................do ... .........................
... . ..... do ...........................do.... do .......................................
.... ......... do ............... ...............do......................

do ...........-.------....... do ..........
- . -... - -

...............o. -.-.- -. do ........ .... ... ...... do ........................................

....... -- o................ ............ o.... -----........ -....... .......

0.005
.09
.021
.013
.005
.002

.45

.49

.018

.524

.524

.511
.454
.646
.704
.5
.65
.35
.5
.50
.50
.540

.5

.485

.452

.61

.82

.018

.046

.023

.027

.023

.018

.043
.045
.048
.049
.053
.014
.053!
.048
.049
.048
.007
.034
.06
.093
.112
.083
.041
.030
.021
.022
.010
.028
.019
.010
.039
.026
.025
.052
.020
.031
.029
.018
.008
.083
.058
.140
.094
.098
.108
.114
.064
.15
.10
.133
.15
.086
.094



WAIANAE VALLEY

Miscellaneous measurements on Oahu during the years 1909-1928

Year Date
Million
gallons
per day

1924 ....

1925 ...

1926 ....

1924 ....

1925 ....
1926 ....

1924 ....
1925 ....
1926 ....
1925 ....

1926 ....

1924 ....

1925 ....

1926 ....

1924 ....

1025...

1926 ....

1924 ....

1925 ....

Sept. 13
Oct. 16
Jan. 29
Mar. 5
Apr. 16
May 15
June 26
Aug. 12
Sept. 25
Sept. 8
Nov. 17
Sept. 13
Oct. 16
May 15
Jan. 12
Apr. 16
Sept. 13
May 15
Apr. 16
Jan. 29
Mar. 5
Apr. 16
June 26
Aug.12
Sept. 25
Nov. 3
Dec. 8
Jan. 12
Feb. 9
July 22
Sept. 8
Nov. 17
Sept. 13
Oct. 16
Jan. 29
Mar. 5
Apr. 16
May 15
June26
Aug. 12
Sept. 25
Nov. 3
Dec. 8
Jan. 12
Feb. 9
Apr. 16
July 22
Sept. 8
Nov. 17
Sept. 16
Oct. 16
Jan. 29
Apr. 16
May 15
June 26
Aug. 11
Sept. 25
Nov. 3
Dec. 8
Jan. 12
Feb. 9
Apr. 16
July 22
Sept. 8
Nov. 17
Sept. 16
Oct. 16
Jan. 29
Mar. 5
Apr. 16
May 15
June26
Aug. 12
Sept. 25
Nov. 2
Dec. 7

Stream. Locality

Tunnel No. 11 ............... Waianae .....................................
......... d o .......... ... ... .............. d o ..........................................

...... --------- do .............. ... . ......... do .......................................
..... --....... do ..--.............. ......... do ...................................
................ do ....................... do ----------------------------------.....
. do..................... ..........................
............... do .....................................do ...........................
-- .-.-. . . . . . . . . .do ................... ....................
................ do ................ .............do..... .. ...................
.............. do .......... ........... do ..........................................
................ do ..................... do............... ............

Tunnel No. 12 ................... do............... ...............
... ....... do ............ ......... do.............. ..........................
........... do.....................d ....................
--.-----------.. do .......... .... ...........do ...... ....................
Sdo .......... .................... do ..................................
Tunnel No. 13 ................... do......... -............
-.-.-------.---- do ................ .................. do ............ ......................
................ do ..................... do -.........................................
Tunnel Nos. 12 and 13 .................... do .......................................
................ do ................ .................... do ..........................................
................ do ............. ........ do .....................................
............... do .......... ...........do .....................
.- ............ do ..... --........................... do - ........... ..................
....... ........ do ................................ do .....................
................ do .......... ..... ..........do .... .........................
.......... do ..................... do............... do .................
................ do .................... do ......................
................ do ....................do ......................
................ do ................ .................... do ........................................
................ do ................ ......................do..........................
................ do ................ ............... do..... ......... ........
Tunnel No. 14 ..... do.................do......................
........ ------- do .......... ........... do ....................................
.............. do ................ .............do..... ... ..............
................ do ............. . ................... do........ ..............
................ do ..............................do ......................

Sdo .......... ........... do ......................
... do .............. ....... do ......................................

................ d o ............ ................... d o ------------...............................

................ do ------------- ....................... do ... ................
......... do... ................. do.... ....... . .........
................ do .................. do ...................................
........ d o ........ ".......... do ..........................
. do ............... d ...................................... ............... do ......................
......... do........................... do ...............................

------.--....... do do. ..... ..... ..... -----d
O- -......... .............do ......................

Tunnel.............. do ................................
................ do do -......................
- ---.-.-------.do ..................... do ......................................
Tunnel.... 1 ..............do ........................ do .......................................
............ do ................ do ..... .......... .................. ....... d o ---------------- ------------......... d o -----......... ............. .............

do do................... .....................
................ do ................ do ....................
----------- -- I do do .... ... ..... ..................

.-.-. do ....... .... .... .............. do --------------------....................
. do.......... .......... do ...... .......................................................................................
Sdo .................. do .......... -- . .................

......... d ........ :::::::::: do .......... ...............------ do .............. -------............do.......................

................ do ------- - ....................... do .... ....- ............................
T o......... .................... do ..........................................
.e.t.un.....do 1- .......................... do ......................................
Tunnel No..1........... ....... do . .... ......................................
T ............. do ............... ... ........... do ......................................
................ do 16--- ............... ...............do..........................
..unnel... ... . do 1.................................. do ..................do......................

do.......................do..........................
Tunnel Ndo ........... ..............do .. ............

Ne duneo 6...... ...... ......... do.--------.--------------......--
T ne o ............... .......... ...do .. .......... ..............

................ do ..................... do ..............................

................ do ..................... do ..................................

................ do .. ...................do......................

........ do.-------- ----...... o.................... ......................
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Miscellaneous measurements on OaWiu during the years 1909-1928

• [ 1Million
Year Date Stream Locality gallonsI IIIper day

1926.

1925

1926.

1924

1925..

1926-

1924..

1925-

1926...

1924-
1925...

1926 ...

1924.

1925...

1926.

1925 ...

Jan. 12
Feb. 10
Apr. 16
July 22
Sept. 8
Nov. 1
Aug. 1

15
Sept. 2
Nov. 2
Dec. 7
Jan. 12
Feb. 10
Apr. 16

July 22
Nov. 1
Sept. 1
Oct. 16
Jan. 29
Mar. 5
Apr. 16
May 15
June 25
Aug. 15
Sept. 2'
Nov. 2
Dec. 7
Jan. 13
Feb. 10
Apr. 16
July 92
Sept. 8
Nov. 17
Sept. 12
Sept. 11
Oct. 15
Jan. 28
Mar. 4
May 14
June 25
Sept. 24
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 18
Oct. 15
Jan. 28
Mar. 4
May 14
June 25
Sept. 24
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 18
Sept. 16
Oct. 15
Jan. 28
Apr, 15
May 14
June25
Aug. 11
Sept. 24
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23
Sept. 9
Nov. 18
Mar. 4

16 ..............

17...............

--...... (and

Waianae. ....... .................::: : ::- .. ..... d o ....... ....... -........ ......::::::::::- ........................ ................ .......... ......
. ....... do .. ........ ....... .....
.................... ..................do . .......... ..... ...........

................ ..... do ...... ..... ....... .........
. . . . . .. ........ .... do ............... ............
............. ..........o.............do..........

................... ......................do....- ..................
................... .............-........................ .
.............. ............ ....... ......
.. ........ .... do ........... ... ... ..... .......

.. ......... d o ... ......... ... .. .... ..

2

72

5

6

Tunnel No.
--------.. ---... d o
.. ....... - do

.... ..... do
... ............ do
............... do
Tunnel No.

--- do
------ do

............. do
............... do
............... do

-. ..I. . do
... ..... do
Spring No

................ do

............... do
Tunnel No.
............... do

................. do

................. do
.... do

............... do

................ do
.. ...........do
............ do
................ do
.............. - do
................ do
.............. do

....- do
............ -- do............ do
............... do

dlo

26) ........ ........ do -----------------------------------------............... 
do ).......do ............... .......

S...........do...... . .
.do................ d0 ...........................- . ............. ... do .........................................

--------- --------- d . .. .. . . . . . o . . . .. . ....... ......... .. ..... .

................. d o ............. .. ........ . ...............
do o ............................

........... do. --. -. --........... d...
........................ do ...... ...................

............... ................. do .... ............. .........
. ........... ................. do ............... ................ .
............... ......... ..... do........
... ....... .................... do.......
..... . .......... ............. ...... ..

........ ......... do ......................
.. d ............... do ....................
-.. ------------ --- ............. do . ..... .... .....................
t .. ............ ............... ..... do ..........................................

h .... .... ................. d 0 .... ...................................
. ............ . .... ............. d o . .......... ............... .............

- -- ....... . .... -------11 d o ..........................................-
.. ........ --- .............. .... d o ...... .................... .............

. . ........ .... .... ............ d o ................ .. .. .. . . . . ..
............... . d o ..... . .. ........................................ .... ............... d o .................... ........

........ ........ ............. ....... d o ............. -.-::::::::::::::::::::

-........ ........ d o .......... ............ ..........,............. ::: :::::: do .................. ....................
.. ...... .. . .. .. .... .... . d o ---........................... .........

............. ............ d o ........ ...... ........................
............ I.. . .... d o ...... ..... ... ...................

................ . .. . .. d o ................. ....................
----------........ ............... d o ............ ...............................
... .... ....... . . .... d o . ..................................
................... ....... ...... d o -...... .... --........... . ..........
................ ..................-.. d o ............... ........................
.................. ........ -......... d o ......... -- ---............... .. ......
................ .................... do ...................................... ..
. ...................... ....... ....-- d o ....... ... ........................
......... ....... ............. ........ . ...................... ................
.............. .......... I.......... d o ............. ...................
........... .. ... -...... .... .. d o ............ ............... ... .. .
.. . ......... . . . .............. d o ........... • ........... . .. . .

...d ..... .. . . ....... d o ...:.. ............... ---- ---- -
. .. ........ .. . .... ..-- ....... d o ..............-..........................

and. 4 -.... ---------........... d o ..........................
.. . .. .. . ... ............. d o ---......... ... ........

...... ..... . ......... ...... d o ................. .....................
... .. .. ... ..' .. ... .. .. .. ... d o .. .. .. .. . .. .. .. . .. .. ....... -- -
... ... . . .. . .......... d o ... .. .. ....... .....---...... . . .. ............ do .....

.d o ----- ... ... .. .. .. ... .. ...--
. ........... d o .......... . . . . . . . .
............ do ....... .......... ...........
...... d o ........ -.................. - -----

do .... ...... - . ............ ...

do ... ..............

.................. ...................... dO........ ..............

... .. .......... .......do.......... .............
-5 ........ d ........... ............................

Tunnel mout
Spring No. I
................ do
................ do
.......... ...... do
.............. do
......... ... .. d o
4..............do
............... do
................ do
.............. do
.............. do
.... ...... - do
...... ......... do
........... do
Spring No. 2..
.............. do
...... ......... do
............... do
............... do
............ do
... .......... do
............... do
............... do
................ do
................ do
............... do
.............. do
Spring Nos. 3
................ do .
.............. do.
............... do.
.... ........... do.
.............. do.

-............ do.
.............. do.
................ do .
................- d o .
............. do
....... ........ do .
........... do .
........ do

do.
Spring Nos. 3-

0.024
.027
.032
.034
.015
.021
.022
.024
.025
.007
.007
.022
.013

.025
.018
.024
.034
.043
.048
.034
.028
.070
.050
.037
.032
.015
.018
.07
.048
.049
.039
.005
.031
.49 8
.012
.008
.007
.006
.005
.006
.014
.003
.008
.007
.006
.008
.009
.007
.010
.013
.008
.018
.014
.014
.006
.010
.007
.006
.005
.005
.002
.012
.016
.013
.003
.021
.016
.005
.018
.005
.018
.010
.016
.015
.005
.010
.010
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Million
Year Date Stream Locality gallons

I per day

1926....

1924 ....
1925 ----

1925 ....

1923....

1924 ....
1925 ....

1926....

1925 ....
1926 ....
1924 ....
1925 ....

1926 ---
1925 ....
1924....
1925----

1924...
1926.-

1925...,
1926....

1924...

1926 ....
1924 ....

1925 ....

1926 ...

Jan. 13
Feb. 9
Apr. 15
Oct 15
Jan. 28
Mar. 4
Apr. 15
May 14
June25
Aug. 12
Sept. 24
N'ov. 3
Dec. 8
Jan. 13'
Feb. 9
Apr. 15
July 23
Mar. 7

Oct 15
Jan. 28
Mar. 4
Apr. 15
May 14
June25
Aug. 12
Sept. 24
Nov 3
Dec. 8
Jan. 13
Feb. 9
Apr. 15
July 23Sept. 9Nov. 18

May 15
Apr. 16
Oct. 16
Jan. 29
Mar. 5
Apr. 16
May 15
June26
Sept. 25
Nov. 2
Dec. 7
Aug. 16
Aug. 12
Oct. 16
Jan. 29
Sept. 25
Nov. 2
Dec. 7
Oct. 16
Apr. 16
July 22
Sept. 8
Nov. 17
Jan. 29
Jan. 12
Feb. 10
Apr. 16
Sept. 13

Sept. 8
Sept. 16
Oct. 16
Jan. 29
Apr. 16
May 15
June 26
Aug. 12
July 22Nov.17

Spring No. 5 ................
.............. do ................
. ...... do .....do. ........
Spring No. 6 ................
............ . do .....do. .......
................ do ................
................do. ........
............... do .............
..............do. ........

........... ...... do ................

............... do ............

.................do .........
.............. do ....d .........

................ do ................

................ do ................
..... ...... do ................

.--......... do ................
Spring No. 7 .........

. ................ do ................
....... do.........

...... ......... . do -..............

................ do ................

................ do ................

...... .......... do ................

.......... ..... do ................

.......... do ................
... ..........do...............

...... ........... do .........

................ do .........

................ do ............
.................do .........

. ............ . ......
Spring Nos. 6 and 7 ....
................ do ................
Spring No. 8 ................
Spring Nos. 10 and 11
Spring Nos. 12-15 ........
................ do ...........
.... ......... do ............

.............. do ....d .........

................ do ................
...............do. .......

........... do. .......

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

................ do ................

................ do ................
Spring Nos. 13-15 ........
Spring Nos. 16-18 ....
................ do ..........
.......... ..... do ............
................ do ................
................do ..........
Spring No. 19 ...............
Spring Nos. 16-20 ........
................ do ................
............... do ..............

................ do ................
Spring Nos. 19 and 20
Spring Nos. 21-24 ........
................ do ................
Spring Nos. 21-25 ........
Second spring 300'....

from main channel
Spring Nos. 23 and 24
Spring Nos. 23-24 ........
............... do ................
................ do ................

.......... do ................
................ do ................
.................do.........
................ do ................
................ do ................
........... do ................

W aianae .................. .....................
..................... do ........ ..............................
....................do .........................
--I...... - - d o ........ ..... ......................
... .. .............. do .........................................
.................... do ................ .T.... ............

...........................................do. ....................

......................... .. .............do. ....... ...........

.......................do . .... ............ .........
.. .. . ... ......... ... do ...................................
..................... do ..............................
----- -.. .......... :. do ................do......... .............
.....................do...........................

..........................................do.. ........................

................ do .........................................
.........................................do ..... ....................

, .................. do ---.......................................

At trail crossingi elevation 1,600 feet
near Mountain House ......................

W aianae ................................................
........................................do........... ..............
................................................................
....................... do .................. ...............
.. .... ...........do . ............. ............

. . .................... do ........ ..............................
.....................do .........................
-. ................. do ................ ....................
....... ............ do ......................................
..................do..........................

. . .. ....-....do..... .................
.. .................... do ....................................
..................... do ........................ ........
.................do.........................
.. .. ......... .... do ..........................................

.. do .....................................

. . . . . . ...... -... do ...........................................

........ ......... do .......................................
-------.. . . . . . . .. . . . do .................... ...................
--------do......--- .... ............

--------.........do----do .... ........................................................................do......................
.............. ... do ....... .............................

---.. . . . . . . . . .. . do ........................... ..............-. 1- - ------- - -:: d o ............-....................... ...

. ............... do ..........................................
.................... do ......... ..............................
........... -do .........................

. . . . . . ........-... do ..........................................
....................... ...................do. .... .................
.................... do .....................................
-.......... ...... do .......................................
....................do ........................
-........................................do.. ..... ...............
.................... do ....... ...............
.............. do.. . . .................
.....................................do.......................
.................do . ... . ...................
................... do ........ ..............................
.................... .. ............................ ...........

.......................... . . .. .... ............................. .
............... . . d o ... . . . . .- .. . . . . . . . . . . .

.................... d o ..................... ..................
.................. - .....................do...... ................
.................... do .....................................

...........................................do .........................

.................... do ..........................................

... ...................... do ......... .. .......................

.................... do ..........................................

............ ...... .. .........do .- ......................

........................ do ...........................................
............. .. do ......................................
-..--.----------. - do .................. ......

Nov 17
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Miscellaneous measurements on Oahn durin the Jyears 1909-1928

llilion
Year Date Stream Locality gallons

I I per day

MAKAHA VALLEY

1927 .... Nov.15 Makaha ......................... Point No. 1; ve pipe intake about
elevation 830.......................... 16.6

1928 .... June 18 ................ do ... . . ......... do ...................................... . 535
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APPENDIX Al

When a large and growing city must get its water supply from
a definite restricted area, it is important to know just how much
rain falls on that area. Though the Island of Oahu is not large,
698 square miles, the annual rainfall varies from less than 20 inches
at Barbers Point to more than 240 inches in the Koolau Mountains.
Under such conditions the average rainfall for the whole Island
means very little, except as a matter of interest, and in order to make
a more detailed study the Island was divided into eleven sections.

As the Island had already been divided into six political districts,
the boundaries of which all follow dividing lines between drainage
areas, those districts were adopted for this study. But, the two
central districts, Ewa and Waialua, each occupy a part of two water-
sheds, the Koolau on the east and the Waianae on the west. The
Waikele Stream and the West Loch of Pearl Harbor form the natural
dividing line between the two watersheds in the Ewa district, and
Kaukonahua Gulch divides the Waialua district in the same way.
These subdivisions were called east Ewa and east Waialua on the
Koolau watershed and west Ewa and west Waialua on the Waianae
watershed. As the east and west portions of the Honolulu district
receive very different quantities of rainfall, because of their location
with respect to the Koolau range, they also were considered separ-
ately, using the ridge extending from Diamond Head to the top of
the range as a dividing line. Onl the windward side of the Island,
the Koolaupoko district presents two quite different sets of conditions
in that the south half is broader than the north half and moun-
tains to the leeward are lower. The most appropriate dividing line
seemed to be along the ridge just east of the Nuuanu Pali to the
southern point of Kaneohe Bay. The Koolauloa district also has
two different sets of conditions in its north and south halves and the
ridge forming the boundary between Laie and Kaipapau districts was
used as a dividing line.

This gives eleven districts which differ enough, to warrant their
separation, but still are uniform enough within themselves to justi-
fy the grouping of a number of small, but independent watersheds
as has been done in each ease.

These districts were numbered I to XI, as in Table 1, and
indicated on the map.

The rainfall data include all available records in the Island
and are also included in Table "1. Some of the shorter records were

'See Rainfall Map on inside of front cover
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adjusted somewhat to bring them into better agreement with nearby
longer records, and the adjusted values were used in making the map.

-Each station is represented on the map by a circle, and a number
which corresponds with ,the :nuuber of that station in Table 1.

On the map, rainfall contours, or isohyets were drawn for each
20 inches of rainfall. But before drawing the isohyets a special
study was made of the West Honolulu district, No. 6, where there
are a number of stations closely grouped, but having a wide range
in altitude. Comparing the rainfall of 19 stations with their altitude,
the correlation coefficient r is + .21 + .13, which has a forecast value
of only 2%. That is 2% of the differences of rainfall between two
stations may be due to differences in elevation. This points to the
conclusion that isohyets do not follow topographic contours.

Another comparison was made between rainfall and the distance
of the station from the crest of the range. In this case r is -. 81
+ .04, in which r has a forecast value of 41%, and since it is neg-

ative, indicates that rainfall decreases quite uniformly as distance
from the the crest of the range increases. No correlation was cal-
culated for stations on the windward side, but an examination of
the data indicated that the same principle holds, namely, that distance
from the crest is a far more' important factor in, determining quanti-
ty of rainifall than is the elevation of the point on which the rain
falls.

Another important factor in determining the amount of rain that
will fall at a given place is the altitude of the crest of the range in
line with the wind. Where the crest is high the rainfall is greater
and extends farther, both to leeward and windward, than where the
crest, is lower. It will be noted that the break in the isohyet for
140 inches is opposite the broad gap in the Koolau Range at the head

.of Kalihi Valley. The question naturally arises, why is there not
a similar low rainfall in Nuuanu Valley where the gap is still low-
er? There are two reasons, first the Kalihi gap faces the trade winds
squarely while N uuam gap faces nearly north and is sheltered from
the prevailing winds. In the second place the -Nuuann gap is much
narrower. An apparent exception to this rule is found in the Waia-
nae Mountains, which are higher than the Koolau Range and at the
same time much drier. This condition is due to the fact that at
least 80% of the rain-bearing wind that reaches the Waianae Range
has already passed over the Koolau Miontains and has lost a large
part of its moisture.

Bearing in mind these considerations, it becomes a comparatively
simple matter to draw the isohyetal lines even though the stations
are in some cases quite far apart.

Isohyets were drawn for each 20 inches, from 20 inches up to
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240 inches, and the spaces between them were assumed to receive
a uniform rainfall equalling the average value for each particular
space. For example, the area between the 40- and 60-inch lines is
assumed to have an average rainfall of 50 inches.

Next, each of these depth areas was measured in each of the
districts into which the Island was divided, and the number of square
miles in each was calculated. The number of square miles in, each
depth area was multiplied by the average depth for the area
and the number of square-mile-inches obtained. The total num-
ber of square-mile-inchvs for the Island was 40,889. This number
divided by the number of square miles in the Island, 598, shows the
average rainfall to be 68.4 inches, and is probably as close an approxi-
mation as can be made at present. (See Table 2 for these data).
This average depth, 68.4 inches, is about 10 inches or 17% greater
than the average obtained by taking the mean of all the stations,
and is nearer the truth as there are many more stations in the dry
areas than in the wet areas.

The 40,889 square-inch-miles amount to a little more than 713,000
million gallons. To put it another way, it equals a block of
water one mile square and 3,400 feet high, or a little higher than
Mount Konahuanui. The rainfall of - 1926, the driest year, was
40% less than the average and would have made such a block 2,144
feet high, or about as high as Mount Tantalus. In 1927, the wet-
test year, when the rainfall was 50% greater than the average, the
block would have been 5,100 feet high, or more than 1,000 feet higher
than Mount Kaala, the highest point on the Island.

An important feature of th distribution of the rainfall is that
the area above the 100-inch isohyet, which comprises 20% of the area
of the Island, receives 45% of the total rainfall, and an average of
154 inches or more than double its share. In an extremely dry year,
the run-off and percolation from this area amount to about 91,000'
M. G. or 250 Al. G. D as shown in Table 3.

It is largely from this area that any surface water the City may
be able to use will be obtained. Its border crosses Palolo Valley at
an elevation of about 800 feet, IManoa Valley at 200 feet, and Nuua-
nu and Kalihi Valleys and the gulches as far as Waiawa Gulch, at
about 400 feet.

Water falling as rain is disposed of in four ways. These four
ways are: immediate evaporation, surface run-off, percolation and
transpiration.

The water lost by immediate evaporation is that which evaporates
from plant surfaces without ever reaching the ground, plus an-
other quite appreciable amount that evaporates from the ground
itself before it has time to penetrate. Most of the rain here falls
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in short showers followed by warm sunshine and drying winds, and
the relative humidity is not high. From these and other considera-
tions, for which there is not room here, it is believed that 20% of
the total rainfall is a conservative estimate of the amount lost by
immediate evaporation.

The amount of water transpired by plants is difficult to determine,
but under conditions such as obtain here this amount is not far
from 21/, inches per month, or 30 inches per year.

Subtracting 20% of the total annual rainfall for immediate
evaporation and 30 inches for transpiration, we have left the amount
available in any district for surface run-off and percolation.

Right here it should be said, however, that neither surface run-
off nor percolation is controlled at all by transpiration. Surface
run-off comes next in time to immediate evaporation in its draft upon
rainfall, then percolation, and finally transpiration uses what is left.
It is true in many districts that the rainfall is so small, or the sur-
face run-off so great that there are not 30 inches left for transpira-
tion, In that case vegetation will make less growth. The point we
wish to make here is, that when we have subtracted 20% for evap-
oration and 30 inches for transpiration, the remainder will closely
approximate the amount that'has escaped by run-off and percolation.

This remainder varies in different parts of the Island, from 13%
of the average rainfall in District 5, which, is very dry, to 59% in
District 3, which is very wet. The 'average for the Island as a whole
is 39%.

By this mode of reasoning there could be no run-off and no per-
colation to the artesian supply where,the rainfall was less than 37.5
inches. This, of course, is not strictly true because there are now
and then rains, even in the driest areas, that cause some run-off. Lit-
tle if any of this water can go into storage, however, as these dry
areas are nearly all below the upper edge of the cap-rock of the ar-
tesian supply.

In District 6, West Honolulu, there was an opportunity to check
this calculation. The water remaining after our deductions was 43%
of the total rainfall for the District and amounted to 84 million gal-
lons per day. In the report of the Honolulu Sewer and Water Com-
mission for 1927, the conclusion is derived that 42 million gallons
per day is a safe limit for pumping from the artesian supply of this
District. Now, in 1928, after compilation of all stream-gaging data
in this District since 1911, their estimate of the surface run-off at
the 200-foot contour (assumed cap-rock catchment limit) is 35 million
gallons per day. These two amounts give a total of 77 million gal-
lons per day as compared with 84 million gallons calculated above by
an entirely different method. The difference, 7 million gallons per
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day, is due to the seepage into the streams below the 200-foot contour.
Table 3 gives the probable dily amount of water entering the

artesian supply and escaping as run-off in an average year, a very
wet year and a very dry year. The most important year, of course,
is the very dry year., Looking again at District 6, West Honolulu,
we find in the dry year a daily average total of only 31' million gal-
lons entering the artesian supply and escaping as surface run-off. In
that portion of this district above the 100-inch isohyet the
average for the very dry year is 28 million gallons per day, or 90%
of that for the whole district. For the Island as a whole, during
a very dry year, the percolation and run-off of the area above the
100-inch isohyet is 85% of the total percolation and run-off.

It is quite evident, therefore, that during wet periods as much of
the surface run-off as possible m'ust be utilized, using the artesiam
supply as storage reservoirs to be drawn on in dry periods that are
sure to coie.

SUMMARY AND CONCLUSIONS
The Island of Oahn was divided into eleven districts or drainage

areas, each composed of several smaller drainage areas having simi-
lar conditions. Data were obtained from 88 stations which were lo-
cated on a map.

Two correlation coefficients were computed to determine the im-
portance of topography as a factor in locating isohyetal lines. Ap-
parently the distance from the crest of the range, either to leeward
or windward, is far more important than elevation in determining
the amount of rainfall at a given point.

Isohyets were drawn and the intervening areas measured. Each
area was multiplied by its average depth to get the total rainfall
for the area. The sum of these totals divided by the number of
square miles in the Island gave an average depth of 68.4 inches,
which is 17%. greater than the average of the stations -used and
probably much nearer the truth, due to scarcity of stations in the
wetter areas.

Deducting from the total rainfall the amounts assumed to be lost
by immediate evaporation and transpiration, there is a remainder that
goes into the artesian supply or escapes as surface rln-off. In a dry
year this remainder, in the Honolulu district is about 31 M. G. D.,
of which 90% comes from the area above the 100-inch isohyet.

By using as much as possible of the amount now escaping as
surface run-off, thus allowing the artesian supply to increase during
wet periods, some provision can be made for future dry periods.
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TABLE I
LIST OF RAINFALL S.TATIONS AND DATA

Area
No.

District

I South
Koolaupoxo

II North
Koolaupoko

III South
Koolauloa

IV North
Koolauloa.

V East
Honolulu

West
Honolulu

VII I East Ewa

Station

Namea

1 Waimanalo
2 Maunawili Ranch

3 Kaneohe
4 Heeia
5 Ahuimanu
6 Waiahole
7 Waikane

8 Kahana
9 Kahana (800 feet)

10 Punaluu Valley
11 Hauula
12 Kahuku
13 Pupukea

14 Makapuu Point
15 Maunalua
16 Wailupe
17 Wailupe Mauka
18 Diamond Head Light
19 Kaimuki

20 Kapiolani Park
21 Waiomao, Palolo
22 Kaau Crater
23 Olympus
24 Upper Manoa, Shingles
25 Manoa
26 Rhodes Garden
27 Manoa (Oahu Ave.)
28 Manoa (Kidwell)
29 Punahou, J. C. Lyon
30 Kalakaua Ave., near King
31 Old Naval Station
32 U. S. W. B.
33 Nuuanu
34 Kinau St.
85 U. S. Exp. Station
36 Tantalus, Giffards
37 Tantalus, Frears.
38 Tantalus, Isenbergs
39 Konahuanul
40 Nuuanu Pali
41 Luakaha (Upper)
42 Luakaha (Lower)
43 HIillebrand Glen
44 Nuuanu 554
45 Nuuanu Elec. Light Sta.
46 Wyllie St.
47 Insane Asylum
48 Kalihi
49 Kalihi Mauka
50 Mioanalua

51 Halawa Uka
52 Aiea 500
53 Aiea
54 Puuloa
55 Pearl Harbor
56 Waimalu 500
57 Waimalu
58 Waiahole Ridge
59 Waiawa (Upper)
60 Waiawa
61 Waipahu

aNames above as found in Bulletin W and
Weather Bureau or on file in the Honolulu office.

bData modified by interpolation.

No. of
years Altitude
record (feet)

34
33

29
18
24
11

6
10

3
6

.37
21

20
2
2
2
8
7

14
3
1
2
7

19
8
9
6

23
15
27
23
41
49

7
8

27
10

2
9

23
38

2
6

37
33
35
14

17 Mo.
27 Yr.

5
18
25
26
15
21

4
11
23
30

25
250

60
50

350
750
850

8
$00
300-

60
25

520

570-
20
15

200
70

280

10
600

1,700
2,450

300
300
300
210
100

80
10

6
80
50
50

120
1,300
1,360
1,665
3,100
1,136
1,125

881
1,200

554
405
250

30
520
970

15

480
500
110

15
50

500
"200

2,100
725
675
200

* Average I
annual rainfall'

Rec- Modi-
orded fiedb

44
83

53
56
83

128
163

73
239
125

58
38
54

21
21
27
37
22
22

23
69

102
92

149
91

137
59
47
38
38
25
29
40
29
50

105
103
154
130
115
153
141
143
132

86
64
39

117
132

34

144
40
34
21
23
46
37

158
167

49
25

climatological data of the U.
I I I
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Miscellaneous measurements on Oahu during the years 1909-1928

Area
No.

District

VIII West Ewa

IX East
Waialua

X West
Waialua

XI Waianae

TABLE 1--Continued
LIST OF RAIINFALL STATIONS AND DATA

No. Station No fi Average

StoAn ti annual rainfall

years (feet) Recorded
No. Name& Irecord dRec- IModi-

________I rded I fiedb

62 Apokaa 23 20 20 21
63 Hoaeae (Upper) 20 705 35
64 Field 49 Oahu Plantation 8 575 27
65 Field 29 Oahu Plantation 8 300 21
66 4 House Camp 23 170 19 21
67 No. 6 Reservoir 23 120 18 19
68 Ewa Plantation Mill 36 50 21
69 U. S. Magnetic Station 27 50 20
70 Wainmnalo Village 23 50 16
71 Pump 10- 1 40 18
72 Palehua 5 2,500 3i 45

73 Army Reservoir
74 Wahiawa
75 Wahiawa Water Co. Intake
76 Kawaiiki
77 Opaeula
78 Kawailoa
79 Waimea

80 Waialua Mill
81 Mokuleia
82 Kaala Gulch
83 Schofield Barracks

84 Lualualei Camp
85 Waianae
86 Waianae Mauka
87 Makaha
88 Makaha Kai

1,200
1,000
1,200
1,180
1,100

185
360

30
200

1,700
990

80
6

1,575
1,300

80

U. S.aNames above as found in Bulletin W and climatological data of
Weather Bureau or on file in the Honolulu office.

b Data modified by interpolation.
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Miscellaneous measurements on Oahu during the years 1909-1928

TABLE 2
AVERAGE RAINFALL ON ISLAND OF OAHU

Annual rainfall
Average

Weighted Average Average million
District Depth Area volume Average total million gallons

area (sq: mi.) (sq, mi. depth million gallons per day
ins.) (ins.) gallons per day per sq.

mile

35 11.62 406.5
50 9.75 487.5
70 8.12 568.4
90 4.42 397.8

110 .66 72.6
130 .14 18.2

14.71 1,951.0 56.2 34,000 93 2.68

II 55 7.08 389.0
70 1.44 520.8
90 7.46 671.4

110 4.96 545.6
130 a.14 408.2
150 1.41 211.5
170 1.00 170.0
190 .45- 81.7
210 .04 8.4

1.02.96 ,06.6 91.2 53.400 146 4.43

III 55 2.02 111.1
70 3.87 270.9
90 3.41 306.9

110 3.47 381.7
130 2.90 377.0
150 2.64 36.0
170 2.27 385.9
19"0 2.37 450.0
230 2.14 450.0
210 1.30 299.0
245 1.24 304.0

27.63 3,732.5 15.0 65,000 178 6.45

IV 35 7.29 255.2
50 14.50 725.0
70 12.08 845.6
90 8.45 760.5

110 3.24 356.4
130 2.31 300.3
150 1.46- 219.0
170 1.07 181.9
190 .20 38.0

-50.60 3,681.9 72.8 64,000 175 3.50

V 30 19.50 585.0
50 4.52 226.0
70 2.1, 149.1
60 1.20 108.0

27.35 1,068.1 19.0 18,600 51 1.86
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Miscellaneous measurements on Oahu during the years 1909-1928

TABLE 2
AVERAGE RAINFALL ON ISLAND OF OAHU

Annual rainfall
AverageWeighted .Average Average million

District Depth Area volume Average total million gallons
area (sq. ml.) (sq. mi. depth million gallons per day

ins)i nsns.) gallons per day persq.
_ _ _ mile

VI 30 20.30 609.0
50 6.01 300.5
70 5.27 368.9
90 5.05 454.5

110 5.05 555.5
130 7.32 951.6
150 5.54 831.6

54.54 4,071.6 74.7 71,000 194 3.56

VII 30 28.99 869.7
50 9.92 496.0
70 7.20 504.0
90 6.57 591.3

110 5.92 651.2
130 5.37 698.1
150 13.01 1,951.5
170 5.26 894.2
190 3.50 665.0
210 2.48 520.8
230 .70 161.0

88.92 1 8,002.8 90.0 139,500 382 4.30

VIII 18 23.50 423.0
30 47.50 1,431.0
50 7.74 387.5
60 1.07 64.2

80.00 2,305.7 28.8 40,200 110 1.38

Ix 35 24.30 850.5
50 19.77 988.5
70 13'.97 977.9
90 9.12- 820.8

110 4.19 460.9
130 3.04 395.2
150 2.55 382.5
170 2.48 421.6
190 2.50 475.0
210 5.06 640.5
230 5.06 1,163.8
245 3.40 835.0

93.43 8,412.2 90.0 146,500 401 4.28

X 35 20.20 707.0
50 16.70- 835.0
65 10.20 663.0

47.10 2,205.0 46.8 ,500 105 2.23

XI 30 36.23 1,086.9
50 16.60 830.0
68 7.86 535.0

- .69 2,451.9 40.4 42,700 117 1.93

Total for Oahu 598 40,"9.3 68.4 1 713,400 1,950 3.26
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Miscellaneous measurethents on Oahu during the years 1909-1928

TABLE 3
PROBABLE AMOUNT OF WATER ESCAPING AS RUN-OFF AND ENTERING

THE ARTESIAN wSUPPLY .
Million gallons per day

District No. Average year Wet year Dry year

I ......................................................... 26 56 6
...... 70 1341- 25

III.................................................... 105 176 48
IV .......... ........... ............... 73 135 21
V ....... ... ............................ 8 16 1

VI ...................................... 84 146 31
V II ................... ......... . . . .. 180 325 81

V III ........................................................... 4 23 0
IX ..................................................... 192 336 80
X ...................................... 19 45 0

XI ......................................... ... 18 43 2

T otal for O ahu ...... ............................... 779 1,431 295

For area above 100-inch isohyet:
Total for Oahu ...................................... 529 872 250
Total for District No. VI ............. 64 113 28
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Part IV

Surface, Spring and Tunnel
Water Investigations

By

J. F. KUNESH, HYDRAULIC ENGINEER



PART IV

SURFACE, SPRING AND TUNNEL
WATER INVESTIGATIONS

By
J. F. KUNESH, HYDRAULIC ENGINEER

SECTION 1

GENERAL
(Plates A to F)

THE PROBLEM
The artesian water resource of the Honolulu region should

always remain the City's major water supply. It is now in a
critical condition. One-time good wells have become salty, and
indications are that effects of salinity will continue to increase.
This is not a new experience. Thousands of wells have been
ruined by over-draft in other parts of the world and surface-
water supplies had to be found, tapped and more expensive water
developed to take their place to maintain large centers of popu-
lation.

Honolulu City is no longer a village. A polic of watchful
waiting may result in the complete loss of thisGodsend of ua\
water supply. It takes years to complete an extensive engineer-
ing project. All engineering deductions lead to the conclusion
that, with a rate of rainfall equal to that indicated by records of
rainfall of the past 40 years and a draft growing in even a con-
trolled proportion of the draft of the past, the artesian supply
will be overdrawn and salt contamination will result in from 2
to 8 years. It is a proven and easily understood fact that once a
water of a concentration of salt of 2,200 grains per gallon (sea
water) mixes in a porous formation with a potable water of less
than 30 grains per gallon, the effect is such that diffusion far above
30 grains remains for years to come. A certain quantity of the
heavier salt water, after rising to replace voids formerly filled
by fresh water, remains in the rock many years and it takes large
quantities of fresh water to wash it out again.
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As nearly as may be ascertained from all available data, the
draft from, and the absorption into, the artesian supply is now in
the balance during the year of average rainfall: 42 million gallons
per day are added to the supply by absorbed rain and 42 million
gallons per day, allowing for a probable leakage within the artesian
structure itself, are taken out. Our best estimates, furthermore,
indicate an average recharge during the driest year, 1926, of only
16 million gallons per day. Fortunately, in 1926 the static level
was still high enough to yield its remaining benefits of centuries
of storage. Another such dry year may ruin one of Honolulu's
greatest assets.

Conservation by sealing of defective and wasteful wells, meter-
ing of all privileges and all possible control is a great step forward
to thwart such a catastrophe. But its good effects will result in
the most effective use only of a limited natural average 42 mil-
lion gallons per day. It will not meet, by itself, the emergency
that arises when such a drought as that of two years ago, 1926,
reoccurs. Conservation of other wasting natural water resources
must be applied to allay the impending calamity.

Preparedness is a foresight worthy of wise engineering and
legislation. It is not only of present immediate concern: it is
also a civic duty to future generations-to the welfare of future
Honolulu. To Legislative Act 222 of the Fourteenth Territorial
Legislature largely goes the credit of foreseeing this need of pre-
paredness and vesting a commission with full power and authority

"to survey and investigate the location and sources of
supply of water within the District of Honolulu, both
surface and underground, and any surface waters out-
side of said District in said Island, and to determine
or estimate the amounts available for use and the
maximum production of such sources thereof."

With this supreme responsibility in mind, this Commission under-
took to cover completely a difficult field. Unbiased and unprej-
udiced in any manner, it exploited every known field of endeavor
and the following analyses and deductions are respectfully sub-
mitted.
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SUPPLEMENT

These investigations, then, deal primarily with the development
of surface-water resources. Whatever benefits may be derived
from underground water encountered in tunneling from one
stream to another are so problematical as to necessitate neglect of
their quantities- until the surface-water problems have been
solved. In this manner no uncertain element is incorporated into
the analyses of measured basic data. Wherever, by comparison
with other completed tunnels, indications point to a possibility of
additional tunnel water, their estimated quantities may be added.
Tunneling in the Honolulu region is taken up in Section 3 and
tunneling in the Koolau Range outside of the Honolulu region is
taken up in Section 5 of this Investigation.

With data secured by the Water Resources Branch, U. S. Geo-
logical Survey in cooperation with the Territorial Division of Hy-
drography, covering nearly 20 years in all their various forms, de-
grees of completeness and scattered in published and unpublished
form, the necessity of compiling this mass of information in sys-
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tematic tabulation became apparent. The SUPPLEMENT, "Sur-
face Water Supply of the Island of Oahu, 1909-1928" containing
all these data relative to the Island of Oahu was prepared and be-
comes a part of this Report. It is on these basic data supplemented
by rainfall and other data, that the following analyses and deduc-
tions are founded.

OAHU'S RAINFALL AND ITS DISTRIBUTION

Preparatory to a general understanding of the limits and solu-
tion of the Problem, there have been prepared six studies, each of
which is used and referred to where stream-gaging records are
inadequate or used generally, and as they lead to other allied sub-
jects and deductions. These studies cover the major phases of
the Problem of the water resources of the Island of Oahu as con-
tributory to the water supply of the City of Honolulu and prepare
the reader for the detailed analyses following in the subsequent
7 sections. The logical relation of these studies to each other may
be shown thus:

(1) RAINFALL
(2) RUN-OFF (3) ABSORPTION

(Surface water) (Underground water)
(4) PRESENT UTILIZATION

(5) FUTURE UTILIZATION

(The Comprehensive Plan)
(6) DISTRIBUTION OF RAINFALL

(a) Evaporation
(b) Transpiration
(c) Run-off
(d) Absorption

These six studies are treated under this GENERAL, the first
of eight sections, of this Investigation.

The first five subjects have been treated on maps of exactly the
same size and scale, so that by superimposing any one of these
maps over any of the other four, one may find the relation of
any one study to any of the others for any part of the Island.

RAINFALL.-Plate A is a map of the Island of Oahu show-
ing the isohyetose lines (lines of equal rainfall) based on all avail-

able rainfall data, and prepared by J. F. Voorhees, Meteorologist,
United States Weather Bureau. Table 1 gives a list of all the
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rainfall stations, 88a in number, separated into 11 major districts

with data relative to the number of years record available for each

station, the elevation of each station and the average, recorded

annual rainfall in inches reduced to the average year. Table 2

gives the areas of each district in square miles and the annual rain-

fall reduced to square-mile-inches, average depth in inches, aver-

age total million gallons on the area of each district, and average

million gallons per day per square mile. Table 3 is a talbulation

by districts of the "Probable Amount of Water Escaping as Run-

off and Entering the Artesian Supply" in million gallons per day

for the average, wet and dry years. Reference is made to Ap-

pendix A, Supplement (where this map also appears) for a com-

plete description of this analysis.

The value of continuing rainfall-gaging stations is obvious.

RUN-OFF.-Plate B is another map (also appearing in the

Supplement) of the Island showing all the more important streams
and locations of regular gaging stations and points of miscella-

neous measurements. The latter show "point" numbers correspond-

ing to the numbers used in the list of miscellaneous measurements

in the last third of the Supplement. Table 1 is a list of regular

gaging stations with approximate elevations, number of years of

record and daily maximum, average and minimum discharge. This

list includes the 16 gaging stations established and records main-

tained by this Commission. Table 2 shows some of the major

streams covered by miscellaneous measurements made by this

Commission during the year ending August, 1928, to determine

relations between discharge and elevation in percentage of the

discharge at elevation 300. Table 4 shows the results of 'Monthly

and semi-monthly measurements made by this Commission of the

discharge and salinity of Pearl Harbor Springs. 'These are the
only data of value available covering this important water supply.

ARTESIAN WELLS.-Plate C, the third map of this series, is

based on data prepared by K. N. Vaksvik, Artesian Well Engi-

neer, Territorial Division of Hydrography. It shows the location

of all the known wells outside of the City of Honolulu and gives

the following data in tabular form concerning the various artesian

areas:
Table 1 classifies Oahu's artesian wells, their utilization, capa-

'The Commission now maintains 20 additional rainfall gaging stations at various
elevations in the mountains of the Honolulu region.
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REPORT-HONOLULU SEWER AND WATER COM JISSION-1929

city and draft. Table 2 gives the maximum and minimum arte-
sian heads and average salinity, based on monthly observations of
the Territorial Division of Hydrography, M. H. Carson, Super-
intendent, of 4 typical wells at Waipahu, Honouliuli, Waialua and
Hauula for the years 1910 to 1928. Table 3 classifies the wells in
Honolulu's four isopiestic areas by utilization and condition.

UTILIZATION. Plate D is the fourth map of this compara-
ble series and shows the general relation of the water demand of
agriculture and rural Oahu to the City of Honolulu. It shows the
various sugar plantations, pineapple lands, forest reserves and
rice, taro and banana fields. This information was furnished by
the various sugar and pineapple managements and D. M. L.
Forbes, Director of the Agricultural Extension Division, Uni-
versity of Hawaii. Table 1 shows the land and estimated water
requirements for the various sugar plantations with information
on acreage, tonnage and water requirements. Table 2 shows the
land and water requirements for the various rice, banana and taro
fields. Table 3 tabulates the pineapple lands under cultivation.
Table 4 is a summary of the land and water requirements of the
various interests of the Island.

COMPREHENSIVE PLAN. Plate E is the fifth and last of
this series of maps, and it shows the final plan of development of
the Island's various water resources in their probable order of in-
corporation into a One Comprehensive Plan. The various tables
are not of the basic-data nature of the four foregoing plates, but
are rather summaries of the studies of the following seven sec-
tions. It is incorporated at this point to prepare the reader for
the analyses following xnd to make it convenient to superimpose
any one of the five maps over any one of the other four to con-
centrate and study the interallied relationships of these five various
hydrologic phases. This Plate is the foreground of our concep-
tion of the hydrologic and economic correlation of Oahu's water
resources.

RAINFALL DISTRIBUTION. Plate F is a quantitative
analysis of the rainfall of Oahu with special reference to the
artesian and run-off yields of the Honolulu region for the aver-
age, wettest and driest years. The total rainfall for the Island for
these three years (average, maximum and minimum) is derived
from Plate A and the observations that the wettest year (1927)
was 50% greater and that of the driest year 40% less, than the
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average year. These values 1950, 2925 and 1230 M. G. D. were
plotted to a horizontal scale on the three long rectangular areas
and those of the Honolulu district (VI)-194, 291 and 116 M. G.
D.-were plotted within, forming the three long narrow darker
areas below.

EVAPORATION.-Based on references to texts and applying re-
sults to tropical-island conditions, an evaporation of 20% of the

annual rainfall for each of the three years (average, maximum
and minimum) was then scaled off within the rectangles of total
rainfall both for total Oahu and the included Honolulu areas.
This corresponds to a land evaporation of 13.7, 20.5 and 8.2 inches
per year for the three years from the whole areas as compared

with about 75 inches per year from water surface at Luakaha.
TRANSPIRATION.-Based on comparisons with studies elsewhere,

principally A. F. Meyer, Trans. A. S. C. E., Volume 79, 1915,

a rate of transpiration (the use of water by all vegetation) of
30 inches per year was applied over those areas where and when
30 inches of rainfall was available. Combined with evaporation
and the total deducted from rainfall, there are left Oahu values
of 779, 1431 and 295 M. G. D. and Honolulu values of 84, 146
and 31 M.-G. D., available for surf-ce run-off and artesian supply
during the average, wettest and driest years, respectively.

SURFACE RUN-OFF.-Not all streams on Oahu have been
gaged. However, those -f Honolulu (Moanalua to Palolo), rain-
fall district VI, have been gaged from over two to fifteen years.
Reducing these records to (1) run-off for average rainfall of 33
years and (2) common elevation of 200 feet above sea level, the
approximate elevation below which whatever rain may fall cannot

get below the cap rock and into the artesian supply, a mean daily
discharge in all these streams was obtained and found equivalent
to 35 M. G. D. Assuming, by comparison with data from our
elevation-discharge studies, an increase in flow of the streams by
shallow underground percolation of 20% below the 200-foot con-

tour (7 M. G. D.), an average surface run-off within the Hono
lulu district during an average year of 42 M.G.D. was obtained.;
With 50% (42/84) of the total remaining rainfall left after de-
ducting evaporation and transpiration, the same percentage of
the above remainders (779, 1431 and 295 M. G. D. for Oahu and.
84, 146 and 31 M. G. D. for Honolulu) was applied to determine
the surface run-off for the wettest and driest years. This separa-
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tion was checked by study of incomplete run-off records for the

driest calendar year 1926 and complete run-off records for the
wettest calendar year 1927.

UNDERGROUND ABSORPTION.-Inevitably, the remainders, equiv-

alent to surface run-off, go into underground absorption-

either shallow or artesian. These, values are 390, 716 and 148 M.

G. D. for Oahu and 42, 73 and 16 M. G. D. for Honolulu for the

average, wettest and driest years respectively. Coincidently, Ho-

nolulu's value of 42 M. G. D. for the average year checks the value

determined by the water-level method and reported heretofore as
the "safe artesian yield" for the average year. By virtue of these

two checks, it is assumed that all other values here derived are rea-

sonably comparative and accurate. This leads to the conclusion that
the quantitative values of yield of the Honolulu's artesian district

(Moanalua to Palolo, inclusive) not including any qualitative
irremediable effects of residual salinity due to levels of sea water

attained during periods ofexcessive draft, are 42 M. G. D. for

the average year, 73 M. G. D. for the wettest year and only 16

M. G. D. for the driest year. PEARL HARBOR SPRINGS,

of artesian origina have been measured for the year ending Sep-
tember 30, 1928, and their values estimated for the three years

analyzed above by comparison with values of total underground
absorption.

THE VALUE OF THIS STUDY

may readily be appreciated when it is remembered that it answers

the everywhere-heard question "What becomes of all this rain-
fall ?" It establishes-approximately, it is true-the limits within

which each and any phase of water development lies. Beyond

those limits of supply-and rainfall is our only source of saltless
water-demand must be controlled by conservation. It is an ap-

plication of the best use of data we have. Larger engineering

projects than this have been based on data of this nature. As we

acquire more data, closer approximations can be made. This

analysis, with its five basic maps, draws an undistorted picture of

the relation of our rainfall resources with its usable portions of
run-off and absorption, its present utilization and remaining pos-
sibilities as to future development into a One Comprehensive Plan.

a Palmer, H. S.; The Geology of the Honolulu Artesian System, pp. 20 and 43.
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SECTION 2

STORAGE RESERVOIRS
(Plates G, H and I)

ADVANTAGES

1. The value of a storage reservoir consists of its ability to
store the flood water of a stream for its subsequent use when the
flow of that stream is low and inadequate. Storage capacity may
be provided for the entire flow or only a part of the flow of a
stream. There is usually either a topographic or an economic
limit to a reservoir, above which the flow is wasted by overflow
through a spillway.

2. The storage reservoir also acts as a settling basin and the
coarser suspended particles are removed, thus decreasing turbidity.

3. Some localities benefit by a storage reservoir from the scenic
attractiveness that is added by the artificial lake which is created.

4. A storage reservoir may contribute to a large extent toward
augmenting the natural underground water supply.

DISADVANTAGES
Unfavorable circumstances on the Island of Oahu, as affecting

Honolulu's water supply, attached to storage facilities are:
1. Lack of topographically favorable sites;
2.' Unreliability of volcanically heterogeneous geologic forma-

tion with attendant possibilities of danger from failure ;a
3. Proximity of favored sites to areas of very dense population;
4. Increase of color of water due to organic growth, as evi-

denced by Kaau Crater overflow, rendering filtration difficult;
5. Wave action, due to high winds in uplands, causing colloidal

turbidity at low stages and requiring more coagulant in fil-
tration, as evidenced in Nuuanu reservoir No. 4;

6. Comparatively excessive cost of dam;
7. Inundation of valuable lands which are limited;
8. Scarcity of water at the high elevations favored for sites,

beyond which are only small drainage areas (960 acres-l.5
square miles, back of Nuuanu reservoir No. 4);

"To build a dam is not merely a question of proper design and suitable mate-
rials: the adaptability of the dam to the damsite is just as serious a matter." C. E.
Grunsky, in address to Engineering Association of Hawaii.
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9. More economic community development secured by reserv-

ing the sites for other uses;
10. Excessive losses by seepage and leakage as evidenced by

performance of Nuuanu reservoir No. 4;
11. Inefficient performance of Nuuanu reservoir No. 4 as re-

flected in the output of the city's hydroelectric plant.
1. Natural reservoir sites that are large enough to be of value

are lacking on the Island, and especially in the vicinity of Hono-
lulu, because of the steepness of the stream beds. The following
more favored sites have been investigated and surveyed by various
past governmental bodies and their capacities, various heights of
dam, flooded areas and spillway elevations estimated:

Maximum Capacity Flooded
No. Valley Spillway depth of (Million area

elevation reservoir gallons) (Acres)
(Feet)

1 Nuuanu No. 4 1,028 63 532 80
2 Nuuanu No. 3 807 16 11
3 Nuuanu No. 2 735 12 7
4 Nuuanu No. 1 393 20 21
5 Luakaha 918 6
6 Kalihi 890 120 670 55

880 110 500 47
870 100 360 39
860 90 240 32
850 80 150 22
840 70 87 15

7 Palolo (Kaau) 1,500 Kaau Crater
8 Palolo 700 72 28
9 Moanalua 600 20

It is significant to compare the depths of these reservoirs for
their contents with the depths and contents of other reservoirs
more topographically favored:

Depth of Length of Content I
Dam Location reservoir dam (Million Area

(Feet) (Feet) gallons) (Acres)

Ashokan ......... N.Y. 130 4,650 128,000
New Croton ...... N. Y. 135
Kensico .......... N.Y. 215 1,825
Waehusett ....... Mass. 114 1,476 63,000
San Mateo ....... Cal. 150 680 31,000
Roosevelt ........ Ariz. 260 1,080 420,000
Elephant Butte.. N. M. 210 1,200
Arrowrock ........ Ida. 250 1,000
Sweetwater ...... Cal. 90 380 5,882
Shoshone ........ Wyo. 235 200 148,500
Pathfinder ....... Wyo. 190 425 326,700 24,000
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Generally on the mainland, a favorable site of from once to
twice the depth of Oahu's best sites furnishes from 50 to 500
times the storage capacity.

2. The great variation of the Hawaiian volcanic rocks from
place to place is well known. Their weak resistance to the chem-
ical and mechanical attacks of water is manifested on the rapidly
eroding pali. Even the hardest sills and dikes yield eventually
to the incessant attack of water. The recent failure of the St.
Francis dam in California, due to a geologically unsafe site, is an
example. Another similar failure is described in Engineering
News Record, Vol. 100, No. 17, p. 674 of the "Puentes darn in
Spain, built in 1785-91, 167 feet high, 152 feet thick at the base
and about 900 feet long, somewhat curved in plan. The dam was,
not founded to bedrock for 67 feet and when the water reached
the level of 155 feet the pile foundation was pushed out like a
cork from a bottle and a part of the rubble masonry of the center
part of the dam 67 feet wide and 100 feet deep was carried away."

Many other failures have been due to geologically unsafe sites.
3. Proximity of a reservoir site to an area of dense population

is a serious disadvantage. All of Honolulu's reservoir sites are
within a half hour's distance of the City, allowing no time, in event
of a break, for the flood's crest to be dissipated in its path to-
wards civilization. This point is illustrated by the recent action
of the City of Los Angeles as an aftermath of the recent St.
Francis disaster as reported in Engineering News Record, Vol.
100, No. 17 of April 26, 1928, page 677 in the following item:

"The Board of Water and Power Commissioners of Los Angeles on
April 20 appointed a board consisting of Louis C. Hill and R. E. McDounel.
engineers, and R. T. Hill, geologist, 'to make a comprehensive survey of
the water systems of the city, to determine the necessity of reservoirs in
the hills overhanging the populous sections of the city and for the further
purpose of recommending other methods of meeting the city's water needs
where this can be accomplished.' The water board also passed a resolution
agreeing to remove such reservoirs if the engineering board recommended
a practicable method.

Independent action by the City Council to assure the public took the
form of the appointment of another engineering board, consisting of A. J.
Wiley, F. C. Hermann and C. H. Paul, who will investigate and report on
the safety of existing dams, beginning with the Mulholland dam above
Hollywood."

The above experience is fatherly advice from a populated dis-
trict benefiting from the disaster of a less populated section.

4. Filtration is rendered more expensive if shallow flowage
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exists, such as is found in the Nuuanu reservoir No. 4, due to the

plant growth, its decay and formation of nitrates, nitrites, color,

etc. Kaau Crater overflow is visibly brown in color and certainly

not potable. There should be as little area alternately flooded and

exposed as possible and the construction and maintenance required

would increase considerably the past costs of installation and oper-

ation of such reservoirs as Nuuanu No. 4. Over 50% of the area

of this reservoir is covered with a growth of heavy grass.

5. While a storage reservoir of the magnitude of Nuuanu No.

4 will cause the settling of all gravel, sand and much silt, it does

not remove turbidity due to fine silt and clay. On the contrary,

the water in this reservoir has never been seen potably clear and

water coming from the mountains perfectly clear, twenty minutes

later becomes muddy and is kept muddy by the constant lapping

of the waves against the flat muddy banks. This condition will

inevitably increase the cost of coagulant and filtration.

6. The Nuuanu dam cost $298,000; the Wahiawa dam cost

$239,000 and spillway changes later amounted to over $200,000

additional at pre-war prices. Reducing these costs to present
prices, the cost of a dam of the approximate reservoir capacity

of reservoir No. 4 would be at least about $600,000. This is ap-
proximately the cost of a 15-million-gallon-per-day filtration plant

which, for our best Honolulu district stream combinations, as

shown in Plate T, will yield from the combined supply an average

of about 7 million gallons per day. However, remembering that

storage does not eliminate filtration, we have the initial cost of a
reservoir-filtration development of a continuous capacity of 15

million gallons per day equal to $1,200,000 as compared with a
total 30-million-gallon-per-day filtration plant without reservoir

storage, that can be built at the same cost having the capacity to

produce an average yield of 12.5 million gallons per day. (A

15-million-gallon-per-day plant for Kalihi and Nuuanu at an ele-

vation of 600 feet would yield an average of 6.3 million gallons

per day; and, a 15-million-gallon-per-day plant for Manoa and

Palolo at an elevation of 300 feet would yield an average of 6.2

million gallons per day.) In other words, the money spent on a
reservoir for storage of water may be spent on a filtration plant

of a capacity much in excess of the avercge yield. Such a plant

would be able to "catch" floods as much as 100% larger than its
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average daily output. This is, then, virtually a "filtration storage"

as compared with a "reservoir storage." And, up to the produc-

tion of an average of about 12 million gallons per day, as deduced

from the Development-Supply curves of the best combinations

and elevations of Honolulu Streams-Kalihi and Nuuanu at 600-

foot elevation and Manoa and Palolo at 300-foot elevation- ( See

Plate R), the filtration storage is cheaper than the reservoir stor-

age. The following tabulation compares the two schemes:

Reservoir storage vs. Filtration storage

Dam ......................... $ 600,000 0
Excess land ................... 1. 00,000 0

(50 acres vs. 10 acres @ $2,500
per acre)

Filtration plant ............... 500,000 $1,200,000
Total ...... ................ $1,200,000 $1,200,000

Capacity (1M. G. D.) ............ 12 30
Yield (M. T. D.) .............. 12 12

Beyond 12 M. G. D., development of the streams in either way
becomes more difficult and impractical: more water is not avail-
able at the upper elevations for reservoir storage, and increased
production at the lower elevations requires a rapidly-increasing
filtration capacity for the "filtration storage." However, a 12-M.
G. D. increase in the city's supply from the Honolulu district
streams added to the estimated average-year "safe" artesian yield
of 42 M. G. D. will furnish the city's controlled requirements up
to the year 1960.

At that time the filtration capacity may be further increased and
still more of the flood peaks "caught"-at increasing initial costs,
however, as the average output (a measure of efficiency) of a
unit of capacity of plant decreases with increase in capacity. How-

ever, as water becomes more and more valuable, this increased
cost of unit of capacity per unit of supply will become jusified
and eventually practically the entire manageable flow of the
streams may be conserved by "filtration-capacity storage."

7. Inundation of the limited flat and valuable lands of this

Island varying in intrinsic value of from $2,000 to $20,000 per
acre, with a reservoir requiring say 60 to 100 acres of land, adds
an item-government or privately owned--of from $120,000 to
$1,000,000. This excess cost, again, would install a filtration

Sect. 2
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plant, requiring only from about 3 to 10 acres of land, of a capa-
city of from 3 to 20 million gallons per day.

8. Monthly series of elevation-discharge measurements cover-
ing a whole year (shown in curves in Plate I to XVII, of the
Supplement), made during low and mediurh stages, show, due
mostly to the rapid decrease in drainage areas toward higher ele-
vations, that the discharge at elevation from 800 to 1,000 feet is
only from about 20% to 40% of the discharge at elevation of 300
feet. The discharge in Kalihi Stream at elevation 800 is 35% of
the discharge at the 300-foot elevation, while Manoa Streams, at
an elevation as low as 600 feet, provide only 25% of the flow at
the 300-foot elevation.

"'Sacrificing" elevation, then, in the location of a filtration plant
down to as low as 600 feet, which is sufficiently high to be above
99% of the City's population (see Plate W), twice as much
"normal" flow, or more, water is available as at the usually high
elevations of heretofore- favored reservoir sites (Kalihi--800 feet;
Nuuanu-1,000 feet; Palolo-700 feet; etc.).

(a) The following summary of the total annual run-off in Kalihi
Stream at Kioi Pool at elevation 470 feet and elevation-discharge
reduction thereof to 800-foot elevation, is sufficient evidence in
itself to show the ineffectiveness of a reservoir as heretofore
favored in upper Kalihi Valley:

Total Run-Off in Million Gallons
At elevation 470' At elevation 800' Capacity of Number of

Year coefficent 1.00 coefficient 0.40 proposed times entire
endinFor reservoir year's flow

June 30 No. of For year Forat elevation would have

days period (com- (computed) at (cr's reservoir
record (record) puted) at r.

1914 220 891 1,480 590 0.88
1915 325 2,000 2,250 900 1.34
1916 355 2,270 2,330 930 1.39
1917 365 1,980 1,980 790 1.18
1918 365 1,92C 1,920 770 1.15
1919 365 1,530 1,530 610 .91
1920 366 1,020 1,020 410 .61
1921 359 1,430 1,460 580 670 .87
1922 365 1,950 1,950 780 1.16
1923 365 2,970 2,970 1,190 1.78
1924 366 1,600 1,600 640 .96
1925 365 1,110 1,110 440 .66
1926 365 679 679 270 .40
1927 365 2,650 2,650 1,060 1.58

Totals 1 4,911 24,000 24,899 9,950 670 14.87
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In other words, U. S. Geological Survey records of the past 14
years of flow in Kalihi Stream show that the entire annual run-
off at elevation 800 feet is only sufficient to fill the heretofore-
favored upper Kalihi reservow site but alout once per year. This
is equivalent to augmenting the City's supply by 670=1.83 million
gallons per day. 365

The City cannot afford to spend $600,000 on a Kalihi darn at
elevation 800 (not including the necessary filtration facilities and
excess land area required besides) to secure an additional 1.83 M.
G.D.

(b) The analysis of Nuuanu Stream at elevation 965 (reser-
voir No. 4) in this manner is more difficult on account of the
effect of artificial regulation and the drowninrg out of springs
within the area of the reservoir itself a making it impossible to
determine the coefficient for elevation 965' to reduce its discharge
in terms of the known flow at elevation 630' (U. S. G. S. gaging
station). However, the following similar estimate is substan-
tiated partly by (a) the fact that this reservoir has overflowed
only 5 times in its 20 years of life, (b) the following duration-
content table, and (c) the fact that the flow at Luakaha weir
(elevation 880') is but about 40% of the flow at 630-foot eleva-
tion. (See Plate 0.)

a These springs were measured when the reservoir was empty. (See miscella-
neous measuremns, Supplement under "Keiliohia Spring") and found to yield, to
gether with some bank storage, only about 0.3 million gallons per day.

Sect. 2



DURATION-CONTENT TABLE

Nuuanu reservoir No. 4, near Honolulu, Oahu

Year Number
endng of days

June 30 record

1913 180
1914 359
1915 360
1916 366
1917 365
1918 365
1919 365
1920 366
1921 365
1922 365
1923 365
1924 366
1925 365
1926 365
1927 365

Total days 5,282

Per cent 100

Means (14.5 years)

Maxima

Minima
1928 -366-

525 500

0

4

4

.07

.3

4

0

0

Number of days during which co
was equal to

4501 400 1 350I 1 300 250

0

10

0
4

28

11
14

0
49

19
28

2
77

27
42
20
94

7 24 34 42 50 61
0

0 20 37 60 92 110
0 7

200 150

0 44
36 63
75 94
77 133

107 113
O 12

73 88
10 35

125 134
19 43

0 26 40 50 57 67 76 94

7- 80 143 226 325 428 598 3

.13 1.5 2.7 4.3 6.2 8.1 11.3 16.2

.5 5.5~ 10.0 16 22 30 41 59

7 26 40 60 92 1110 125 134

0 0 0 0 0 10 0 0

1 17 27 51 70 175 86 104

ntent of reservoir, in millions of gallons,
or greater than

100 75 50 40 30 20 I 10 0

0 40 53 82 100 180
125 137 177 196 215 262 327 359
162 221 250 262 277 290 322 360 0
158 221 273 291 313 360 366
197 208 243 268 350 365 I
147 175 188 203 241 276 332 365 i
47 85 185 202 250 307 365

0 10 33 108 165 226 366

130 143 173 177 189 217 250 365 W
78 101 121 150 185 218 276 365 M

159 179 257 267 282 292 302 365
81 101 117 130 147 174 220 366

0 3 9 14 36 157 365
0 4 13 31 107 365

108 116 117 158 196 213 278 365

1,392 1,687 2,154 2,403 2,862 3,366 4,073 5,282

26.4 31.9 40.7 45.5 54.2 63.7 77.0 100.0

96 117 149 166 198 233 282 365

197 224 273 291 350 365 366 366 0

0 0 0 4 13 31 107 365

130 159 279 291 306 333 355 366



ESTIMATE OF TIE RUN-OFF OF NUUANU STREAM AT THE NO. 4 DAM AT ELEVATION 965, BASED ON RUN-OFF

RECORD OF 14 YEARS AT ELEVATION 630 FEET

Total run-off in million gallons

At elevation 630 feet;
coefficient 1.00

Stream be
wast

(U.S.G.s.

Period
of

record

1,490
2,070
2,680
2,380
2,200

785
260
236

1,410
3,100
1,060

341
290

2 410
2,830

tric plant
30" line
L computed)

Million
gallons'

Year
ending

June 30

1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928

low No. 2 Hydroelec
eway flow in

record) (record and

Year
by K. W.-hr.

computa- output,
tion

2,260
2,070
2,680
2:410
2,200
785
260
438 240,000

1,770 554,000
3,100 739,000
1,060 603 000

341 485,000
290 338,000

2,410 537,000
2,830 600,000

1,660

4.5
M. G. D.

Tunnel
flow in

15" line
(record

and com-
puted)

600
(Esti-

mated)

680,
5291

(600)

Capacity of
reservoir

at overflow
elevation

of
1,025

At elev. 965;
coef. 1.00

Total
(1)+(2)+(3),
assuming flow
at elevation

630
equal to
elevation

965

3,260
3,070
3,680
3,410
3,200
1,780
1,260
1,220
2,800
4,270
2,130
1,340
1,170
3,540
3 890

2,670
7.3

M. G. D.

Note: Footnotes are on following page.

No. of
days
record

241
365
366
361
365
365
366
197
291
365
366
365
365
365
366

400
(Esti-

mated)

186
430
572
467
402
280
445
498

(400)

Number
of times

total
run-off
would
have

filled the
reservoir

7.1
6.7
8.0
7.4
7.0
3.9
2.7
3.1
6.0
8.9
4.5
2.9
2.5
7.7
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a Based on hydroelectric plant record, as follows:

Year Initial reading Final reading Difference
ending on July 1 on June 30 annual output

June 30 (K. W.-hrs.) (K. W.-hrs.) in K. W.-hrs.

1921 .... 1,511,400 1,751,745 240,345
1922 .... 1,751,745 2,305,890 554,145
1923 .... 2,305,890 3,044,500 738,610
1924 .... 3,044,500 3,647,900 603,400
1925 .... 3,647,900 4,133,300 485,400
1926 .... 4,133,300 4,470,850 337,550
1927 .... 4,470,850 5,007,560 536,710
1928 ... 5,007,560 5,536,250 528,690

Based on Venturi record of flow in hydroelectric plant from August
21, 1926, to June 30, 1928, as follows:

Estimated
Year ending Number of Million gallons million gallons

June 30 days for period for year

1927 ......... 314 383 445
1928 ......... 366 476 476

Based on Venturi record of flow from Nuuanu tunnels at Luakaha, at
elevation 880 feet (see Supplement) to June 30, 1928, as follows:

Estimated
Year ending Number of Million gallons million gallons

June 30 days for period for year

1927 ......... 161 299 680
1928 ........ 366 529 529

'To May 8, 1928.

The conclusion derived from this study is that, even if the flow

at elevation 965 feet (Nuuanu No. 4) be taken as equal to the flow
at elevation 630 feet (U. S. G. S. gaging-station record), includ-

ing flows in the 30" hydroelectric and 15" tunnel pipe lines, the

average discharge at elevation 965' would be but 2,670 million
gallons Per year (5.8 reservoirfuls), or 7.3 million gallons per day.

This is a very alarming observation, especially in view of the

known fact that the natural unregulated flow at 965-foot eleva-
tion is probably only about 50% of the combined known flow
measured for 15 years at the 630-foot elevation plus the flows in

the 30" hydroelectric and 15" tunnel lines. In conclusion, then,

the best estimate possible to make is that the total impounding value
of the Nuuanu reservoir No. 4 at elevation 965', where the un-

regulated average "'normal" low-water flow available without stor-

age is about 0.6 million gallons daily, is about 3.6 less 0.6, or but

3 million gallons per day.

9. In this connection will be analyzed, in a preliminary manner,
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the economics of using either the Nuuanu No. 4 (at elevation 965
feet) or Kalihi reservoir site (at elevation 800 feet) as a site for
a vehicular tunnel to minimize the grades of the present Nuuanu
Pali road from Honolulu to the rapidly-growing and prospectively
even more rapidly-growing windward Oahu.

The present Nuuanu Pali road, while it affords the view of his
life to the tourist and is a noteworthy engineering feat, requires
driving over an elevation of 1,180 feet and about 2 miles of heavy
grades as high as 13%. This is a serious drawback to the ulti-
mate growth of, the other side of this Island. Reducing this climb
by 500 feet would reduce materially the difficulties of present
transportation and aid in the windward development.

To use this site for the dual purpose of water storage and a
vehicular tunnel would result in a subaqueous tunnel, the water-
proofing of which would approach in expense the cost of the
rapid-transit subway tubes of New York City over 200 feet below
North and E~st Rivers-$700 to $1,500 per foot.

Our present problem, then, involves the choice of-

(a) Reservoirs in both Nuuanu and Kalihi;
(b) Vehicular tunnel or reservoir in Nuuanu;
(c) Vehicular tunnel or reservoir in Kalihi; or
(d) Vehicular tunnel in either Kalihi or Nuuanu and no

reservoir.

(a) If a storage reservoir had merits enough to justify its
existence, one is already built and paid for in Nuuanu No. 4.
Two reservoirs are not practical, in view of the performance and
other analyses of the Nuuanu No. 4. A water tunnel of 8,500-
foot length between Kalihi and Nuuanu would cost approximately
one-half as much as the Kalihi reservoir and would conduct water
to a single centralized filtration plant in Nuuanu Valley, less ex-
pensive to operate than two plants.

(b) Accepting the logic of (a), Nuuanu Valley then would
become the logical site for the already-constructed reservoir, and

(c) Kalihi Valley would become the site for the non-sub-
aqueous vehicular tunnel; unless reservoir storage is proved utter-
ly uneconomical, in which case

(d) Either Nuuanu (with reservoir removed) or Kalihi be-
comes the vehicular site, depending on their respective merits.

Sect. 2
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In a separate report of this Commission are outlined the merits

of these two (and Manoa) vehicular sites.
10. Serious as the nine objections outlined above are and suffi-

cient to eliminate necessity of further investigation of dams, storage
reservoirs and storage of surface waters, the effects derived from

the following study are so preponderantly counteractive to any

benefits expected that, not only do they increase each of the dele-

terious effects above outlined, but in themselves eliminate from

present consideration the subject of storage reservoirs as desired

facilities for the water-supply system of the City of Honolulu.

These studies involve the performance of Nuuanu reservoir No. 4
as based on many years of records and deal with losses by perco-
lation (downward seepage and lateral leakage) and evaporation.

Plate H shows the hydrologic behavior of the reservoir for fif-

teen years while in Plate G are shown characteristic and perform-

ance curves on which are based the following significant conclu-
sions:

(1) Percolation and evaporation aie sufficient in themselves, as

shown in the receding sections of the hydrograph when reservoir
had been filled, to empty the reservoir, not counting increase due

to rainfall besides, of a one-fourth year in the meantime, in less

than three months' time. The reservoir may thus be emptied at

least four times per year without a drop of water impounded
therein being used beneficially. This average rate of loss (5.1 M.

G. D.) is almost equivalent to the combined average rate of flow
in Nuuanu Stream at the U. S. Geological Survey gaging station
at elevation 630 feet and the flow in the 30" hydroelectric and

15" tunnel pipe lines, of about 7.3 M. G. D.
(2) Of the estimated average of 3.6 M. G. D. (assumed

equivalent to 50% of the average daily flow of 15 years' record at

elevation 630') at the reservoir No. 4 an average draft of 0.88
M. G. D. has been used beneficially as based on the Venturi rec-

ords from August, 1926 to June 30, 1928 and reduced to an aver-
age-rainfall draft, to generate electricity at the City's hydroelec-
tric plant. Thus, 3.6-0.88, or 2.72 M. G. D. or 75% of the water
impounded by the reservoir No. 4 has been lost by percolation and

evaporation. The spillway overflows are comparatively small (See

Plate G) and wasted. Their effect is in the direction of, and in-

cluded in, the 75% loss.
(3) Evaporation losses are unavoidable, comparatively small

and equal to but about 10% of the losses by wasteful agencies.
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HONOLULU SEWER AND WATER COMMISSION

REPORT 1929

Nuuanu Reservoir No. 4 full and overflowing its fifth time; measuring 36.9-M.G.D. flow over
spillway at 9:10 a. m., Deccmber 14, 1927.

Same reservoir practically empty, showing 30" hydroelectric pipe line above
water level, June 16, 1928.



HIONOLULU SEWER AND WATER COMMISSION

REPORT 1929

Keiliohia Springs, showing small 300,000-
gallon-per-day discharge. Reservoir prac-

tically empty.

Measuring leakage
(4.4 M.G.D.), Nu-
uanu reservoir No.
4, Dec. 14, 1927.
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(4) The percolation losses, about 90% of the 75% loss, or 2.5
M.G.D., as nearly as may be ascertained, by measurements of the
lateral leakage-are 50% lateral "leakage," increasing with the
content in the reservoir, and 50% downward "seepage.". The
former is not lost to surface development and thus the reservoir
may be said to "retard" or "check" the flood flows at the average
rate of 1.2 million gallons per day and that is a gain that we would
derive by saving and incorporating the reservoir as a facility for
proposed filtration development, based on a beneficial rate of draft
equal to that of the hydroelectric draft.

(5) The remaining 1.3 M. G. D. is downward seepage and
a measured negligibly small leakage in the 30" pipe line. This is
assumed to augment the artesian water supply, but only to this
amount as a maximum, which is much less than is commonly al-
though erroneously believed. Data on the latter portion have been
incorporated in Plate G.

(6) Were it desired that a higher rate of draft from the reser-
voir obtain than that of the hydroelectric plant, as would be the
case in augmenting the City's supply, this rate would approach
3.6 M. G. D. as a limit. That is all that is naturally available.
For when the reservoir was filled up, only about 10 M. G. D.
could be drawn for about two months and percolation would empty
the remainder of the reservoir. The most optimistic estimate,
assuming no preventable losses, shows a total net gain of 2.6
M. G. D., as shown by the following tabulation:

Average flow available for impounding (and
overflowing) ........................ 3.6 M.G.D.

Average loss by evaporation, 10% (not pre-
ventable) . ......................... .4

Total available flow by impounding ........ 3.2
Total natural low-water flow .............. 6

Total net gain by impounding ............. 2.6
This is assuming no leakage in dam. Of the total 3.2 M.G.D.
there would be 1.7 M. G. D. available for utilization and 1.5 M.
G. D. would percolate downward to augment the artesian water
supply.

(7) The futility of expensive diversion is illustrated in the
following table of performance of Maole ditch:

Sect. 2 105



PERFORMANCE OF MAOLE DITCH AS A WATER-COLLECTION FACILITY FOR NUUANU RESERVOIR NO. 4

I Rainfall in Mauka Station Makai Station Average
inches at Mmill. gals.

Year upper No. of Ratio of per day

ending Luakaha months Measured Estimated Measured Estimated m auka-makai furnished
June 30 for period record No. of mill. gals. mill. gals. No. of mill, gals. mill. gals. flow reservoir

of run-off days for period for year days for period for year (7)=(3) (6) No. 4

record (1) (2) (3) (4) (5) (6) (8)=(6)365

1918 158 9 268 141 192 269 157 213 0.90 0.583

1919 146 12 365 111 111 365 134 134 .83 .367

1920, 110 12 244 37.1 55.7 366 63.4 63.4 .88 .173

1921 103 6.5 200 160 292 .800

1922, 123 9.5 292 138 173 .473

1923 95 7 212 55.9 96.3 .264

Totals 735 56.0 877 289.1 358.7 1,704 708.3 971.7 2.66

Ave. 157 F I 120 162 _ "
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STORAGE RESERVOIRS

The average rainfall during the periods corresponding to run-
off records was 157 inches as compared with the average rainfall
at Upper Luakaha of 22 years of record (1905-27) of 153.08
inches. Hence, no conversion to average rainfall is necessary.

The conclusion is obvious: since Maole ditch averaged 0.443
M. G. D. and 3.6 M. G. D. is the average flow available at eleva-
tion 965' (Nuuanu No. 4) Maole ditch contributed 0.443x100%

3.6
or 12.3% of the flow into the reservoir. The original cost of
Maole ditch was $20,000. The interest alone, at 6%=$1200 per
year=$3.29 per day. Besides this cost are expenses of main-
tenance, operation (cleaning) and sinking fund. However, "The
Maole conduit was so designed that provision could be made for
additional capacity at a nominal cost." This water, as shown else-
where, was subjected to the action of percolation and evaporation
losses of 75% of the total available water collected (including
Maole) at Nuuanu No. 4.

Any other heretofore-proposed diversion into Nuuanu No. 4,
to supply a daily draft of say 10 M. G. D. at the expense of 75%
loss by percolation and evaporation, except insofar as that diversion
may to an undefinable extent replenish the artesian supply, is too
futile to require further treatment.

(8) The lining of a reservoir of this magnitude (60 acres) in
any manner from concrete to salts, is too expensive an operation
to require a detailed analysis.

(9) This investigation further emphasizes the element accom-
panying serious leakage and seepage, of possible danger, pre-
viously treated.

In conclusion, the following paragraph from Horace W. King,
Professor of Hydraulic Engineering in the University of Michi-
gan, offers some consoling corroboration:

"One of' the first considerations in investigating the feasibility of a
proposed reservoir should be to make a careful study of the geological
formation of the area to be flooded with a view to estimating possible
seepage losses. Many instances can be cited where reservoirs have proved
worthless after construction because of their inability to boll water. Such
a condition results in great financial loss and humiliation to the responsible
parties. The problem requires the mature judgment of the most experi-
enced engineer. No rules can be laid down which will be safe guides in
each case.

"In general, it may be stated that seepage losses from basins lying in
rock (not volcanic rock) or clay will not be excessive. Reservoirs built in
formations of fine loam or volcanic soil have generally given ,atisfaction,

Sect.2
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though seepage losses from such reservoirs have been greater than those
lying in rock or clay. If any portion of the banks or bottom of the reser-
voir is formed of sand or gravel, even though it may be overlain with a
blanket of fine soil, and such sand or gravel might form an underground
channel leading around or under the impounding dam or to some other drain-
age basin, there is grave danger of excessive seepage losses. Seepage losses
from reservoirs in rock or clay formations should not be more than 5 per
cent of the inflow, and in fine loam or other soil probably not more than 10
or 20 per cent. In coarse sand or gravel they may be anything up to the
entire inflow .................. "

The following rules of caution are given by A. P. Davis (Engi-

neering News Record, April 4, 1918, p. 665) : 1. Avoid reservoirs

adjacent to gypsum deposits and to limestone deposits which show

evidence of caves. 2. Examine critically reservoirs in volcanic

rock, as a few have failed in such locations. Coarse-grained sand

stone seems to be an object of suspicion and should be critically

examined. 3. Natural depressions are treacherous and should be

examined with care, and if they are near deep canyons or under-

lain with coarse material where water might readily. escape, no

superficial tightness will avail to make them effective.

CONCLUSIONS

The conservation of surface water within the Honolulu district

by impounding in large reservoirs is, at this time and perhaps for

generations to come, impractical and uneconomical. This conclu-

sion, as developed in the above analysis, is based on the following

five cardinal observations and studies of Nuuanu and Kalihi.

1. Nuuanu No. 4 leaks at a very undesirable rate, and the

geologic similarity of its site to other volcanic sites prevalent on

the Island, discloses a general unreliability (of whatever degree)

of reservoirs and, at least, a shade of danger to a heavily-popu-

lated district nearby.
2. The losses of percolation and evaporation in this reservoir

are entirely out of bounds of comparison with paying reservoirs.

Seventy-five per cent (75%) of the inflow to Nuuanu No. 4 has

been wasted through these agencies.

3. Up to a development of 12 million gallons per day, a

"double" capacity filtration plant (30 M. G. D.) will augment the

City's supply at the same initial cost and by the same amount

(12 M. G. D.) as a safe, non-leaking storage reservoir and a 12-

million-gallon-per-day plant.

4. Fourteen years of records indicate an average supply of only
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STORAGE RESERVOIRS

(a) 1.83 million gallons per day at elevation 800' in Kalihi" and
about (b) 3.6 million gallons per day at elevation 965' in Nuuanu.

(a) Of the former, about 0.4 M. G. D. is normal low-water
flow available without impounding and the storage effected in-
cluding evaporation, therefore, would be only 1.83-0.4-1.43 M.
G.D.

(b) Of the latter, about 0.6 M. G. D. is normal low-water flow
available without impounding and 0.4 M.G.D. evaporation that
cannot be prevented and the storage effected, therefore, would be
only 3.6-(0.6+0.4)=2.6 M. G. D. The total amount available
would be 3.6-0.4--3.2 M. G. D., of which 1.7 could be utilized
and 1.5 would augment (somewhat uncertainly) the artesian
supply.

5. Elevation 800' in Kalihi Valley may in the very distant
future serve a greater and more valuable economic need to the
Island as a non-subaqueous vehicular tunnel than a reservoir site,
the benefits of which are illusory and, at all events, more inex-
pensively available in another manner.
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SECTION 3

TUNNELS-HONOLULU DISTRICT

(Plate J)

MAJOR PROJECTS

The possible tunnel-water yields at different elevations within
the Honolulu district are analyzed in Plate J. To help the imagi-
nation of the reader an approximate perspective drawing has been
co-ordinated into this analysis showing the three main mountain
masses with contour lines at elevations 3000, 2000 and 1000 feet
above sea level.

The question of quantity of water to be developed by a tunnel
depends primarily on three factors:

1. AREA of drainage tributary to a proposed tunnel at any
elevation. This information is given in available contour maps of
fair accuracy. The mountain area of Honolulu may be, and here
has been, divided into three massifs: a (1) Lanihuli; (2) Kona-
huanui; and (3) Olympus. Areas above different contours have
been planimetered and plotted here in the upper row of curves
(marked "Area"). These Elevation-Area curves, it is believed, are
within 10% of their true values.

2. RAINFALL (average) prevailing above any elevation. This
information is given in Plate A, prepared by J. F. Voorhees,
Meteorologist, U. S. Weather Bureau, which has incorporated in
it all the rainfall data collected up to the present time (over 40
years record in some instances). The mean rainfall rate has been

determined above various elevations and results plotted in the
upper row of curves (marked "Rainfall-Rate"). These Eleva-
tion-Rainfall Rate curves, it is believed, are also within 10% of
their true values.

The products of areas (1) and corresponding rainfall rates
(2) at any elevation give the amount of precipitation above
that elevation. These products are plotted in curves below
and corresponding to Area and Rainfall-Rate curves (marked
"Total-Rainfall"). 'These Eleva-tion-Rainfall curves are with-

a A massif is defined as "a principal mountain mass or block."
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TUNNELS-HONOLULU DISTRICT

in the accuracy of their constituent area and rainfall-rate
values.

3. PERVIOUSNESS of the materials above the tunnel line. On
Plate F is shown the distribution of Total Rainfall into its Evap-
oration, Transpiration, Run-off and Absorption for Oahu and
Honolulu. For convenience of reference the Honolulu distribu-
tion is repeated here:

ABSORP- RUN-OFF TRANSPI- EVAPORA-
TION RATION TION

42 M.G.D. 42 M.G.D. 71 M.G.D. 39 M.G.D.

AVERAGE RAINFALL-=194 M.G.D.

Thus, it is seen that, of the total 194 M. G. D. rainfall in the
Honolulu district, but 42 M. G. D. goes into absorption (percola-
tion). Using this ratio of 42/194 of the total rainfall (=21.6%,
or say 20%) as absorption, a tunnel, if "100% effective," would
collect only 20% of the Total Rainfall (curves marked "Total
Percolation"). Also a tunnel may, due to unfavorable dikes and
sills, collect none of this percolating water.

It is reasonable, then, for purposes of estimation of tunnel
water quantities, to assume the average development of 10%
of the indicated Total Rainfall (curves marked "Possible
Yield").

Applying the results of this hydrologic analysis to the geologic
analysis by H. S. Palmer, Professor of Geology, University of
Hawaii, in his "Report on the Possible Occurrences of High-Level
Ground Water in the Honolulu Region," under "Major (more
favorable) Projects-Manoa Valley" :-It is estimated that a tun-
nel from the head of Manoa Valley into the Konahuanui massif
at elevation 750 feet with subsidiary tunnels would be 10,000 feet
long. From the "Possible Yield" curve, the possible yield at this
elevation would be 3.1 M. G. D.

ECONOMICS

The cost of this tunnel would be about 10,000X$35=$350,000,
or an initial cost of $110,000 per M. G. D. yield. Aside from a
proration of the present cost of distribution of water, the cost per
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1,000 gallons for collection of this water would be a fixed charge
$350,000 X.09

at the rate of about 9%; or 3.1X1,000X365-= .027 (2.7 cents) per

1,000 gallons. Since the water developed, even though compara-
tively -inexpensive, is in reality a tributary part of the artesian
supply, this project is not regarded as favorably at this time as one
of the development of a surface-water supply now going to waste.

The salting of the artesian water would make tunneling a most
desirable future water development. Our estimate of its total
Honolulu-region yield at the 300-foot elevation, is 9 M. G. D.:
it may be 0 ,M. G. D. and it may be 18 M. G. D. The latter quan-
tity, 18 M. G. D., all contributes toward replenishing the artesian
supply and being but 18/42 of the total estimated average artesian
supply of 42 M. G. D., it is assumed that the remainder, 24 M. G.
D., or 24/42 of the total, comes from those areas which lie between
the 300- and 200-to-100-foot elevations. This is corroborated by
the facts that (1) of the total 54.54 square miles in this area, only
20 square miles lie above the 300-foot contour; and (2) that at
elevations above 300 feet, despite the greater rainfall mauka and
due to greater steepness, the absorption is less than between 300
and 200-to-100 feet, the probable lower limit of the artesian intake
areaa. In other words, this study would indicate that the greatest
portion of the artesian supply, 24 M. G. D. or 24/42 of the whole,
is absorbed and taken into the artesian system between elevations
300 and 200-to-100 feet above sea level. The writer's experience
in other mountain countries makes this appear most plausible; and
a fair degree of accuracy is believed to attach to all phases of this
analysis.

MINOR PROJECTS

The foregoing treatment covers tunneling projects of a major
nature. These projects contemplate the development of a major
water supply and are illustrated by the Waiahole tunnel. Miles
of length and millions of dollars are involved. Distinction is
made here between tunnels of this nature and those to be analyzed
here: a short tunnel of from less than 100 feet to several hundred
feet in length can be driven at a very small cost per foot while a
long tunnel costs considerably more per foot. The cost of a tun-
nel per foot increases rapidly as its length increases. The first
foot may be done at an expense of a fraction of a dollar, while

a Palmer, H. S.; The Geology of Honolulu Artesian System, p. 42.
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the last foot, if the tunnel is long, may run into over $50 per foot.
Thus, for example, 3,060 feet of short tunnels were driven in
Nuuanu for $16,617, or at an average of $5.43 per foot. The
main tunnel of the Waiahole Conduit, on the other hand, is 14,567
feet and the cost of driving and lining was $34.80 per foot-
i'early 7 times as much per foot.

ECONOMICS.-Thus, the Minor Projects, when potable water
is developed, and when relieving the boosting of water in the imme-
diate vicinity, are projects not to be belittled. The following table
gives by valleys the lengths, costs and yields of various tunnels
and springs in the Honolulu District:



LENGTHS, COSTS AND YIELDS OF VARIOUS TUNNELS AND SPRINGS IN THE HONOLULU DISTRICT

Valley

Kalihi tunnels (at Venturi) ........

Nuuanu tunnel No. 3 ...... .........
3a ........................
3b .....................
4 .........................
4b ..................
4c ......................

Tunnels-totals ..............................
Alewa Heights Spring.........

Totals .......................................

Pauoa-Makiki-Kahuawai Spring ......
-Makiki Springs" ....
-Hering Spring ........

Totals ,

Manoa tunnel No. 1 --------..........
N o. 2_.................. .
N o. 3 .......................
N o. 4 ...................

T otals .................... .. ... ... .

P alolo tunnel N o. 1 ---..---...................-
Totals: (Tunnels and springs) ....

(In pipe line) ....................
Total ................ .....

Reports of W. A. Wall-1922'

Eleva-
tion

550

810
900
945

1,028
9675
9366

750

I-
618
500
425

550
550
760
880

995

Supplemented by additional information
1,Supplemented by additional information.
b Three tunnels in Makiki.
" Needs filtration.

Length
Cost of
tunnel

Total
cost

Initial
flow

M. G D.

Honolulu Sewer and Water Commission
Discharge in M. G. D. for the years 1926-28

Maxi-
mum Mean

Into City
mains Overflow

550" $3,000.00 $ 9,994.07 0.69 0.09 0.27 0.27c

554 3,753.50 4,921.50
214 1,509.20 3,615.20
1285 576.00 806.40 .15 .15d

1,799 8,989.50 17,783.50 .72 .24 .46e .

228 934.80 3,316.80
136 854.00 3,378.00

3,0595 16,617.00 33,821.40 5 2.66 .41 1.60 1.60-
187.00 7,170.00 .182 .037 .29' .14 .15f

16,804.00 40,991.40 2.04

.48 .21 .30 .30

.98 .14 .32

.202 .002 .07 .39
.02 .69

105 .125 .31 .02 .14
76 .095 .12 .05 .07
32 .68 .34 .14 .22

213 3,000.00
d  

3.000.00-- .82 .03 .41 .411

180 4,000.00- 4,000.00:L 2 .50 .15 .26 .11
4,000 27,000.00___+ 58,000.00±__ 8:t

d Estimated.
eNot in total

Estimated overflow.

.23 .10 .15"
3.67

.15
3.11

9 From Venturi.
Includes overflow.

52
a

a
a

I'-
z

I'.

aa

0

2-i)
0

.56
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It is to be noted that the total cost of the 4,000 feet of developed
tunnels to date is about $27,000, and the costs of connections to
the City mains about $31,000, a total of about $58,000. The total
average yield of all tunnels and springs is 3.67 million gallons per
day. Of this total 3.11 million gallons per day have gone into the
City mains.

The Nuuanu and Kalihi "tunnel" average flows of 2.0 M. G. D.
require filtration. A 2-M. G. D. average yield would require about
a 3-M. G. D. capacity of filtration plant, costing $40,000 per M.
G. D. of capacity, or $120,000.

This represents a total first cost of $58,000+$120,000 or $178,-
000. Thus, the fixed charges (interest, sinking fund and mainte-

178,000 9".69
nance) at 9%, would be 3.67X 100oX365= 1 .2 cents per 1,000 gallons.
The cost of filtration would average about 4 cents per 1,000 gal-
lons. So that, filtering half of the water would cost 2 cents per
1,000 gallons, making a total of 1.2+2.0-3.2 cents per 1,000 gal-
lons. At a 380-foot reservoir this water has a "head value" (at
6 cents per million foot-gallons) of 2.1 cents per 1,000 gallons.
The net excess cost of this water including fixed charges, there-
fore, is 3.2-2.1 cents or 1.1 cents per 1,000 gallons.

With a distribution cost of 9 cents per 1,000 gallons, the actual
total cost is 1.1+9.0-10.1 cents per 1,000 gallons. This is com-
paratively economical water. Such projects are to be encouraged
on a small scale, but it is believed that the best possibilities have
already been developed.

KAAU CRATER TUNNELS.-Of interest here is information furnished
by H. S. Palmer, Geologist, concerning two tunnels driven by A. F. Cooke
about 1910, with an idea of interrupting seepage from Kaau Crater.

At elevation 1,130 feet, in the easter-most branch of Kaea in Pukele Val-
ley, is a tunnel which bears N. 60' E. and iA 100 feet long. About half-
way in, a branch runs off to the left. Mr. Cooke estimated the maximum
yield at 100,000 gallons per day. Running up Kaea is the "Phillip Milton"
ditch, which was to carry the water!

The other tunnel, at elevation 870 feet, is 120 feet long and bear S. 80' E.
Seventy (70) feet in, a short branch 25 feet long starts off to the left.
The entire length is in dense lava, which at the mouth is deeply rotted.
Inside it becomes firmer, and at the end is almost solid. No water was
developed.

Sect. 3
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SECTION 4

PEARL HARBOR SPRINGS

(Plates K, L and M)

SCOPE OF INVESTIGATIONS

LACK OF MEASUREMENTS.-Unfortunately, the dis-
charge of Pearl Harbor Springs had never been measured until
the initiation of this investigation on October 31, 1927. A few
miscellaneous (perhaps 15) measurements were made in 1911, but
not all of the different branches of the individual groups were
covered to give totals comparative to results secured during the
past year. These measurements will be found in the Supplement
to this report, and they are only indicative of the fact that the
discharge of these Springs is perennial and dependent in quan-
tity on the amount of rainfall.

That most of these Springs are of natural underground, and not
of irrigation seepage origin, there can be no doubt, for it is known
that long before irrigation was practised extensively on this Island,
these fresh-water Springs were running and were the cause of the
comparative absence of coral formation, giving rise to the present
configuration of Pearl Harbor. It is believed that they are of ail
artesian nature' and rise to the surface over or through some
formation similar to the "cap-rock" overlying the artesian water
within the city. It is probable that they percolate through super-
ficial strata from such sources over some distances away from the
Harbor, thus having their possible artesian gradient reduced to
practically sea level.

DIFFICULTIES OF GAGING.-The lack of gaging of these
Springs in the past is largely due to the multiplicity of factors en-
tering into the nature of the problem of their measurement. It
is easy, under existing conditions, to misconstrue their real value.
Some of the Springs are so low in elevation that at hijh tide they
are submerged and at low tide there results a storage effect of fresh
water which is determined only by careful study of elevations and
determination of salinity of the water of each measurement. Again,
each group of these Springs consists of several branches, and many
branches are subject to artificial regulation. In some cases, devel-

a Palmer, H. S.; University of Hawaii; the Geology of the Honolulu Artesian
System, pp. 20 and 43.
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oped (well) artesian water discharges into the Springs and must
be measured to be deducted from the natural flow. To s,:curc
complete results, diverted spring water must be measured. At the
Plantations' pumping plants, readings must be made and char-
acteristics of machinery determined to interpret performance prop-
erly. Unless continuous records of the discharges are made,
alleged effects of periodic pumping from artesian wells some dis-
tance from the springs are missed. Some of the branches are al-
most hidden by thick vegetation and only careful examination de-
tects their presence.

THE FIVE GROUPS.-For convenience of reference and
analysis, all these Springs have been classified into five groups.
General data pertaining to this classification are given in the fol-
lowing table:

Number of Distance
Group measuring Number of from Ownership

points diversions Honolulu

Kalauao'.......... 7 1 33,800' Bishop Estate and others
Waiaub .............. 9 4 41,000'
Waiau-Waimao'.. 3 0 42,500'
Waiawad ............. 4 1 49,800' Bishop Estate
W aikelee........... 7 3 61,700' ........

RESULTS OF INVESTIGATIONS

GENERAL: The complete results of investigations made during
the year ending September 30, 1928, are graphed in Plate K. These
results include all data collected pertaining to quantity and quality
(salinity) of natural, diverted and unused discharge and are em-
bodied in hydrographs, duration-discharge curves, development-sup-
ply curves and "salt" curves. They are based on monthly and semi-
monthly measurements made throughout the year supplemented by
records kindly furnished by the Honolulu (Kalauao Spring) and
Oahu (Waiawa Spring) Plantations, of total monthly diversions
at the two largest pumping plants. It is to be noted that this
investigation was conducted primarily to determine the feasibility
of the use of this water for City purposes from a hydrologic stand-
point. This feasibility has been conclusively established by the
fact that during the comparatively wet year covered, the combined
natural discharge of all the Springs was found to be 65 million
gallons per day of an acceptable average salinity of 2 2 ' grains

4 Partly sub-tidal.
b Partly irrigation but mostly power diversion (rice-mill); non-tidal.
e Widely scattered between 0. R. & L. Co.'s bridge Nos. 15 and 16; largely

sub-tidal.
d Non-tidal, but highest in salinity.

Non-tidal; in two major groups.
It is to be noted that all of the measurements of these Springs contained less

than 17 grains of salt per gallon throughout the year ending September 30. 1928,
except Waiawa, which although free from visible tidal submergence was consistently
always higher than 30 and as high as 55 grains per gallon.

Sect. 4
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of salt per U. S. gallon. Sufficient information' is not available to
estimate flows of wettest and driest years with any degree of cer-
tainty. Plate F, Rainfall of Oahu, endeavors to estimate maximum
and minimum discharges of these Springs by comparison of the bal-
anced distribution of the total rainfall, irrespective of any possible
effects 2due to geologic structure (cap rock, dikes, sills, etc.)'
However, the flow of an average year has been estimated by com-
parison of the rainfall of the year investigated with rainfall and
run-off of comparative streams of the average year.

From the economic standpoint, for purposes of design of a
project of this magnitude, a continuous record of several years
duration must be secured. Plate L gives the plan and profile of a
possible pipe-line connection to Kalauao and Springs Ewa-ward.
An alternate route by way of the Oahu Railway and Land Com-
pany's right-of-way has not been considered. Plate M gives the
resulting initial and operating costs of such a connection. 'The
hydrologic feasibility and magnitude of this project necessitate
further intensive investigation.

RESULTS: Plate K enumerates in graphical form all hydro-
logic results secured during the year ending September 30, 1928,
with estimates for the average year. Three sets of graphs include:

(1) Basic hydrographs showing quantity and salinity. The upper full-
line graphs represent the total natural discharge; the lower full-line graphs
represent the total unused discharge and the resulting black areas represent,
to the same scale, the diverted discharge. Salinity is shown by dashed
lines for the different Springs. At the bottom are shown the composite
total rates of discharge for each month of all the Springs, with numerical
values above and below the black diverted discharge to indicate natural
and unused discharge.

(2) In the middle set of curves, the basic data have been converted
to duration-discharge curves. These curves show the number of days per
year that different rates of discharge, within the Springs' variation, were
available.

"The Five Groups" set at the top shows the duration- discharge rela-
tions for each individual group for (a) the natural discharge for the year
ending September 30, 1928 (full lines) and (b) the estimated unused dis-
charge during an average year (dashed lines). The next three sets of two
curves each show the combined duration-discharge curves of the "two
nearest," "three nearest" and "four nearest" (Honolulu) groups of
Springs-being I I Kalauao and Waiau, '' " Kalauao-to-Waimano " I and ' ' Ka-
lauao-to-Waiawa" combinations respectively. The last set of two curves
shows the relations of discharge and duration for all five groups. These
curves were prepared with a view of their usefulness in analyzing the
economics of developing successively first Kalauao Springs; then Waiau;
then Waimano; etc.

I This analysis indicates that 90, 50 and 20 M. G. D. are roughly the total natural
average daily fiows of Pearl Harbor Springs during the wettest, average and driest
years respectively.
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The reduction of discharges made during the year ending September
30, 1928 to an average year was made as follows:

(a) By comparison of RUN-OFF of comparative streams for the same
year to the average year.

Coefficient to
Length Total Average Run-off multiply 1928

Stream of for for for run-off to Average
record record record 1928 reduce to ratio
(years) (M. G.) (M. G.) (M. G.) average run-off

Nuuanu .......... 14.25 23,893 1,680 2,827.5 0.60Z 0.66
Kalihi .......... 14.65 26,847 1,835 2,558.7 .72S
Right Branch of

North Fork of
Kaukonahua ... 14.64 37,956 2,590 3,144 .82 .82

Therefore, the average ratio by comparison of run-off of the two Hono-
lulu Streams and Kaukonahua Stream-0.74.

(b) By comparison of RAINFALL at representative stations for the
same year to the average year.

Station Elevation Rainfall for Rainfall for year
Rainfall station No. of station average year 1928 (inches)

Aiea .............. 52 500 40 44.57
Hoaeae ............ 63 705 35 47.69
Waiawa ........... 60 675 60 62.85
Waimalu .......... 56 500 46 52.59
Waiawa ........... 59 725 167 268.13

Total ............ I 348 475.83

Therefore, the ratio of rainfall for the average year to the rainfall of
the year 1928=348/475.83=0.73

And the ratio of run-off for the average year to the run-off of the year
1928-0.74.

Then, the average ratio of the rainfall and run-off for the average year
to the rainfall and run-off for the year 1928=0.74.

In reducing the 1928 data, then, to corresponding data for an average
year, the natural flow values were multiplied by 0.74 while the diverted
flow values were multiplied by its reciprocal, or 1.35.

(3) At the extreme right, in the five sets of three curves each are
drawn development-supply curves. These curves show the relations of the
capacity of the development contemplated to the average yield of the supply
of water available. In other words, the greater the capacity of the pump-
ing plant and/or pipe line, within the fluctuating range of supply of the
Springs, the greater will be its yield. For example, if a spring's discharge
varies from 20 to 40 million gallons per day, a 20-million-gallon-per-day
plant pumping from it will yield only 20 million gallons per day, whereas
a 30-million-gallon-per- day plant pumping from the same spring will yield
more than 20 million gallons per day. But a 100-million-gallon -per- ay
plant will yield ro more than a 40-million-gallon -per- day plant. (For
further explanation of this idea see Plate V.)

Analysis of capacity and yield in this manner determines the
economic development of any varying supply.

The five sets of curves show these relations for the (a) natural
flow during the year ending September 30, 1928; (b) natural flow
during the estimated average year; and (c) unused flow during
the estimated average year from left to right and from top to

Sect.



REPORT-HONOLULU SEWER AND WATER COMMISSION-1929

bottom for Kalauao, Kalauao and Waiau, Kalauao-to-Waimano,
Kalauao-to-Waiawa and Kalauao-to-Waikele (total) Springs, re-
spectively. Insert tables for each set of curves show the average
natural, diverted and unused flows in million gallons per day for
both the year ending September 30, 1928, and the estimated aver-
age year.

CONCLUSIONS as to possibilities of successive steps of the
ultimate development of the estimated average-year, combined,
unused daily discharges of these Springs developed successively
from east to west follow:

(a) Kalauao Springs alone may yield 9.1 m.g.d. with a 20-
m.g.d. development;

(b) Kalauao and Waiau Springs may yield 14.0 m.g.d. with a
30-m.g.d. development;

(c) Kalauao-to-Waimano Springs may yield 22.7 m.g.d. with
a 40-m.g.d. development;

(d) Kalauao-to-Waiawa Springs may yield 33.1 m.g.d. with
a 50-m.g.d. development;

(e) Kalauao-to-Waikele (total) Springs may yield 36.1 m.g.d.
with a 55-m.g.d. development.

It is of interest to observe here that this complete development
of the Springs would be 36 million gallons per day. In other
words, this is our general index of the hydrologic feasibility of the
development of these Springs--a supply almost large enough for
the present needs, if used conservatively, of the entire City of
Honolulu.

ECONOMICS OF DEVELOPMENT
BASES OF ESTIMATES: Based on the foregoing consid-

erations, there follows an analysis of the economics of the develop-
ment of these Springs. The results with explanations thereof are
incorporated in Plate M. There are developed the estimated com-
parative production of unused flow of an average year (-10%)
and the initial and operating costs for the different groups and
capacities within the range of fluctuation of the Springs.

The premises on which these deductions are based are not final
alternates but only suggestive of magnitude and indicate the as-
sumptions necessary for one solution and method of development.
It is believed that other alternates of a plan of development would
result in values not materially different from those deduced here.
The assumptions for analysis of (a) water quantities and (b) de-
velopment costs may well be recapitulated here:

A. WATER QUANTITIES
1. The whole analysis is based on monthly and semi-monthly measure-

ments made of all the Springs during the year ending September 30, 1928.
2. The discharge for an average year is assumed to be in the direct

proportion to the year ending September 30, 1928 as the rainfall anl run-
off of comparative streams of the average year is to those of the afore-
said year. The diverted flow is assumed to be in inverse proportion to the
above; i. e. proportionately more water.
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PEARL HARBOR SPRINGS

3. It is assumed that only the UNUSED discharges will be developed
and that the Plantations will continue using water as they have been using
it in the past.

4. For this mutual use of the Springs, it is assumed that 10% of the
unused flow will be wasted lue to changes in the operation between Planta-
tions and the City.

5. It is assumed in all cases that an ultimate development of all the
Springs would be effected, and that excess sizes of pipe-line would be in-
stalled initially contemplating extension to that ultimate development. This
provision is indicated for all values deduced by the symbol &, as ex-
plained in Plate M.

B. DEVELOPMENT COSTS

INITIAL: The estimates of initial costs of various developments
are based on the following assumptions:

1. The economic size of pipe is taken to be that whose sum of the (a)
frictional pumping power cost at 2 cents per brake-horse-power-hour plus
(b) fixed charges at 6% per annum on the cost of the pipe installed, is a
minimum.

2. The pipe line is assumed to be installed closely following the Ka-
mehameha Highway to Kalauao, going through a tunnel at Red Hill at an
elevation of about 200 feet (below hydraulic gradient) about 3,300 feet
long, to avoid pumping over the crest of Red Hill whose elevation is about
300 feet above sea level; and the Oahu Railway and Land Company's
right-of-way from Kalauao to Waikele Springs just below the Waipahu
highway bridge.

3. Unit costs of pipe in place under from two-to three-foot cover are
based on the Commission's records of cost data.

4. A high-lift pump was assumed to be installed at the Kalauao Spring
to deliver all water collected by low-lift pumps at all the other Springs.
Delivery of water at Middle Street, Honolulu, at 80-pound pressure was
contemplated. This would supply, in part, the Honolulu low-pressure zone
below elevation 100 feet.

5. Since the Springs, if equipped with properly-designed collection
chambers, will be clear and have no turbidity, purification would consist
of only comparatively inexpensive chlorination at the Kalauao pump dis-
charge end.

OPERATION: As outlined on Plate M, the estimates of operat-
ing costs (collection and purification) are based on the following:
1. Fixed charges: (a) Interest on bonds as represented by esti-

m ated first cost ............ %............................................................. 5 %
(b) Sinking fund based on 30-year retirement and 4% com-

pound interest .......................................................................... 1.783%
(c) Maintenance, repairs, insurance, etc ................................... 2.217%

Total excluding constant overhead charges for any
schem e ............................................................................ 9 %

2. Purification: Chlorination at 0.1 cent per 1,000 gallons. This is based
on the maximum use of 0.5 p.p.m. of chlorine (4 pounds per m.g.)
delivered at Kalauao at $30 per 100 pounds.

3. Pumping:
(a) Labor, varying from $40 per day for a 5-m.g.d. plant to $100 per

day for a 50-m.g.d. plant.
(b) Power, varying with rate of output, at 2 cents per brake-horse-

power hour.

Sect. 4
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(c) Potential value: By virtue of the water being delivered to Ho-
nolulu under 80-pound pressure, to be comparative with cost of
pumping from the artesian supply at 25-foot static head, the water
has a "head value" of 0.9 cent per 1,000 gallons which is de-
ducted from the operating costs. That is, assuming the cost of
pumping in Honolulu at the minimum of 6 cents per million foot-

gallons, it would cost (1,000 X -0.9 cent to raise 1,0001,000 000

gallons to a 180-foot reservoir (80-pound pressure).

Distribution.-As in all other supplies herein considered, so
that all be comparative, the present cost of distribution, 9 cents
per 1,000 gallons, was used in arriving at the actual total cost of
the water. (For the derivation of this figure, see Plate M, tnder
II-C).

Total.-The sum of the operating costs of collection (and puri-
fication) and distribution represents the estimated total cost of
the water.

EXPLANATION OF ESTIMATES.-Plate M enumerates
by groups: I, the Results of Investigations; and II, the Eco-
nomics of Development. Arranged in five columnar classifications
and numbered 1, 2, 3, 4 and 5 are the five successive groupings
Ewa-ward, of the Springs, with the development captions (1)
"Kalauao to Honolulu"; (2) "Waiau to Honolulu"; (3) "Wai-
mano to Honolulu"; (4) "Waiawa to Honolulu"; and (5) "Wai-
kele to Honolulu", These five developments are further sepa-
rated into 6, 5, 5, 4 and 3 columns respectively of different devel-
opments from 10 to 50 million gallons per day depending on the
magnitude of their discharges. At the left are captions pertain-
ing to (1) water quantities, (2) pipe sizes (and lengths), and
(3) initial and operating costs. The first two captions (1) cover-
ing water quantities recapitulate the relations between capacity and
yield. There are assumed either "balanced" designs of pipe-lines
and pumping plants (both of the same capacity) or "unbalanced"
designs (pipe-lines larger than pumping plants) to provide for
future extension, and marked "e". Each of these two captions
is divided into horizontal spaces to indicate the part of the whole
development, capacity or yield that each individual group of the
five Springs will be simultaneously with the rest for any desired
development. For example, in columnar classification "2," under
"40,'" an ultimate development of 40-m.g.d. from all the Springs,
is contemplated, indicating the initial installation of economic size
of pipe from Honolulu to Kalauao for 40-m.g.d. while only Ka-
lauao and Waiau are developed. The capacity of the Kalauao
high-lift pumping plant "30" indicates that while a 40-m.g.d. de-
velopment is planned and a 40-m.g.d. pipe-line provided, only a
30-m.g.d. pumping plant need be provided for the delivery of com-
bined Kalauao and Waiau water. Similarly, a low-lift plant at
Waiau of "8" m.g.d. capacity is listed immediately below to show
its then-necessary pumping capacity. And, opposite "Supply-
Yield" and immediately below the development and capacity illus-
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PEARL HARBOR SPRINGS

trated above, are the values 12.6, 8.2 and 4.4 indicating that the
total average yield with a contemplated 40-m.g.d. development
would be 12.6 m.g.d., of which Kalauao would yield an average of
8.2 m.g.d. and Waiau an average of 4.4 m.g.d. simultaneously.

Opposite "Economic Size of Pipe" are listed the lengths of pipe
lines required for each successive section and their economic dia-
meters in inches. For example, the above illustration requires a
54-inch pipe from Honolulu to Kalauao and a 48-inch pipe from
Kalauao to Waiau. In both of these, although only Kalauao and
Waiau are developed, future extension is contemplated to include
Waimano, Waiawa and Waikele Springs.

Opposite "Initial Cost" are given four lines which are best ex-
plained by continuing the above illustration. The first cost of the
above 40-m.gd. development, advanced as far as to include Waiau
Springs, would be $2,300,000 for all pipe-lines and $630,000 for
pumping and chlorinating plants. This represents a total cost of
$2,930,000 for the above mentioned total average yield of 12.6
m.g.d. or $232,000 per million-gallon-per-day rate of total average
yield.

Opposite "Total Operating Costs" are given eight lines which
are also best explained by continuing the above illustration. The
cost per 1,000 gallons would be 5.7 cents for fixed charges (in-
terest, sinking fund and maintenance, etc.-9% of initial cost),
4.0 cents for pumping and 0.1 cent for chlorination, giving a total
cost of collection and purification at 80-pound pressure in Hono-
lulu of 9.8 cents per 1,000 gallons. This less 0.9 cent "head-value"
gives a net comparative cost of 8.9 cents at artesian static-level
elevation of 25 feet. This is just about equal to the cost of the
present distribution of the City's water of 9 cents per 1,000 gal-
lons, which added gives the total cost of collection (and purifica-
tion) and distribution of 17.9 cents per 1,000 gallons.

All of the 23 columns of tabulated values are constructed in a
manner exactly similar to the above illustration.

ECONOMIC DEDUCTIONS. - Deducations pertaining to
water quantities, development (capacity) and supply (yield) have
been made above under II, Results of Investigations.

It is of interest to note here that the economic size of pipe, the
largest item of the costs, from Honolulu would range from 30 to
54 inches depending on magnitude of development contemplated.
The inter-spring lines would similarly range from 6 to 48 inches.

The following generalizations will aid to give a clearer idea as
to the economics of this development:

The first cost of a possible development of Pearl Harbor
Springs would range from $1,020,000 to $3,720,000 depending on
final decision based on (1) longer discharge records and (2) the
magnitude of the developments based on the City's financial ability.

Sect. 4
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These estimates do not include land and water rights. It appears
that the most economic development, from the standpoint of first
cost, would include all Springs when the most water, 32.1 m.g.d.
(half of the total 1928 natural discharge) would be developed at
the rate of $116,000-per-m.g.d. rate of total average yield. Until
this total development was effected, the costs (with provided ex-
cess pipe sizes for future extension) would be as high as $292,000
per m.g.d. rate of total average yield (Kalauao alone).

The operating cost of collection and purification corresponding
to the various developments would vary only slightly from 11.3 to
7.0 cents per 1,000 gallons-depending mostly on the stage of
development. This indicates the wisdom of providing excess pipe
capacities from the start for future extension to include all
Springs, should the project be undertaken in steps of construction.
The most economic development appears to be that of all Springs.
The total operating costs, including collection (and purification)
and distribution, would show even a smaller comparative range
of from 19.4 to 15.1 cents per 1,000 gallons, as compared with
the present cost of delivering artesian water of 9 cents per 1,000
gallons.

RECOMMENDATIONSa

It is recommended that
A. Immediate steps be taken to start a complete and accurate

program of gaging of these Springs and to continue this gaging
for a period of years; and

B. Investigations of water rights be made and negotiations be
started by the government to acquire options as to the use of the
total or part of the flow of these Springs.

To do this work the following estimate of its cost for the ensu-
ing two years is submitted:

1. Six (6) gaging stations, including shelters, controls and water-
stage recorders at $900 ............................................... ................... $ 5,400

2. Field engineering, equivalent to one man's complete time, ex-
penses and supplies, chemical analyses, etc., for 2 years .......... 10,000

3. Office engineering equivalent to one computer's complete time
for one year ....................................................................................... 2,700

4. Automobile and maintenance .............................................................. 1,600
5. Legal and other outside-work fees ............................................. 5,000
6. M iscellaneous ......................................................................................... 300

T otal ............................................................................................. $25,000

-In commenting on these recommendations, M. H. Carson, Superintendent of
Hydrography, remarks as follows: "You seem to have the right angle on this and
I heartily concur in your recommendations for further measurements."



Kalauao Sprijigs, I-. P. Co. Plant No. 6Waiau Springs.
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SECTION 5

TUNNELS-OUTSIDE OF THE HONOLULU REGION
KOOLAU RANGE-WAIAHOLE-WAHIAWA

(Plate N)

GENERAL

The necessity for going into the Koolau Range outside of the
Honolulu region for additional water for the City is believed to
be at least a decade in the future. The reasons for this belief are:

(a) Metering will affect conservation and reduce the per capita
consumption;

(b) Investigation will disclose leaks in the present distribution
system and the leakage losses will be reduced from the present
thirty-nine per cent to probably twenty-five per cent;

(c) Sealing of defective wells and government control will
result in a more efficient use of the artesian water supply;

(d) Complete use of present tunnel and spring water and
probable drifting of other short and, therefore, comparatively in-
expensive tunnels, will augment the present supply;

(e) Artesian water from isopiestic area No. 4 (Moanalua)
and the Aiea region may be brought in to add to the yields from
the three developed isopiestic areas;

(f) The proposed filtration plant will add about 5.5 million
gallons per day to the present supply;

(g) Manoa and Palolo Streams will probably be developed
next in order after Kalihi and Nuuanu Streams; and

(h) Further investigation of Pearl Harbor Springs may bring
in a new major supply.

In view of these considerations and the lack of specific data
concerning the possible yields of these outlying areas, it is not
now necessary to go into much detail in the analysis of these dis-
tant projects. It is sufficient to point out here briefly only what
the possibilities are in this direction and that their development
will fit in with the proposed plans.

Since surface adit water must be contemplated to make any
extensive major tunneling pay, and since this supply is, therefore,
subject to all the turbidity of Oahu's flashy mountain streams, the
water must be filtered.
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Since the storage of flood waters within the Honolulu region
is impractical, the quantity of surface water caught in addition to
strictly tunnel water is dependent on (1) tunnel and (2) filtration

capacities.
And, since this is essentially a gravity supply, the elevations of

the tunnels must be right with respect to the elevations of exist-

ing and proposed facilities, to enable the incorporation of each
step into a Comprehensive Plan. At the outset, then, the follow-
ing tabulation of elevations is pertinent:

Elevation of proposed filtration plant ---............... 490 feet
Elevation of Kalihi diversion..-............ ....... 515 feet
Elevation of Kahaluu Springs .......................... 610 feet
Elevation of South Portal-Waiahole tunnel 725 feet
Elevation of North Portal-Waiahole tunnel..... 750 feet
Elevation of Wahiawa reservoir spillway ....... 844 feet
Elevation of Wahiawa reservoir bottom 780 feet

The necessary differences in elevation to affect a gravity flow
throughout to connect these various controlling points into one
gravity system, are thus visualized. Any other water supplies
below this profile of elevations would necessarily have to be
pumped.

These considerations and other field studies give rise generally
to five different schemes or alternates.

ALTERNATE SCHEMES

A. Honolulu (Nuuanu filtration plant-elevation 490 feet) to
the Waiahole tunnel (North Portal-elevation 750 feet) ; via Ka-
lihi diversion (elevation 515 feet) and Kahaluu Springs (elevation
610 feet).

This tunnel system would include the proposed 8,700-foot Ka-
lihi-Nuuanu tunnel, bifurcate at the Kalihi diversion and continue
through the Kalihi Pali, along the windward side of the Koolau
Range and on to the Waiahole tunnel. This scheme is practically
identical with that advocated by J. Jorgensen in 1916, in the 1917
Report of the Honolulu Water Commission on the Available
Water Supply, pp. 92-108, and in 1921 by H. S. Palmer in his
Report on the Possible Occurrences of High-Level Ground Water
in the Honolulu Region, pp. 77-78. It is at the proper elevation
(just above dikes causing largest springs) for maximum tunnel
water expectations and would be the first development of this out-
lying water supply.

B. Honolulu (Nuuanu filtration plant-elevation 490 feet) to
the Waiahole tunnel (North Portal-elevation 750 feet) ; via Ka-
lihi diversion (elevation 515 feet) Kalihi Pali (elevation about 560
feet) and Kahaluu Springs (elevation 610 feet) on to a point
between Waihee and Kahaluu Valleys. At this point a force main
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would deliver water from a pumping station about midway be-
tween the known best water supplies of Waihee and Kahaluu Val-
leys, at an elevation of about 300 feet. A tunnel system "parallel"
to that of Alternate A would collect all flows on both sides of the
pumping plant. In this way a maximum grade for the distance
would be affected and a minimum size tunnel required at an eleva-
tion where our elevation-discharge studies of the past year indi-
cate considerable more surface water availaole in all the streams
than at the upper elevation of Alternate A. Development of this
windward Koolau supply would probably follow that of Alter-
nate A.

C. Honolulu (Nuuanu filtration plant-elevation 490 feet) to
the Waiahole tunnel (South Portal-elevation 725 feet) ; via Ka-
lihi diversion (elevation 515 feet) and across Moanalua, etc., Val-
leys to a point below the Waiahole South Portal. This alternate
contemplates adits in all of the streams crossed on the leeward
side of the Koolau Range, draining an area of a rainfall second
only to that of the leeward Waiahole tunnel region. It also con-
templates possible extension to Alternate D following and, there-
fore, a distribution of the difference in elevation available between
Wahiawa and Kalihi by intercepting Waiahole tunnel water below
the South Portal. This alternate scheme would probably follow
Alternate B.

D. Waiahole tunnel (South Portal-elevation 725 feet) to
Wahiawa reservoir (elevation 820 feet). This alternate is only
problematical for the event of the most extreme emergency be-
lieved to be decades distant.

E. Pumping of Kahana and/or Punaluu Streams water from
elevation of about 250 feet into Waiahole tunnel. This develop-
ment would have to be preceded by either Alternate A or C and
is a most remote project.

WAIAHIOLE TUNNEL

Consideration of the above alternates is based largely on the
potentiality of the water supply available in the future from the
Waiahole tunnel. Estimates of the possible quantity of water
available in connecting tunnels, also are most reliable when based
on the past performance of the Waiahole tunnel.

In the license granted to the Waiahole Water Company, Ltd.,
December, 1912-"The rights granted under this agreement are
upon the following terms and conditions:

Sixth. That tile Commissioner may at any time ........ after the ex-
piration of said term of thirty (30) years .......... take any part of said
government water not exceeding four million (4,000,000) gallons in any
one day, and at any time .................. after ........ forty (40) years ................
take any part of said government water not exceeding six million (6,000,-
000) gallons in any one day, an! at any time ........ after-............ fifty
(50) years .................. take the whole or any part of said government water.
Seventh. At the expiration or determination of the term herein pro-

vided as to the whole or any part.of said government water the Commis-
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sioner shall have the privilege .................. of taking such government water to
the maximum amount of fifteen (15) million gallons per days of twenty-
four (24) hours each (and such additional government water as there may
be room for unused by the Grantee) ................... "

The following table of the "Amount of Water Received from
the Waiahole Conduit in Million Gallons" was kindly furnished
to this Commission by Mr. H. Olstad, Chief Engineer, Waiahole
Water Company, Ltd.:

AMOUNT OF WATER RECEIVED FROM THE WAIAHOLE
CONDUIT-IN MILLION GALLONS

North
Portal
M. G.

1917 ......... 8,458.2
1918 ......... 10,204.6
1919 ......... 8,103.4
1920 ......... 6,540.2
1921 .......... 7,821.6
1922 ......... 7,649.9
1923 ......... 8,781.8
1924 ......... 7,138.1
1925 ......... 6,981.3
1926 ......... 6,435.2
1927 ......... 10,321.7

Total ....... 88,436.0

Main tunnel
underground

water
M. G.

2,224.8
2,121.0
2,013.0
1,847.1
2,229.4
2,397.9
2,375.9
2,415.8
2,571.6
1,925.2

,2,298.9

24,420.6

Waiawa
intake

surface
water
M. G.

42.9
641.7
260.4
297.6
193.5
499.9
547.9
320.0
435.5
206.6
926.4

4,372.4

Total amount
of water
M. G.

10,725.9
12,967.3
10,376.8
8,684.9

10,244.5
10,547.7
11,705.6

9,873.9
9,988.4
8,567.0

13,547.0

117,229.0

The following table is our reduction of the above data for the
10-year period, 1918-27 to average, maximum and minimum yearly
and daily yields in million gallons:

Main
tunnel Waiawa
under- intake Total

North ground surface amount
Portal water water of water

Average (M. G.).. 8,000 2,220. 433 10,700.
(M. G. D.).. 21.9 6.08 1.19 29.2

Maximum (M. G.) .... 10,321.7 2,571.6 926.4 13,547.0
(M. G. D.). 28.3 7.05 2.53 37.1

Minimum (M. G.) 6,435.2 1,847.1 193.5 8,567.0
(M. G. D.).. 17.6 5.07 .53 23.5

Thus, it is pertinent here to observe that the total annual aver-
age flow at the North Portal has ranged from 28.3 to 17.6 and
averaged 22.0 M. G. D. The main tunnel underground water has
ranged from 7.0 to 5.0 and averaged 6.0 M. G. D.

The separation of these quantities into water collected on Ter-
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ritorial land and water collected on non-Territorial land will not
and need not be entered into at this time.

The data are submitted here merely to indicate the relative mag-
nitude of the discharge of this tunnel as a basis for estimating the
probable necessary capacities and yields of the possible tunnels
(Alternates A to E). _

WAHIAWA RESERVOIR

Only with a view of the most remote necessity for the use of
this facility, a passing consideration of this water supply is here
intimated. This reservoir, located on thick and highly impervious
layers of clay, is quite different in performance from Nuuanu
reservoir No. 4. Seepage is believed to be practically absent and
the maximum leakage in the bed of the Kaukonahua Gulch below
the dam is less than 0.3 million gallons per day. This reservoir
has proved its efficiency and great value to the sugar industry.
It is only the possibility of utilizing, perhaps, its occasional over-
flows (1,000 million gallons in the 1916 flood; 1,220 million gal-
lons in the 1927 flood, etc.) to relieve future Honolulu's artesian
draft at times of flood, and some possible mutual arrangement of
the City's developing mountain flood flows by utilizing perhaps
more of Wahiawa's storage, and not interfering with the Com-
pany's supply-that deserves passing consideration of this natural
facility. This consideration constitutes the very remote Alter-
nate D.

KAHANA AND PUNALUU STREAMS

Gaging stations were maintained on these streams by the U. S.
Geological Survey during the years 1914-18. During the year
ending August 14, 1928, measurements were made monthly at
100-foot intervals in elevation in these streams and the relations
determined, for low and medium stages, between discharge and
elevation in terms of the elevations of the gaging stations where
continuous records are available. These studies are incorporated
in Characteristic Curves of these Streams in Plates XIX and XX
of the Supplement to this Report.

While large quantities of water are available and now largely
wasting at a few feet above sea level, their discharges are com-
paratively small at elevations reasonably close to the Waiahole
tunnel at elevation 780 feet. Long pipe lines and expensive opera-
tion would be required to pump this water from elevations as low
as 250 feet where considerable increases in the flows of these
streams were found, into Waiahole tunnel. Furthermore, most of
the water rights are privately owned and in the case of Punaluu
Stream, practically the entire low-water flow is now very bene-
ficially diverted for the irrigation of sugar cane in the Kaluanui
and Hauula districts. While, for example, 12 M. G. D. from
Kahana or 15 M. G. D. from Punaluu could be developed at ele-
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vation 250 feet with an additional 20-M.G.D. filtration plant, the
expense of development and pumping from 250 feet to 780 feet is
prohibitive and the Alternate E is a most remote project.

YIELDS

The yield of any of the possible tunnels will consist of absorbed
tunnel water and run-off water and depends on four major fac-
tors. These factors are:

1. RAINFALL.-There is a rainfall per year of 240 inches
in the region leeward of Waiahole Valley as compared with 120
inches in the Kalihi region (See Plate A).

2. ABSORPTION.-Absorption depends on rainfall, topo-
graphy and geology. The run-off in precipitous areas is very large
as compared with the run-off in flat areas. Conversely, the ab-
sorption in the former is very small as compared with that of the
latter. While about 20% of the rainfall is absorbed (See Plate
F) over the Island as a whole it varies from 0% to 100% for
different slopes. Absorption depends on the perviousness of the
land surface and the denseness of vegetation which largely gov-
erns evaporation and transpiration.

3. TUNNEL CAPACITY.-The capacity of a tunnel depends
primarily on its cross-sectional size, its slope and its roughness.
Th following table gives the capacities of different sizes of tun-
nel for slopes from 1 to 4 feet per 1,000 feet of length, based on
the Ch~zy-Kutter formulae for a roughness coefficient, n, of 0.02
(concrete invert), in M.G.D.:

CAPACITY OF TUNNELS (Q=AV; V=CVRS; n=0.02)

Slope
Size .001 .002 .003 .004

5' x 5' 37.7 53.4 65.3 75.4
6' x 6' 62.5 88.4 108 125
6' x 8' 78.3 113 135 156

Thus, it is seen that a tunnel to have a 100-M.G.D. capacity on
a slope of 3 feet per 1,000 feet must be 6'x6' in cross-section.

The tunnel capacity limits the yield available at the filtration
plant. This capacity is affected by the time concentration of rain-
fall between the various adits and backwater caused by a filling up
of the tunnel.

4. FILTRATION-PLANT CAPACITY.-With no storage,
the yield is finally controlled by the filtration-plant capacity. It is
not probable that a greater capacity than 40 M.G.D. need ever be
installed, and, therefore, a "minimum" tunnel size of 5'x5' on a
0.003 slope having a 65-M.G.D. capacity will be sufficiently large
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for a design balanced with respect to tunnel and filtration-plant
capacities.a

In view of these considerations then, which have all the limi-
tations of the Waiahole tunnel, plus the limitation of filtration
capacity besides, since the Waiahole tunnel average yield for 10
years is 29 M.G.D.,-

THE BENEFICIAL YIELD OF ANY TUNNEL ALTER-
NATE EQUAL IN LENGTH TO THAT OF THE WAIA-
HOLE TUNNEL (14,567+24,000---38,500 feet) CANNOT
EXCEED 29 M.G.D.

Furthermore, since (1) the rainfall in Kalihi Valley is only
about one-half of that of the Waiahole catchment area and (2)
the filtration capacity will be but say 40 M.G.D., or 40/150 of the
Waiahole tunnel capacity.t

it is not probable that these alternates will con-
tribute yields greater than about as follows:

A.-15 M.G.D.
B.-10 M.G.D.
C.-10 M.G.D.
D. 10 M.G.D.
E.- 5 M.G.D.

COSTS

INITIAL. The magnitude of the initial costs of these tunnels
makes the delay of their construction at once apparent. The fol-
lowing table enumerates the lengths in feet and miles and the total
first costs of these alternate schemes at the rate of a million dol-
lars per four miles, or $47.50 per foot of tunnel.c

Any excess of tunnel capacity over that of the plant capacity can be utilized
to off-set water rights in other valleys (Kalihi and Nuuanu?.

b Waiahole tunnel capacity is 150 M. G. D.
An increase of $12.50 per foot over the cost ($35) of the Kalihi-Nuuanu tun-

nel is assumed on account of increased difficulties due to transportation, water
handling, etc.
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FIRST COSTS OF POSSIBLE KOOLAU TUNNELS

Tunnel Distance Cost

Alternate From To Feet Miles (4 miles/$1,000,000)

A Kalihi Kaneohe 10,700 2.02 $ 500,000
Kaneohe Waiahole (North Portal) 42,900 8.12 2,000,000

Total 53,600 10.14 2,500,000

B Elevation 300 Elevation 600 1,300- .25 30,000
Pumping station and road 30,000

Kaneohe Waiahole 38,000 7.20 1,800,000
Total 39,300 7.45 1,860,000

A and B 92,900 17.57 4,360,000

C Kalihi Waiahole (South Portal) 46,300 8.78 2,200,000
D Waiahole (South Portal) Wahiawa 41,700 7.90 1,980,000

C and D Total 88,000 16.68 4,180,000

A, B, C and D Total 180,900 34.25 8,540,000

E North end Elevation 250 3,000k .57 75,000
Waiahole tunnel Kahana

Pumping station and road 25,000
Kahana Punaluu 21,600 4.00 1,000.000

Total 24600 4.57 1,100,000

A, B, C, D and E Total 205,500 38.82 $9,640,000
4 Waiahole tunnel (main-14,567 feet) cost:

Driving ............... $28.60 per foot
Lining ................. 6.20 per foot

Total ................ $34.80 per foot
This cost includes such distributary accounts as temporary camps,

machine shops, railroads, and general overhead and expense accounts.

b 18-inch pipe at $25 per foot.
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It can readily be seen that any other combinations of the above
five schemes would cost from $3,500,000 to $9,640,000.

Thus, the first costs of the development of these waters, what-
ever their quantities may be, is staggeringly high. Their develop-
ment can only come through a program of generations. Their
consideration is taken up here only for purposes of comparison
with other water supplies on the Island. Development of these
sources will follow only after other sources yielding "most water
at least cost" will have been developed.

OPERATION-For recapitulation purposes of comparison in
Section 7, the following table of rough estimates of costs of these
waters per 1,000 gallons is presented:



First cost

Tunnels and Filtration
Alternate pipe lines plant Total

extension

A $2,500,000 $400,000' $2,900,000

B

C

1,900,000

2,200,000

2,000,000

1,100,000

200,0001

200,000"

100,000

2,100,000

2,400,000

2,100,000

Estimated
yield

(M.G.D.)

15d

10

Cost in cents per 1,000 gallons produced
e

(Collection and purification)

Fixed
charges at

9G/, of
first cost

4.8

5.1

Pumping
cost

at 4c per
Bl..P.-hr.1

0.0

8.0

10d
5.9 0.0

Filtering

5.0

5.0

5.0

1 1 . . -

I *I -~ I I -I-

100,000' 1,200,000

Chlorinat-
ing

0.1

.1

a10-M.G.D. extension to filtration plant
b 5_ML.G.D. extension to filtration plant
S2.5-M.G.D. extension to filtration plant
dIncluding Waiahole License water
eSee Plate T, Unit Filtration Costs, under Elxplanation
fSee Plate M, Operating Costs-Pumping

g This yield could utilize excess capacity of previous developments up to a 40 M.G.D. plant

Total

9.9

18.2

"Head
value''

2.1

2.1

Distribu-
tion

9.0

9.0

9.0

9.0

Total
cost of

collection,
purification,

and
distribution

16.8

25.1

17.9

17.1

I
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Thus, the approximations of the yields of the different schemes
indicate that the cost of the cheapest water from the Koolau Range
outside of the City of Honolulu is considerably higher than that
of other waters of other sources. Their comparative economy is
shown in Recapitulation, Section 7.
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SECTION 6

THE HONOLULU DISTRICT STREAMS
(Plates 0 to Z)

GENERAL

THE PROBLEM.-The number of ways in which the streams
of the Honolulu district may be developed is infinite, and it is that
fact which has given rise to so many different proposed schemes
in the past 30 years. These streams may be developed, with puri-
fication-

A. By storage of flood waters in reservoirs; or
B. By excess capacity of filtration plant to "catch" as

much of the flood peaks as economically possible and
"idle" partly during dry seasons.

Each of these schemes may further be developed
A. As single streams or combinations of contiguous

streams;
B. At one elevation or a combination of different eleva-

tions, necessitating
1. Pumping from one level to another to concen-

trate flow into one purification plant, or
2. Purifying water at two or more plants, and

C. With a comparatively low or high capacity of puri-
fication plants.

To serve an appreciable portion of the City's population any such
development would result in a project of considerable magnitude,
and any proposed scheme must be so designed that ultimately it
will fit into one COMPREHENSIVE PLAN.

SUPPLEMENT.-With these considerations in mind, it was
decided at the outset, to compile for proper reference all data col-
lected and available on the discharge of these streams. With a
view of preserving these tedious compilations for future analyses,
a Supplement to this Report was prepared and the available data
on all the streams in the Island incorporated. The reader is here
referred to that publication.

NO STORAGE.-n a preceding section of this Report, an
analysis has been made of the possibilities of storage of water in
reservoirs in the Honolulu region. The results of that investiga-
tion lead to the conclusion that additional reservoirs are imprac-
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tical and uneconomical. One needs only to remember, out of this
mass of confirming proof, the utter lack of performance of the
Nuuanu hydroelectric plant served by the storage of Nuuanu res-
ervoir No. 4 during the past 15 years. Based on the fact that the
present value of the dollar is one-half of its pre-war value (Cost

index=2.00), here is a present-dollar investment of

Dam ------- ................................. $ 600,000
Maole ditch ............... ................ 50,000
Pipe line ................................................ 200,000
Plant ............................... 50,000
L and ............. ...... ............................... 50,000
M iscellaneous ......................................... 50,000

Total .......................... .......... $1,000,000

Fixed charges, interest and sinking fund at 7% alone would call
for an annual plant output of $70,000, as compared with an aver-
age from 1921 to 1928 of about 500,000 kilowatt-hours per year,
requiring a charge of 14 cents per kilowatt-hour to be self-sup-
porting. This is not a fault of management or design: it is mere-
ly a lack of water-an absence of the alleged justification of reser-
voir storage. A significant appraisal of the performance of this
reservoir may be made quickly by referring to the hydrograph on
Plate H where one may see at a glance that while, for example,
the reservoir was full, containing 460 million gallons, and over-
flowing on January 1, 1928, it was practically empty on March
31, 1928 (20 million gallons). During this time the hydroelec-
tric plant used

in January (broke down) ............ 3.8 million gallons
in February .................................. 63.8
and in March ................. 76.0 " "

or a total of 143.6 "

In other words, 300 million gallons were lost through seepage,
leakage and evaporation in 3 months. All the other main over-
flows show the same characteristics. It is well to note here that
there have been only 5 such excessive wet-season overflows dur-
ing the past 15 years, and that each such filling of the reservoir to
460 million gallons was supply enough for the entire City of Ho-
nolulu for only 10 days. And when that is so largely lost by
seepage, leakage and evaporation, there remains little to recommend
the duplication of its construction in Kalihi Valley, or elsewhere
in the Honolulu region. Even its benefits to the artesian supply,
granting that all the seepage contributes to the City's artesian sup-

Sect. 6
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ply a are only an average increase of 1.7 million gallons per day.

EXPENDITURE FOR ADDITIONAL "STORAGE"
RESERVOIRS CANNOT BE RECOMMENDED AT THIS
TIME.

OUTLINE OF ANALYSIS.-The following analysis, then,
deals with the development of these flashy streams with no storage
provisions. After deductions are made as to the relative yields of
different schemes, the benefits accruing from storage reservoirs
already built will be added thereto.

Plate A is a rainfall map of Oahu, showing (a) all the results
of measurements of rainfall at 88 stations during the past 40
years; (b) distribution of the total average rainfall in Oahu; and
(c) the probable amounts of water escaping as run-off and enter-
ing the underground supply in the eleven major districts of Oahu.
It is to be noted here that in the Honolulu district, VI, there are
average usable total artesian and surface run-off quantities avail-
able of only 84, 146 and 31 million gallons per day during the
average, wettest and driest years respectively.

Plate B is a run-off map of Oahu, showing all active and dis-
continued stations together with locations and miscellaneous meas-
urements made by the U. S. Geological Survey and this Commis-
sion. Here will be found a classification of the mean, maximum
and minimum discharges for each of these streams.

Plate F is a chart showing the distribution of the rainfall of
Oahu into evaporation, transpiration, run-off and absorption. Ab-
sorption is that portion of the total rainfall which is absorbed by
the soil and goes into underground water supply. The pertinent
fact derived here is that the 84, 146 and 31 million gallons per day
above referred to are about equally divided between absorption
and run-off. The absorption value, 42 million gallons per day,
for the average year, coincidentally checks the value secured by
the water-level method and reported to the Legislature in 1927, as
the available average artesian supply and "safe" draft. The run-off
value, also 42 million gallons per day, has also been checked by
stream-gaging records secured 'during the past 15 years. With
this assurance of reliability of values, one then approaches this
analysis with a knowledge of the total natural surface run-off

a it is of interest to note here that there are many evidences in the magnitude of
the flows of springs (Maunawili, Kahaluu, Waihoi, etc., Springs) of the windward
side of the Koolatu Range, indicating that rain falling and absorbed on the leeward
side of the Range contributes toward augmenting the flows of these Springs of the
windward side.
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(available only by an impractical complete storage) of 42, 73 and
16 million gallons per day available during the average, wettest
(1927) and driest (1926) years recorded to date in the Honolulu
region. What percentage of this water can ultimately be devel-
oped for the City Waterworks depends on the money spent, but
the total production over a long period can never exceed the avail-
able limit of 42 million gallons per day.

Plate U is a map of the Honolulu district and shows the various
surface-water schemes at different elevations and their relations
to the three supply zones (high-pressure, low-pressure and moun-
tain) and the Forest Reserve area.

The following analysis pretends to include comparisons between
all sensible ways of developing the Honolulu district in order to
find that way which will yield presently the "most water at least
cost."

First are developed (1) the various water yields and then fol-
low (2) the initial and operating costs. Plate T is a chart show-
ing the comparative measured Production for Different Filtration
Capacities with Estimated Initial and Total Operating Costs for
Streams and Combinations of Streams for Different Single-Level
Developments in the Honolulu District. The two sets of values,
(1) yield in M. G. D. and (2) costs in dollars and cents, are
placed in juxta-position for close study of the merits of any
scheme in comparison with all other schemes.

YIELDS

In the Supplement are derived duration-discharge tables. These
have been prepared from published daily-discharge records by
actual count of all the days of different rates of discharge of the
different Streams for all the years and periods of records here-
tofore collected by the U. S. Geological Survey.

These tables were then plotted on Plates I to XX, Supplement,
of which Plates III, XVII, IV, XIV and XVIII are repeated
here as Plates 0, S, P, Q and R. These graphs are Characteristic
Curves and include (a) duration-discharge, (b) elevation-dis-
charge and (c) development-supply relations.

ASSUMPTIONS.-In the preparation of these graphs the fol-
lowing basic assumptions were made to reduce the entire study to
a common basis:

A. All surface water sources are practically equally turbid for corre-
sponding stages of flow, but decreasing in degree of pollution with ele-
vation;

B. No water is intercepted in the tunnels connecting the different, val-
leys for:

Sect. 6 139
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1. Its quantity cannot be accurately estimated;
2. Its quantity probably would decrease the artesian-

supply -quantity by practically its amount, but at a
gain in elevation, and would maintain its percentage
of total water available whether developed before or
after reaching the artesian supply;

C. The changes in rate of flow come simultaneously in the different
streams. The time of flow through a connecting tunnel from one valley to
another would be so short that its value is negligible in comparison with
the ''speed'' of a filtration plant and the duration of a significant rain;

D. The relation of elevation to discharge remains constant in a given
stream for all stages. This study would require many gaging stations to
determine definite results. With the short time available this phase of the
work could not be undertaken.

EXPLANATIONS.-Duration-Discharge Curves are recon-
structed hydrographs, showing days in order of magnitude of dis-
charge from left to right. An area above or below such a curve
represents volume (in million gallons). These curves are based
on as many years of U. S. G. S. record as are available and re-
duced by comparison of rainfall and run-off of other streams to
run-off during average years. The inean curve represents the
average number of days per year of the total number of years
having at least any co-ordinated discharge; the maxima curve
represents the combination of the maximum number of days per
year, taken from any one of all the years measured having the
co-ordinated discharge; the minima curve represents the combina-
tion of the minimum number of days per year taken from any one
of all the years measured, having the co-ordinated discharge.
These curves, concave toward the right, are plotted at the extreme
left of the Supplement Plates I to XX.

Were storage practical, the areas above the curves and below the
horizontal line representing the desired average yield would repre-
sent the total storage required in millions of gallons per year to
produce this yield.

2. Elevation-Discharge curves show the relation between eleva-
tion above sea level and discharge. Measurements were made
monthly from September, 1927, to August, 1928, of each tributary
of every stream at intervals of approximately 100 feet in eleva-
tion. The combined flow of all tributaries, except the hydroelec-
tric penstock in Nuuanu Valley and tunnel pipe-lines in all valleys,
above any 100-foot contour, was then plotted as a percentage of
the then-also-measured flow at the U. S. Geological Survey gag-
ing station. Eighteen sets of curves of the Honolulu district ap-
pear in the upper right-hand corners of Supplement Plates I to
XVIII, showing results of each of the monthly series of measure-
ments.

With these two sets of curves the discharge may be determined
for any elevation up to, generally 1,000 feet for any desired dura-
tion. These results give the desired' deductions in the form of the
middle sets of curves, concave toward the left, being

3. Development-Supply curves. These are derived from the
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HONOLULU DISTRICT STREAMS

duration-discharge curves of the gaging-station or other desired
elevations. Development-supply curves show the relation between
the magnitudes of an assumed development (capacity of filtration
plant) and the corresponding supply of water available from the
stream yield. By planimetering the area below a duration-dis-
charge curve for an entire year up to a contemplated capacity,
represented by a horizontal line, the total million gallons of water
possible to "catch" annually, with that size of development and
the natural supply in the stream, is obtained. Dividing the total
million gallons per year by 365 the mean rate in million gallons per
day is determined. Plotting this rate (yield) with respect to the
contemplated development (capacity) results in the desired in-
formation pertaining to the relation of capacity to yield.

These methods were then applied to all the possible combina-
tions of contiguous streams. By proper comparison of rainfall
and run-off, "average-rainfall" coefficients were derived (indicated
in inserts above the development-supply curves), by means of
which all duration-discharge and development-supply curves were
reduced to values of an average year. All results were reduced to
a basic discharge of 100% at elevation of 300 feet. Determining
the average percentages, then, for other elevations, duration-dis-
charge and development-supply curves were derived for elevations
900, 600 and 450 feet for the "average" (MEAN), "wettest"
(MAXIMA) and "driest" (MINIMA) years.

These results are tabulated in 15 columnar classifications in
Plate T, and are arranged according to location of streams and
combinations of contiguous streams, elevation and different rea-
sonable plant capacities. Where sufficient data are available (arbi-
trarily, 3 complete years of record) the maxima and minima are
given in addition to the mean values.

ILLUSTRATION.-To illustrate, in Column 9, Kalihi-Nuu-
anu, under Filtration Capacity "10," and opposite elevation "600"
will be found the values, 1.81, 4.57 and 6.92. These are the mini-
mum, average and maximum yields in million gallons per day that
can be obtained from the combined Kalihi and Nuuanu streams
(not including the 30" hydroelectric pipe-line nor any tunnel flows
that might be developed) with a 10-million-gallon-per-day filtra-
tion plant.

COSTS

INITIAL.-Analysis of first costs is necessarily based on un-
classified estimates.

A. The cost of filtration plants was derived by comparison with main-
land costs at the rate of $40,000 per M.G.D. of capacity. Nuuanu Valley,
with its reservoir Nos. 1, 2, 3 and 4 which could be used as partial sub-
sidence facilities is favored further in comparative values of water.

Sect. B
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B. Concrete-bottom tunnels of minimum 5'x4' size are estimated on the
basis of $35.00 per foot:

1. Labor: 3 shifts driving 9 feet per day
3 Miners ............... ....... $16 per shift
3 M uckers ............. .... .......... 15
1 M otorm an ....................................... 5 ' '

1 Compressorman --------------- .......... 7 ' "

Total labor ............................. $43 Y'

3x$43=$129 per day, or $129 - 9
=$14.30 per foot ...................

2. Materials:
Powder (5 lbs./cu. yd.) .............. $1.50
Rails and ties (15 lb. rail) .................. 35
A irline (2-in.) .... --------.................. . 40
Blower pipe (8-in. W. S.) .............. 1.00
Blower ....... ................... 25
Power ............. ............ 1.00
Lights ...................................... .20
Steel ............................. 30
Drills ........................ . . .20

Total .................................. $5.20
3. Concrete: 5.00

4 sq. ft. of invert cross-section at
$35 per cubic yard

T otal ................................. .
Engineering ................................... 15%
Contingencies ........... ............. 10 %

Total ...................................... 25%

or

$14.30

5.20
5.00

$24.50

6.12

Total cost ............................ $30.62
P r o fi t ---- .-.. ... ................... 1 5 % 4 .5 9

Total cost ............................ $35.21
C. Salvage values for the 15-inch C. I. tunnel-water, but not for the

hydroelectric 30-inch wood-stave and lock-bar, pipes in Nuuanu Valley, were
estimated roughly for the different schemes.

D. The costs of connecting the filtration plant to the City water dis-
tribution system are based on a maximum of three levels of distribution
reservoirs at elevation of 180, 380 and 580 feet, establishing a new "Moun-
tain' l -service zone from elevation 300 to elevation 500 feet. Estimates
of cost include only the connection to the nearest of these three reservoirs.

OPERATION: Operating costs are divided into:
A. Operating costs varying with rate of output, in cents per 1,000

gallons:
1. Coagulant (A1 203 ) for an average turbidity of 300 P.

P. M., requiring 297 pounds per M. G. @ $2.50 per
hundred pounds .................................$ 0.0074

2. Chlorine (C1 2 ), with a maximum dosage of 0.5 P. P.
M., or 4 pounds per million gallons at 12 cents per
pound -- _------------------------------------- -------...................................... 0005

3. Hauling chemicals at 50 cents per ton-mile .................... 0004
4. Filtered wash water-5% of output at 10 cents per 1,000

gallons .................................................................................... . .0050
5. Replacing sand and gravel ..................................................... 0002
6. Incidentals, etc., 20% of (a) to (e) ................................. . 0027

Total cost per 1,000 gallons ........................................ $ 0.0162
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B. Operating costs not varying with rate of output:
1. Assuming 5 men needed up to a 5-M.G.D. plant at $40.00 per

day and 13 men needed for a 50-M.G.D. plant at $100 per
day-the cost per 1,000 gallons varies from $40 divided by 1,000
times M.G.D. (from development-supply curves) to $100 divided
by 1,000 times M.G.D. (from development-supply curves).

C. Potential value; by virtue of the natural elevation of water, based
on cost of pumping, to be comparative the value of head-that is, eleva-
tion of development-has been credited against and deducted from (1) plus
(2), the cost of operation, at the rate of 6 cents per million foot-gallons.
The "head value" has been decreased by the consideration that some of
the head is lost in each development by the fact that the water is being
used at an elevation considerably below the filtration plant. Assuming
the water supplied by the present springs and tunnels to be sufficient to
supply the estimated 1945 population above the 300-foot elevation (8,300
people), and that the demand in the 100-to 300-foot zone would be 7 M.
G.D. in 1945 (see Plate W, and Plate VI in Kalihi vehicular tunnel report),
the first 7 2A.G.D. developed at the 900-, 600-and 450-foot elevation has an
effective elevation of 380 feet (a "head value" of 2.1 cents per 1,000 gal-
lons). The remainder would have an effective elevation of 180 feet (a 'head
value" of 0.9 cent per 1,000 gallons). Taking the cost of pumping water
at 6 cents per million foot-gallons and the artesian head level equal to 25
feet, the formula for "head value" at any elevation in cents per 1,000 gal-
lons is

"Head value"- (Effective elevation less 25 feet) X1,000 X 6
1,000,000

This results in 2.1 cents per 1,000 gallons for 380-foot or greater, and
0.9 cent per 1,000 gallons for 180-foot elevation.

D. Fixed Charges
1. Interest on bonds as represented by estimated initial

cost of plant ........................... 5 _. .............. ....... ........ . 5 %
2. Sinking fund, based on 30-year retirement and 4%

compound interest ........--..................... ........ .... .... 1.783%
3. Maintenance, repairs, insurance, etc ................ .... ..... 2.217%

Total, excluding constant overhead charges for any
sch em e .................. 9 .................. ... ... ....................... 9 %

Hence, the formula for fixed charges in cents per 1,000 gallons is
Initial cost X Fixed-charge rate (9%)

C08t= M. G. D. developed X1,000X365

Distribution.-Referring to 1927 Report of the City and County
Department of Public Works, pages 69 and 76, and taking
the fixed charges on the present Honolulu water system at 7%

on its valuation of $7,013,600, there results a total fixed charge of
$490,952 annually. This was separated into pump and tunnel
items, giving the pump system a fixed charge cost of $430,747 per
year. The operation and maintenance cost less fixed charges (p.

69)-$340,224 was separated into pump and tunnel items, giving
the pump system an operation and maintenance cost of $307,938.
This gives a total cost for pumping and distributing water of

$738,658 yearly, which divided by the thousands of gallons of
water pumped during the year (8,186,300) gives approximately 9

cents per 1,000 gallons as the cost of distributing artesian water.

Sect. 6
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Total.--The total cost of (1) collection (and purification) and
(2) distribution is the sum of the costs of collecting, filtering
and delivering the water to the distributing system, at 25-foot ele-
vation, plus the present cost of distributing it to the consumer.

ILLUSTRATION.-Thus, to continue the illustration under
YIELDS, Plate T, Column 9, Capacity 10, Elevation 600: This
plant would cost $760,000 or, at the rate of $170,000 per million-
gallons-per-day of the total average yield of 4.57 million gallons
per day. The cost of the collection of this water, including puri-
fication and deducting its "head value" would be 5.0 cents per
1,000 gallons. So that the total cost, including the present rate of
9 cents per 1,000 gallons for distribution, would be 14 cents per
1,000 gallons.

CONCLUSIONS

By inspection of each of the 15 columns representing different
streams or combinations of contiguous streams, one may now
select the capacity and elevation for any stream or combination of
contiguous streams which is the most practical and economical, as
reflected firstly in (1) initial costs per M. G. D. yield and ulti-
mately, in (2) total cost per 1,000 gallons. These developments,
represented in the chart (Plate T) by rectangular areas containing
their hydraulic and financial values have been designated among
all others by a heavier rectangular outline for each of the 15
schemes. The following is a recapitulation of the most economic
development of each scheme, from this STANDPOINT OF SUPPLY:
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Significant comparative observations are the following:

1. All most economic elevations are between 450 and 300 feet
above sea level. The most economic single-level elevation for this
entire district is 450 feet. Below 300-foot elevation sanitary con-
ditions forbid consideration. Elevations above 450 feet are ex-
cluded, as costs for the development of the entire District at, for
example, 900-foot elevation run up to 35 cents per 1,000 gallons
(as high as $2.70 per 1,000 gallons in Pauoa-Makiki).

2. The single-stream developments indicate economic capacities
of filtration plant of from 3 to 6 million gallons per day each,
two-stream developments from 10 to 14 million gallons per day
each, etc., up to the development of the entire District whose
most economic filtration capacity would be 25 million gallons per
day, yielding an average of 12.0 million gallons per day. Twelve
million gallons per day, then, is the total present economic yield
of a total naturally available average combined flow of 42 million
gallons per day from all the Honolulu district streams. That is,
it is economical, without extensive storage facilities, to "catch" only
12/42, or about one-third of the total flow of these streams.

3. The first cost of developing the entire District would be 3
million dollars: it is more than a necessary biennial program in
connection with other improvements. This is an ultimate first cost
of $240,000 per M.G.D. rate of yield.

4. The most economic water in this District, as reflected in total
cost per 1,000 gallons, the criterion of the cost of developing water,
appears in columns 2 (Kalihi), and 5 (Nuuanu, including reser-
voir No. 4 storage) at elevation 450, where the total cost per 1,000
gallons is 12 cents. Column 7, Manoa (at elevation 300, how-
ever), comes next with 13 cents per 1,000 gallons. The ultimate
development would result in water at the total rate of 15 cents per
1,000 gallons.

5. The total yield and first cost of the most economic develop-
ments, Kalihi and Nuuanu on the one hand, and the total yield
and first cost of the comparable and nearly most economic develop-
ment of Manoa and Palolo on the other-each with a filtration
capacity of 10 M.G.D.-would be about the same-a yield of
slightly more than 5 million gallons per day, (Kalihi-Nuuanu=
5.09; Manoa-Palolo-5.39) and an investment of $800,000.

TYPICAL ILLUSTRATION

In Plate V is shown diagrammatically a typical illustration of
the principle of the most "efficient" or economic filtration plant.
The illustration covers the performance of each of three assumed
sizes, 5-, 10- and 40-M.G.D. of filtration plant applied to a hydro-
graph of the combined flow of Kalihi and Nuuanu Streams for
the comparatively wet 45-day period from April 1 to May 15,
1928. This diagram is only "a pictorial treatment of the Law of
Diminishing Returns and Yields of Maximum Productivity, as
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applied to the utilization of the natural flow of flashy streams with
no storage."

The 40-M.G.D. plant yields 7.0 M.G.D., costs $1,960,000, or approximate-
ly $280,000 per M.G.D. yield, resulting in a cost of operation for collection
and purification of 7.8 cents per 1,000 gallons, costing $546 per day.

The 10-M.G.D. plant yields 4.6 M.G.D., costs $760,000, or approximately
$170,000 per M.G.D. yield, resulting in a cost of operation for collection
and purification of 5.0 cents per 1,000 gallons, costing $230 per day.

The 5-M.G.D. plant yields 3.2 M.G.D., costs $560,000, or approximately
$180,000 per M.G.D. yield, resulting in a cost of operation for collection
and purification of 5.1 cents per 1,000 gallons, costing $163 per day.

The difference in cost between the outputs of the 40- and 10-M.G.D.
plants is $546 $230=$316 for 7.0-4.6=2.4 M.G. Thus the additional 2.4
M.G.D. cost 13.2 cents per 1,000 gallons.

The difference in cost between the outputs of the 10- and 5-M.G.D.
plants is $230-$163=$67 for 4.6-3.2=1.4 M.G. Thus the additional 1.4
M.G.D. cost 4.8 cents per 1,000 gallons.

The cost of the yield of the first 5-M.G.D. plant is 5.1 cents per 1,000
gallons.

Thus, the 40-M.G.D. plant is an "over-size" plant and only very little
of very turbid water is added by over-excess of capacity.

The 10-M.G.D. plant is the most "efficient," or practical, plant as it
yields "most water at least cost."

While, the 5-M.G.D. plant is an "undeveloped" plaut as it fails to
"catch" much of the medium-stage flow.

THE STANDPOINT OF DEMAND:

Now, from the standpoint of demand, reference is made to Plate
W and Plate X. In these two plates is shown the relation of
population or demand to elevation.

In Manoa and Palolo Valleys there is a population of 1,420,
while in Nuuanu and Kalihi Valley the population is 2,480, above
the 300-foot elevation. It is obvious that the selection of Nuuanu
is more desirable from this standpoint of present demand: a great-
er saving in the high cost of boosting water to a greater "present"
population will be effected.

THE STANDPOINT OF STORAGE:
In Nuuanu Valley, reservoir No. 4 is built and paid for. With

Maole ditch, it will augment the 5.09 M.G.D. average yield (with
a 10-M.G.D. plant) about 0.7 M.G.D., making the total yield
about 5.8 M.G.D. as compared with a total of 5.39 M.G.D. from
Manoa and Palolo Streams at elevation 300.

THE STANDPOINT OF TUNNELS:

The discharge of present tunnels in Nuuanu and Kalihi Valleys
(totaling an average of about 2 million gallons) is more subject
to turbidity than the Manoa-Palolo tunnels (totaling about 1 mil-

Sect. 6
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lion gallons). The location of the filtration plant in Nuuanu Val-
ley would make it possible, partly or wholly, to eliminate this un-
desirable turbidity.

THE STANDPOINT OF ELEVATION:

It is to be remembered that the 5.4 M.G.D. yield in Manoa-
Palolo is available at about 150 feet lower than that of Kalihi-
Nuuanu. An effectine superiority in head of 150 feet is avail-
able in Nuuanu.

THE STANDPOINT OF CENTRALIZATION:

Nuuanu is nearer the center of the various possible water sup-
plies on the Island of Oahu, resulting in (1) saving of loss of
elevation due to necessary grades in only one direction, and (2)
consequent greater total quantities of collected water, due to two
different collection systems,

In other words, with a given constant area of tunnel section
and for a given difference in elevation available for grades more
water will be collected in a given distance, by virtue of the ability
of the tunnel to take water, if the collected flows are concentrated
somewhere between the ends rather than at one end, of the given
distance.

STANDPOINT OF OTHER EXISTING FACILITIES:

In Nuuanu, besides reservoir No. 4, are greater existing facili-
ties in the form of other smaller reservoirs (Nos. 1, 2, 3 and 5)
which can be made to serve the purpose of subsidence basins and
clear-water reservoirs; pipe lines; road; etc. The high-pressure
Beretania pump is designed for 200-pound pressure or 462-foot
head which at elevation 25 feet will pump to elevation 462+25=-
487 feet, less head losses due to friction and leakage in pipe lines
of about 37 feet, or about 450 feet.

STANDPOINT OF OWNERSHIP OF LAND:

In Nuuanu Valley a plant can be so installed as to be entirely
on territorial land as will be shown later.

STANDPOINT OF FIRE PROTECTION:

The industrial section of Honolulu is nearer any Nuuanu site

than any Manoa site, and the location of a filter plant in Nuuanu
would furnish a much higher and a dependable pressure for fires
of vast down-town extent. There would be less loss due to fric-
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HONOLULU DISTRICT STREAMS

tion in pipe and a Nuuanu plant itself would be 150 feet higher
than a Manoa plant.

STANDPOINT OF PROXIMITY TO BUSINESS:

This element would save considerable in cost of transportation
of chemicals, etc., entering into the cost of operation.

RECOMMENDATIONS

In view of all these considerations and those in the Section 7
where are recapitulated relative merits of all water supplies outside
the Honolulu district, it is recommended, as a first step of a COM-
PREHENSIVE PLAN, that a filtration plant of an initial capa-
city of 10 million gallons per day be constructed in Nuuanu Valley
at elevation of 500 feet above sea level. Future development will
depend on magnitude rather than location, i. e., Manoa and Palolo
will be developed before Pauoa, Makiki and Moanalua.

Plate E is a map of the Island of Oahu showing the Compre-
hensive Plan, with the probable order of development of the
various supplies. There is shown the relation of the proposed
filtration plant to future extension to the Comprehensive Plan.

Sect. 6
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SECTION 7

COMPARATIVE RECAPITULATION OF WATER QUAN-
TITIES AND COSTS OF VARIOUS POSSIBLE

WATER DEVELOPMENTS

YIELDS AND COSTS

The following table is a recapitulation of the water quantities
available from and the cost of development and operation of the
most economic limit of each of the various possible resources of
the Island of Oahu. These projects are arranged in order of
"most water at least cost," as reflected in the total cost of the water
in cents per 1,000 gallons:



YIELDS AND COSTS OF THE -QS0T ECONOMIC LIMITS OF DEVELOPMENT O1W YARIOU POSSIBLE PROJECTS

Project Capacity
(M.G.D.)

Nuuanu-Kalihi; elevation 530';
(average at 600' and 450').. 10

p4 Manoa-Palolo; elevation 400;
proportioned between eleva- 6
tion 450' and 300'..........

0

Tunnels, elevation 750 b .....

Kalauao .................... .. 15

T Kalauao and Waiau ........... 20

Kalauao-to-Waimano .......... 20
0

Kalauao-to-Waiawa .......... 30

30
P4 Kalauao-to-Waikele ......... 50

4 A Kalihi to North Portal Tunnel65
(Waiahole) ........... Plant 10

0 C Kalihi to South Portal
(Waiahole) .......... do.

s D South Portal to Wahiawa do.

B Lower Windward Koolau. do.
o

WTunnel 65
E Kahana and Punaluu.... Plant 5

a Plus hydroelectric (?) and present tunnel flow.

.Yield
(M.G.D.)

4.81

3.2

3.1

7.4

11.5

16.6

24.3

24.4
32.1

15

10

10

Operating cost in cents per 1,000
gallons[nitial Cost

in
millions of

dollars

0.800

7.30

.350

1.07

1.98 6.1

2.83
3.72

2.70

2.40

2.08

2.06

5 1.20

Collection
and purifi-

cation

4.8

7.4

.6

6.6

Distribu-
tion

9.0

9.0

9.0

9.0

- Total

13.8

Remarks

Total new yield, about 5.5
M. G. D.

16.0 Requires pumping from eleva-
tion 400' to 523'.

Small yield and only subtrac-

9.6 tive from artesian yield.

16.0 Subject to further study.

6.4 9.0 15.0 Subject to further study.

6.1

6.2
6.2

7.0

8.9

8.1

16.1

16.9

9.0

9.0

9.0
9.0

9.0

9.0

9.0

9.0

9.0

15.0 Subject to further study.

15.0 Subject to further study.

15.0
15.0 Subject to further study.

16.0 Requires filtration plant first.

17.9 Requires filtration plant first.

Requires filtration plant first,
17.1 also "C.''

Requires filtration plant first,
25.1 and pumping.

Requires filtration plant first,
25.9 pumping and 'A"l or "'C."'

' H. S. Palmer; Possible Occurrences of High-Level Tunnel Water.
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CONCLUSIONS

(1) The Kalihi-Nuuanu development supplies the most econo-
mic water;

(2) Pearl Harbor Springs may supply a major supply at a not
much higher cost per 1,000 gallons;

(3) The Koolau developments outside the City are only slightly
higher in cost of production for

(a) Kalihi to North Portal (Waiahole tunnel) system
(b) Kalihi to South Portal (Waiahole tunnel) system
(c) South Portal, Waiahole tunnel to Wahiawa reservoir;

(4) The pumping projects, B and E, of lower windward Koo-
lau and Kahana and Punalun Streams are rendered prohibitive by
necessity of their high-lift pumping.

(5) While tunnels in the Honolulu region yield economic
water, their possible yield is small, and only subtractive from the
present artesian supply.

This probable order of development is only eliminative of sug-
gested schemes and needs verification by further investigation and
study as the developments are extended by future generations.

It is interesting to note that all these water resources indicate
a total yield and capacity (filtration and pumping) of close to 100
M.G.D. This is far more than will be needed by the City for a
long time. The total initial expense, however, is over 25 million
dollars. The conclusion is that, "at any cost," even if the artesian
supply should fail the City is assured of a water supply for all time
to come. It is merely a question of foresight to plan to install in
time new developments in their economic order as they are needed.

MINOR SUGGESTED PROJECTS

1. SHALLOW WELLS.-Shallow underground resources have
been encountered in the various sewer tunnels, etc., and their
quantities found too limited in value to blind the issue of a major
supply that the City requires. Local development for irrigation,
etc., is to be encouraged.

2. CHE(jK DAMs.-"Check" dams for the catchment of surface
flows at higher elevations would necessarily have to be many and
expensive. The fruits of their existence, it is believed, would be
lost by seepage and leakage due to the nature of the extrusive
formation, and only return to the various streams. Erosive silt-
ing would soon fill them. Present available data indicate that the
major part of the artesian water enters the artesian supply below
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elevations of about 500 feet. Practical dam and storage sites be-

low this elevation are lacking.
3. INFILTRATION COLLECTION WELLS.-Infiltration wells to ad-

mit water into the artesian structure are, in our opinion, absolute-

ly impractical. Their local nature, large number necessary and

filling up with silt during periods of heavy erosive rains render

their consideration rather doubtful.
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SECTION 8

THE PROPOSED FILTRATION PLANT
(Plates Y and Z)

THE COMPREHENSIVE PLAN

The beginning of the development of water resources other than
the artesian supply must be such as to make it possible for all
subsequent steps to formulate into a One Comprehensive Plan.
In the previous sections are developed the comparative merits of
all plausible schemes. It was assumed that the time is coming,
in the very distant future perhaps, when all these schemes may
become as many steps of the development of that one extensive
Comprehensive Plan. Nothing must be omitted which later would
cause regret for not starting in another manner, perhaps in a
different valley, perhaps at a different elevation, or perhaps in a
greater or lesser degree. It cannot, and need not, all be done at
one time. Bearing these facts in mind, the importance of the
proper selection of the initial step becomes evident.

At the outset, one feature is most obvious: it has been recog-
nized at least four times in the history of Honolulu City. (1)
Forty-seven years ago, in 1881, a filtering plant was constructed
on the John A. Wood property in Upper Nuuanu; (2) in 1897,
Rudolph Hering, eminent hydraulic engineer, recommended filtra-
tion of Nuuanu Stream water; (3) thirteen years ago, 1915, sur-
face-water from Nuuanu reservoir No. 1 was purified by chlorina-
tion; and (4) at the present time a part of the developed moun-
tain resources is at times unfit for consumption and requires puri-
fication. The development of a mountain water, to contribute
appreciably toward augmenting the City's supply must include sur-
face water. All the surface streams are subject to excessive
turbidity and some to pollution. Their clarification and steriliza-
tion is absolutely necessary. Therefore, A PURIFICATION
PLANT IS THE FIRST REQUIRED FACILITY. Modern
engineering specifies filtration and chlorination. A filtration plant
necessitates a major and expensive construction. Its size depends
on demand for and supply of water available. In Section 6 were
derived (1) the present economic limit of development and (2)
the selection of the site by valley and elevation.
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Filtration plant site, looking mauka, showuing Dowsett Tract, Oahu Country Club Golf Links, reservor No. 1, and proposed filtration plnt site.



Filtration plant site, looking makai, showing reservoir Nos. 1 and 5, Dowsett Tract, hydroelectric plant (old and new,), old chlorinating plant
and new booster station.
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It was found that "the. most water at least cost" at the present
time can be derived from the combination of Kalihi and Nuuanu
Streams at an elevation of about 450 feet with the filtration plant
located in Nuuanu Valley. The present economic capacity of the
proposed plant is 10 M.G.D., and the probable average yield will
augment, and rest to that degree, the City's artesian and present
tunnel supply by 5.8 M.G.D., the considerable relief of about 15%
of the present total artesian draft.

ECONOMICS OF ELEVATION
(1) In order to provide as much water without boosting as possible to

considerable adjacent areas like Dowsett Tract;
(2) In view of the fact that Territorial land of suitable topography

(See Plate Y) is available up to 500 feet elevation;
(3) That sufficient difference in elevation exists between Kahalua (610

feet) and other major springs in the windward Koolau Range, Walahole
tunnel portals (725 feet) and Wahiawa reservoir (820 feet);

(4) That there is practically no additional inflow in Nuuanu Stream
between elevations 600 and 400 feet;

(5) That the Forest Reserve boundary crosse§ Nuuanu Stream at eleva-
tion 530 feet; and

(6) That the largest diversion pool (affording slight pondage) between
600 and 450 feet elevation would be formed with a 20-foot diversion weir
at elevation 560 feet;-

The Nuuanu Stream will be diverted at elevation 560 feet-70
feet lower in elevation than the present U. S. G. S. gaging station
on whose records most salient results are based.

Thus, the layout of a Nuuanu filtration plant extends from with-
in the Territorial Forest Reserve, down along the government Pali
road, to Territorial land -containing the present hydroelectric facili-
ties. All proposed facilities will thus lie on property now owned
by the government, which will cost nothing and eliminate all real
estate transactions. It appears as if some past far-seeing engineer-
ing and legislative action anticipated our problem and provided
this free right-of-way with a meticulous degree of precision as to
all its economic aspects. Only these thorough analyses, however,
reveal the way!

The exact elevation of the filtration plant, controlled finally by
(1) topography and (2) maximum service to Dowsett Tract and
contiguous lower sections above the upper limit of the present
high-pressure zone (300-feet elevation), will be such that the col-
lected raw water enters the plant as in fluent at elevation 490 feet,
and the purified water leaves the plant as effluent at elevation 450
feet. Thus, with its clear-water reservoir full at a 450-foot eleva-
tion and a service pressure of 50 feet (22 pounds per square inch)

scet. 8 1,55
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this plant will save the cost of boosting water to all population in
Nuuanu Valley between elevations 300 and 400 feet. From Plates
W and X, this population is about 1,000 and requires conserva-
tively about 300,000 gallons per day. With cost of boosting in
excess of cost of filtration of 5 cents per 1,000 gallons, this repre-
sents a saving of $15 per day or 365x$15-=$5,475 per year. With
interest at 6%, this feature alone justifies an initial expenditure

of $5,475
.06 , or $91.300.

All surface water developed outside of Nuuanu Valley must be
delivered in Nuuanu at elevation of 490 feet.

Kalihi Stream.-With a comparatively steep grade of 3 feet per
1,000 feet (Slope=.003) and a distance from the proposed Nuu-
anu filtration plant of 8,700 feet, a difference in elevation of
8,700x.003, or 25 feet must be provided. That is, the diversion in
Kalihi will be not lower than 490 plus 25, or about 515 feet above
sea level. As an alternate, by making the diversion at elevation
625 feet, only 3,700 feet upstream, the intake and portal will again
be within Territorial Forest Reserve and the tunnel will practic-
ally parallel the Forest Reserve line just within the Reserve boun-
dary. Thus, all water would be derived from Territorial land and
no right-of-way need be considered. The latter alternate is there-
fore included for final decision. Here ends the present proposed
step of development.

FUTURE EXTENSION-In probable order of development:

MANOA AND PALOLO STREAMS.-With the excep-
tion of a possible prior development of Pearl Harbor Springs,
which is a separate system and not dependent on elevations
of the surface-water developments and for which sufficient
stream-gaging records are not available to recommend def-
initely their development at this time-the development will
next extend to Manoa Valley, There very little water is avail-
able above the 400-foot elevation (Plate Q), and the collected
water from Manoa and Palolo Streams would be concentrated
at an elevation of about 400 feet (to be accurately determined
when the necessity arises for its development). To centralize
and therefore to reduce the cost of operation of filtration, a
low-lift pumping station would be installed to raise water to
a Nuuanu-to-Manoa tunnel portal at an elevation of 490+
(0.003xll,000), or 523 feet, whence the water will gravitate
to the Nuuanu filtration plant through a tunnel 11,000 feet
long. At 6 cents per million foot-gallons, to pump water from
the 400-foot elevation to the 523-foot elevation (plus, say 7

feet of frictional head), would require (530-400)xl,00ox61,000,000 ,o
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0.8 cent per 1,000 gallons, an inconsiderable increase over the
approximate total cost of collecting and distributing water at
15 cents per 1,000 gallons. This development would require
an addition to the proposed plant of 10-M.G.D. capacity.

WINDWARD KOOLAU RANGE-ELEVATION 700-
600 FEET.-The next step of development would take in the
Koolau Range tunnel and surface water approximately as
proposed by J, Jorgensena in the Honolulu Water Commis-
sion's Report of 1917, and similar in construction to the WAI-
AHOLE TUNNEL, to which it would ultimately extend and
make physical connection with, at the North Portal. Even-
tually these Koolau tunnels would become a super-feeder tun-
nel system to communities windward of the Range as well as
Honolulu City. Because of the known increase in flow in the
Koolau Streams from elevation 600 down to 300 feet, this
would lead to the development of another:

WINDWARD KOOLAU RANGE TUNNEL-ELE-
VATION 300 FEET, which would be roughly parallel to,
but 300 feet below (maximum continuous lift for ordinary
centrifugal pump) the upper Koolau Range tunnel. The
pumping station would be in Kahaluu Valley at a point closest
to the upper tunnel and midway between the best known water
sources in Kahaluu and Waihee Valleys, providing maximum
grade benefits for the given difference in elevations and short-
est force-main connection.

LEEWARD KOOLAU RANGE-WAIAHOLE-WA-
HIAWA TUNNEL.-As a final necessity, believed by the
writer to be several decades in the future, another tunnel sys-
tem could be gradually installed on the leeward side of the
Koolau Range from Kalihi to Moanalua, etc., until a point
below the South Portal of Waiahole tunnel is reached. As an
extreme emergency, the expensive extension of this tunnel to
Wahiawa reservoir would be considered. The pumping of
water from Kahana and Punaluu Streams from the elevation
of about 250 feet into the Waiahole-Koolau Range tunnel
system would probably be the last step in the development of
the Comprehensive Plan. All these steps are dependent, in
the time element, on the outcome of the Pearl Harbor Springs
investigations, whose favorable findings may only delay the
complete development of the Koolau Range waters.

The development of the Koolau Range, Waiahole and Wa-
hiawa waters would ultimately require an additional filtration
plant, without storage, of 20-M.G.D. capacity, making the
total capacity of the plant about 40 M.G.D. There is just
enough room on the present power-plant site to accommodate
this ultimate extension.

a Honolulu Water Commission; Available Water Supply for the City of Hono-
lulu; pp. 92-108.

Sect. 8
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DESIGN OF PLANT

GENERAL-TYPE OF PLANT: There are, generally, two types
of filtration plant suitable for large municipal water supplies: slow
and rapid. The slow sand filtration plant is so designed that it
filters water at the very slow rate of only from 3 to 5 million
gallons per day per acre while the rapid filtration plant purifies
about 125 million gallons per day per acre. Thus, a much larger
area is required by the former than by the latter type. Besides
this element of area, the slow plant is not adaptable to our condi-
tions, because it has been found that slow filters are not suitable
for the purification of water of a turbidity greater than 30 P.P.M.,
and a color greater than 20 P.P.M.a The turbidity of our waters
will run into several thousand P.P.M. Also, the elimination of
color in water such as occurs here, it has been found, is accom-
plished only by a chemical treatment-coagulation. And coagula-
tion is the essential element that changes filtration from the slow
to the rapid-rate type.

For these reasons then, the rapid type of sand filtration is pro-
posed. It will be assumed that the average rate will be 125 M.G.
D. per acre, or 2 gallons per minute per square foot. Horizontal
and vertical steel tanks are not recommended as they are used for
small industrial supplies only. Municipal supplies have generally
adopted concrete construction. Of the two methods of operation
-continuous and intermittent, the former is contemplated.

ARRANGEMENT.-Until definite legislation is enacted au-
thorizing the construction of this proposed filtration plant, it is
only necessary to describe generally the various features contem-
plated in the design of the plant. It is not necessary to go into
final detail at this time. Such detail need only be applied after
authority is granted by the Legislature to proceed with this devel-
opment. At that time small experimental facilities will be pro-
vided for research and investigation relating to the application of
filtration to local conditions. Such research has already been
begun on a very small scale, and indications are very favorable to
economic filtration. Furthermore, the writer does not profess to
be acquainted with all the ramifications entering into the most
modern methods of filtration. This is a highly specialized field
of engineering. It will be most wise at a later date to employ an'
engineer who has been in actual touch, during the past few years,
with both the construction and operation ends of filtration to im-

a Water containing less than 30 P.P.M. of turbidity or less than 20 P.P.M.
of color can be purified by filtration through sand without coagulation"; Flinn,
Weston and Bogert, p. 691. A turbidity greater than 10 P.P.M. is generally recog-
nized as objectionable from the standpoint of potability.
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prove and complete our design in detail and inaugurate latest
methods of operation of this plant. Plate Y shows the general
arrangement and the relation of the proposed plant to present
facilities. Plate Z undertakes to give typical details on which the
estimates of initial and operation costs are based. The following
describes in order from stream to effluent the necessary facilities
required and contemplated for the proposed step of purification of
Oahu's mountain water.

TOPOGRAPHY.-Study of the topography at the proposed
site reveals the fact that the cost of levelling of the hillside, at as
high a rate as $1.50 per cubic yard, is small compared to the total
cost of the proposed plant--about 9%. Also, there is a compara-
tively small difference in the cost of this levelling between eleva-
tions 500 and 450 feet. It has, therefore, been decided to locate
the various parts of the plant with respect to elevation above sea
level approximately as follows:

Nuuanu diversion ................... ......... ..... 560 feet
Kalihi diversion ............................ ........ 515 "
Sedimentation basin (top) ........ 490 '
Sedimentation basin (bottom) ... 475 "
Coagulation basin (top) ................. 475
Coagulation basin (bottom) .............. 460
Filter beds (top) 4--5 ... . . . . ........ 465 "
Filter beds (bottom ) .................................... 450 "
Clear-water reservoir (top) ............... 450 "
Clear-water reservoir (bottom) ..... 435

Thus, there is required a "plant head" from influent elevation
of 490 feet at the top of sedimentation basin to effluent elevation
of 450 feet at the top of clear-water reservoir, of 40 feet.

TURBIDITY AND POLLUTION.-The quality of the water
entering from the high elevations is such as to be pleasantly cool,
soft and potable anywhere. It becomes dirty and unsafe only as
it descends and stirs up the volcanic clays in its less than one hour's
existence from the origin, through easily-stirred stream beds, to
the sea, and at varying elevations below inhabited sections of the
City. The water thus only acquires turbidity and, to varying de-
grees, pollution depending on elevation.

Judging from experience and a few isolated observations, the
writer has prepared the following very approximate duration-
turbidity table:

Turbidity Number of whole days
P. P. M. per average years Remarks

10,000 3 Intake could be closed
5,000 10
1,000 30
500 100 Requires rapid filter
30 180
10 240 "Potable" water
5 365

a More part days with peaks of short duration.
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Pollution will be largely excluded by the comparatively high
location, and at the same time the plant will be most favorably
located from the esthetic point of view which enters into the
problem of public water supplies. Practically only the public
"Pali" road pollution will occur. This may be further decreased
by fencing. It is proposed to eliminate the remainder by filtra-
tion and by the usual modern last inexpensive safe-guard, chlorina-
tion.

INTAKE AND DELIVERY.-It is proposed to improve the
Luakaha diversion to make it possible to divert as much water into
the Luakaha conduit as possible to utilize reservoir Nos. 2 and 3
to their full capacity as subsidence basins. Small diversion dams
about 50 feet long and 20 feet high will be provided in both Nuu-
anu and Kalihi Streams to divert the Water from the streams.
Automatic intake gates will be provided to divert portions of all
flows only within the capacity of the plant. Long spillways Will
pass the excess flows down the present channels. Slight pondage
will be effected. The water will enter flumes provided with small
expansions, or "gravel traps," where will be deposited the coarsest
gravel and sand. Here the water will enter 16" pipe-lines of a
capacity of about 10 M.G.D. each and gravitate to the plant. The
Nuuanu line will follow down and within the Pali road and cross
into the Territorial land where it will connect with the plant. The
Kalihi water will enter the north portal of the proposed tunnel
and gravitate down the 8,700-foot tunnel on a slope of 3 feet per
1,000 feet.

SEDIMENTATION.-The flows from the two streams will
unite at a sedimentation basin. The proximity of this basin to the
plant will enable the operator to judge which of the two flows is
less turbid. With telephonic connection with the waterworks at-
tendant in Kalihi Valley, he will be able to use to capacity of the
plant most of that of the two flows which is less turbid. This will
decrease coagulant, back-washing and other costs.

Pertinent here is the following opinion of Joseph W. Ellms, in
his latest (1928) edition of Water Purification, page 66:

"The design of reservoirs and basins for efficient sedimentation has re-
ceived considerable attention in water-purification work, but not as much
as the subject deserves. The complexity of the problem has not always been
appreciated, and too frequently this portion of the plant has been made to
accommodate itself to other features of the design instead of being proper-
ly coordinated with them.
"A certain amount of flexibility in the design of these reservoirs is quite

possible without materially sacrificing efficiency. Nevertheless, it is the
author's opinion that much more of the work of clarification should be
thrown on this part of the purification plant than is now the practice. They
are by far the least complicated portions of the works, and the least expen-
sive to operate. Their tendency to make more uniform the operation of
the filters strongly recommends them to the operators of such plants. It
is believed that in designing settling reservoirs of all kinds more considera-
tion should be given to obtaining efficient sedimentation and to making
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them as large as good engineering practice will permit, due regard being
had for other portions of the plant, in order to produce a well balanced
design.

"Donaldson,, in a resumb of the need for plain sedimentation prior to
coagulation, states that in plants handling from 20 to 40 tons of suspended
dry solids per million gallons such as are found in those waters met with
in the Middle West and Southwest, the advantages of preliminary sedimen-
tation have been well recognized for some time. He considers the use of
grit chambers for settling out the coarse material, even before plain sedi-
mentation is begun, entirely justifiable in most cases. Mechanical clarifiers
have been employed in a few plants to permit of the continuous removal of
sediment which accumulates with great rapidity in the handling of some
very muddy waters.

"Sedimentation is effected by simply reducing the velocity of flow of
the water as low as possible, thereby giving time for the suspended matter
to drop out.''

Preliminary results on sedimentation are tabulated below. Two
soil samples were obtained from Nuuanu Valley, one a rich red
loam and the other a black clay. These samples were air-dried,
ground up and passed through a No. 28 mesh sieve so that the
maximum size of particles was 0.589 mm. Turbidities of the fol-
lowing concentrations (p.p.m.) 20,000; 15,000; 5,000; 1,000: 800
and 500 were made up, put in glass graduates and the rate of set-
tling observed. These graduates were 13" to 16" in height and
2.25" to 2.50" in diameter. Readings were taken on the height
of the sediment in the bottom of the graduates. Two tubes were
run for each turbidity for check purposes. All results are ex-
pressed in inches. In the following tables are shown the results
of these experiments:

-Wellington Donaldson; "The Trend of Purification Plant Design and Opera-
tion;" Eng. Contr., Aug. 12, 1925.
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SOIL SAMPLE "A"-RICH RED LOAM OBTAINED FROM NUUANU VALLEY

Turbidity P. P. M .......

Height of column ......

Diameter of column ....

Time

1 minute ............
2 minutes ............
4 minutes ............
6 minutes ............
8 minutes ............

10 minutes ............
15 minutes ............
20 minutes ............
25 minutes ............
30 minutes ............
45 minutes ............
1 hour ...............
1 hour 30 minutes ....
2 hours ..............
2 hours 30 minutes ....
3 hours ..............

23 hours ..............

20,000

14.0" 13.5"

2.3" 2.35"

No. 1 No. 2

0.216" 0.209"
.252 .242
.300 .286
.336 .319
.348 .330
.354 .336
.348 .319
.348 .319
.348 .319
.348 .319
.348 .319
.348 .319
.354 .325
.354 .325
.354 .325
.360 .330
.360 .330

15,000 5,000 1,000 800 500

13.5" 13.5" 14.5" 13.0" 15.5" 14.75" 15.9" 15.9" 15.7" 16.6"

2.35" 2.35" 2.3" 2.45" 2.3" 2.35" 2.35" 2.35" 2.3" 2.45"

No.1 No.2 No.1 No. 2 No. 1 No. 2 No.1 No. 2 No. 1 No. 2

0.165" 0.165" 0.055" 0.060" 0.024" 0. 022" 0.011" 0.011" 0.011" 0.013"
.187 .187 .077 .084 .036 .033 .011 .011 .016 .020
.220 .209 .088 .096 .048 .044 .011 .011 .016 .020
.242 .242 .099 .108 .048 .044 .016 .016 .016 .026
.253 .253 .099 .108 .048 .044 .022 .022 .022 .026
.253 .253 .099 .108 .048 .044 .022 .022 .022 .026
.264 .264 .099 .108 .048 .044 .028 .028 .022 .026
.253 .253 .099 .108 .060 .055 .028 .028 .022 .026
.264 .264 .099 .108 .060 .055 .028 .028 .022 .026
.264 .264 .099 .108 .060 .055 .028 .028 .022 .026
.275 .275 .099 .108 .060 .055 .028 .028 .022 .026
.275 .275 .099 .108 .060 .055 .028 .028 .022 .032
.275 .275 .099 .108 .060 .055 .028 .028 .022 .032
.275 .275 .099 .108 .060 .055 .028 .028 .022 .032
.275 .275 .099 .108 .060 .055 .028 .028 .022 .032
.275 .275 .099 .108 .060 .055 .028 .028 .022 .032
.275 .275 .099 .108 .060 .055 .028 .028 .022 .032



SOIL SAMPLE "B"-BLACK CLAY OBTAINED FROM NUUANU VALLEY

Turbidity P. P. M .......

Height of column .......

Diameter of column ....

Time

1 minute ............
2 minutes ............
4 minutes ............
6 minutes ............
8 minutes ............

10 minutes ............
15 minutes ............
20 minutes ............
25 minutes ............
30 minutes ............
45 minutes ............

1 hour ...............
1 hour 30 minutes ....
2 hours ..............
2 hours 30 minutes ....
3 hours ..............

23 hours ..............

20,000

15.5" 14.75" 15.9"

2.3" 2.35" 2.35"

No. 1 No. 2

0.264" 0.231"
.336 .286
.360 .330
.384 .352
.420 .385
.468 .396
.480 .418
.492 .429
.492 .440
.492 .440
.504 .451
.516 .451
.516 .451
.516 .451
.516 .451
.516 .451
.516 .451

No. 1

0.231"
.242
.297
.319
.330
.341
.352
.396
.407
.407
.407
.407
.407
.407
.407
.407
.407

15,000 5,000

15.9" 15.7"

2.35" 2.3"

No. 2 No. 1

0.231" 0.110"
.264 .121
.319 .121
.330 .132
.341 .132
.352 .143
.363 .143
.385 .143
.385 .143
.396 .143
.407 .143
.418 .143
.418 .143
.418 .143
.418 .143
.418 .143
.418 .143

16.6"

2.45"

No. 2

0.117"
.130
.130
.143
.143
.154
.154
.154
.154
.154
.154
.154
.154
.154
.154
.154
.154

1,000

16.6" 15.9"

2.45" 2.35"

No. 1

0. 026"
.039
.052
.065
.065
.065
.065
.065
.065
.065
.078
.078
.078
.078
.078
.078
.078

No. 2

0. 022"
.033
.044
.055
.055
.055
.055
.055
.055
.055
.066
.066
.066
.066
.066
.066
.066

800

15.9" 15.9"

2.35" 2.35"

No. 1 No. 2

0.022" 0.022"
.022 .022
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 .044
.044 044
.044 .044

500

15.7" 15.5"
-1

2.3" 2.3"

No. 1 No. 2

0.022" 0.012"
.022 .024
.028 .024
.028 .024
.028 .024
.028 .024
.028 .024
.028 .024
.028 .024
.028 .024

.028 .024

.028 
.024

.028 .024

.028 .024

.028 .024

.028 .024.028 .024

-Test by W. H. Samson.
It can readily be noted that the greatest part of the subsidence for both samples A and B and for all turbiditiesfrom 20,000 to 500 P. P. M., took place in the first 5 minutes. For a sedimentation basin 15 feet deep, as compared

with the depths of the test graduates of from 13 to 16.6 inches, this subsidence period would be about 12 times that ofthe test; or 12X5=60 minutes, or one hour. A retention period of one hour is, therefore, contemplated in the design.



REPORT--HONOLULU SEWER AND WATER COMMISSION-1929

It appears, therefore, that the liberal allowance of one hour of
retention period should be contemplated for our conditions, and
this provision will remove about 85% of the suspended particles.
This requires a partitioned (for cleaning) basin for a 10-M.G.D.
plant, 16 feet deep, 15 feet wide and 125 feet long.

CLARIFIERS.-The extent to which clarification will best be
accomplished by either sedimentation basins or mechanical clari-
fiers or a combination of both, is best left for later decision based
on further research and expert advice. Reference is made again
to this subject in "Correspondence" below.

CHEMICAL HOUSE.-Ellms states (op. cit., page 193) that
"the inlet to the coagulation basins or to the mixing chamber,
when the latter forms a part of these basins, is the usual point
for the application of the coagulating chemicals. The preparation
of the chemical solution is generally carried on in a part of the
filter plant building. The distance which these solutions must be
conveyed should be, as short as possible, in order to avoid the use
of long pipe lines which may become choked up by deposits or by
corrosion. These chemical feed lines should be readily accessible
for their full length both for the purpose of cleaning and re-
newal. ''

It is, therefore, proposed to place the chemical house directly
over the inlet to the mixing chambers and coagulation basins and
apart from the filters and the filter house. A two-story building
about 30'x30' is contemplated. The upper story will act as stor-
age room for chemicals and in the floor will be hoppers to convey
the chemicals to the chemical feed machines on the first floor,
where will also be pumps to supply chemical feed water and neces-
sary small pipe-line connections. A Venturi meter will measure
the influent and an automatic regulator will regulate the flow to
the mixing chambers. A shop room will be provided in the lower
story. The water uill enter the plant under this lower floor.

MIXING CHAMBERS.-Proper mixing of the chemical and
water can be accomplished in at least five different ways: (1)
around-the-end baffles; (2) over-and-under baffles; (3) mechan-
ical devices; (4) cascade flumes; or (5) the hydraulic jump per-
pected and patented by J. W. Ellms. While a combination of
around-the-end baffles, cascade and hydraulic jump is favored
here, the final arrangement must be decided later. The time of
mixing depends largely on the alkalinity and acidity of the water,
a subject that has only recently been developed in connection with
coagulation in the theory of hydrogen-ion concentration and re-
quires expert everchanging, up-to-date treatment.

COAGULATION.-The coagulation basins are essentially the
feature of rapid filtration. Both single and double coagulation are
practised extensively. "The influent water to the filter beds must
not average much over 80 B. coli per 100 cc. if a satisfactory filter
effluent is to be obtained at all times. ' 'a It is contemplated that,

a F. E. Sheehan; "Further Studies on Comparison of Double Coagulation and
Single Coagulation of Ohio River at Portsmouth, Ohio." Third Asnual Report of
the Ohio Conference on Water Purification, 1923.
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with our low pollution and application of chlorine, single coagula-
tion will suffice here. "The amount of suspended matter which
may be taken care of by the filters will vary with the character
of the waters but will generally not exceed 40 to 50 P.P.M."
(2 to 3 grains per gallon).

While it is true that micro-organisms (diatomaceae, cyanophy-
ceae, chlorophyceae and infusoria) are now found in Nuuanu
and other streams, it is believed that this condition is due largely
to the circumstances occasioned by stagnant pools and reservoirs.
These conditions will be more or less eliminated by the constant
draft of the proposed plant. The use of copper sulphate treat-
ment, therefore, is not anticipated.

A high rate of filtration necessitates the rapid formation on the
upper grains of sand of a colloidal coating, called "schmutzdecke,"
to catch and prevent minute particles of suspended matter and
bacteria from passing through the sand beds. This is accomplish-
ed by using chemical coagulants.

Most common coagulants are aluminum sulphate ("alum") and
ferrous sulphate. The writer's judgment indicates the use of basic
sulphate of alumina (16% to 23% A120Q) here because: (1) it is
the most used medium; (2) ferrous sulphate (FeSO4 , 7H,0),
while cheaper than "alum" must always be used in conjunction
with lime, and therefore: (3) ferrous sulphate requires more and
better supervision, (4) lime is liable to increase the hardness of
our comparatively soft water, and (5) gives caustic alkalinity,
thus requiring difficult adjustment of hydrogen-ion concentration,
or defeating coagulation; (6) ferrous sulphate has been found ex-
pensive for high turbidities, such as we must expect here-e. g.
Cincinnati; (7) aluminum sulphate may be manufactured in Ho-
nolulu by the Hoover process from bauxite (obtained from
Bauxite, Arkansas) and sulphuric acid, at only about $18.00 per
ton of coagulum; and (8) "For the removal of color, alum is more
efficient. "b

The quantities required of 17.5% "alum" are about as follows:

Quantity of 'alum" required

Turbidity Grains per Pounds per million

P. P. M. U. S. gallon gallons of water

10 10 0.58 86
30 18 1.01 152

100 24 1.40 199
500 42 2.46 350

1,000 56 3.28 469

It is interesting to note that the quantity of chemical required
for the high turbidity of 1,000 P.P.M. is only about three times
as much as that required for a turbidity of only 30 P.P.M. Thus,

a Turneaure and Russell's Public Water Supplies, p. 411.
b Op. cit., p. 406.
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the relative "economy" of coagulation of highly turbid water is
apparent. Moreover, it has been found at the New Orleans fil-
tration plant that a decrease in the rate of application of sulphate
of alumina does not justify coagulation basins of a capacity great-
er than a 6-hour coagulation, or retention period. Thus, for ex-
ample, with a retention period of 24 hours, 70 P.P.M. of "alum"
were required, while for a 6-hour retention period, only 75 P.P.M.
were required. So that, the latter condition requires only 5/70, or
7%, more coagulant but approximately only one quarter as much
area and concrete construction. The period of coagulation varies at
different plants from 15 minutes to about 10 hours. Here is seen
the necessity of. thorough expert research, following the Legisla-
ture's authority to proceed with construction, of the best size of
coagulation basins. A 10-hour retention period has been contem-
plated here, and this requires a capacity of coagulation basins in
million gallons, of 10/24 of the capacity of the plant (10 million
gallons per day), or 10/24x10--4.16 million gallons. The equiva-
lent of ten basins as assumed, each 16 feet deep, 40 feet wide and
100 feet long, providing a 4.5-million-gallon capacity, is 4.5/10x24
or a 10.8-hour retention period.a

For ease of operation, the number of basins is to be a multiple
of the number of filter beds (10 contemplated). To economize
in space to permit future extension, the basins contemplated will
be placed with length at right angles to the contours. For this
reason they are necessarily comparatively short in length to save
excavation costs of levelling of the site.

A feature of arrangement is that each coagulation basin may be
usefully drained for cleaning and after each frequent filling, down
to within a few feet of the bottom and the coagulated sediment
drained into a sludge pit from which it will be hauled away period-
ically as is done by railroads in water-softening. Also, with intake
at elevation 560', there will be a pressure head of about 70 feet
(30 pounds per square inch) of raw water available for hose con-
nections to wash the basins.

FILTER BEDS.-As previously outlined filter-bed units are
assumed of one million gallons per day, requiring 350 square feet
each. This comparatively small bed is used to permit the efficient
operation of only one bed at a time when the flow in the streams is
very low. It is to be noted that for about 10% of the time of an
average year, the combined Nuuanu-Kalihi flow at elevation 450
feet, is less than one million gallons per day. In a very dry year this
percentage is even greater (See Plate P). It is estimated that,
with the use of the storage of Nuuanu reservoir No. 4 and the
present Nuuanu-and-Kalihi-tunnel water which it is proposed to
purify, about 3 million gallons per day for 10% of the time will
be the minimum output of the plant. Thus, it is evident that
smaller beds will provide greater flexibility. However, numerous

-It is to be noted here that Roberts Filter Mfg. Co., Darby, Penna., recommend
a 7-hour retention period for our conditions.
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units increase the cost of walls and regulating apparatus. This
cost is offset, in the case of large beds, by difficult and expensive
filtration and washing.

The beds will be arranged in tandem with a pipe gallery and
operating floor between to permit ease of operation and future
extension.

A depth of 30" of filter-bed sand is contemplated. This is a
special hard quartz sand of an effective size of about 0.35 mm.
and an uniformity coefficient of 1.70. This sand should be sharp,
hard and free from lime.- The gravel bed under * sand will
be about 14" deep. It is believed that a suitable crushed-rock
gravel is available in Hawaii. Under this gravel will be one of
the various concrete blocks (Wagner, Metro, etc.) made especially
for the floor purpose. The details of the strainer system, manifold
piping and regulating appurtenances will depend on the nature
of the contractor's equipment and cannot be entered into here.
Typical details are given in Plate Z.

"For effective filtration complete clarification is not desirable
as the flocculent precipitate is necessary to secure good results in
the filter.

'b
The ordinary clear-filter loss of head is about 2 feet. When it

has reached 10 to 12 feet the filters must be washed.
Assuming a vertical rise of 24 inches per minute (72 times the

rate of filtration), a rate of 5,400 G.P.M. must be used for wash-
ing a one-M.G.D. filter bed, and assuming a 5-minute period of
washing the total water required per wash per bed will be 27,000
gallons. With a maximum of 6 washes per bed per day, 162,000
gallons per day will be required per million-gallon-per-day bed, or
16.2% of the water filtered. At lower flows the beds would re-
quire but one wash daily, or the average percentage of water used
would be only about 8% of the total. Accordingly, a wash-water
tank of 50,000-gallon capacity and about 50-foot head will be pro-
vided to furnish the filtered water and pressure to back-wash two
beds at one time. This operation will require from about 10 to 15
minutes per wash.

To keep up a rate of 1,620,000 gallons per day for the washing
of 10 beds during periods of maximum flow and turbidity will re-
quire allowing 4 hours daily for rest and repair of pumps, 1,620,-
000--2081,000 gallons per hour or 1,350 gallons per minute.
This requires a large pump, and for the sake of flexibility, we will
figure on two smaller pumps to handle all rates of flow with vary-
ing rests by a stop-and-start automatic regulation. Their rates
will be 900 and 450 G.P.M.

CLEAR-WATER RESERVOIR.-It is proposed to construct
a clear-water reservoir at elevation 450 feet similar in size and
type to the present concrete 2.68-M.G. Nuuanu reservoir No. 5 at
elevation 408 feet, to provide storage for (1) the filtered water

a Allen Hazen; Filtration of Water Supplies.
b Turneaure and Russell's Public Water Supplies, p. 467.
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and (2) artesian water deliverable by the high-pressure Beretania
pump. This will provide a flexibility of operation adaptable to
either the artesian or mountain-water supply, with a minimum cost
of boosting from the present reservoir No. 5. For the present
needs, a reservoir of 3.33 million gallons capacity will provide, dur-
ing periods exceeding a combined 10-M.G.D. flow, the storage re-8x10

quired for the 8 hours of filtration (-24-=3.33) during the night,

when the demand is negligible.
CONNECTION TO CITY SYSTEM.-It is proposed to use

as much of the filtered water as there is demand for immediately
below the plant and to boost some of the remainder to Alewa and
Pacific Heights. The remainder will go into the present Nuuanu
reservoir No. 5, where it will relieve to the extent of its amount,
the Beretania high-pressure pump. Revamping of the present
Nuuanu-tunnel pipe-line will effect this connection.

LABORATORY, OFFICE, ETC.-A laboratory room and
modern equipment are absolute necessities and an office is indis-
pensable. These are contemplated in the initial cost. All buildings
will conform in architecture with the new Kaimuki pumping-sta-
tion building.

CENTRAL CONTROL.-An important feature of the design
of this filtration plant should be a central control. The plant
should be arranged with a view of ease and economy of operation.
The chemical house, mixing chambers, filters, operating room,
sedimentation and coagulation basins should be located conveni-
ently as close together as conditions will permit for future exten-
sions as well as for the present 10-M.G.D. development. By
grouping these various parts and the apparatus, fewer attendants
are necessary and the operator is enabled to have a better control
over the whole purification process. It is believed that the pro-
posed arrangement is the best arrangement and subject only to
modifications necessitated by the adopted manufacturing con-
tractor's peculiar methods and equipment.

CHLORINATION.-Chlorination is contemplated as an inex-
pensive and customary safeguard. There are two standard chlori-
nators on the market-the Wallace and Tiernan and the Paradon.
Maximum chlorination costs only a fraction of a cent per 1,000
gallons of water treated. The liquid chlorine would be applied
into the effluent and controlled from the filter operating room.

CORRESPONDENCE.-By way of corroboration of the
above ideas applied to the design of the proposed filtration plant,
the following valuable correspondence is appended. Our letter
was addressed to all the manufacturers of filtration equipment
known to us, and the two very pertinent replies below from the
International and Roberts Filter Companies, two of the foremost
filter firms on the mainland, are respectfully submitted here for
record :
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Honolulu Sewer and Water Commission,
Honolulu, T. H., June 16, 1928.

Gentlemen:
This office is investigating the possibility of augmenting the City of

Honolulu's present estimated 42 M.G.D. pure artesian water supply by the
development of filtered (and perhaps chlorinated) mountain stream water.
With the danger of the artesian water decreasing in static level and in-
creasing in salinity, the development of all surface water possible is most
desirable to "rest" and build up the artesian supply.

There are nine streams in the background of Honolulu, rising to the
ridge (pali) of the Island of Oahu not over five miles from time city's water
front at any point. The highest peak is 3,100 feet above sea level. Their
total average run-off above the 200-foot contour is about 35 M.G.D. (U.S.
G.S. records).

The quality of the water entering from the high elevations is such that
it is pleasantly cool, soft and potable anywhere, and becomes dirty and un-
safe only as it descends and stirs up the volcanic clays in its one-hour's
existence from its origin, through easily-stirred stream beds, to the sea
and, at varying elevations, below inhabited sections of the city. The water,
thus, only has turbility and, to varying degree, pollution depending on
elevation. It is desirable to treat this water without chlorination. The
turbidity may be assumed as high as 10,000 for the year's biggest floods
of one to three days' duration during which the intake could be kept closed
if desired. The turbidity of one year may be approximated as follows:

Turbidity-P. P.M. No. of whole days of year I Remarks

Greater than 10,000 ....... .3 (More days of peaks). Intake could be closed
Greater than 5,000 ....... .10....................
Greater than 1,000 ....... 30 ....................
Greater than 500 ....... 100 .................... Requiring rapid filter
Greater than 30 ....... A SO .....................
Greater than 10 ....... 240 .................... Potable

The pollution will be excluled by locating the filtration plant at eleva-
tion of 600 feet in Nuuanu Valley-in which valley, above which elevation-
only the public "pali" road pollution will obtain. This may be eliminated
by fencing.

The most economic streams for immediate development are: Kalihi and
Nuuanu, connected by an 8,700-foot 4'x5' tunnel. Their most economic
development is a rapid (2 G.P.A. per square foot) filtration plant of 10-
M.G.D. capacity. With this filter capacity the two streams will furnish
an average of 5.5 M.G.D. (Based on 13.5 years of V. S. G. S. records).
Later on it is proposed to expand this plant by developing Manoa an!
Palolo Valleys similarly at elevation 300 (their most economic elevation).
Ultimately the development of this mountain water will yield an economic
total of 12 M.G.D. with a 25- M.G.D. filter plant.

The distribution of the 100,000 population is now about as follows:

Below 100' elevation ................. 75%
Between 100' and 300' elevation ...... 20%
Above 300' elevation ................ 5 '

The controlled requirements should be about 175 G.P.D. per capita, are
now about 350 G.P.D. per capita and the total estimated requirement in
1960 will be about 62 M.G.D. The artesian supply is estimated good for
42 M.G.D. and 20 M.G.D. approximately must, in 1960, be derived from
these other sources.

Reservoir storage will not be recommended as sites are lacking, water is
scarce at sites of some merit and the evaporation and seepage losses in our
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only large reservoir (500 M.G. capacity) have been prohibitively excessive.
The outlined development (10-M.G.D. plant, Nuuanu-Kalihi Streams at

elevation 600) will be recommended to the Legislature, meeting in Feb-
ruary, 1929.

Your literature, comment, comparable drawings, analyses, standard blue-
prints, general data, price lists of machinery an! your complete estimate
of costs as mentioned in preliminary correspondence with our J. F. Kunesh,
Hydraulic Engineer, will be appreciated. It is understood, of course, that
there will be no charge to us for whatev-er of this information you may
decide to furnish.

This infozmation is to be used very soon by us in our estimates of the
recommended concrete filter plant. Your dimensions and prices on the com-
plete pipe gallery and accessories (controllers, loss-of-head gages, strainers,
machinery, orifices, recorders, etc.) will be used in comparison with other
schemes in arriving at final designs.

A special feature about the design of this plant, please remember, will
be a flexibility to automatically handle all the water below the capacity of
the plant. Owing to the flashiness of the streams, there will be numerous
floods of a few hours total duration each, exceeding the capacity of the
plant. During these flashes, the plant must collect every drop within its
capacity; it must not be a lagging arrangement. Sudden flows of exces-
sive turbidity (for coagulation) of a few minutes' duration each (totalling
say 3 whole days per year), being the sharp peaks of the streams' hydro-
graph, will probably need to be excluded. Have you a mechanical way and
equipment therefor?

Thanking you for your prompt reply, I am
Very truly yours,

(Signed) FREDERICK OHRT,
JFK:MCB Chief Engineer.

INTERNATIONAL FILTER CO.

Chicago, August 18, 1928.
Honolulu Sewer & Water Commission,

Honolulu, T. H.
Gentlemen:

Attention: Frederick Ohrt, Chief Engineer.
Your request of June 16th for literature and drawings on filtration plant

machinery and equipment is answered by materials which we are sending
under separate cover. You will find therein bulletins, photographs and
specifications describing equipment required for plant operation, such as,
International Rate of Flow Controllers, Filter Gauges, Chemical Feeding
Equipment, Operating Tables and the Wagner Uinderdrain. We believe the
specifications are sufficiently comprehensive to make further explanation or
comment unnecessary at this time. Suffice it to say that International Filter
Co. has had 20 years' experience in water purification work to guide it in
the design of this equipment, and possesses adequate manufacturing facili-
ties and trained personnel to handle any problems of special nature in con-
nection with work of this kind. These facilities are at your disposal in any
degree to which you wish to avail yourself.

It is not so easy a matter to satisfy your request for filter plant draw-
ings that show something comparable to that which you have before you.
As you realize, the conditions affecting your project will not all be found
in every other project of the same size. So we have selected a number of
drawings from our files showing layouts for plants equal to or larger in
size, and enclose these drawings with the other literature., Possibly they
show some features of design that might be followed to advantage and we
will briefly comment on some of these points later on.

a These drawings are in the Commission's file.-J F. K.
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Our interest is aroused by the very clear description of existing condi-
tions and limitations given in your letter, and we believe we have rather
clearly in mind the general nature of your problems.

The ''flashy" character of the streams, the wide variation in turbidity,
the necessity of utilizing all possible water at times of high run-off, coupled
with the inadvisability of providing raw vater storage, present an unusual
combination of circumstances, that will make adequate preliminary treat-
ment rather difficult.

Drawings ''B"' and ''E' show two types of reaction or mixing cham-
bers in combination with coagulating basins. Both baffling arrangements
are used extensively, and each has its faults as well as its merits. There
is no question that the "over and under" baffles will provide adequate
mixing if baffles are properly spaced and sufficient head provided to pro-
duce the necessary velocity. Disadvantages are that considerable head is
lost and under some conditions of raw water supply harmful conditions may
be created by breaking up the "floe" after it forms, due to prolonged
violent agitation of the chemically treated water. "Around the end" baf-
fling is meeting with entire success in a good many installations and pos-
sesses the advantage that adequate velocities can be secured with lower
losses of head. The mixing period may also be varied by the use of a
simple arrangement of cross baffles and at no great addition to the first
cost of the structure. Such additional baffles are shown on Drawing "'E."

In addition to these two systems we frequently employ mechanical agi-
tation in round or square tanks and have found a short period of vigorous
agitation by means of power driven paddles or sweeps to be very satisfac-
tory indeed. In fact we believe where volumes of water to be handled are
relatively small, that this method of mixing is preferable to others.

Still another variation of the gravity chamber is one in which mixing
is secured by the rapidly whirling motion imparted by introducing the water
into a circular tank, tangentially against the side, either at top or bottom
and removing the mixed water at the opposite end of the tank. We have
had perfect success with this method except where waters are very muddy,
in which case the agitators are included.

For such a proposition as yours, we believe that basins with "around
the end baffles" deserve special consideration, with the capacity divided
into several units to be cut in one after another to take care of increasing
raw water flows. A number of tanks with mechanical agitators would serve
the purpose equally as well as such tanks are used here in handling con-
siderable volumes of water. However, power cost for operating the agita-
tors might eliminate them from consideration in your case.

It appears to us that the hardest nut to crack in your whole proposition
will be in determining the most economical methods of handling the water
between reaction chambers and filters. It would seem out of the question
to provide additional sedimentation basins to handle the overload at periods
of high run-off, if there is any other way out. If a 4-hour settling would
be proper with raw water turbidities under 500 p.p.m., it would be neces-
sary to increase the retention time as the turbidity increased. Such an
arrangement would be objectionable on account of first cost for basins
possibly 50% of the capacity of which might be out of service two thirds
of the time. It would be equally as difficult to strike an average retention
period that might be operated continuously for any condition of raw water,
as such a basin would still be of insufficient size for worse conditions and
too large for periods of good water supply. So it seems that mechanical
means for removing the solids might be worth investigating. We have
in mind a Hardinge Spiral Thickener and Clarifier which collects the solids
as they are deposited in the bottom of a specially designed tank, from
which they are withdrawn at the rate of subsidence, thus maintaining a
practically constant condition in the clarifier tank. The point beyond which
it would not be economical to operate such clarifier is questionable. Tur-
bidities of but a few hundred parts per million would not warrant clarifier
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treatment while anything above 500 parts would. If we take 500 p.p.m.
as the lower limit, such equipment might be profitably operated 100 days
per year according to the information given in your letter. The clarifier
should be followed by sedimentation basins for final preparation of the
water before it is applied to the filters.

The combined capacities of clarifier and sedimentation basins could be
worked out, it seems to us, in such manner that operating together, they
would produce a satisfactory effluent for filtering under worst water supply
conditions, while the sedimentation basins without the clarifier could take
care of any conditions below 500 p.p.m. turbidity.

The chemical equipment should be arranged to provide the greatest pos-
sible flexibility in operation, so that chemicals could be applied before the
clarifier, after it, and before the sedimentation basin and again, after set-
tling and prior to filtration. As an ail to this, a control chamber located
near the center of operations might be well worthwhile. It could be com-
pactly arranged with a number of passages for raw, chemically treated and
settled water and so bypassed that the chemically treated water could be
sent to clarifier, to sedimentation basins, or directly to filters if such opera-
tion proved to be lesirable under any condition. Such a chamber would
provide operating flexibility and centralize the application of chemical solu-
tions.

We assume that the 10,000,000 gallon daily filter plant capacity men-
tioned in your letter will be sufficient to take care of all flows that are desir-
able to handle. The number of filter units to be provided would be not
more than 10-1 M.G.D. beds and not less than 6-1-2/3 M.G.D. beds. The
greater the number of units, the higher the construction an-i operating costs,
so it seems to us that six filters would be satisfactory and provide a suffi-
cient margin of safety under all conditions. Quite a number of plants are
now being operated at rates 25% to 50% in excess of the usual 2 G.P.M.
per sq. ft. rating, and a great many new ones are now laid out with piping
and equipment large enough to permit operation at these higher rates. The
extra cost for piping and equipment is not very great and it would be worth
while to consider this feature for a plant like yours.

Wash water requirements will of course vary considerably on account
of wide variations in quality of raw water and inability to control within
close limits the quality of water applied to the filters, so plenty of wash
water storage should be provided. In fact, if the power cost is not too high
perhaps pumps for direct washing would be more economical in the long run.

The capacity of filtered water storage reservoir to be provided for a
given set of conditions is a study in itself, and in your case is further com-
plicated by the necessity for storing the large amounts of filtered water that
will be made during flood periods., As records for communities with
weather and other conditions similar to your own are probably scarce, you
will naturally resort to records of consumption for the city and base your
calculations on them. The -lesign of the pipe galleries shown on Drawings
''C'' and "'F' is a little unusual in that extensive use was made in both
cases of reinforced concrete conduits in place of the usual piping. Our
reason for this was because both locations were a good many miles away
from pipe foundries but relatively close to cement mills. The objection
that once existed to having unfiltered and filtered waters adjacent to one
another and separated by thin concrete walls has been largely overcome an-l
construction similar to that shown is now being used quite generally. In
our own designs we further overcame objections that might arise on that
score by placing the conduit carrying the wash water supply between those
carrying the filter and waste waters. The wash water supply being at all
times under considerably higher pressure than that existing in the other two
conduits, any slight leakage that might occur from any cause would pass
in a direction that would cause no harm.

I Present and proposed distribution reservoirs and immediate demand will handle
this.-J. F. K.
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The filter beds shown, being of considerable size are arranged for a
modified sectional wash as you will see by the two wash valves and con-
nections. In doing this, we overcame difficulties in getting uniform dis-
tribution of wash water that always are possible with beds of very large area
and at the same time cut down the size of wash water conduits and branch
piping. The two bays of each bed operate simultaneously but are washed
separately.

It is impossible to give you a close estimate of the cost of equipping
such a plant as yours without having some lefinite plan to work on. It
might be done for $150,000.00 and it might cost $200,000.00 or more, de-
pending upon how elaborate the equipment must be. Honolulu is a long
way from us and we are not familiar enough with labor conditions there
to make an estimate on the cost of installing the piping and equipment
after it gets on the ground, and the labor item might amount to consid-
erable.

In thinking over what we have written, it seems rather a lengthy dis-
sertation, probably on a good many subjects with which you are entirely
familiar but we have written just as we thought-as these various subjects
came to mind in connection with your filter plant. We are interested in all
water purification projects whether they be large or small and if our dis-
cussion presents any new angles we will be very happy indeed to have been
of some assistance in the preliminary stages of this work. Later on when
matters reach the stage of calling for bids we hope to become still more
actively interested, and will appreciate it if you will keep us informed.
In the meantime, if we can be of any further assistance, please do not
hesitate to call on us.

Yours very truly,
INTERNATIONAL FILTER Co.

GI (Signed) H. B. CRANE.

September 6, 1928.
International Filter Co.,
333 West 25th Place,
Chicago, Ill.

Attention: Mr. H. B. Crane.
Genticmen:

Your very interesting letter of August 18 and prints of your typical
filter plants and equipment have been receive 1 and contents studied. We
thank you for your kind painstaking treatment of our inquiry.

Undoubtedly, your suggestions will be helpful to us in arriving at final
designs to recommend for the Legislature's consideration of appropriation
therefor (February, 1929).

Your comment regarding the Hardinge Spiral Thickener and Clarifier
to decrease turbidity when streams are very mud ly, more rapidly than by
gravity methods, has aroused our interest as a possible means suggests itself
there of being able to use our most turbid flows. It brings up the only
questions we have now to ask and those concern their arrangements, sizes,
capacities and costs.

Thanking you for your courtesy and assuring you of our appreciation,
I am,

Very truly yours,
(Signed) FREDERICK OHRT,

JFK :RK Chief Engineer.
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INTERNATIONAL FILTER CO.

Chicago, September 20, 1928.
Honolulu Sewer & Water Commission,

Honolulu, T. H.
Gentlemen:

Attention: Mr. Frederick Ohrt, Chief Engineer.
In reply to your letter of September 6th.
We are happy to know that ours of August 18th contained some help-

ful suggestions.

As we give the matter still further thought, it seems to us that such a
tevice as the tIardinge Spiral Thickener and Clarifier will surely be re-
quired for the proper and economical treatment for your water supply.
We are therefore going to determine whether a clarifier could be provided
to handle the water at times of highest turbidity and at the same time be
altogether suitable for use when turbidities are much lower. We will have
more complete information for you in a short time and will be able to tell
you of proper arrangement, size, capacities, cost, etc.

You will hear from us again on this subject at a later date.
Very truly yours,

INTERNATIONAL FILTER CO.
MM (SigneJ) H. B. CRANE.

INTERNATIONAL FILTER CO.
Chicago, October 15, 1928.

Honolulu Sewer & Water Commission,
Honolulu, T. H.

Gentlemen:
Attention: Mr. Frederick Ohrt, Chief Engineer.

With further regard to our letters of August 18th and September 20th.
We are submitting the attached photostat to illustrate in a general way

the type of clarifier that we believe will be entirely suitable for the pre-
liminary treatment of the water supply you have under consideration.

For a flow of ten million gallons per day two 75 ft. diameter by 14 ft.
deep clarifier units should be provided. These two units operating on that
flow rate, would provide two hours retention. Operated without the use
of coagulants and on raw water turbidities as high as 10,000 p.pm. it
seems safe to predict that the effluent from the clarifiers would not be over
500 p.p.m. We make the statement this way because you know we have no
definite information on the chemical and physical characteristics of these
water supplies. You will readily appreciate that the effectiveness of this
apparatus depends considerably upon the nature of the suspended matter
and that the addition of coagulants to the raw water entering the clarifier
may be highly desirable in some circumstances.

We believe that the suggested treatment and arrangement outlined in
our August 18th letter may well be considered-that combined capacities
of clarifiers and sedimentation basins be worked out to handle all flows,
even under worst conditions of turbidity. Also that the plant arrangement
be such that the utmost flexibility be provided for applying chemicals and
handling the water during the various stages of treatment through the
plant.

With further regarl to the performance of the clarifier, with turbidities
in the neighborhood of but 1,000 p.p.m., the effluent discharged from the
clarifiers should not be over 150 to 200 p.p.m. without the addition of
coagulants and there would probably also be some reduction made even
when the raw water turbidity is but 30 p.p.m. or thereabouts; so while it
might seem advisable at first thought to operate the clarifier only when
conditions are at their worst, the cost of operating is so little that it woul
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probably not be too expensive to plan on keeping the water passing through
it all the time.

You should be able to get some very valuable information on how these
waters will perform under various conditions, by making some laboratory
tests that will give a rough idea of results that can be secured with differ-
ent periods allowed for settling with and without the addition of coagu-
lants. Undoubtedly these tests have already been made.

The equipment for the two 75 ft. diameter clarifiers would cost ap-
proximately $17,000 F.A.S. New York, packed for export and the shipping
weights would be approximately 56,000 lbs.

Please call on us again if we can assist you further.
Very truly yours,

INTERNATIONAL FILTER CO.
MM (Signed) H. B. CRANE.

ROBERTS FILTER MANUFACTURING CO.
Darby, Penna., October 19th, 1928.

Honolulu Sewer and Water Commission,
City and County of Honolulu,

Honolulu, T. H.
Gentlemen:

Attention: Mr. Frederick Ohrt, Chief Engineer.
Please pardon our delay in forwarding you layout drawings and ten-

tative information regarding your filtration plant which has been caused
by an unusual rush of work in our Engineering Department. We had in-
tended forwarding you this information around the latter part of August
and trust that our drawings will reach you in time to be of assistance to
you and to have your consideration.

We enclose herewith in duplicate, blue printsa of our Drawing No. 3665,
Sheet 1, showing the type of filter unit we would recommend and Sheets 2
and 3, showing the general arrangement of plant. You will note from the
drawings that we propose introducing the raw water which would either
flow by gravity or be pumped into the mixing chamber extending the full
length of the subsidence basin, this chamber being designed for a mixing
period of from 15 to 20 minutes, being provided with alternate concrete
and wooden baffles of the over and under type, insuring thorough mixture
of the coagulants with the raw water. The raw-water line to the mixing
chamber would be provided with a raw water regulator to maintain a prac-
tically constant level in the subsidence basin, this regulator consisting of a
float operating a pilot valve which in turn actuates the hydraulic cylinder
of a hydraulic gate valve installed in the raw water main. A Venturi
meter tube with register to indicate, record and integrate the flow through
the raw water main would be provided.

From the mixing chamber the water is introduced into the double sub-
sidence basin through 14" plug valve provided with floor stands for opera-
tion from walkway above. A wooden stilling wall would be provided in
each compartment of the subsidence basin to insure distribution of the in-
coining raw water over the full transverse section of the basin and cause
it to flow in a body from the inlet end to the outlet end at a uniform
velocity. The subsidence basins shown are designed for a subsidence period
of 7 hours which we feel to be ample for your condition. Overflow piping
and drains would be provided as shown for draining and cleaning the basins.

From the subsidence basins, the water is admitted to the concrete in-
fluent flume extending through the filter pipe gallery through 36" square
sluice gates as shown, the water then entering each of the eight filter units
through the central flume and concrete wash troughs. Each of the eight
filter units has an area of 436.5 square feet, and when operating at the
normal rate of two gallons per square foot of filtering area per minute

a These are in the Commission's files.-J. F. K.
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each unit would have a capacity of 873 gallons per minute or a total for
the 8 filter units of 10,000,000 gallons per day of 24 hours. From each
filter, the water is admitted to the concrete clear water basin beneath the
filter units through Venturi type automatic effluent rate controllers, each of
which is designed for a normal capacity of 1,250,000 gallons per day and
susceptible to adjustment within the limits of 25% above or below normal
rating and when set within these limits, would control the rate within 3%
of accuracy regardless of head conditions. The hydraulically operated gate
valves on the influent, effluent, wash, waste and rewash connections of each
filter units would be controlled from marble operating tables located on
the filter operating floor as shown. Indicators showing the position of
the valves at all times would also be mounted on the tops of the operating
tables.

A combined loss of head and rate of flow gauge to indicate and record
both the loss of head and rate of flow through each filter unit would be
mounted on top of the filter operating tables. These gauges would indi-
cate and record the loss of head through the filter unit from 0 to 12' and
indicate and record the rate of flow within the full limits of the effluent
rate controller mentioned above.

A clear water depth gauge mounted on a floor stan 1 located on operat-
ing floor would be provided to indicate the depth of water in the con-
crete clear well beneath filters.

A pressure system consisting of a triplex pump with motor, receiving
tank, etc., would be installed for providing pressure to operate the hydrau-
lic gate valves and other equipment throughout the plant.

Three dry feed machines would be provided, two of which would be used
in the feeding of powdered alum as a coagulant and one to be used for
the feeding of soda ash at times when the alkalinity in the raw water is
insufficient to properly decompose the alum. The soda solution would be
fed into the mixing chamber near the first baffle and the alum fed into the
third or fourth baffle. The type of dry feed machines contemplated would
be suitable for regulating within any reasonable range of feed.

For backwashing, we suggest a wash water pump of the centrifugal
type having a capacity of 6500 gallons per minute against a total head of
45', this pump being direct connected to an electric motor. The pump would
take its suction from the concrete clear well beneath filters and pump into
the cast iron wash water main extending through filter pipe gallery con-
nected to each of the 8 filter units.

The approximate cost of the mechanical equipment for the entire plant
delivered and installed at Honolulu, would be Ninety-eight Thousand
Dollars ($98,000). This price of course is only approximate and could
most likely be reduced somewhat upon the preparation of a careful estimate.
This price is based on our furnishing the following:

Equipment for 8 filter units, including manifold and lateral system; filter sand
and gravel; wall and floor thimbles; immediate filter piping for influent, effluent,
wash, waste and rewash connections; hydraulically operated gate valves; effluent
rate controllers, loss of head and rate of flow gauges and filter operating tables.

Clear water depth gauge.
Pressure system with all necessary piping.
Three dry feed machines and appurtenances.
Wash water main from pump discharge to each of the 8 filter units.
Wash pump suction connection.
Raw water main from a point 3' outside filter building wall to mixing hai-

her, including raw water regulator, Venturi tube and register.
Flap valves in mixing chamber.
Disc valves in subsidence basin influent flume.
Sluice gates in effluent flume of subsidence basin.
Subsidence basin and mixing chamber blow-off and drain piping to point 3'

outside subsidence basin wall.
Pipe supports and hangers for supporting all piping offered herein.

You will note that our price does not include any of the concrete struc-
tures or superstructures; heating and lighting; piping from or to points 3'
outside filter plant structures; low duty, high duty and wash water pump;
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power and lighting switchboard; or other work not specifically outlined
above. We have not inclu led any chlorinator or other device for steriliz-
ing the filtered water as apparently you are not troubled with B-coli or
germ producing bacteria.

In regard to the question asked in your letter of July 26th, would ad-
vise that while it is not absolutely necessary to keep the filter bed con-
tinuously wet, it is advantageous if the filter is only to remain out of
operation for a short time. However, if it is contemplated to discontinue
the use of the filter for quite a while, believe it advisable to dry the bed
in order to prevent the growth of algae.

We wish to thank you for this opportunity of co-operating and trust
that you will not hesitate to call upon us for any additional information
you might require. We are most anxious to install this equipment for you
and when you are ready to proceed with the construction of this plant, we
would appreciate an opportunity of submitting a formal proposal covering
your requirements. We would also appreciate your acknowledging receipt
of these blue prints together with your criticisms of same. Again regret-
ting our failure to forward these data at an earlier date, we are

Very truly yours,
ROBERTS FILTER MANUFACTURING COMPANY.

(Signed) J. A. THOMAS.

PRELIMINARY COST ESTIMATE OF PROPOSED
NUUANU FILTRATION PLANT.

Total
Item Quantity Unit cost cost

1. Kalihi-Nuuanu tunnel.......... ......... 8 r7 0 0 ft. $35.00 $300,000
2. Excavation and clearing .......... .. 50,000 cu. yds. 1.50 75,000

(a) Road approach and culvert .......... 5,000
3. Diversion dams

(a) K alihi ...............................
(b) N uuanu .......................................

4. Conduits (to filter plant)
(a) Nuuanu (16" pipe) ........... 2,900 ft. 8.40
(b) Diversion flumes ........................ 120 cu. yds. 32.50

5. Concrete
(a) Gravel chambers ................ 55 cu. yds. 32.50
(b) Sedimentation and/or clarifier

basins ............... ................. 464 " " 25.00
(c) Coagulation basins ........................ 3,250 " 25.00
(d) Filter beds (substructure) ............ 1,130 ;' " 32.50
(e) Clear-water reservoir .................... 770 ' " 32.50
(f) Sludge pit ..... ..... ... ......... ......
(g) Walk-ways, railing, etc .................

6. Equipment,
(a) 10 Filter beds

1. Manifold and lateral systems
2. Sand and gravel
3. Piping for influent, effluent, wash, waste and rewash

water
4. Gate valves- hydraulically operated
5. Effluent rate controllers
6. Loss-of-head and rate-of-flow gages
7. Operating tables

(b) Clear-water depth gage
(e) Pressure system and piping
(d) 3 dry-feed machines, etc.

All piping to a point 3' outside of buildings.

2,000
2,000

24,300
4,000

1,800

11,500
80,000
37,000
25,000

1,000
500
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(e) Wash-water main
(f) Wash-pump suction connection
(g) Raw-water main, regulator and Venturi tube
,(h) Flap valve in mixing chamber
(i) Disc valve in subsidence-basin influent flume
(j) Sluice gates in effluent flume of subsidence basin
(k) Subsidence basin and mixing chamber blow-off and Jrain

piping
(1) Supports and hangers for all piping supplied

T o ta l -_ _ -_ --------- _ -----. _ _ __. --------. _ -... .. ... .. .. ... .. ..
(m) Clarifiers . ........................ . ....................
(n) Effluent

1. Chlorinating plant ............----------------...........................
2. Altitude valve ..................... ....... ..........
3. Connections to No. 5 reservoir .........................

7. Superstructure .....................................................................
8. Other buildings

(a) Office ....................................... ...........
(b) Laboratory ................ ...........................
(e) Chem ical house and shop............... ..................................
(d) B auxite plant ............ ........ . ............ ........................

9. Miscellaneous
(a) Telephone connection to Kalihi
(b) Power transmission lines
,(e) Passage ways
(d) Drains
(e) Wash hose connections

$100,000
17,000

3,000
500

5,000
40,000

5,000
7,000

12,000
5,000

5,000

10. O ther .................................................................................................... 5,000
11. Engineering 5% (on $132,000)' ............................. 6,600
12. Profit 15% (on $132,000)a ............................. ........................ 19,800

Total .............---- ----------- ---------------------------------- $800,000

-Total cost of tunnels, equipment, etc., above mentioned include engineering
and profit.
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