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January 26, 1915.

President and Executi7N Officer,

Board of Commissioners of Agriculture Gnd F orestr}',

H onolulll, T. H.

SIR :-The report of the Investigation of vVater Resources of
North and South Kona, Hawaii, authorized by Act 102 of the.
1913 Legislature of the Territory of Hawaii, is submitted here
with.

This report, with its estimates, conclusions and recommenda
tions, should be carefully read by those interested in this matter.
Attention is invited especially to the following conclusions and
recommendations in which the undersigned concurs:

1. The numerous water holes are not perennial, and are of too
small capacity to justify further consideration, except as
watering places for cattle and other live stock.

2. Natural storage sites are too small and shallow to justify
flood storage projects. It is also doubtful whether these
sites could be made to hold water without artificial linings.

3. Artesian water undoubtedly exists, but the cost of the bor
ings necessary to determine water-bearing channels, or
basins, is prohibitive.

4. The most economical and feasible scheme for integral water
systems for Kona villages or comml'lnities, is the con
struction of artificial watersheds or catchment areas, and
the storage of the rain water obtained by this means, in
large tanks located in the communities to be served.

5. The question of possible contamination of water supplies by
mynah bird refuse or other causes has not been included
in the report. Local physicians were consulted regard
ing this question, and it was stated that there was no evi
dence that typhoid or other diseases had ever been spread
in this manner. The opinion is offered that this type of
contamination is as apt to occur in water sources draining
directly off of the ground as from roofs or artificial water
sheds.

6. It is recommended that a law be enacted providing for the
forming of local water-users' associations within the Ter
ritory, which will permit the credit of the Territory to

) , .
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be used in financing such projects as may be deemed of
sound engineering and economic value by an administer
ing board of Territorial officials, without the necessity of
direct appropriations by the Territory.

Acknowledgment and appreciation are expressed to the follow
ing for assistance furnished during this investigation:

The Bernice P. Bishop Estate, Messrs. E. E. Conant, Frank
R. Greenwell, Arthur Greenwell, Wm. H. Greenwell, Joseph Hen
riques, Robert Hind, John D. Paris, Jared G. Smith, Allen Wall·
Robert \"Iallace, Thomas C. \"Ihite, and Robert V. \Voods.

Very respectfully,

G. K. LARRISON,

Superintendent of Hydrography.

December 31, 1914.

Superilltelldellt of H )'drograph)',

Bureau of Agriculture alld F orestr}',

H ollolulu, T. H.

SIR:-The following report, including estimates and recom
mendations relative to the \Vater Investigation of North and
South Kona, is submitted.

The field work of this investigation was begun in July, 1913,
and terminated in- December, 1913. The collection of rainfall
and Kiilae Stream discharge data by local observers was con
tinueduntil November 30, 1914.

Very respectfully,

HOWARD KIMBLE,

Assistant Engineer.
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DESCRIPTION

The Kona district comprises an area of 800 square miles, being
about 60 miles in length north and south, and having an average
width east and west of 13 or 14 miles. This area is located on the
western side of the Island of Hawaii, where slopes gradually
ascend from sea level to the summits of Mauna Loa and Huala
lai, having elevations respectively of 13,675 and 8,269 feet.

Geologically, Kona is of very recent volcanic origin, being the
result of an era of lava flows from the volcanoes Mauna Loa and
Hualalai. The flow of 18S~ crossing North Kana, as well as
more recent flows elsewhere on the Island of Hawaii, indicates
that the lava flow era is the present one and Kona may be con
sidered geologically as still in the constructive or formative age.

The volcanic rocks are divided into two general classes-dense
heavy rocks and porous light rocks. These are known locally as
pahoehoe and a-a. These are very similar to the basalt a~1d scoria
of the lava flows in the western mainland cQuntry. The heaviest
pahoehoe examined by the writer weighed 207 lbs. per cubic foot,
and the lightest a-a sample weighed 7S lbs. per cubic foot.

As a foundation for soil formation, there are the easily disinte
grated a-a and pahoehoe, upon which erosion and weathering
have very slow effect.

The successive lava flows of Kona in passing down from the
high elevations toward the sea through a long period of time
have naturally divided the present surface into widely-varying
belts in regard to age and density.

Climatic conditions have again divided the Kona surface into
belts on which stages of decomposition vary greatly according to

. elevation and rainfall. The amount of rainfall is probably the
chief factor in determining the rapidity of rock disintegration.
The amount of rainfall in the various sections of Kana is influ
enced by elevation and position with respect to the high peaks and
low saddles of the divide, which forms the eastern boundary.

In a brief attempt at a constructive analysis, the natural condi
tions in Kona may be listed as follows:

1. Elevations varying between 0 and 13,675 feet above sea
level.

2. Rock densities varying between 75 and 207 lbs. per cubic foot.

3. Surface ages varying from geologic zero to an indeterminate
old age.

4. Rainfall varying from 9 to 100 inches per annum.
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The results of these conditions seem to have segregated the
800 square miles of Kona into the following general classes which
constitute the present Kona surface:

1. Solid rock covering entirely devoid of vegetation, having no
present value.

2. Barren wastes of little vegetation and having a very low value,
and being unpopulated.

3. Forested or untillable grazing land, sparsely populated.

4. Tillable lands being thickly populated.

POPULAT~N.

The population of Kona is, roughly, 7000 people,' of which
about 85 per cent live within the boundaries of the cultivated
sections which make up the fourth of the land classes listed above.
The remaining 15 per cent, living outside these cultivated sec
tions, ar~ engaged in the grazing industry or are located in the
villages on the Kona# coast.

These Hawaiian villages along the Kona coast, about twelve in
number, are mostly depopulating rapidly, consisting of a small
fraction of their former populations. The four main ports of
Kona-Kailua, Napoopoo, Hookena, and Hoopuloa-are the only
ones which offer much prospects of permanency. The others
are nearly deserted at present and are inhabited by the older
class of Hawaiians, which seems to indicate that the depopulation
will continue.

The tillable belt in Kona, containing about one hundred square
miles, is located mostlv between the 900 and 2400-foot contour
lines, and extends fron; land Honokahau, in North Kona, to land
Honomilino, in South, Kona. This belt is roughly forty miles in
length <l;nd two and one-half miles in width. Of this one hundred
miles; about one-half, or fifty square miles, is tillable, About
twenty square miles is cultivated at present.

In concluding the description from a public water-supply stand
point, Kona is composed of several smalCthickly-populated sec
tions which are widely separated by sparsely-settled untillable
stretches, and surrounded by extensive bodies of grazing land of
low value where water users are so widelv scattered that feasi
bility is prohibited by the limits of warranted cost. It is, there
fore, necessary to define some boundaries, beyond which no public
project appears warranted.

These boundaries have been chosen to include the territory be
tween contours 900 and 2400 feet from land Honokohau, on the
north, to Honomilino, on the south, and villages Kailua, Napoo-
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poo, Hookena and Hoopuloa, with all reasonable service between
the main populated section and the villages along the line of the
projected pipe lines.

This project would serve over 90 per cent of the Kona popula
tion, and appears the most extensive which would be permitted
within the limits of ultimate value and warranted cost.

SURFACE DRAINAGE AND WATER RESOURCES.

Kona is of such recent volcanic origin and is so interlaced with
faults and fissures caused by frequent earthquakes that the top
covering is very porous and nearly all of the abundant rainfall
becomes ground water immediately upon falling, therefore result
ing in little surface run-off.

There are no perennial surface water streams; no perennial
fresh water springs, or fresh water wells in the Kona district.
The people obtain water for domestic purposes by storing rain
water which falls on their roofs and is collected in tanks for
future use. :Much water for commercial uses, such as coffee
washing and water for stock, is collected in the same way.

The abundant rainfall and its remarkable uniformity through
out the year makes this method of obtaining water very economi
cal. In localities near the coast and in extreme north Kona the
rainfall is much less in amount and the monthly andy-early fall is
less uniform. As a general statement, however,-rt may be -said
that a water famine in Kona is the rare exception to the usual
condition, especially in the central populous belt. These water
famines come at widely-separated times of extreme drought, not
oftener than onceirifive years·as a rule.

DISCUSSION.

As a preface to the engineer's main report, the following in
troductory discussions seem appropriate, as these outline our train
of reasoning in narrowing down the Kona water investigation to
the surface storage limit, thereby eliminating other phases of
water investigation which are thought outside the· boundary of
practical consideration.
./'

. GroZllld Tl1ateI'. The drainage of Kona is peculiar. There are
800-squate-'Yiiles of drainage area having a slope of 300 to 400
feet per mile, receiving from 20 to 60 inches mean annual precipi
tation, resulting in no perennial surface water streams. It fol
lows that large quantities of water are carried to the sea through
subterranean passages. .

There are brackish water springs all along the Kona coast. In
, SOl11e of these the inflow current is very noticeable, indicating that
"--
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before reaching the ocean the ground water is collected in defined
channels and flows under some pressure.

If the area to be served with water were located a'!!y~here near
the coast or at low elevation, an attempt to obtain an artesian
supplye;'vottld seem\\Tarranted in Kona, since there is very little
doubt that there are well-defined underground channels of water

! at many places along the Kona coast. As mentioned above, how
ever, the populated belt of Kona to be served with water is lo
cated behveen 900 and 2400 feet elevation. This area is three or
four miles from the coast and welT up toward the elevations of
maximum rainfall, which occurs from 2500 to 3000 feet elevation.

The area to be served is too elongated for a single supply sys
tem, being 40 miles in length and divided into several populous

. ( districts, which are separated by long stretches.
The cost of the necessary borings for an investigation of the

ground water supply of Kona, puts it outside the scope of this
report. The possibilities of ground water development must be
described as being very uncertain.

/ / Watcr H ales. Water is stored in small quantities on the sur=-- "
\ faceTn t11e~1ountains of Koni'ln water holes, These water holes .

are of two kinds, natural sinks and underground caverns. Nat
ural sinks are small depressions underlaid with a dense pahoehoe
and therefore rendered more impervious than the other parts of
the Kona surface. These sinks become swampy and constitute a
water-soaked bog which is fed in wet seasons by surface run-off
and percolation through the adjacent covering. Water is natur
ally stored in these places until it slowly percolates away or is con
sumed by live stock or evaporation. Two or three small pri
vate developments have been made in Kona by concelitrating the
water in these boggy sinks in a trench and piping it down to
some desirable place for use. ;;uch projects fail in dry times
showing that the supply of these bogs is very limited and en
tirely dependent UPOI~. the rainfall. The second class of water
holes are subterranean caverns with an arched roof and a smaI!
opening. These caverns have undoubtedly resulted from the
escapement of confined gases when the lava was contracted by
cooling. A water hole of this kind also fills with water by
seepage or percolation fr0111 the adjacent porous soils in wet
seasons: In February, 1914, a water hole of this type was
pumped out to determine if there was any inflow in dry sea
sons. This hole holds 15,000 gallons and has no inflow in dry
times. A~detailed account of- this wilT appear later in the

_. r€flort.
r A water project based on piping water from these holes is
thought to be very uncertain and likely to fail because of the
limited storage and the absence of inflow in dry seasons.
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The belt of Kona which has been described as being populous
enough to warrant a public water supply has six intermittent
stream COtlrses which are distributed fairly well throughout this
area. The largest and most permanent of these water courses
is the Kiilae Stream, in South Kona. A weir station with an
automatic register, which furnishes a continuous record of dis
charge, has been "maintained on this stream for more than a
year, and tables of daily discharge in gallons are available for
studying this supply. At this time it is sufficient to say that the
Kiilae water course is almost a perennial stream in ordinary
years. It probably has long periods in times of drought when
it is dry.

The other five intermittent streams are by no means as steady
as Kiilae. There is running water in these water courses only
during heavy rains. Generally this flow seldom exceeds two
thirds million gallons per day and stops within a few hours after
the rain ceases. In orclinary years these small flows occur sev
eral times a month. On the other hand, there may be several
months with no surface run-off. Exceptionally heavy flows
llsually occur once or twice a year. On September 4, 1913, Ho
lualoa Stream carried nearly one million gallons per day at the
government road crossing, twelve hours after the end of an
unusually heavy rain.

In studying storage possibilities in Kona, conditions warrant
the investigation of three methods:

1. Deve"lopment of natural reservoir sites on the intermittent
stream courses.

2. Building of closed reservoirs or tanks to be filled from the
"streams at flood times.

3. Building artificial watersheds and closed reservoirs for /'
catching and impouncling rain water.

In making studies for the improvement of the water supply of
Kona, the chief consideration is the fact that, in the more populous
belt, times of extreme drought aiKj resulting water famines arC'
l:~!frequ~nt. This fact must be used as the basis of design, and
any public project that does not cut off all possibility of water
shortage at all times is little better than the present svstem of
private tanks. .

THE DCl'\" OF W.\TER IN KONA.

A rough census of the Kona district was taken during the in
vestigati6i-i"toueterminc the average roof area and tank capacity
per capita. Hoi.lSes b'eing occupi'ecl" were observed to contain an
~:~~~¥e:?L~'.'e.persons each. One thousand and eighteen houses

.,I
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were counted within the limits lower Hookena forks to and in
cluding land Honuaula. Of these 1018 houses, about 25 per
cent were measured for roof areas and tank capacities.. The total

- number is assumed to average the same as those which were
measured. The results of the population census by districts are
as follows:

470 land Honaunau,

340 Honuaula mauka and vicinity,

175 between Holualoa and Honuaula

790 Holualoa mauka,

170 Holualoa makai,

340 Kaumalumalu district,

170 Kahaluu,

180 Keauhou,

460 Kainaliu and vicinity

595 Kealakekua mauka and vicinity,

540 mauka road Hookena to Keokea,

175 land Keei,

105 Hookena makai

570 Napoopoo and all mauka between Kealakekua and
Keei.

Ontside the limits of the census there are about 1500 people in
South Kona between Hookena and the south line, including vil
lages Hoopuloa and Honomilino. There are also in village Kai-<o
lua and all north from Honuaula about 500 people. This makes
the total population of the district about 7000 persons.

The average roof per capita IS about 100 square feet. The
- average--link capacity per-capita is about 1000 gallons. If an

annual rainfall of 60 inches is all stored, and consumed by do
mestic use, the annual consumption averages 500 cubic feet or
3750 gallons yearly. This is about ten gallons per day as the
outside fimit of the present duty of water in Kona, under the
private. water-collecting systems which are now used for this
purpose.

The duty of domestic water in Kona is at present probably less
than ten gallons daily per capita. A public system designed to
furnish ten gallons daily per capita at all times is the smallest
duty which could serve the purpose, since this duty is the one
which prevails at present under the private tank system. A pub
lic system or project furnishing "this amount in times of dronght
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as well as in ordinary times is the smallest duty worthy of con
sideration.

In designing a public. system, twenty gallons per capita is
thought to-~-(tli.e-ptoperfigi.lre to use. This duty provides for
some losses and an increase of consumption which would undoubt
edly come in the event of a public. supply. In designing the
systems which are suggested in this report, we have used an aver
age daily consumption of twenty gallons per capita, as resulting in
a public system of the greatest good.

NATURAL RESERVOIR SITES.

During the field investigation a search was made on all the
intermittent water courses of Kana for reservoir sites which
might be developed for impounding the flood run-off of the
streams.

On Kiilae stream no sites of any size could be found. On all
the other five stream courses, reservoir sites have been surveyed,
sketches of which are follow.

A glance at these sketches will suffice to confirm the statement
that Kana has no good natural reservoir sites. The fall is so
abrupt at all places that the cost of open reservoir storage would
be VCJ:Y high per unit capacity.

It is almost certain that no natural reservoir site can be de
veloped which~ilIl.ie-\vater"Hght.without· lining, ancleven if·
lined, 'it may be cracked by earthquakes and lose its water when
it is most needed.

In a natural reservoir the evaporation losses would be excessive
because'()Tthe long impounaing season necessary and the large
areas within the top flowage lines, which also makes roofing im
possible. The floods of Kana carry large quantities of earth in
suspension which would quickly fill up a reservoir and cut down
its capacity:

For these reasons the development of natural reservoir sites is
not considered practical. This leaves two methods of storage still
to be considered.

FLOOD STORAGE VS. ARTIFICIAL WATERSHED.

In consideration of a public water supply in Kana, we are of
the opinion that the project must be developed in one of these two
ways: either flood waters in the intermittent streams must be
stored in closed reservoirs, or rain water from artificial' water
sheds must be utilized. Other methods such as development of
ground water supplies or the piping of water holes offer no rea-

. sonable assurance of success.
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tributary comes in. At elevation 2100 the third and last tribu
tary joins the main channel. At elevation 2000 feet there is a
large cavern in the bed of the stream. The ordinary flows never
pass this cavern, but disappear through the fissures of its rock
bottom.

In most ordinary conditions of flow in Kiilae water course there
are two water-bearing stretches of the main channel, being the
stretch between the source and elevation 2840 feet and the stretch
bearing the water of the first tributary from elevation 2530 feet
until it disappears into fissures. A frequent condition of flow in
this water course is that there are four distinct water-bearing
stretches of the main channel between elevation 3000 and 2000
feet-a distance of one mile, when the main stream, having gone
dry, is again replenished from three successive tributaries. Only
at flood times are any flows found below 2000 feet elevation. At
such times, large volumes of water are carried to the sea.

These four water-bearing stretches of the main channel are
entirely independent; that is, it is reasonably certain that the
water which disappears in fissures of the stream bed does not
reappear in the tributary which renders the channel again water
bearing. This being the case, there is no single location at
which the total output of Kiilae water course can be developed
except, of course, by cementing· up the fissures and rendering the
channel water-bearing throughout the mile within which it re
ceives the three tributaries. The weir station which was· main
tained at elevation 2840 for determining the output of water at
this place does not give more than one-half of the total water
supply of the stream. The largest tributary which joins the
main channel at elevation 2530 is nearly as productive as the
main channel at 2840. The tributaries coming in at elevations
2350 and 2100 are much smaller and intermittent since they drain
less swampy territory and are more immediately dependent upon
rainfall. It is estimated that the total output of the three tribu:
taries is roughly equal to that of the main channel at 2840. There
are no feasible natural reservoir sites where water can be im
pounded on the Kiilae water course. The flows, being intermit
tent, cannot be developed without storage.

The greatest factors of safety and the least storage capacity
can be realized by storing water at four different places, since the
rainfall is of a very local nature and any of the four water-bear
ing stretches may be productive in dry times when the other three
are dry.

It is proposed, therefore, that four closed storage reservoirs or
tanks offer the most economical and most certain develpoment.
These tanks should be located on the main channel at elevations
2800, 2530 2.350, and 2100 feet. Their capacity ratios basecl on
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field observations are fixed at 10,7,2, and 1, respectively. These
tanks should be connected with a large pipe line for several
reasons:

1. To cut down economic pressure heads in distribution sys
t!,m in which the reservoir at 2100 feet would s'erve a surge tank
purpose.

2. To more fully utilize large flows which may come at one
elevation and not at others.

3. To provide for clearing tanks of soil accumulations with
out great loss of stored water.

THE KIILAE PROJECT.

In estimating the cost of developing the supply of Kiilae water
course for domestic use of the tributary public, it is first neces
sary to fix the limits of the territory to be served. The Kiilae
water course has an average annual output of water which is
amply sufficient to serve the entire Kona district for domestic
purposes if adequate storage tanks or reservoirs with the neces
sary pipes were built.

It has already been stated that the populous belt of Kona is
+0 miles in length and varies in elevation from 900 to 2400 feet
as approximate figures. This area, together with the four coast
villages, would entail building 60 or 70 miles of pipe line for dis
tribution of water. The storage reservoirs necessary would im
pound 20 million gallons.

The cost of the pipe would be not less than $3,000.00 per mile
in place, and the cost of the storage reservoirs would be not less
than $20,000.00 per million in large units at the tanks sites of
Kiilae water course. These costs, together with land to be pur
chased and large pipes for connecting the reservoirs, would place
the cost of such a proj ect at $650,000.00 as a rough minimum
figure.

A comparison of the cost of a Kiilae project similar to the
above. though of much smaller scope, with that of an artificial
water-shed follows.

It is evident that the least extensive the project is, the lower
the cost per capita, for in a small project transmission distances
are shorter and pipe sizes smaller, therefore less costly. To
make a sound basis for comparison, the Kiilae project must be
taken large enough to include the territory which cannot be more
economically reached from other sources. It is thought that a
project resulting in impounding water from Kiilae stream and
piping it five or six miles each way along the gov:rnment road



TABLE I.

MONTHLY RAINFALL IN INCHES AT KEALAK.EKUA, SO. KONA, HAWAII, T. H.

Elev., 1450 Ft., for 1901·1914. From U. S. Weather Bureau Records.

Year.
1901. .
1902 .
1903 .
1904 .
1905 .
1906 .
1907 .
1908 .
1909 .
1910 .
1911 .
1912 .
1913 .
1914 ..

Jan.
2.88
2.94
5,43
3.31
0.66
3.39
4.98
1.18
0.58
5.13
6.53
0.06
4.69
4,44

Feb.
19.10
.0.76
2.86

13.84
0.32
0.39
6.36
1.76
3.26
0.16
1.82
1.28
1.24
2.24

March
8.03

10.13
1,41
4.52
0.99
1.75
4.24
5.77
2.27
2.40
5.97
2.96
3.22
3.62

April
7.55
2.02
3.30

11.56
3.02
3.08
2.62
4.62
2.73
1.81
3.29
3.17
7,42
4.15

May
12.68

4.30
6.68
7.21
6.38
6.01
5.29

*4.36
9.08
1.28
4.25
5.65
6.60
4.94

June
6.01
7.42
3.05
8.71
3.93
3.87

11.65
3.08
6.00
6.85
6,42
5,47
8.90
4.28

July
8.53

10.96
9.92
5.68
6.21
3.37
5.99
4.45
3.99
5,41
4.96
4.87
8.42
1.45

August
4.77
6.20

10.14
8.07

11.91
5.63
7.48
5.06
7.84
5.61
6.74
3.89
6.94

10.01

Sept.
10.30

8.13
6.69

14.22
10.94

4.83
10.72

4.02
6.66
9.10
7.71
4.56
1.84
4.64

Oct.
2.89
7.76
4.04
8.64
2.95
6.97
5.89
1.00
3.14
4.61
8.55
7.93
8.55

Nov.
7.39
3.45
3.64
1.27
4.38
5.45
2.78
2.15
0.93
1.05
3.15
1.53
3.72

Dec.
6.08
5.33
1.70
1.89·
2.57
4.14
1.90
3.07
9,47
0.36
3.45
4.06
0.33

Total
96.21
69.40
58.86
88.92
54.26
48.88
69.90
40.52
55.95
43.77
62.84
62.68
61.87

Average Year.

3.30 3.96 4.09 4.31 6.05 6.12 6.02 7.16 7.45 5.61 3.15 3.18 62.62

Monthly Mean 5.22

* Driest Period on Record, May, 1908, to April, 1909.

Month

1\fay ,
June ..
July .
August .
September .
October .
November .
December .
January .
February .
:March .
April ..

1

Rainfall
Inches

4.36
3.08
4.45
g.06
4.02
1.00
2.15
3.07
0.58
3.26
2.27
2.74

2
Private
Storage
Gallons

per Capita
270
190
275
315
250

60
130
190
35

205
140
170

3
Total

Required
Gallons

per Capita
620
600
620
620
600
620
600
620
620
560
620
600

4
Deficiency

Gallons
per

Capita
350
410
345
305
350
560
470
430
585
355
480
430

5
Aggregate

Supply
Gallons

per Capita
270
460
735

1050
1300
1360
1490
1680
1715
1920
2060
2230

6
Aggregate
Deficiency
Gallons

per Capita
350
760

n05
1410
1760
2320
2790
3220
3805
4160
4640
5070

7

Multiples

1.30
1.65
1.51
1.34
1.35
1.71
1.87
1.92
2.22
2.17
2.26

*2.27

8
Aggregate

Deficiencies
2000 People

Gallons
700000

1520000
2210000
2820000
3520000
4640000
5580000
6440000
7610000
8320000
9320000

10140000

* Watershed area required, 227 sq. ft. per capita.

TABLE n.

Computed from Rainfall Records at Kealakekua, So. Kona,
Hawaii, T. H.

Showing watershed area and tank; capacity required to
supply 20 gallons; per capita for the driest year of record.
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with branch lines to Napoopoo and Hookena is the most exten
sive project warranted, since more isolated sections can be more
economically served from other sources.

This section contains about 2000 people. The cost of develop
ing Kiilae water course to serve 2000 people will therefore be
compared with the cost of an artificial watershed proj ect for
doing the same thing.

It has already been shown that water famine in Kona is not
the usual condition. The private water collecting outfits now in
use by the people of Kana are adequate for furnishing about 10
gallons daily per capita during all ordinary times. It has been
decided that 20 gallons is abundance. These figures indicate
that a public systcm to furnish the total consumption is not need-
ed. The only real valuable service to be derived from a public
supply is in supplying deficiencies amounting to 10 gallons daily ;/
per capita in ordinary times and insurance against famine ill
widely separated times of extreme drought.

In designing this possible Kiilae development the fundamental
or basic quantities are determined from a study of the rainfall
records. -The nearest long time rainfall record is at Kealakekua
in South Kona at elevation 1450. This station averages 7 miles
distance from the 2000 people to be served from the Kiilae
project. At this place in Kealakekua, 14 years of carefully kept
rainfall data are available for the continuous period 1901-1914.

Table I tabulates the mo.nthly rainfall in inches for the
Kealakekua station as copied from the original records. The
average of this. record results in defining an average storage
year .:\Iay to April. This storage year applies generally in the
Kona district that is, the period May to October are months of
surplus rainfall and are followed by a six months period (No
vember to April) of deficient rainfall in the normal year.

In this Kealakekua record, the storage year May, 1908, to
April, 1909, is the greatest minimum departure from the normal.
From this driest yc'ar of record, we have derived the expression
for the largest draft for designing a public supply.

From the monthly quantities of rainfall in inches, the water
supplied to the people from an average roof area of 100 square
feet is reduced to gallons. This private supply subtracted from
the whole duty of 20 gallons daily per capita results in the ex
pression of the greatest draft required for a public system. These
figures are shown in Table II.

In column (1) of this table are monthly quantities of rainfail
in inches from the Kealakekua record for the year selected.

In column (2) these monthly rainfall figures are reduced to
gallons and indicate the supply furnished the people from an
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average roof area of 100 square feet which is the area shown
by the census. .

In column (3) appears the whole monthly requirement being
20 gallons per day.

Column (4) gives the deficiency per capita to be supplied.

Column (5) gives the aggregate private supply by months for
the test year.

Column (6) gives the aggregate deficiency by months for the
same period.

Column (7) gives multiples which are obtained by dividing
the figures in column (6) by those of column (5), being the
amount by which the 100 square fert must be multiplied to find
an area which would have been sufficient at the time.

The greatest multiple in this period is 2.27, showing that 227
square feet per capita is the required area of artificial water shed
to furnish the required draft of water in this driest year of
record.

Column (8) of Table II gives the aggregate deficiencies in
gallons for the Kiilae project of 2000 people' ancI gives the
amounts which must be provided for in determining storage
capacities.

Finally, the storage capacity necessary to provide for the great
est draft is indicated by the greatest difference between the ag
gregate deficiency quantities and the aggregate supply quanti
ties. These are shown. in tables and graphically in diagram 1.
The storage capacity necessary for the Kiilae water supply
project to serve 2000 people is shown to be 2,400,000 gallons, and
the artificial watershed area necessary to supply the same district
to be 454,000 square feet.

The output of the Kiilae water course in gallons for the year
October, 1913, to September, 1914, is tabulated in Table III.
This year's supply is also graphically shown in Diagram
I. The ordinates of the curve are aggregate outputs in
gallons as recorded, at the Ki"llae weir station, during the year.
The abscissas are time covering the year. May to April. The
amounts of _maximum aggregate consumption from. column 8
of Table II are also plotted to' the same scale. This results in a
curve of maximum consumption for design. The year's dis
charges from Kiilae stream are of course no criterion of the sup-·
ply which could have been drawn in the crucial year 1908. The
curve, however, shows a deficiency period of four and one-half
months, from December I to April 15. It is therefore a reason
able assumption that the 1908 deficiency period was longer than
four and one-half months. It is probable that the Kiilae watei'
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course was dry throughout the winter of 1908, although no direct
evidence of the truth of this statement can be offered, owing to
failure of inquiries and lack of data. For designing purposes it
will be assumed that Kiilae Stream went dry October 1, 1908.

It will be noted that it matters very little what the aggregate
output was up to this date since any amount between 13 million
and 71 million gallons equally satisfies the requirement, and it
is reasonably certain that no period l\Iay to September ever
elapses without at least 13 million gallons run-off from the Kii
lae water course.

r
The only important consideration is the length of the probable I

dry period as the amount of storage required is directly dependent I
on the length of this period. \

The amount of storage necessary for the artificial water-shed
is 2,400,000 gallons as shown in Diagram 1.

The cost of building redwood storage tanks in large units is
closely $10,000.00 per million gallons or $24,000.00 for this item.
The cost of a galvanized iron water-shed with channel iron gird
ers and iron pipe supports can be built, in accessible locations ill
Kona, at about 10 cents per square fo"ot, or $45,400 for the Kii
lae project of 2000 people.

The cost of building reservoirs on Kiilae water course, includ
ing connection pipes, over-flow and feed conduit devices cannot
be built for less than $20,000.00 per million gallons capacity.
There are no very reliable figures to offer regarding this cost, but
it seems indisputable that $20,000.00 per million is as Iowa figure
as can be considered. The cost of land to be purchased and pil-e
line cost in leading the water from the storage sites in land Kii
lae to the government road is estimated at $25.000.00. It is esti
mated therefore, that about $69,400.00 wiII be required for the
storage unit of the artificial watershed project.

$25,000 is estimated as the cost of the Kiilae storage project
outside the cost of the reservoirs themselves. This leaves only
$44,400.00 to build reservoirs in Kiilae at $20,000.00 per million,
allowing only 2,200,000 gallons in holding Kiilae storage costs
down to the amount required to build the artificial water-shed.

Referring again to Diagram I it is seen that 2,200,000 gallons
storage will only provide for a deficiency period of 80 days. The
rainfall is always more uniform than the stream flow, but even
this source has a deficiency period of 120 days in the test year.

It is beyond any possible doubt that artificial water-sheds can
be built much more cheaply than storage can be provided on the
intermittent watei' courses of Kona. The figures used in show
ing this can be varied over wide limits with the same results as
it is very certain that from five t6 seven million gallons of storage
capacity must be p~ovided in Kiilae to provide for possible defi-
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ciencies. This argument appears to have merits only on one side,
so very little exact analysis of cost data is necessary to show that
artificial watersheds cost less money than the building of closed
reservoirs, and their necessary accessories on the internuttenl
water courses of the Kona district.

The truth of this statement seems apparent and reasonable with
only a superficial and general analysis. The rainfall in Kona is
'remarkably uniform, whereas the flow in the stream courses is
the reverse. lhiS- is true because the ordinary rains do not pro
duce run-off in the stream courses, and the extra heavy rains pro
ducing run-off are widely scattered and irregular. Required
storage capacities are therefore large compared to those for im
pounding rainfall.

The storing of water in the mountains of Kona on these inter
mittent water courses is very costly as compared to costs of tanks
for storing rain water at easily accessible places.

Many accessories are required for mountain reservoirs of a
flood storage system which are not necessary when rainfall is
utilized. These are feed flumes or conduits for getting the flood
water into a closed reservoir, also filters or settling basins or
both, for rendering the supply suitable for domestic use.

The artificial watershed possibility offers a project which is less
costly in storage, distribution, and maintenance. Also the supply
from an artificial water-shed is as healthful, or more so, thaI:
that of a storm water project. .

It is found, therefore, from the investigation of the water
resources of the Kona district that the least costly and most
satisfactory way of developing water for domestic use is by the
construction of artificial water-sheds for catching rain water, the
water to be stored in tanks and piped to the consuming public.
This report will be concluded with estimates for construction of
this type of a project.

ARTIFICIAL WATER-SHED PROJECTS.

For this preliminary general design, the Kona district has been
segregated into nine units. Some such division is necessary in
reducing transmission distances, pipe sizes, and operating heads.
The data regarding elevations and population densities UpOll
which this preliminary division is based, are not definitely estab
lished and these particular units are not recommended for use in
actual construction, except as they may be confirmed by additional
examination. This segregation, as outlined here, can doubtless
be improved materially in fixing exact boundaries and locations
of reservoirs.
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The following units are presented for preliminary estimate~

only:
Kailua unit of. . . . . . . . . . . . .. 500 people..1.

2.

3.

4.

5.

Holualoa unit 1000

Keauhou unit 500

Kealakekua unit 1000

Keei unit . . . . . . . .. . . . . . . . .. 500

"

"

"

"
6. Hookena unit 1000

7. Pahoehoe unit 500

8. Kaapuna unit 500

9. Hoopuloa unit ,...... 500

"

"

"

"

In these designs we have provided one or more distribution
tanks for each unit with capacities allowing one day's consump
tion at maximum draft between refillings from the main reser
voir. Also, the pipe line connecting the mauka reservoir with the
distribution tank is designed for filling the tank in a few hours.
This is an important feature in maintenance, since, to avoid de
signing for high static pressures, this line should be operated with
the valve at the mauka end. Uneler this intermittent operation
method, leaks can be repaired without great loss of service; also
the few hours daily operation may be so chosen that the con
venience of the public and cheapness of maintenance may be
promoted.

Distribution tanks may be located close to the centers of
population, and so elevated that delivery pressures may be satis
factory and pipes of standard weights be sufficient.

In estimating costs we have taken the cost of 10-inch gal
vanized pipes at $2,500.00 per mile in place, and 2-inch pipes at
$3,000.00 per mile. The reservoirs are estimated on the cost of
large redwood tanks of 100,000 gallons capacity. Reservoirs may
consist of the required number of these large tanks. These cost
$1,000.00 per 100,000 gallons capacity. The cost of steel tanks
is estimated at $12,500.00 per million gallons capacity. There are
110 very reliable figures available concerning costs of reinforced
concrete reservoirs in Kona. The costs of the projects have been
computed using the figure $1,000.00 per 100,000 gallons as the
estimated cost of redwood tanks.

The cost of artificial water-sheds constructed of heavy gal
vanized roofing with all iron supports is estimated at 10 cents
per square foot.

The method of determining water shed are'as and reservoir



TABLE IV.

MONTHLY RAINFALL IN INCHES, 1913 AND 1914.

Locality and. Elevation. Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept. Total
Kealakekua, 3000 ••• 0 • 8.12 3.58 1.34 0.90 3.50 0.48 4.30 16.60 9.04 0.70 12.76 13.04 74.36
Kiilae, 2740 .......... 12.46 9.06 3.66 4.38 .28 7.22 5.76 14.68 9.12 5.14 4.76 23.78 100.30
Hokukano, 2990 .0 •• 0 •• 6.04 .12 .02 7.46 2.24 2.48 5.72 8.20 2.24 .28 11.98 13.72 60.50
Honalo, 2740 •••••• 0.· . 5.46 6.50 .02 5.06 3.58 4.34 5.04 12.22 2.22 2.28 10.62 15.52 72.86
Waiho 2550 •• 0 •••••• 0. 11.42 1.40 .04 3.34- 5.26 2.66 13.52 11.02 3.64 4.88 6.66 14.56 78.40 N
Honuaula, 3120 10.00 3.98 .44 2.62 2.24 1.28 2.44 16.68 7.30 1.74 3.88 14.52 67.12 0.......
Holualoa, 3720 ••••••• 0 8.72 4.86 .26 4.20 3.14 2.60 2.54 14.10 9.44 .80 6.26 14.42 71.34
Honaunau, 2540 ....... 12.84 7.50 .04 ;16 2.42 4.62 5.84 ]5.52 9.32 1.16 4.58 14.52 78.52
Kahaluu, 2460 ........ 12.80 2,12 .04 6.02 1.36 5.16 2.52 14.:H 4.56 7.94 2.16 15.12 74.34
Keauhou, 2610 .. , ..... 12.04 2.52 .02 6.68 1.52 4.52 2.58 14.66 4.50 8.16 U8 14.46 72.84
Honuaula, 1880 ....... 8.78 1.94 .12 2.98 1.72 1.66 2.32 6.32 7.04. .90 6.54 13.78 54.10
Holualoa, 2760 •• 0 ••••• 7.82 4.74 .02 4.68 2.24 2.94 2.30 14.:W 9.12 1.18 7.28 12.44 68.96
Kealakekua, 3560 ..... U2 3.64 .30
Lehuula, 3840 •••• 0 •••• .62 2.52 1.38
Kealia, 6000 •••••••• 0. 1.00 2.16
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capacltles from a study of rainfall records has been described
under our analysis of the Kiilae project. Additional studies of
this kind are given in Diagrams II and III on pages .... for
rainfall records at Holualoa in North Kona and Hoopuloa in
South Kona.

The results given by these studies must be modified for design
ing purposes, since the consuming public under any proposed unit
is located partly at low elevations where rainfall is less than that
shown by the record from which the study was made. This fact
increases the deficiency to be supplied, since the supply furnished
from the private outfits is less at low ~levations. On the other
hand, the proposed locations of water-sheds and reservoirs in pro
viding a gravity system are at higher elevations than those at
which the rainfall records were secured. An examination of
Table IV on page 20 shows that the rainfall is much greater at
elevations about 2500 feet than at elevations 1350 where the
North Kona long time rainfall record w:ts maintained. At Hoo
puloa the rainfall record comes from elevations 2425 which
eliminates the force of the above statement in this case.

A third consideration is the fact that the consuming public 1
located in the coast villages has need of less water for domestic
use than the people located at higher elevations because of the ,
bathing and washing facilities offered by the sea. We have esti
mated the required amounts of water-shed and reservoir capa
cities for the several units by using the results of Diagrams II
and III, modified somewhat by our judgment of the effects of
the above three considerations.

UNIT 1. KAILUA UNIT.

An artificial water-shed project for serving Kailua village with
water may be provided by building a water-shed and reservoir
at elevation 1600 feet in land Honualoa. This reservoir to be con
nected with a distribution tank of capacity 10,000 gallons at ele
vation 100 feet. 15.000 feet of 1?~-inch pipe are sufficient for
filling this tank from the main reservoir in five hours. This
project has sizes and costs estimated as follows:

Number of people under the project with provision for reason
able growth 500.

'Water-shed area 240 square feet per capita, as shown by the
study of Holualoa rainfall records.

Reservoir ~capacity 765,000 gallons.
1.Yz-inch pipe 15,000 feet.
Distribution tank containing 10,000 gallons.
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COSTS.

Water-shed 120,000 square feet at 1O¢ $12,000.00

Redwood tanks holding 765,000 gals , 7,650.00

Pipe in place, $500.00 per' 1000 feet. . . . . . . .. 7,500.00

Distribution tank, redwood. . . . . . . . . . . . . . . . . 200.00

Total. , ' $27,350.00

II. 'HOLUALOA UNIT.

This proj ect is designed to serve 1000 people in Holualoa and
vicinity. The artificial water-shed and reservoir to be located at
elevation 2400 feet. This mauka reservoir should be connected
with a centrally located distribution tank at elevation 1500 feet.
The distribution pipes should extend two miles each way along
the government road with a two-mile branch along the road to
ward Kailua. The sizes and costs are estimated as follows:

Water-shed area 240 square foot per capita 240,000 square feet.
Reservoir capacity 1530 gallons per capita 1,530,000 gallons.
Distribution tank 20,000 gallons allowing for one day's distri-

bution at the maximum draft.
Pipes: 1 mile 10-inch pipe for connecting the mauka reser

voir with the distribution tank operating under a head of 900
feet. 4 miles 2-inch distribution pipe under a head of 150 feet.
2 miles 10-inch pipe branching off from the main 2-inch line and
extending along the road leading to Kailua.

COSTS.

Water-shed $24,000.00

Reservoir 15,300.00

Pipes, 10-inch '" , 7,500.00

Pipes. 2-inch 12,000.00

Distribution tank. . . . . . . . . . . . . . . . . . . . . . . . . 400.00

Total. ' $59,200.00

III. KEAUHOU UNIT.

This unit should be designed for 500 people. It should consist
of a water-shed and reservoir in land Keauhou at elevation 2400,
-the reservoir to be connected to a distribution tank near the
government road at elevation 1200 feet. The distribution main
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should consist of 3 miles of 2-inch pipe laid along the government
road 10 miles each way from the distribution tank.

In the Keauhou project the water-shed area should be located
at 2400 feet to provide for future settlement of agricultural lands
which extends up to this elevation. The rainfall at elevation 2400
1S considerably greater than at 1350 which is the elevation of the
Holualoa rainfall station. Also the people to be served in Keau
hou are mostly located at elevations having rainfall equal or
greater than that of Holualoa, therefore the deficiencies to be sup
plied in Keauhou are less than at Holualoa or Kailua, and the
water-shed area and tank capacity may be reduced somewhat.
The Keauhou unit should be based on 200 square feet per capita
for the water-shed area, and 1000 gallons per capita reservoir
capacity. The costs of this unit are estimated as follows:

Water-sheet 100,000 square feet at 1O¢ $10,000.00

Reservoir 500,000 gallons. . . . . . . . . . . . . . . . .. 5,000.00

Pipes, 10-inch, 2 miles. . . . . . . . . . . . . . . . . . .. 5,000.00

Pipes, 2-inch, 3 miles. . . . . . . . . . . . . . . . . . . . .. 9,000.00

Distribution tank, 10,000 gallons. . . . . . . . . . . . 200.00

Total. $29,200.00

IV. KEALAKEKUA UNIT.

This unit should consist of a water-shed and reservoir at eleva
tion 2700 feet connected through 2 miles of 10-inch pipe to a
distribution tank located near the government road at elevation
1700 feet. The distribution system should consist of 7 miles of
2-inch pipe with a 2-mile branch of Hi-inch pipe leading along
the road toward Napoopoo. This project would serve 1000 peo
ple, and 200 square feet of water-shed and 1000 gallons reser
voir capacity per capita should be used in this design. The costs
are estimated as follows:

Water-shed 200,000 s'quare feet at 1O¢ $20,000.00

Reservoir 1,000,000 gallons. ... . . . . . . . . . . . .. 10,000.00

Tank, 20,000 gallons. . . . . . . . . . . . . . . . . . . . . . 400.00

Pipes, 2-inch, 7 miles 21,000.00

Pipes, 10-inch, 4 miles 10,000.00

Total. " " " .$61,400.00



TABLE V.

KONA PROJECT I.

ESTIMATED COSTS OF PUBLIC WATER DEVELOPJ\fENT.

Units. Population. I Watershed. Reservoir. Pipe Lines. Distribution Total Unit
Tanks. ~ Cost.

I
i .

I, ·Kailua ........ 500 120000 sq. ft. 765000 gals. .3 mi., llh-inch One 10000 gal.
$27,350.$12,000. $ 7,650. $ 7,500. $200.

240000 sq. ft. 1530000 gals.
3 mi., Jl,1:!-inch

One 20000 gal.II, Holualoa .... 1000 4 mi., 2-inch 59,200.$24,000. $15,300. $19,500. $400.

1000000 sq. ft. 500000 gals. 2 mi., n~-inch
One 10000 gal.nI, Keauhou .... 500

$10,000. $ 5,000. 3 mi., 2-inch
$200. 29,200.

$14,000.

200000 sq. ft. 1000000 gals. I 7 lni., 2 inch
One 20000 gal.IV, Kcalal\clwa. 1UOO $20,000. $10,000 4 mi., l%-inch

$400. 61,400.
$31,000.

120000 sq. ft. 750000 gals. 4% mi., l%-inch
Two 10000 gals.V, Kcci ........ 500 $12,000. $ 7,500. 2 mi., 2 inch

$400. 37,150.
$17,250.

200000 sq. ft. .1000000 gals. 6 mi., 2 inch
Th:t:ee 10000 gals.VI, Hookena .... 1000 4 mi., l%-inch 58,600.$20,000. $10,000 $28,000. $600.

VII, VIn, IX, 300000 sq. ft. 1500000 gals. 6 mi., 2 inch
Thrce 10000 gals.]500 6 mi., n~-inch 78,600.Extreme S. Kona $30,000. . $15,000. I $33,000. $600.

----------
Totals ....... 6000 $128,000. $.70,450. $150,250. $2800. $351,000.
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V. KEEl UNIT.

A project for serving land Keei and the village Kapoopoo
should be designed as requiring 240 square feet per capita water
shed area, and 1500 gallons tank capacity. These figures are large
as compared to Kealakekua and Keauhou because a large per
centage of the public is located in a section of scant rainfall and
the private supply is therefore smaller and more unreliable. This
project should consist of a water-shed and reservoir built at 2400
feet to provide for future settlement of agricultural lands. The
reservoir should be connected with the first distribution tank on
the mauka government road at elevation 1600 feet through 2
miles of l~-inch pipe.

The first distribution tank of 1O,000-gallon capacity should be
connected with a second distribution tank at elevation 100 feet at
Napoopoo through 2~ miles of l~-inch pipe. The mauka dis
tribution system should consist of two miles of 2-inch pipe along
the government road. The costs are estimated as follows:

500 People.

Water-shed 120,000 square feet at 1O¢ $12,000.00

Reservoir 750.000 gallons .. " . . . . . . . . . . . . .. 7,500.00

Tanks, 20,000 gallons. . . . . . . . . . . . . . . . . . . 400.00

Pipes, l~-inch, 4~ miles 11,250.60

Pipes, 2-inch, 2 miles. . . . . . . . . . . . . . . . . . . . .. 6,COO.00

Total. , " . '" " .. $37,150.00

n. HOOKENA UNIT.

This unit should extend from the Keei forks at the north
boundary land Honaunau to Hookena forks, a distance of about
six miles along the government road. Two branches are also pro
vided in this estimate, one to leave the main line at the forks in
K('okea and one to lead to Hookena village.

The people to be served by this project are mostly located well
below 2000 feet elevation.

This project should consist of a water-shed and reservoir at
elevation 2000 feet to J~e connected to the first distribution tank
at elevation 16CO feet. The seconl distribution tank should be
locatd at Hookena forks and a third tank should be located at
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Deficiency Aggregate
Aggregate

Rainfall Private Total Aggregate Developed
Month Inches Storage Require<l Gallons Supply Deficiency Multiple Supply

Gallons Gallons Gallons Gallons Gallons
~Iay, 1908 .......... 4.87 305 310 5 305 5 .16 210
.June, " .......... 3.91 245 300 65 5:"iO 70 .13 385
July, " .......... 2.94 185 310 125 735 195 .27 515
Aug., " .......... 5.00 310 310 0 1045 195 .19 730
Sept., " .......... 4.90 305 300 - 5 1350 190 .14 945
Oct., " .......... 1.58 95 310 215 1445 H05 .28 nOlO
Nov., " .......... 1.15 70 300 230 1515 635 .42 1060
Dec., " .......... 0.17 10 310 300 1525 935 .61 1070
.Tan., 1909 .......... 1.63 100 310 210 1625 1145 *.70 1145 N
:B'eb., " .......... 5.22 320 280 - 40 1950 1105 .52 1365 0\

Mar., " .......... 4.95 310 310 0 2260 1105 .49 1580
April, " .......... 2.01 125 300 17;") 2385 1280 .54 1670

* vVatcrshec1 area rcquir'ec1, 70 sq. ft. per capita.
:1: 1010-405=605 gallons per capita tank capacity.

TABLE VI.

Computcc1 from Rainfall Records at Holualoa, No. Kona,
Hawaii. Elevation, 1350.

Showing watcrshec1 area anc1 tank capacity required for
supplying 10 gallons per capita for the c1riest year of reconl.
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Keokea forks. In this project 200 square feet of water-shed and
1000 gallons reservoir capacity are required per capita.

Costs are as follows:

Water-shed 200,000 square feet at 1O¢ $20,000.00

Reservoir 1,000,000 gallons " . . . . . . .. 10,000.00

Pipes, 2-inch, 6 miles " 18,000.00

Pipes, 10-inch, 4 miles ", : 10,000.00

Tanks, 30,000 galIons : . . . . . 600.00

Total 58,600.00

UXITS VII, VIII, AND IX.

Below Hookena forks the public may be served from three
small units each of which will serve 500 people. These projects,
located at Pahoehoe, Kaapuna, and Hoopuloa, are estimated as
follows:

The water~shed are to be 200 square feet per capita.

Reservoir capacities 1000 gallons per capita.

Water-she"ds 300,000 square feet $30,000.00

Reservoirs 1,500,000 gollons 15,000.00

Pipes, 2-inch, 6 miles. . . . . . . . . . . . . . . . . . . .. 18,000.00

Pipes, 10-inch, 6 miles. '" 15,000.'00

Tanks, 30,000 gallons. . . . . . . . . . . . . . . . . . . . . 600.00

Total. , $78,600.00

These estimated costs are more closely shown in Table V, on
pagf' 24.

A little further explanation regarding these cost estimates is
made for clearness.

A galvanized iron pipe line of 10-inch and 2-inch diameter
may be laid on top of the ground for much less than $2,500.00
and $3,000.00 per mile, especially when purchased and transport
ed in large quantities. On the other hand, if all the lines are laid
111 trenches and even gradients be realized, these estimtaes are too
low. It is proposed that these pipe lines be laid on top of the
ground, but that enough excavation be made to avoid sudden
changes of gradient and to have them evenly supported at all
points on a firm foundation.

The estimate of 10 cents per square feet for galvanized iron
water-sheds can perhaps be changed by designing the water-sheds
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of some other material. In some localities of Kona, there are a-a
deposits which may be easily reduced to a sand which is good
enough aggregate for a concrete water-shed. 'vVater for mixing
may be secured from temporary rain catching outfits. Wire mesh
at 1 cent per square foot makes good reinforcing. KtsOme of
the localities it is no doubt possible- to· construct concrete water
sheds at 75 or 80 cents per square yard-which·will be better than
the galvanized iron shed at 10 cents per square foot. This state
ment is not true of all locations of Kona and our examination
has not been sufficient to define the limits of the possibility. 'vVe
therefore, t15e. the straight 10 cents per square foot estimate for
this preliminary report.

The above outlined $350,000.00 project supplies deficiencies in
providing for an average daily consumption of 20 gallons pe~

capita for 6000 people. In actual operation it is thought that this
20-gallon duty will also provide considerable water for commer
cial use, that is,-the people will not fully consume the total sup
ply for domestic purpose whereas some of the users would be
greatly benefited if provided with water needed for the promo
tion of private commercial enterprises such as live stock water,
coffee washing, etc.

In ordinary times a project of this size is sufficient for supply
ing the Kona district with more water than can possibly be used
for domestic. purposes. Only at widely separated times of ex
treme drought can the total supply be fully utilized and even at
such times the supply is greater than the ordinary needs at
present.

For these reasons it may be desirable to cut down the size of
this project somewhat by providing a smaller supply, and thereby
enforcing some economy in times of drought, but still retaining
insurance against famine. The cost, $351,500.00 is divieled as
follows:

Pipes $150,250.00

Reservoirs. . . . . . . . .. . . . . . . . . . . . . . . . . . . .. 70,450.00

Wated-sheds 128,000.00

Distribution tanks 2,800.00

Total. $351 ,500.00

$153,050.00 of this total is fixed, being the cost of pipe and
distribution tanks. The $198,450.00 cost of water-sheds anel
reservoirs may be reduced by providing a smaller duty.

In Table VI on page 26 a study is made of the Holualoa rain
fall for supplying deficiencies based on a water duty of 10 gal
lons daily per capita. This study gives 70 square feet water-shed
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and 605 gallons reservoir capacity as the per capita units. Costs
under this duty are as follows:

Water-sheds 420,000 square feet. , , .. , .. $42,000.00

Reservoirs 3,630,000 gallons, , .. , , .. 36,300.00

Total. , , , , , .. , .. $78,300.00

This added to $153,050.00 fired cost for pipes and distribution
tanks gives a cost of $231,350.00 for this sized project.

In concluding the estimates it is the writer's opinion that a
public water proj ect in Kona, to be rigidly restricted to the domes
tic use, may be based on this last considered duty of 10 gallons
per day. This project can be developed for about $230,000.00.
It is also the writer's opinion that the larger project based on the
20-gallon duty is the more warranted of the two, because of
the increased stability of private commercial enterprise which
would result. Or, to put it differently;'shc:itild tne" expenditure
of $350,000.00 for development of a Kona water supply to meet
all deficiencies outside of irrigation seem unwarranted, then the
$230,000.00 project for purely domestic purposes would also ap
pear unwarranted.

In actual operation a public water supply in Kona will be only
partially patronized at the outset. This is true of any public
water supply. It will take at least 10 years to arrive at the ulti
mate patronage e~clusive of population growth. An average ini
tial cost of about'-$30.00 ,per family will be occasioned by th~ in
stallations required,.including meter and connections.

It is reasonable to estimate that!llany families in Kona will
withho1cftl1eir 'patronage at the outset for this cause alone. Also
manyusers",vill take from the outset a great deal more than their
allotted amount of water. These considerations should be used
as a basis for a development schedule. It would be inadvisable
to build the ultimate proj ect at the outset.

An appropriation should by all means be made contingent to
the users contract. The artifiicial water-shed project divided into
several units with a large proportion of its cost dependent upon
duty and number of users lends itself readily to the above system
of financing.

RECOMMENDATIONS.

It is recommended that the Legislature pass an act authorizing
the formation of water users associations within the Territory.
These' water users associations shall be organized under some
acceptible and satisfactory regulations for the purpose of develop
ing public water supplies. Under such an act a water users' asso
ciation may be organized and, having filed its development sur-
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veys and guarantees of financial stability with an administering
board, may be loaned the Territory's credit in financing such a
development. This plan avoids any direct appropriation and
leaves the extension of credit contingent upon financial as well as
physical worthiness of the pro12osecl development.

Attention is invited to the following appended reports and
data:

1. A report on "Underground vVater in Kona, Hawaii," by
Mr. T. F. Sedgwick, Statistician, Department of Public Works.

2. A sketch and description of the Kahauloa water hole with
data relative to the capacity of this and other Kona water holes. _

3. Monthly rainfall records obtained in connection with this
investigation.

J. \"1. C\LDWELL,

Associate Member A. S. C E., Superintendent.

Territory of Hawaii, Department of Public vVorks,

Honolulu, T. H., December 27, 1913.
Dear Sir:

)[R. SEDGWICK'S REPORT ON TIlE TRIP TO KaNA. <

I inclose herewith for your information copy of J\Ir. T. F.
Sedgwick's report on his experiments in Kona relative to the
possibilities of obtaining underground water for domestic pur
poses in this District.

Yours very truly,

J. \"1. ,CALDWELL,

Superintendent of Public \Vorks.

G. K. L\RRISON, ESQ.,

Superintendent of Hydrography, Honolulu.
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J. \V. CALDWELL.

December 27, 1913.
Dear Sir:

REPORT OF UKDERGROeXD W.\TER I~ KO:'>A, HAWAII.

Some weeks ago arrangements were made to have me go to
Kona for the U. S. Geological Survey to report on the possibili
ties for obtaining undergound water in the Kona District for
domestic uses. I have delayed my report somewhat as I was
waiting for some data that was to be sent me.

There is still one experiment to be carried on that may throw
some light on the problem, that is, to attempt to pump one of the
mountain water holes dry. This will not be done until the Kona
dry season.

The water conditions in Kona are as follows: The rainfall /'
along the forestJ~~lt is in the neighborhood of from 60 to ~C

inches a year.--There are very few deep ravines, and practically
no streams which run continuously on the surface from the moun
tains to the sea. The rain sinks into the ground almost imme
diately and although it collects to some extent in the small ravines
and may flow as a stream, there is no large flow of water except
during storms.

All along the Kona coast there are springs discharging their
waters into the sea at about sea level. These waters undoubtedly
are the mountain waters which have soaked into the ground to
lower strata and then found their way to the sea. A good exam
ple of this is to be seen in Niole Springs in Kau where there are
probably 50,000,000 gallons of water being discharged daily. III
the mountains back of this Spring there is a deep ravine, much
deeper than any in Kona, in which we believe the water has col
lected ancl then found its way to the sea in underground strata.

I am of the opinion that similar conditions exist in Kona, on a
smaller scale, and that there are good possibilities of finding water
on the mountains by tunneling into the mountains to these under
ground strata and leading the water off. Of course, no one can
definitely say that this can be accomplished. Should the water,
after sinking into the ground, percolate perpendicularly to sea
level. (which I doubt) it would not be easy to get water in this
way; but if it drains into strata which incline from the mountains
to the sea, the possibility of securing water is almost certain.

For clearer explanation, I will say that the strata in which
artesian water is found on Oahu, is nothing more than a stratum
of previous volcanic rock something similar to a-a, sandwiched in
between two impervious strata like pahoehoe. I can see no reason
why these conditions should not exist on the Island of Hawaii.
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There may be no artesian head and it would be of little use 1£
there were, as the cost of pumping to the higher levels would be
excessive.

I believe it would be advisable to experiment in such a ravine,
either by driving short tunnels or drilling into the stream bed
for 100 feet or so, with a small portable drill to try to locate the
underground water on its way to the sea. The place I would sug
gest for the experiment is in the stream called Kiilae at one of
the points where part of the water disappears from the surfacl:
of the ground.

Yours very truly,

T. F. SEDGWICK,

Statistician, Public 'Works Department.

HON. J. vV. CALDWELL,

Superintendent of Public vVorks, Honolulu.

KAHAULOA WATER HOLE.

This water hole is a subterranean cavern having an arched
roof and small opening at the top. The opening is roughly cir
cular in shape and is about three feet in diameter. The under
ground cavern is divided at the opening into two visible cham
bers. The accompanying sketch represents a vertical section of
the water hole and gives as clear an idea of its appearance as can
be formed on the ground without excavation. The vertical dis
tance from the top to the bottom of the hole is about three feet.
On August 21, 1913, the water surface was .59 feet, and on Feb
ruary 9, 1914, 1.42 feet below the top. The lowering of the
water wwas due to evaporation during a long dry period prior to
February 9, and also from the fact that water had been usel for
camp purposes for some time.

To determine the capacity of this water hole, the water was
dipped out with a pail of known capacity and carried away in a
flume built for the pcrpose. The pail when full held 2.7 gallons,
but it was estimated that 2.5 gallons was the average amount of
water removed from the hole \vith each pail, as it was not always
possible to get a full pail with each attempt. The water surface
was referred to the reference point after the removal of every
100 pails or 250 gallons. The results are tabulated as follows:

" . f
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Started bailing February 9, 1914, at 1 :30 p. m., water surface
1.42 below reference point.

100 pails 1.46 below reference point.

200 " 1.53" " "

300 " 1.60" " "

400 " 1.63 ""

500 " 1.70" " "

600 " 1.75" " "

700 " 1.79 "( 2 :40 p. m.) "

On February 10, 2 :30 p. m.-water surface was still 1.79 below
reference point, (no rain). This shows that there is no inflow
at this stage of the water in dry times. On February 11 at 9 :15
a. m., water surface was 1.77 below reference point. There was
a slight rain on the night of February 10, probably causing the
0.02 foot rise of the water surface.

" " "

" " "

" "

" "

" "
" "

" " "

" " "

" " .,

" (2 :30 p. m. Feb. 11.)" .: 2.35

1900

2000

800 pails 1.81 below reference point.

900 " 1.85" " "

1000 " 1.89

1100 " 1.93

1200 " 1.98

1300 " 2.03

1400 " 2.09

1500 " 2.13.
" 2.17

" 2.28

" ".. 2.33

1600

1700
"'

Depth of water left in hole to provide for camp supply was
0.6 foot.

On February 12 at 11 :15 a. m. water surface was 2.33 below
the reference point with a little rain on the night of February 11,
so that the inflow ,vas about 250 gallons in 21 hours anel that
nndoubtedly caused by rain.

The inflow may be considered zero in dry times. The lowering
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per hundred pails is so uniform that it may be said that the hole
has the same area throughout the range covered by the examin
ation.

The Kahauloa water hole is, therefore, a cavern of Ij feet
average radius, having' walls about 2 feet high and an arched
roof. Its capacity is placed at Ij,OOO gallons as maximl!m esti-
mate. .

The Kona district contains a large number of these water holes.
About 30 of them have been visited during the investigation. It
is estimated that the district contains about jO water holes which
are well known to the Hawaiians of Kana, and the stockmen
operating in the mountains. In olden times they furnished the
most permanent fresh water supply.

~ince the tank system has become the common means of secur
ing water for domestic use the water holes have not been used,
except the few near the cultivated sections. The water hole at
eleva-tion 3120 in land Kahauloa, as above reported, is one of the
largest in the Kona district. It is quite certain that the aggregate
capacity of the water holes in Kona is not more than one-half
million gallons.

, ..



MONTHLY RAINFALL IN INCHES AT PUUWAAWAA, NO. KaNA, HAWAII, T. H.

Elev., 2700 Ft., for ·1903-1914. From U. S. Weather Bureau Records.

Year. Jan. Feb. March April May June July August Sept. Oct. Nov. Dec. Total
1903 .... 3.27 1.78 2.88 0.06 1.63 1.44
1904 .... 1.95 12.75 6.30 3.75 2.64 1.54 1.79 5.16 8.22 0.55 0.33 0.64 45.62
1905 .... 1.02 0.25 1.96 0.87 3.06 1.74 2.06 0.54 2.36 0.30 4.36 (18.52)
]906 .... 5.57 0.83 1.13 0.45 2.75 1.00 1.69 3.05 1.88 1.73 4.41 4.83 29.36
1907. '" 5.08 2.29 1.84 1.01 3.32 1.52 2.60 12.02 4.58 0.12 0.30 (34.68)
1908 .... 0.08 0.66 3.08 0.83 1.12 0.04 0.49 0.53 0.5.'5 0.40 0.90 0.00 8.68
1909 .... 0.26 3.93 2.26 1.71 2.92 0.78 0.27 1.63 0.62 0.62 0.00 6.06 21.06
1910 .... 2.77 4.74 0.28 0.19 0.57 1.65 5.86 2.21 1.93 1.8(; 0.54 0.95 23.55
]911. ... 4.81 1.74 5.76 4.05 4.23 0.45 1.03 1.72 2.04 0.00 0.62 1.46 27.91
1912 .... 0.16 0.62 0.14 0.90 0.07 0.31 1.38 0.00 2.79 0.76 1.92 1.26 10.31
]913 ... , 3.96 0.00 LaO 1.14 7.61 6.10 1.05 0.89 0.38 4.34 0.40 1.06 27.93
]914 .... 3.45 1.69 1.91 0.45 8.91 1.91 2.16 6.88 6.02

Average Year.
2.65 2.68 2.33 1.10 3.39 1.55 1.97 2.22 3.47 1.38 1.38 1.80 (25.00)

Monthly Mean, 2.08.

MONTHLY RAINFALL IN INCHES AT HUIHUI, NO. KONA, HAWAII, T. H.

Elev., 2000 Ft., :Lor 1903-1914. From U. S. Weather Bureau Records.

Year. Jan. :Feb. March April May June July August Sept. Oct. Nov. Dec. Total
1903 ... , 1.70 3.64 2.20 4.14 1.50 1.59 1.16
1904 .... 3.15 13.32 8.00 3.57 6.77 5.68 2.70 5.51 4.66 5.21 0.59 1.12 59.8'1
1905 .... 1.50 0.76 1.25 2.02 3.85 1.35 1.42 3.04 1.43 0.89 2.74 2.19 22.44
1906 .... 8.26 0.45 1.59 1.02 2.45 3.41 1.32 4.63 1.66 5.31 2.76 11.52 44.38
1907 .... 4.32 5.54 3.02 2.38 4.08 4.62 2.40 4.23 3.82 1.58 0.63 0.55 37.17
1908 .... 0.53 1.51 3.73 2.69 3.49 1,18 0.62 0.80 0.85 1.33 2.04 0.41 19.18
1909. " . 0.27 4.45 3.40 1.71 2.76 2.34 0.83 0.97 1.38 1.44 0.01 8.66 28.22
1910. " . 4.27 0.83 0.64 0.72 0.54 3.01 1.93 0.97 9.43 1.43 0.85 1.18 25.80
1911. " . 5.90 2.17 5.61 3.44 1.63 1.00 1.36 2.70 4.17 1.15 1.39 1.38 31.90
1912 .... 0.26 0.50 0.28 1.79 1.28 2.59 1.02 0.61 0.79 0.77 0 .48 1.55 11.9:J
1913 .... 3.41 0.69 0.72 1.89 6.29 6.23 0.96 2.46 0.78 1.54 1.21 0.60 26.78
]914 .... 3.80 3.23 ' 5.12 2.83 5.23 2.61 3.88 4.55 3.61 '....

Average Year.
3.24 3.04 3.03 2.19 3.48 2.97 1.84 2.72 3.06 2.01 1.26 2.76 3.07

Mean Monthly, 2.56.

MON'1'HLY RAINFALL IN INCHES AT HOLUALOA, NO. KONA, HAWAII, T. H.

Elev., 1350 Ft., for 1901-1914. From U. S. Weather Bureau Records.

Year. Jan. Peb. March April May June July August Sept. Oct. Nov. Dec. Total
1901. ... 4.12 2.54 9.40 4.75
1902 .. ,. 2.67 1.09 10.17 1.70 4.40 6.54 11.97 5.18 10.27 9.03 2.40 5.61 71.03
1903 .... 2.16 2.16 2.95 5.88 4.29 3.46 8.40 10.67 7.86 3.47 2.51 2.30 56.11
1904 .... 1.45 16.51 8.40 11.86 8.50 8.43 9.93 8.37 10.71 7.88 1.08 1.10 94.22
1905 .... 1.04 0.16 1.24 3.39 5.04 5.33 7.26 10.60 6.35 3.20 5.45 2.60 51.66
1906 .... 5.09 0.45 1.38 4.23 4.57 5.56 6.42 8.26 3.25 6.18 4.49 7.76 57.64
1907 .. , . 5.07 3.79 4.23 5.17 4.69 10.40 8.91 7.35 6.31 5.87 3.46 1.58 66.83
1908 .... 4.48 4.08 4.48 5.40 *4.87 3.91 2.94 5.00 4.90 1.58 1.15 0.17 42.96
1909 .... 1.6'3 5.22 4.95 2.01 11.75 5.97 2.79 8.59 8.79 2.31 0.73 6.93 61.67
1910 .... 3.15 2.45 3.68 1.87 2.76 7.55 8.45 5.91 15.65 6.45 0.51 0.72 59.15
1911 .... 6.73 0.96 6.91 2.29 5.44 7.01 4.48 7.39 7.45 6.54 3.91 2.45 61.56
1912 .... 0.30 1.17 7.57 5.09 4.37 6.98 7.42 2.62 7.18 6.52 1.36 3.80 54.38
1913 .... 4.05 1.75 1.88 4.41 10.30 11.15 8.47 5.17 4.71 8.15 4.89 0.87 65.80
1914.... 3.36 3.47 3.79 4.10 7.31 4.20 5.73 8.16 9.14

Average Year.
3.17 3.33 4.74 4.42 6.02 6.65 7.17 7.17 7.62 5.36 3.18 3.13 61.\;6

Monthly Mean 5.16 Inches.

FOR STORAGE S'fUDIES.

The climatic year (May-April) consists of a 6 months impounding season (May-October), followed by a 6 months.
release season (November-April) .

* '1'he greatest minimum departure from the average year is the year May, 1908-April, 1909.

MONTHLY RAINFALL IN INCHES AT K.EALAKEKUA, S. KONA, HAWAII, T. H.

EIev., 1580 Ft., for 1891-1914. From U. S. Weather Bureau Records.

Year. Jan. Feb. March April May June July August Sept. Oct. Nov. Dec. Total
1891. ... 1.00 1.50 2.83 1.98 3.47 6.93 3.89 4.94 3.77 10.49 2.26 0.49 43.55
1892 .... 8.58 2.72 3.85 7.56 5.40 11.34 6.69 6.16 6.96 7.06 6.63 • 2.22 75.17
1893 .... 3.]4 2.37 2.14 4.93 9.47 4.99 12.80 6.86 7.62 5.96 7.12 1.67 69.07
1894 .... 5.77 6.39 3.88 2.63 3.62 3.45 4.83 5.Q7 8.42 3.41 2.96 1.77 52.20
1895 .... 4.32 5.02 1.54 6.78 5.38 5.95 6.22 9.97 8.28 7.16 13.59 1.71 75.92
1896 .... 5.01 3.25 3.05 3.39 8.30 3.54 5.10 4.00 6.85 4.34 1.15 1.97 49.95
1897 .... 5.05 2.07 3.30 4.08 5.85 6.09 9.80 10.36 6.74 6.18 4.46 2.03 66.01
1898 .... 1.61 4.53 6.99 2.03 7.81 7.36 12.]6 '10.04 5.67 6.90 2.35 2.25 69.70
1899 .... 1.36 2.38 3.13 2.39 9.09 4.37 6.75 10.81 7.67 4.64 1.70 1.80 56.09
1900 .. , . 0.98 1.57 2.10 3.83 1.89 5.56 11.28 9.49 11.17 10.23 5.71 0.84 64.65
1901. ... 1.73 15.93 8.00 8.86 12.67 6.10 8.07 5.31 8.44 3.64 6.99 7.07 92.81
1902 .... 3.47 1.29 10.17 2.52 5.33 8.23 13.23 5.17 9.18 11.20 3.67 6.83 80.29
1903 .... 4.92 1.76 4.13 5.82 4.61 2.29 9.60 10.79 8.24 5.13 3.24 2.69 63.22
1904 .... 4.41 16.39 6.23 15.37 8.12 10.95 8.68 10.60 10.89 9.02 1.34 1.89 103.89
1905 .... 1.06 0.28 1.72 3.88 6.06 5.15 8.40 12.60 9.12 4.53 7.94 2.74 63.48
1906 .... 4.47 0.66 1.76 5.74 7.73 5.91 4.29 9.76 6.41 9.97 3.60 5.90 66.20
1907 .... 6.75 5.91 5.10 4.63 5.56 12.23 9.63 8.35 9.60 6.18 3.60 2.80 80.34
1908 .... 1.83 4.15 4.32 7.04 5.75 3.60 3.97 4.48 5.68 1.09 1.48 1.76 45.15
1909 .... 0.69 4.85 4.29 4.69 11.92 5.90 4.71 9.82 6.77 3.40 0.75 11.19 68.98
1910 .... 6.43 0.79 1.94 2.62 1.96 6.98 6.83 4.30 13.59 6.68 0.51 0.47 53.10
1911. ... 7.03 1.55 7.07 2.58 5.81 9.75 6.07 10.]6 8.79 7.10 4.60 2.93 73.44
1912 .. , . 0.18 1.45 3.97 6.60 5.90 7.46 4.55 3.00 5:94 6.12 1.74 2.98 49.89
1913 .... 5.87 1.16 3.10 7.24 8.36 11.62 8.92 7.48 2.89 8.56 5.79 1.19 72.18
1914 .... 3.47 2.56 3.81 3.60 5.04 5.29 3.16 9.04 9.35

Average Year.
3.71 3.77 4.10 5.03 6.46 6.71 7.48 7.86 7.84 6.48 4.05 2.92 66.75

Monthly Mean 5.56 Inches.

MONTHLY RAINFALL IN INCHES AT NAPOOPOO, SO. KaNA, HAWAII, T. H.

EIev., 25 Ft., for 1901·1914. From U. S. 'Weather Bureau Records.

Year. Jan. Feb. March April May June July August Sept. Oct. Nov. Dec. '1'otal
1901. ... 3.62 0.57 0.59 3.45
1902 .... 1.51 0.47 6.85 1.11 12.14 3.50 5.16 2.53 5.11 5.90 1.99 3.50 49.75
1903 .. , . 3.62 1.85 0.56 2.87 4.48 1.20 2.56 5.66 5.20 0.90 2.35 0.00 31.25
1904 .... 2.10 10.15 4.63 10.50 . 5.79 5.53 1.80 8.39 4.80 4.17 0.55 2.80 61.21
1905 .... 0.30 0.00 0.28 0.90 4.92 3.00 1.97 4.36 5.90 1.40 1.30 1.30 25.63
1906 .... 2.80 0.25 1.17 2.06 2.40 3.22 1.60 4.55 2.35 3.85 4.78 3.70 32.73
1907 .... 4.00 4.70 2.20 2.25 2.90 5.33 5.04 4.35 6.17 1.46 2.00 0.55 40.95
1908 .... 0.10 1.15 2.55 0.87 2.17 1.19 2.82 3.24 0.70 0.00 0.25 2.40 17.44
1909 .... 0.35 2.00 1.00 1.10 6.50 3.10 2.10 1.79 2.77 1.00 0.10 9.20 31.01
1910 .... 5.00 0.00 0.00 0.00 0.10 1.90 2.68 2':38 3.68 1.90 0.10 0.85 18.59
1911. ... 3.55 1.50 6.04 2.31 1.82 3.37 1.98 4.05 3.94 3.50 2.15 2.55 36.76
1912 .... 0.00 0.34 0.75 1.13 1.98 2.57 2.00 2.72 0.70 0.78 0.60 1.80 15.37
1913 .... 2.09 0.00 1.65 2.95 5.46 3.57 6.48 3.45 0.30 4.84 4.08 0.00 34.87
1914 .... 4.84 1.45 2.50 1.89 5.11 2.97 0.42 7.32 6.29

Average Year.
2.33 1.84 2.32 2.30 4.29 3.11 2.82 4.21 3.96 2.33 1.60 2.47 32.96

Monthly Mean 2.75 Inches.

MON'1'HLY RAINFALL IN INCHES AT HOOPULOA, SO. KONA, HAWAII, T. II.

Elev., 2425 Ft., for 1903·1911. From U. S. 'Weather Bureau Records.

Year. Jan. Feb. March April May June July August Sept. Oct. Nov. Dec. Total
1903 ...• 3.43 2.74 4.15 4.24 3.87 4.43 12.12 8.65 9.02 6.25 3.74 2.73 65.37
1904 .... 5.95 10.00 5.92 16.89 5.07 11.56 5.97 5.65 10.11 3.82 1.38 2.52 84.87
1905 ..•. 1.52 0.42 0.54 5.68 10.29 5.45 3.51 8.20 9.34 6.89 3.81 1.80 57.45
1906 .... 4.98 1.05 1.39 2.73 5.82 2.39 2.89 10.24 2.26 6.10 3.07 4.15 47.07
1907 .... 9.72 5.02 4.96 4.88 7.62 13.90 8.92 14.84 11.38 1.94 0.48 83.66
1908 .... 2.22 3.88 3.79 6.97 3.91 1.77 2.19 3.32 3.08 6.79 2.75 40.67
1909 .... 0.54 5.06 3.31 3.70 8.40 4.85 1.81 3.20 3.78 1.65 1.77 9.55 47.62
1910 .... 2.48 0.49 3.40 3.33 2.83 2.65 6.26 4.62 4.57 2.58 0.87 1.11 35.19
1911 .... 7.61 1.87 7.60 3.73 6.00 7.83 3.67 5.22 7.30 3.67 1.31 1.70 57.51
1912 .... 0.14

Average Year..
3.86 3.39 3.89 5.79 5.98 6.09 5.26 7.10 6.18 5.29 2.74 2.98 57.71

Monthly Mean 4.81 Inches.

MONTHLY RAINFALL IN INCHES AT KALAHIKI, SO. KONA, HAWAII, T. H.

Elev., 750 Ft., for 1900·1905. From U. S. Weather Bureau Records.

Year. Jan. Feb. March April May June July August Sept. Oct. Nov. Dec. Total
1900 .... 0.91 1.89 3.93 3.20 1.80 3.51 4.17 5.31 5.60 4.98 3.17 0.78 39.25
1901. ... 1.50 10.50 5.74 5.47 10.90 3.66 4.13 5.28 3.29 2.49 3.14 4.96 61.06
1902 .... 1.52 1.35 8.98 2.54 3.93 3.35 5.94 3.82 3.25 6.20 3.29 4.43 48.60
1903 .. , . 2.41 0.98 0.78 2.47 4.49 2.09 6.14 5.18 5.25 4.33 1.94 1.48 37.54
1904 .... 3.15 10.64 5.83 10.81 5.47 5.89 5.20 5.89 5.60 5.82 4.15 3.25 71.66
1905 .... 0.95 0.14 1.16 2.30 5.22 1.76 2.64 6.32 6.24 3.80 6.23 1.36 30.12

Average Year.
1.74 4.25 4.40 4.46 5.30 3.37 4.70 5.30 4.87 4.60 3.65 2.71 49.37

Monthly Mean, 4.11.
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