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REPORT

OF THE

DIVISIO OF HYDROGRAPHY

OF THE

TERRITORY OF HAWAII

ON THE

SURVEY OF THE WATER RESOURCES OF THE

DISTRICT COVERI G THE

KALAHEO, LAWAI AND OMAO H MESTEADS,

KAUAI

To THE HONORABLE PRESIDE T AND MEMBERS OF THE SENATE
AND TO THE HONORABLE SPEAKER AND MEMBERS OF THE
HOUSE OF REPRESENTATIVES OF THE 1941 REGULAR SESSION
OF THE LEGISLATURE OF THE TERRITORY OF HAWAII.

GENTLEMEN:

I have the honor to transmit herewith to your honorable bodies
the report on the survey of the water resources of the district cov
ering the Kalaheo, Lawai and Omao Homesteads, Kauai, in com
pliance with Act 68, Session Laws of 1939.

Mr. George T. Hirashima, Assistant Engineer, was delegated
to make this survey and was resident on the Island of Kauai from
the summer of 1939 to the summer of 1940, during which time he
made a careful study of the situation. His findings and recommen
dations are submitted herewith. The maps. records, computations,
diagrams, tables, etc., on which they are based are on file in the
office of the Division of Hydrography.
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I regret to have to report that from his findings it appears that
although there is on the island sufficient water, not now being used,
to supply much more land than the homestead areas under investi
gation, it would not be economically practicable to bring such water
to these areas for irrigation and commercial purposes, because of
the distance and expense of transporting it from where a surplus
exists; and that

All supplies within a reasonable distance which could be brought
to the areas at a reasonable expense are already being used by con
SWl1ers other than the home teaders, chiefly for the irrigation of
sugarcane. Although it is possible to divert water from sugarcane
irrigation to the homesteads, the cost of such water would be much
more than the homesteaders would be willing to pay.

MAX H. CARSON,

Chief Hydrographe'Y.
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INTRODUCTION

KADAI is the smallest of the four large islands and lies at the
northwest end of the main Hawaiian group. It is separated from
the Island of Oahu to the southeast by the Kaieie Waho Channel,
63 sea miles wide. The distance from its nearest harbor (Nawili
wili) to Honolulu is 98 nautical miles.

Kauai, as compared to the other islands, is unique in several
ways. It consists of one central mountain mass culminating in the
twin peaks of Waialeale (Rippling Water) and Kawaikini, 5,080
and 5,170 feet high re pectively, and differs in this respect from
Oahu, Molokai, Maui and Hawaii, each of which consists of two
or more distinct mountain masses. The valleys are longer, deeper
and broader, and permanent streams flow out to sea in every direc
tion except the we t, like the spokes of a wheel. The streams are
generally larger and more uni form in flow than on the other islands.
More rain falls on the average on Kauai than on the other islands.
and Waialeale Peak, in particular, is one of the rainiest spots of
record in the world, the average yearly precipitation being 460.5
inches.

There is enough water available on Kauai to irrigate practically
all of the irrigable land but the convenient distribution of the larger
drainage channels, paradoxically, is the cau e of water shortage in
some parts of the island. This is due to the fact that the several
larger consumers of irrigation water developed their irrigation sys
tems largely independently rather than jointly. This independent
development of the irrigation systems was made possible by the
comparatively low cost with which some of the more fortunately
located consumers developed the sources at their "back door." .

A cooperative plan of tapping all of the larger streams on the
island by a high-level ditch extending clockwise from Wainiha on
the north side of the island to Hanapepe on the southwest to serve
the Makee, Lihue, Koloa and McBryde Plantations was proposed by
Mr. Joel B. Cox in his report to Mr. John Waterhouse, President
of McBryde Sugar Co., Ltd., in 1925. Other men at other times
have advanced similar proposals but the project did not get beyond
the preliminary stage due to the fact that the more fortunately
located consumers ordinarily had an ample supply of water nearby,
and thus did not need to go farther afield for additional water. The
project was of such magnitude that without the cooperation of all
the water users, it was not feasible.

Thus we find that although Kauai, as a whole. has an abundance
of water, some regions to the south suffer a scarcity of water. It is
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in this region where water is at a premium that the homesteads of"
Kalaheo,. Lawai and Omao are located.

Up to 1921, several homesteaders in these areas raised sugar
cane without irrigation, but from 1921 to the eve of the economic
depression in 1929, owing to the low price of sugar, more and more
homesteaders turned to pineapples.

After the depression, however, the pineapple companies mutu
ally agreed to limit their pack and assigned quotas to the several
companies. This caused the companies on Kauai, as 011 the other
islands. to lessen production, and as a result began buying less pine
apple from the independent growers. Now we find that only a
few of the homesteaders have contracts with the pineapple com
panies on Kauai, and the total acreage of homestead lands planted
to pineapple is very small. In 1939 the Kauai Pineapple Company
harvested 169.56 acres of pineapple from the lands of 47 growers,
an average of 3.6 acres per grower. A large percentage of the
homesteaders who do not have contracts with the companies have
turned their holdings into pasture or have neglected them alto
gether. Many homesteaders have sought and found outside employ
ment.

A few homesteaders have struggled along trying to raise diver
sified food crops witholit irrigation with fair success when the rains
came regularly during the growing season, but all too frequently
the 50 or 60 inches of yearly rainfall came at inopportune times;
consequent . ,'1e acreage devoted to diversified food crops was
small. ~')1b'

In 1939, several of the younger homesteaders, through their
• organization, the "New Homesteaders," petitioned the Territorial

Legislature to authorize a survey of the water resources of the
district with" the view of obtaining irrigation water. The Legisla
ture responded and passed Act 68 (H.B. 250) which authorized
and directed the Division of Hydrography to conduct a survey of
the water resources of the district covering the Kalaheo, Lawai
and Omao Homesteads.

In July, 1939. I was assigned by Mr. Max H. Carson, Chief
Hydrographer, to make the survey. The work to be done neces
sarily came under the followin~ divisions:

1. Determination of the irrigable acreage and the probable
water requirement.

2. Investigation of the possible sources of supply.

3. An estimate of costs of the most feasible means of conduct
ing the water to the land if the water were available.
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HISTORY

Prior to 1909 the Territory of Hawaii owned all of Kalaheo
district down to the sea, but in an exchange of lands in that year
the Territory acquired what are now the Lawai and Omao Home
steads (total land area involved in exchange, 1,777 acres) in return
for that portion of Kalaheo below the 400 ft. contour (1,358.75
acres). In addition to the lands, the Territory acquired rights to
take ~ million gallons a day of water from the Omao Stream,
~ million gallons a day from the Lawai Stream, and 0 million
gallons a day from the Wahiawa Stream.

By Executive Order No. 337 this water right was in turn set
aside "to be under the control and management of the Board of
Supervisors of the County of Kauai, for use in connection with the
public water-works systems maintained by it for the supply of
water for the Towns of Kalaheo, Lawai and Omao, and such other
uses as it may deem best for the public good."

At the present time (March 1940) the towns of Kalaheo,
Lawai, Omao and Koloa are grouped together in the same water
system and the maximum monthly consumption of domestic water
is 26 million gallons (from Kauai County Engineer's office rec
ords). The water supply is being obtained from the Wahiawa and
Lawai Streams for the Kalaheo, Lawai and Omao homesteads.
while some water is being bought by the County from the Koloa
Sugar Company for the Koloa consumers.

The maximum domestic water consumption for ~ four to\vns
approximates 1 million gallons a day, and if the ",~_~r acquired by
the County continues to he used for domestic purposes, very little
is left for irrigation purposes.

The County of Kauai, interested in obtaining a new source of
supply to augment or replace the surface supply now being used.
employed Mr. VI. O. Clark, Geologist, in 1936 to investigate the
possibility of developing ground water in Wahiawa Valley, East
and West Lawai Valleys, Omao Branch Spring and the region to
the south and southeast of Kahili Peak.

Of the Wahiawa region, between Alexander Dam and Black
Reservoir, elevation 1,600 to 2,000 feet, respectively, Mr. Clark
states in his report,l "no structures favorable to the development
of ground water were seen." Concerning East Lawai Valley, Mr.
Clark in his report says, "If, therefore, an attempt were made to
develop ground water in this area, it would be necessary to be pre
pared to make not less than 4,000 feet of tunnel and perhaps more.

1 Clark, W.O., Prospects for Developing Ground-water on Wahiawa
and Lawai Streams: Report to Board of Supervisors, County of Kauai, 1936.
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This would probably not be economically fea ible, especially when
there is no assurance that enough water could be developed to meet
the needs of the County." The cost of the 4,000 ft. tunnel, with
only one adit to work from was estimated by 'l:r. Clark to cost
about $20 a foot.

The two forks of the main westerly branch of Lawai Stream
("Kalaheo Water Heads") now supply the County water system
with a maximum of about 1:4 million gallons a day of water. The
prospect of developing sufficient ground water in this region to
make the tunnelling now economically feasible is doubted by Mr.
Clark. He also thinks it inadvisable to tunnel for water at Omao
Branch pring due to the small amount available. s to the region
south and southeast of Kahili Peak, Mr. Clark has this to ay.
" ... any attempt to develop water in this area would be in the
nature of 'wildcatting' and is therefore not recommended."

Thus it is seen that the greater part of the 1 million gallons a
day of water conveyed by the Territory to the County of Kauai by
Executive Order No. 337 will probably be the main. source of
domestic water for some time to come, and will not be available for
irrigation.

THE PROBLEM.

Although the Kalaheo, Lawai and Omao Homesteads embrace
an area of 3,127 acres, the irrigable lands amount to 1,267 acre
(by a canvass of the homesteads), with the following distribution:

596 Acres at Kalaheo below the Kauai Belt Road
268 Acres at Kalaheo above the Kauai Belt Road

964 Total acres at Kalaheo
204 Acres at Lawai
199 Acres at Omao

1,267 Total acres

The total of 1,267 acres which might be irrigated indicates.
with a duty of water of 5.000 gallons per acre per day, a water
requirement of 6.3 million gallons a day. This is the maximum
water requirement and would be needed only if all of the 1,267
acres were planted to truck crops. However, we are concerned not
with the maximum but the probable average consumption, so that
this figure of 6.3 million gallons a day should be reduced somewhat.

Since pineapple, which can be grown without irrigation, is a
relatively good cash crop, it seems reasonable to suppo e that those
who have contracts with the Kauai Pineapple Company will con
tinue to raise pineapple, thereby reducing the total water needs.
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If the present acreage devoted to pineapple, namely, 170 acres, is
deducted from the total, the net irrigable acreage would be 1,097
acres which would indicate'a water requirement of 5.5 million
gallons a day. Now, if we further assume that one-fourth of the
acreage will normally be idle or in process of being prepared for
planting, the water requirement would be 4.1 million gallons a day,
say 4 million gallons a day. This figure is the quantity of water
which was taken as a working basis for this study.

It is possible that this figure may be low, but when it is consid
ered that some of the homesteaders might wish to keep a head or
two of cattle, and others might wish to negotiate contracts with
another pineapple company such as the Hawaiian Fruit Packers,
Ltd., which is still enlarging its cannery and still willing to buy fruit
from private growers, it is believed that the figure derived above
may be large rather than too small.

In this investigation of water supply for the homesteads, it was
assumed that water already being used for irrigation is not avail
able, and that only water not now being used, or water that is being
used but which can be replaced with other water without injury to
the present users may be considered.

The following proposals of developing such surplus or replace
able water appeared to warrant }nvestigation after the map of the
region was studied and several 'reconnaissance trips were made:

1. A high-level ditch and tUllnel system tapping all of the water
of Lawai Stream, including the Kalaheo Stream to supply
the Kalaheo and Lawai areas, and a separate system tapping
Omao Stream for irrigating the Omao area. Also the utili
zation of the springs and high-level ground water near
Kalaheo.

2. Utilization of the surplus water, if any, of the Wahiawa
Stream.

3. Tapping Upper Hanapepe River for the surplus water.

4. A high-level ditch and tunnel system diverting the Kamoo
loa, Paohia, Kuia, and Hii Streams to the homesteads, and
replacing the water taken with compensatory water obtained
from the surplus in Waiahi Stream. .

S. A high-level ditcn and tunnel system diverting the Kamoo
loa, Paohia, and Kuia Streams to the homesteads, and
replacing the water taken with surplus water from the East
Branch of North Fork of Wailua River.
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PROPO 'AL I o. 1

Lawai tream is the nearest drainage area to the homestead
and is thus ideally situated insofar as distances are concerned. It
flows through Lawai Homestead and its two principal branches join
at an elevation of about 600 or 650 feet. The main westerly branch
is tapped by the County pipe-line which diverts up to a maximum of
~ million gallons a day at elevation 1,280 feet. The main easterly
branch is also tapped by the County domestic system at elevation
900 ft. and a maximum of about 170,000 gallons a day is sometimes
diverted. The Kalaheo Stream, which flows into the Lawai Stream,
courses through Kalaheo Homesteads a short distance to the west
of the main westerly branch of Lawai Stream.

All the low flow of the Lawai Stream is diverted a short dis
tance below the confluence of the two main branches and is being
used by the McBryde Sugar Company for the irrigation of sugar
cane. The Company owns all the water rights with 'the exception
of the ~ million gallons a day deeded by it to the Territory in 1909
and has kept records of flow since 1924 by means of two gaging
stations, one on the diversion ditch at elevation 580 ft., and the
other on the stream below the ditch intake, at elevation 492 ft. The
records of flow for the period of record 1924-39 show that:

The average flow for the 16 years is 4.73 million gallons a
day, or 1,730 million gallons a year.

The minimum daily flow probably approximated 0.1 million
gallons a day in 1926. (Record faulty; estimated by McBryde
Sugar Co.).

The minimum monthly run-off was 8.5 million gallons m
November 1926. (Total estimated by McBryde Sugar Co.).

The minimum yearly run-off was 720 million gallons m
1929.

The gaging stations measured the flow at elevation 580 ft., but
since the bulk of the lands at Kalaheo suitable for irrigation, namely
the 596 acres below the belt road, is concentrated around Kukui-o
Lono Park between the 400 ft. and 800 ft. contours, it was seen that
the discharge records should be modified to show the flow at such
an elevation as would permit the irrigation by gravity, of the high
est lands.

The need for storage which would be satisfied by the use of the
existing government-owned Kalaheo Reservoir No.6 of 15 million
gallons present capacity (determined by stadia survey) whose spill
way is at elevation 995 ft., suggested the investigation of the flow
at 1,020 ft. This e1ev?tion is slightly higher than necessary but
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since no other suitable reservoir sites are available, and since it
could be used a the terminus of the several plans for a high-level
ditch system, it was adopted.

With this elevation determined, it was then decided to investi
gate the flow of the Lawai Stream at that level. Several measure
ments were made on all the branches of the Stream at the required
elevation and compared with the total flow of the stream at the
gaging stations. The high-level measurements made on separate
days showed a discharge coefficient ranging from 41 % to 98% that
of the flow at the lower elevation, the average being 61 % (see
Table 1).

The Kalaheo Stream which lies to the west and is a tributary of
Lawai Stream is a small drainage channel on which the Kalaheo
Reservoir No.6 is located. The Stream is usually dry or discharg
ing only a very small quantity of water above the reservoir. The
amount that flows into the reservoir at times is just sufficient to
sustain a score or so of cattle. Below the reservoir at elevation 900
ft., water issues from the ground and increases in volume down to
elevation 750 ft., at which point the flow measured ranged from
0.064 million gallons a day to 0.114 million gallons a day. Some of
the water from this stream is being utilized by the last few indi
vidually owned kuleanas.

The total flow of Lawai Stream at the required elevation was
thus found to be only about 61 % that of the flow at the two gaging
stations, and consequently very inadequate to meet the water
requirement of 4 million gallons a day.

Although the average flow of Lawai Stream at the gaging sta
tions (elevation 580 ft.) is 4.73 million gallons a day, in order to
obtain 3 million gallons a day dependable yield, storage capacity of
700 million gallons is required, while for a 2 million gallons a day
yield, storage capacity of 200 million gallons must be provided.
Finally for 1 million gallons a day dependable yield, storage of 50
million gallons a day capacity is indicated.

Since no large reservoir sites are available, a dependable yield
of even 2 million gallons a day cannot be hoped for from Lawai
Stream. The Kalaheo Reservoir No.6 may be increased in capacity
to 47 million gallons by raising the dam 20 feet, but the dependable
yield from its increased capacity must necessarily be less than 1
million gallons a day due to the fact that the stream flow would be

.diverted at a higher level, let alone the losses that are inevitable. It
might be mentioned in passing that the McBryde Sugar Company
twice tested its reservoir No.1, capacity 100 million gallons, and
found it to leak 0.96 million gallons a day and 0.79 million gallons a
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1 2 3

TABLE 1

4 5 6 7 8

DATE

HIGH-LEVEL
MEASUREMENTS

County
East I West I Diver-

Lawai Lawai sion

'rotal
Flow
High
Level
M.G.D.

Total
Less

County
Diver
sion

LOW-LEVEL
MEASURE

MENTS

Lawai
Lawai I Storm

Stream Ditch

Total
Flow
Low

Level
M.G.D.

Gross
Percent

age
Columns

3 ·1· 6

Net
Percent·

age
Columns

4 ·1· 6

......
N

1939
Aug. 17 .

18 .
Sept. 1 .

11 .
12 .
19 .
27 .
28 .

Oct. 27 .
1940

Feb. 14 ..
21 .
26 ..

Mal'. 21 .
Apr. 30 .

0.477
.246

.357

.340

.295
3.86

.418

.485

.860

.248

.319

0.101

.077

.084

.078

.074

.074

.657

.149

.101

.106

.074

.066

0.252

.25

.225

.226

.25

.25

.195

.223

.209

.188

.154

0.691
.643

.619
4.77

.762

.809
1.175

.510

.539

0.441
.418

.369
4.52

.567

.586

.966

.322

.385

0.20
.15
.15

.15

.11

.09

.07

.10

.14

.14

.105

.105

.101

0.93
.84
.95

.93

.80

.70

.71
4.50

.68

.68
1.25

.555

.618

1.13
.99

1.10

1.08
.91
.79
.78

4.60

.82

.82
1.36

.66

.719

64
71

79
100

93
99
86.5
77
75

41
46

47
98

69
71.5
71
49
53.5

9) 546.0

Average I 61

Note: The net percentage is being used because the County diversion from West Lawai is not available and
probably would not be available for some time.
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day at depths of 21.4 ft. and 27.2 ft., respectively. The figures are
not consistent but nevertheless show that leakage is considerable.

Omao Stream, which courses down along the eastern boundary
of Omao Homesteads, derives its water from springs, and the flow
measured at the Kauai Belt Road bridge (elevation 530 ft. -+-)
ranged up to 0.370 million gallons a day. The flow dwindles as one
goes upstream, as shown in Table 2. and above elevation 600 ft. it is
u ually dry.

TABLE 2

MISCELLANEOUS MEASURE~ENTSON OMAO STREAM.

1 2 3 4 5

Flow at
550' elev.

Date Meas. at Elev. Meas. at Elev. -;- by flow Remarks
530' 550' af 530' elev.

Percent

1939
Aug. 9... 0.370 m.g.d. ... . ·. Current meter

17 ... .. , . 0.202 m.g.d . .. 90° weir
29 ... .... .202 " do· .

Sept. 2 ... .233 .. do.. - . · .
15 ... .252 .. .149 " 59 do
18 ... .245 .. .159 " 65 do

Dec. 4 ... .317 " .191 " 60 do
8 ... .332 " .191 " 57.5 do

1940
Jan. 17 ... .331 " .202 " 61 do

26 ... .294 " .180 .. 61 do
Feb. 26 ... .227 " .140 " 62 do
Mar. 15 ... .239 .. .149 .. 62 do

The supply is not large enough to irrigate all of the available
acreage at Omao.

There are a few other springs in and around Kalaheo but ,none
discharges any appreciable quantity of water. The largest of these
is the Papapaholahola Spring located at elevation 930 ft. in the hills
back of Kalaheo. The flow of this spring is augmented by leakage
and/or wastage from the County domestic supply system, but actual
measurements during dry weather shows that the flow shrinks to
0.021 million gallons a clay.
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GROUND WATER.

The geology of the region near the homesteads is such that high
level ground-water is practically non-existent. Dr. Harold T.
Stearns, senior geologist of the U. S. Geological Survey, spent a
month in the field studying the geology of the region, but did not
find any formation favorable t6 development of any appreciable
quantity of ground-water at the desired elevation. In his verbal
report to the writer he stated that the best that can be hoped for i
the development of about 0 million gallons a day if several tunnels
were driven into the hills back of the homesteads at the correct
places. (See also Clark's Report previously mentioned). Evidently
such a small quantity of water would not be worth tunnelling for
except possibly for a domestic supply.

The nearest possible source of supply, namely, Lawai Stream,
Kalaheo Stream, Omao Stream, together with the springs and
other ground-water near the homesteads, were found to be very
inadequate to meet the needs of the areas and were eliminated from
further consideration except as they may be used to augment the
supply from other possible sources.

PROPOSAL No. 2

UTILIZATION OF SURPLUS WATER, IF ANY,

OF THE WAHIAWA STREAM.

Wahiawa Stream, to the west of Kalaheo, due to its elevation
and proximity to the homesteads would be relatively inexpensive to
"develop as a source of supply if sufficient surplus water is available.
An old abandoned ditch 4,500 f1. long from the old Farley Tunnel
connects with the Kalaheo Reservoir No.6, previously mentioned,
and could be repaired for a few hundred dollars and used to trans
port such water to the homestead area.

Surplus water only can be considered as being available from
this stream inasmuch as the water which is owned by the McBryde
Sugar Company is now being used for irrigation. Owing to the
fact that the stream is at a high elevation (1,600 ft. at Alexander
Dam), which makes it possible for the owners to distribute the
water to any part of their lands, "and also to develop electric power,
it is practically irreplaceable. Its value to the owners is beyond price.

Prior to the completion of Alexander Dam in 1932 only partial
use was made of the stream., but after the completion of the dam,
full use of the stream became possible and unless floods occur at
times when the reservoir is full, no water is wasted over the spill
way. Such wastage of water over the spillway is rather infrequent,
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and for the period from Jan. 1, 1934 to Dec. 31, 1939 occurred a~

follows:
Number of

days per year
Reservoir

Year was full
1934 None
1935 None
1936 1 day

1937 19 days

1938 12 days

1939 4 days

6 years 36 days

Dates of occurrence

Dec. 31
rJan. 12-14, 17-20, 30

1
Feb. 3, 16
Mar. 7, 18-20
May 3, 6, 27

LAug. 16, 17

{
Mar. 8, 9, 13-17, 19, 20, 27
Apr. 1,11

rMar. 14, 15
1Apr. 28
LMay 22

The foregoing tabulation shows that the wastage of water from
the \Vahiawa Stream is so rare an occurrence that it must be con
cluded that no surplus of surface water is available from this
tream for the homesteaders.

PROPOSAL O. 3

TAPPING UPPER HANAPEPE FOR THE SURPLUS WATER.

Hanapepe River. which flows to the west of the Wahiawa
Stream, is bifurcated about 8 miles above the town of Hanapepe
with one branch, the main Hanapepe River (Hiloa) continuing on
the relatively flat grade to the Kapalaoa-Kawaikini Ridge, while
the other, the East Branch of the Hanapepe River continues
upstream at a steep grade, in a series of falls to reach an elevation
of 1,500 ft. in a distance of less than a mile from the fork.

Since the water from this river is being used for irrigation, only
surplus water was considered as being available. This surplus
water was assumed to be that portion of the flow that would ordi
narily go over the diversion dam at Hanapepe Falls and be wasted
in the ocean. It remained to be determined what that surplus would
amount to.

No records are available of the flow of the river above the Falls
o only an estimate of the run-off can be made. Such an estimate

was made by using the rainfall records for the Hiloa-Mana rain
gage. A run-off coefficient of 50% was applied and the monthly
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run-off for the period of record was computed. The run-offs
thus obtained are obviously low for months of low precipitation,
but it is believed that the figures approach the truth for months
of heavier rainfall. A rough check was made by computing the
run-offs for the Hanapepe River (Hiloa) Branch using the same
rainfall records, and then comparing the totals with the flow
of the Hanapepe Ditch for months when it diverted all the water
or when the flow was only occasionally greater than the ditch
capacity. Another rough check was obtained by comparing the
average flow of the Wahiawa Stream (10.5 million gallons a day
for the period 1930-39) with that of the East Branch of the Hana
pepe River) (13.8 million gallons a day) as computed from the
rainfall records, using the same years. These rough checks indicate
that the monthly run-off figure as computed approximates the true
run-off totals.

The total average flow of the East Branch of Hanapepe River
for the period 1911-39, as computed from the rainfall records, is
approximately 13.8 million gallons a day. This figure is so low that
in order to obtain any appreciable yield for the homesteads from
this drainage area and at the same time not injure the present users,
it would be necessary to construct:

1. A large reservoir in the watershed, or

2. One moderate size reservoir in the watershed for captur
ing the floods and impounding the water just long enough for
the ditch to carry it off, and a fairly large reservoir at the Wahi
awa end of the ditch line for storage.

Due to lack of a favorable reservoir site in the watershed for a
large reservoir, the latter alternative is seemingly the most advis
able. Even in this event the cost of storage, plus the cost of an
8,100 ft. tunnel from Wahiawa Valley, would make the project
expensIve.

The reservoir in upper Hanapepe for temporary storage of flood
waters would have to be at least of 100 million gallons capacity
and would probably cost not less than $1,000.00 per million gallons
storage capacity due to the rather inaccessible location. The tunnel
line would cost not less than $40.00 a foot to build. including lining,
making a total of 424,000.00.

The greatest drawback to the proposal, however, is that due to
lack of reservoir sites, the only possibility of providing storage of
sufficient size at the Wahiawa end of the tunnel line, is by agree
ment with McBryde Sugar Company for joint use of Alexander
Reservoir. Such an agreement may be secured, but the rental for
such use probably would have to be paid in terms of water rather
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than money, inasmuch as the value of water in this region is far
above its nominal price.

Some idea of the amount of water that might be asked in pay
ment for the use of the reservoir may be gained by the following
discussion. Alexander Dam (capacity 810 million gallons) was
built at a cost of $358,491.53, or $442.58 per million gallon capacity,
and has produced an average yield of 5.25 million gallons a day
from the Wahiawa Stream during the period 1932-38 inclusive. If,
for the sake of argument, a reservoir of only 500 million gallon
capacity would be required to produce 4 million gallons a day yield
from the Hanapepe River from the flood flows alone, then the
cost of such a reservoir, if built, would be 500 X $442.58, or
$221,290.00. The interest on this amount at 3yj% would be
$7,745.15 a year. Then if we use the interest cost of the Alexander

$358,491.53 X .035
reservoir water (at the same 3YJ% rate) of -------- or

5.25 mgd X 365
$6.55 per million gallons, then the rent in terms of water may take

$7,745.15
------= 3.24 million gallons a day from the supply
$6.55/mg X 365
available. This means that the branch of the Hanapepe River under
consideration must produce in addition to the present average diver
sion of Hanapepe Ditch of 8 to 10 million gallons a day to supply
its present users, an average discharge of 7.25 million gallons a day
from the flood flows alone, not to mention the losses to be expected
in the reservoir. or a total of more than 15.25 million gallons a day
which is larger than the estimated average available.

To recapitulate, we find that the East Branch of Hanapepe
River discharges an estimated average of 14 million gallons a day in
round figures, but owing to the fact that all the flows are at present
being diverted and used for irrigation, only the flows that ordinarily
would go over the diversion dam may be considered as surplus
waters. This surplus is believed insufficient for the following
reasons:

1. The average diversion from the East Branch of Hana
pepe River is 1/3 of the total diversion of 26 million gallons a
day from Hanapepe River, or 1/3 X 26 = 8.7 million gallons a
day. (See U. S. Geological Survey Water-Supply Paper 430).
This would leave only 5.3 million gallons a day of the average
remaining.

2. Rental for use of Alexander Reservoir under this pro
posal would require a payment of approximately 3 million gal-
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Ions a day of water, thereby lessening the amount that may be
made available to the homesteaders.

3. Leakage in the reservoir would further reduce the
amount. (Alexander Reservoir leaks approximately 12% of
the water in storage a month, so that for a full re ervoir, the loss
by deep seepage alone would amount to slightly more than 3
million gallons a day).

The approximate cost of half a million dollars for the tunnel
and collecting reservoir in the drainage area added to the decided
uncertainty of obtaining a net yield of 4 million gallons a day of
water for the homes.teader , forced the conclusion that this proposal
was not feasible.

PROPOSAL 1 O. 4

A high-level ditch and tunnel system diverting the Ka
mooloa, Paohia, Kuia, ancl Hii Stream to the homesteads
and replacing the water taken with compen atory water
obtained from the surplus in Waiahi Stream.

Hii Stream courses down the large valley to the east of Puu
Kolo Peak but since it is devoid of high-level springs, the flow
decreases rapidly after freshet ancl becomes a mere trickle after a
few days. Miscellaneous measurements made after freshets showed
the flow to range from 0.737 million gallons a day down to 0.041
million gallons a day, the former being made three clays after a
heavy rain while the latter was made six days after another freshet.
(See Table 3.) This stream because of its small discharge elimi
nated itself fr0111 further consideration.

TABLE 3

MISCELLANEOUS MEASUREME TS OF STREAM & BETWEEN
PUU KOLO PEAK AND KUlA STREAM.

Date Hii Stream Stream Channels
M.G.D. Nos. 1, 2 and 3" Remarks

Dec. 11, 1939 .. 0.168 . ..
Jan. 10, 1940 .. .737 . .. Heavy rain January 7.

" 17, 1940 .. .244 . ..
Feb. 27, 1940 .. .087 .060
Mar. 20, 1940 .. .041 .122 Hii Stream measure·

ment made 6 days
after freshet.

" Small gullies immediately to the east of Hii Stream.
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The Kuia, Paohia and Kamooloa Streams which are owned by
the Grove Farm Company were measured on a reconnaissance trip
and found to discharge more than 4 million gallons a day total so
an investigation was made as to the amount available at about 1,030
ft. elevation in order to determine the pos ibility of a gravity supply
connecting with Kalaheo Reservoir No.6.

In consequence, gaging stations were established on the Kuia
and Kamooloa Streams at that elevation and continuous records of
flow have been obtained since Tovember, 1939. The flow of Paohia
Stream, which lies between the two. wa measured several times
during dry weather to determine its low water discharge in which
we are primarily interested. These measurements indicate that the
low flow of Paohia Stream is only slightly less than that of Kuia
Stream.

The combined flow of the three streams indicate that enough
water is available at elevation 1,030 ft. to furnish the homesteaders
with 4 million gallons a day although at times there may be a little
shortage. However, we are still confronted with the problem of
replacing this water if used.

The Grove Farm Company which (lwns the water ordinarily
has a surplus of water but sells a greater or lesser portion of that
surplus to McBryde Sugar Company which is located in the same
region as the homesteads where water is scarce. This sale of sur
plus water is governed by a contract agreement which expires in
1956, and under this agreement the McBryde Sugar Company buys
all of the surplus water if and when their own supply is insufficient.
These sales of water in the past have several times extended over
period of more than two months so that if the water is taken, it
must be replaced with other water brought from farther east.

The Kamooloa Ditch which collects the water of the three
streams, is 700.£t. in elevation at the point of delivery of the water,
either to the Grove Farm reservoir or to McBryde Sugar Com
pany, so that no injury is done if the water is taken away at eleva
tion 1,030 ft. and replaced with surplus water from Waiahi Stream,
via the Koloa Ditch which is at a slightly higher elevation than the
Kamooloa Ditch at the Grove Farm reservoir. It remained to see
whether or not Waiahi Stream has a surplus of water available,
to make this exchange of water feasible.

The Lihue Plantation Company, which owns Waiahi Stream,
under an agreement with Koloa Sugar Company guarantees a
delivery to the latter company a minimlU11 of 42 million gallons of
water a week or an average of 6 million gallons a day from this
stream. It also furnishes Koloa Sugar Company with flood waters
if and when the Koloa Reservoir is low and cannot be filled from
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other sources. This leaves only that portion of the flood flows not
ordinarily diverted by the Lihue Plantation Company and also not
wanted by Koloa Sugar Company. Such unused flood water is
believed insufficient to produce a dependable yield of 4 million gal
lons a day (possible requirement 5 million gallons a day to allow
for seepage losses) even if it is feasible to construct a large reser
voir at the confluence of Iole and \iVaiahi Streams, since the pres
ent diversions take the greater part of the average flow of the
stream. For example, in 1934 the flow of Waiahi Stream plus the
lower power house ditch totalled 15,230 million gallons, while the
diversions by the Upper Lihue Ditch and Hanamaulu Ditch totalled
20,520 million gallons. The former figure should be increased by
the flow of Iliiliula Stream, but it would probably not be sufficient
to negate the assertion that there was practically no surplus that
year. In any case, there was a period of 7 months in 1931 when
it is certain that there was no surplus available, since the maximum
daily flow of Waiahi Stream did not exceed 87 million gallons a
day while the capacity of the Hanamaulu diversion ditch is in
excess of 100 million gallons a day. (See Territorial Planning
Board Report.)

Thus we are forced to look elsewhere for compensatory water,
if the Kuia, Paohia, and Kamooloa Streams are diverted to the
homesteads.

PROPOSAL I o. 5

A high-level ditch and tunnel system diverting the
Kamoola, Paohia and Kuia Streams to the homesteads
and replacing the water taken with surplus water from
the East Branch of North Fork of Wailua River.

There is sufficient water available from the Kuia, Paohia, and
Kamooloa Streams at elevation 1,030 ft. to furnish the homestead
area with a gravity supply of 4 million gallons a day with possibly
an occasional shortage, but in order to divert the water and not
injure the present users, it must be replaced with compensatory
water.

Such compensatory water may be obtained from the Wailua
watershed which is government-owned. The two main branches of
the North Wailua River, the North Fork and the East Branch of
the North Fork, discharge sufficient water to satisfy all present
users and then have a considerable surplus of flood water, but the
only possible location for a reservoir large enough to produce a
net dependable yield of 4 million gallons a day (at the point of
replacement) is at the confluence of the Uhau Iole and Keahua
Streams (elevation 500 ft.) which form the two main branches of
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the East Branch of North Fork of Wailua River. This means
that in order to convey the water to the point of replacement, the
impounded water would have to be pumped 50 ft. into the Kanaha
Ditch and from the end of Kanaha Ditch it would have to be
pumped again at least 250 ft. into the Koloa Ditch, making the
total pumping head 300 ft. or more.

The cost of a reservoir of 600 million gallon capacity, which
would be large enough to carryover a dry spell of three months.
if built on the Keahua Stream would be roughly $300,000.00, and
would be higher if built at the confluence of the Uhau Iole and
Keahua Streams due to less favorable topography (from U.S.G.S.
topographic map). The latter site may be unavoidable due to the
possibility that the total flood flows of the two streams may be
required to produce the net yield required. The average flow of the
East Branch of North Fork of Wailua River is 31.6 million gallons
a day so that if only one branch of the river is utilized not much
more than half of this would be available. or about 16 million
gallons a day average. This may not be sufficient to produce a net
yield of 4 million gallons a day (5 million gallons a day at the
reservoir to allow for losses in transmission) over and above the
present diversion.

These considerations added to the cost of the high-level tunnel
and ditch system 28,000 feet long tapping the Kamooloa, Paohia
and Kuia Streams would render the proposal impractical. The
high-level tunnel and ditch system was estimated to cost about

245,000.00, making the total capital outlay necessary to bring the
water to the Kalaheo Reservoir No.6 under this propo al at lea t
$545,000.00.

This proposal of tapping the Kamooloa, Paohia, and Kuia
Streams and replacing the water taken with that brought from the
East Branch of North Fork of Wailua River is the only one
physically possible but is not practical owing to the high cost of
impounding the surplus water of the East Branch and then pump
ing it a total of 300 ft. or more.

The only proposal under which it was physically possible to
deliver water to the homestead areas was thus seen to be expensive
and consequently the price of water to the consumers migh't be
more than they cared to pay. In order to determine what they were
willing to pay for water, it was decided to canvass the homestead
ers. Accordingly, the following questionnaire was sent out to all
of the homesteaders in the Kalaheo, Lawai and Omao Homesteads.

21



Dear Sir:

Your answers to the following questions will be greatly
appreciated as they will be of great help to me in making an
intelligent estimate of your water needs and the probable
cost.

(Signed) George T. Hiroshima

1. Name. __ _ ._ _. __ .. _ Lot No __ . ..
2. Total Acreage _.•........ _ _
3. What is the maximum amount you would pay for irri-

gation water? ._ _.. _ _.
4. How many acres would you cultivate for truck crops, if

water costs you:

$ 5.00 a million?
10.00" "
15.00 "
20.00 "
25.00 "
35.00 "
50.00 "

100.00 "

5. Are you willing to pay a minimum charge if water is
furnished? If so, how much? _ per month.

::-'10st of them neglected to return the questionnaires. but of the
five that answered the questions and returned them. only one per
son said he would be willing to pay a maximum of $20.00 for a
million gallon of water with a minimum purchase of $15.00 a
month. Three said the maximum they would pay was $5.00 a
million gallons while one said he would pay only $3.00 a million
gallons. A significant thing determined by the survey was that the
acreage that would be cultivated at any price was less than the total
holding. For instance, the man who was willing to pay a maximum
of 20.00 a million for water would plant only 10 acres of his
20-acre holding to truck crops even if water costs him only $5.00 a
million. At $25.00 a million he would plant only 4 acres.

The canvass may not accurately reflect the sentiment of all the
homesteaders, but even if the majority is not indifferent to the
prospect of obtaining irrigation water, it must be concluded that
not all of the available acreage will be put into truck crops. Also. it
must be assumed that if irrigation water costs more than 25.00
a million gallons, there would be so little used that the price of
that used must be advanced to approximately the price asked for
domestic water in order to pay interest and amortization charges
on the large first cost, which under this proposal is additiye to the
constant cost of pumping.
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Thus, if we assume that half of the originally assumed water
requirement is actually used, then the cost of water to the con
sumers would be as follows:

Interest on $545,000.00 at 30% $19,075.00
Amortization fund over 40 yrs. at 2% interest...... 9,047.00

$28,122.00
$28,122.00

or =$38.50jmillion gallons
730 m.g. year

Pumping charges 300' head at 5cjmillion gallon ft.=$15.00
Interest, amortization and pumping charges=$53.50jmillion

gallons.

To the above charges must be added the cost of maintenance,
and the cost of the distribution system.

Thus we come to a vicious circle because the higher the price
of water, the less water that will be used. thus necessitating a higher
rate which produces less total revenue, ad infinitum. This reduc
tion of acreage by higher price of water suggests the possibility
that the domestic water supply be increased to permit more kitchen
gardens in the areas. In fact, the present shortage of water for the
domestic system is partly a result of such kitchen gardens being
irrigated with domestic water.

CLIMATE

The mean annual rainfall as recorded by the Homestead, W.
Lawai and E. Lawai gages which are located in or near the home
steads. are 51.24", 42.47" and 65.58", respectively (Territorial
Planning Board Report). The 1110nthly rainfall on the E. and W.
Lawai gages. and the daily and monthly rain fall for the Homestead
gage are on file in the office of the Division of Hydrography.

The climate at Omao, Lawai and Kalaheo cannot be classed as
arid or even semi-arid inasmuch as they receive an annual rainfall
in excess of 30 inches a year, but should be classed as humid. Being
in a region of humid climate. the homesteaders are primarily con
cerned with the question, Does irrigation pay?

There would be no question but that irrigation would pay ii1 an
arid region provided the cost was not excessive, but in this region
where it is possible to raise drought-resistant crops without irriga
tion, it is doubtful that irrigation would pay, at the price that must
be paid for water.
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SUMMARY

Although the Kalaheo, Lawai, and Omao homesteads embrace
an area of 3.127 acres, the irrigable lands amount to only 1,267
acres due to the hilly nature of the region. From this latter figure,
170 acres, which 1S in pineapples and which probably will remain
in pineapples, was subtracted, rendering the net acreage 1,097 acres.
The water requirement of 4 million gallons a day for this acreage
was derived by assuming a water duty of 5,000 gallons per acre
per day and also that ~ of the total land would be idle or in the
process of being prepared for planting.

This comparatively small quantity of water naturally limited
the distance it would be practical to go for irrigation water. Conse
quently the earch for water for the homesteads was limited to the
following proposals:

1. A high-level ditch and tunnel system tapping all of the water
of Lawai Stream, including the Kalaheo Stream to supply
the Kalaheo and Lawai areas and a separate system tapping
Omao Stream for irrigating the Omao area. Also the utili
zation of the springs and high-level ground-water near
Kalaheo.

2. Utilization of the surplus water, if any, of the Wahiawa
Stream.

3. Tapping Upper Hanapepe River for the surplus water.
4. A high-level ditch and tunnel system, diverting the Kamoo

loa, Paohia, Kuia and Hii Streams to the homesteads and
replacing the water taken with compensatory water obtained
from the surplus in Waiahi Stream.

5. A high-level ditch and tunnel system, diverting the Kamoo
loa, Paohia, and Kuia Streams to the homesteads and replac
ing the water taken with surplus water from the East Branch
of Wailua River.

In these inve tigations it was assumed that water already in
use for irrigation was not available and that only surplus water or
water which may be replaced by compensatory water developed
from the surplus elsewhere was available, since sugar cane has a
right to water equal to that of other agricultural crops.

The flow of the Lawai, Kalaheo and Omao Streams was found
to be too small to produce a dependable yield of 4 million gallons a
day. Lawai Stream in particular was studied carefully and even
it, although the largest of the three streams, due to its very small
flow during droughts cannot be depended upon to produce a de
pendable yield of even 1.0 million gallons a day.
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The springs in and around the homesteads' were also found to
be much too small to warrant development, while high-level ground
water is practically non-existent near the homesteads according to
a verbal report to the writer by Dr. Harold T. Stearns, Senior
Geologist of the U. S. Geological Survey, who spent a month in
the field studying the geology of the region.

The Wahiawa Stream does not have any surplus water, due to
the conservation made possible by the Alexander Reservoir. The
reservoir is of large enough capacity to impound practically all of
the flood waters of Wahiawa Stream. Overflowing of the reservoir
is too rare an occurrence to warrant consideration as a source of
supply.

Proposal No.3 of tapping Upper Hanapepe River for the sur
plus water was also found impractical because of the high capital
outlay necessary for the construction of the conveying tunnel and
ditch, and the construction of a reservoir in the watershed coupled
with the necessity of obtaining permission of the owners of Alex
ander Reservoir for its joint use. Such permission, if granted,
would almost certainly call for the payment of rental in terms of
water rather than money in which case the little surplus available
from the watershed would not be adequate to meet the needs of
the homesteaders.

Proposal No.4 was also found to be unfeasible owing to the
practical absence of surplus water in the Waiahi Stream, with
which to compensate the present users in the event the waters of
the Kamooloa, Paohia and Kuia Streams are diverted.

Proposal No.5 of tapping the Kamooloa, Paohia and Kuia
Streams by a high-level ditch and tunnel system and replacing the
water taken with surplus water from the East Branch of North
Fork of Wailua River was found to be the only one physically
possible without going too far afield, but it too is believed unfeas
ible because of the high cost of building a large impounding reser
voir on the Wailua River, and the necessity for pumping the water
stored a total of 300 feet or more to make it available to the owners
of the water of the Kamooloa, Paohia and Kuia Streams.

No detailed cost estimates were made as to the cost of the water
under this proposal but the rough estimates that were made indicate
that the cost to the homesteaders would be more than $26.00 a
million gallons even if all of the 4 million gallons a day furnished
were used every day in the year, which is manifestly improbable.

The rainfall of the region varies from 42 inches to 65 inches a
year so that there will be several times during the year when no
water other than the natural rain water will be required. This
means that the rate for irrigation water must be raised in order to
insure sufficient revenue to pay the fixed charges.
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With water so dear to begin with, it would be natural for the
users to buy no more than absolutely necessary, thereby forcing the
rate per million gallons higher. The high price of water will also
have a tendency to decrease the acreage cultivated as borne out by
a canvass of the homesteaders, thereby also tending to raise the
rates.

Thus the only proposals investigated that could furnish suffi
cient water would appear to be too expensive to be practical.

There is very considerable unirrigated government-owned land
on the leeward side of Kauai, and further consideration should be
given to the cooperative plan for an efficient use of all the water
on the island by a master collection system such as proposed by
Joel B. Cox and others as noted in the introduction of this report.
I f such a plan were developed, there would be sufficient water for
the Kalaheo,' Lawai, and Omao Homesteads as well as for much
of the government-owned land now used only for pasture.
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