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An Irrigation Census of Hawaii With Some 
Comparisons With Continental 

United States 
By H . A. W,\OSWORTIl 

Irrigation has played an important part in Hawaiian sugar cane 
agriculture for almost a century. During this period elaborate and 
costly projects for water development have been conceived, locally 
financed and built with little publicity at home and none in conti
nental United States. The increased annual incomes to the Ter
ritory brought about by the increased earning power of irrigable cane 
land have been received as a matter of course and the industry, 
without pausing in its stride, has searched for and found new irriga
tion projects, of ever increasing magnitude, into which these in
creased earnings might be invested. It is of interest and significance 
to note that no governmental subsidy, either direct or by the exten
sion of governmental credit in one form or another, has ever been 
used in these developments. 

So quietly, in fact, has thi local development occurred that few 
people, not in immediate contact with the industry, realize the 
enormous investments in irrigation work in this small island group. 
No mention of Hawaii is made in the Irrigation Census of the 
United States, although the irrigation investment in the Territory in 
spite of its limited area of agricultural land is exceeded by only 
seven of the nineteen western states in which irrigation is a sig
nificant factor in agriculture. 

Still more spectacular is the fact that the value of the crop from 
the average irrigated acre in Hawaii is more than twice that of any 
of the States reported. Furthermore, the Territory is outstanding 
in capital investment per acre of land irrigated. More than $300 
has been spent locally to develop water for the average ·irrigable acre 
in Hawaii as compared to $88.97 in Arizona, $66.17 in California 
and $64.23 in Washington. These stand at the tal of the Ii t when 
the nineteen western States are arranged in the order of decreasing 
investment per acre in irrigation. The average for the United 
States is $39.57 per acre. 

Although sugar cane is the c1utstanding irrigated crop in Hawaii, 
rice and taro occupy some irrigable land and u e considerable 
amounts of water. However, in view of the relative areas involved, 
such minor crops may be and have been ignored. Coulter* reports 

* Coulte]', J. W. (1933 ) Land Utilization ill the Hawaiian lRland . 
ResE'arch Publication # , Univ!']'sity of Hawaii. 
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a total area of 2,600 acres for rice and taro in 1933 but fails to dis
tinguish between irrigated and nonirrigated taro, both, together 
with rice, being included in the area reported. In allY event the land 
and water u ed for these crops is small if not insignificant, as com
pared with sugar cane. In this paper "irrigated land" means ir
rigated sugar cane land . In aeneral the irrigation developments 
listed serve only sugar cane lands, although there may be occasional 
exceptions for small areas. 

SOtJRCES OF IKFOR~[ATIO)l 

The apparent significance of these figures prompted a tudy of 
irrigation investments in Hawaii in 1934, the results being offered 
in typewritten form as an exhibit during the annual meeting of the 
Hawaiian Sugar Planters' Association in that year . ThIs manu
script was supplemented with island topographic maps, on a scale 
of 1: 62,500, which hO\\'ed the location of all irrigated and unirri
gated ugar cane land in the Territory as of 1933. Canal and tunnel 
locations as well a pumping plants were also shown. These maps. 
in the original, are now in the library of the H.S.P.A. Experiment 
Station. 

Fig. 1. 

An Interesting Storage Dam under H awaiian Condition: Field 131 
R(,Sl'rvoir, PiOB('('r Mill Co., Maui. Tlti reserYoir" 00 feet long, 50 f('(' 

wide and 6 feet de'Cp, follo\\-s the BHtural contour in want of a suitaiJI 
dam site. Built at a cost of $7,000, the )·c8('1·\"oi,. has a maximum-capacit. 
of 4.5 acre feet. 
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The present paper is designed to present the statistical part of 
this material in a more permanent form and to compare the local 
results with similar figures from the Irrigation Census for the 
United States for 1930. This summary of irrigation developments 
in continental United States, published as a separate volume in the 
report of the Fifteenth Decennial Census, is based upon the results 
of special "Irrigation Schedules" filled out by enumerators during 
the last national census. It contains a wealth of detailed material in 
addition to the State summaries which are used for the present com-
parisons. . 

In general, the costs for the local ventures have been secured 
from the engineering offices of the irrigated plantations. In some 
cases estimates only were available. Estimates are noted in the 
complete schedule for the plantations, as given in the appendix. The 
area irrigated in 1933 is largely taken from the "Average Census of 
Cane Varieties for the Crops of 1933, 1934, 1935 and the Official 
Yield Statistics for the 1933 Crop" by R. E. Doty. (H.S.P.A. 
Expt. Station Circ. 63.) 

Although the irrigated acreage on the Islands of Maui and Oahu 
is given with sufficient precision in this report, some adjustment 
was necessary for Kauai and Hawaii. Plantations on the island of 
Hawaii are frequently classed as unirrigated plantations although 
large sums have been expended in the development of water for the 
Kohala Sugar Company and Honokaa Sugar Company. On the 
other hand, on Kauai there are significantly large areas of unir
rigated sugar cane between Kilauea and Koloa, although the planta
tions on this island are ordinarily listed as irrigated. In these cases 
the actual irrigated sugar cane areas are secured by the adjustment 
of published figures by means of the planimeter. The base maps 
which have been mentioned show irrigated and unirrigated lands as 
reported by the plantations in 1933. No great precision can be 
claimed for this procedure but it may be assumed to be adequate 
for the degree of refinement reported. 

Yields of sugar for the irrigated lands on these two islands were 
secured by adjusting the total published yields for the islands, by 
reason of the unirrigated land in the case of Kauai and for the ir
rigated land in the case of Hawaii. Plantation reports for Kauai 
for 1933 indicate an average sugar yield of about 0.25 ton per acre 
per month from unirrigated land. Yields for irrigated land on 
Hawaii are taken as 0.27 ton of sugar per acre per month, this 
figure being secured from the records of the plantation cultivating 
a large proportion of the irrigated cane on that island. From these 
approximations of the areas and yields, the total yields of sugar 
from the irrigated lands of Kauai and Hawaii may be computed 
with sufficient precision for the present purpose. 

'-
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The figures reported for areas and yields are not to be confused 
with those given in the official yield statistics of the Hawaiian Sugar 
Planters' Association nor the official reports of the participating 

Fig. 2. 

A Modern California Storage Dam : The Don Pedro Dam 011 the 
Tuolumne River. The structure, built at a cost of over $5,000,000 by 
the Modesto-Turlock Irrigation Districts, provides storage capacity for 
289,000 acre feet of water. The power developed forllls a valuable by
product. (Photograph by courtesy of Division of Il'l'igatioll Inyestigations 
and Practice, University of California.) 

plantations although these two sources have been freely drawn 
upon. In several cases it became necessary to adjust figures of con
siderable precision by the use of others which are perhaps only re
liable to three significant figures. Consequently all results, except 
that for the total investment in irrigation works in Hawaii, are re
ported with this degree of refinement. Figures for total investment 
are reported to the nearest thousand dollars. 

HAWAIIAN W.\TER RIGHTS AND THEIR EFFECTS OK COSTS 

The right to use local water for irrigation is based upon a legal 
conception which is quite different from those which dominate 
water development in the western States. Here in place of the 
clumsy and inappropriate doctrine of "riparian rights" or the more 
workable doctrine of "appropriation," water is assumed to be analo-

, 
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gous to real property, title to which may lie in the hands of individ
uals, companies, estates or the Territory. Consequently the right 
to use such water must be secured either through purchase or lease 
before irrigation construction may begin. In some cases these 
charges are very large. 

However, the costs of acquiring water rights in Hawaii have not 
been included in the Hawaiian summary. Since the figures as given 
in the mainland census exclude these costs as well, the results are 
comparable in this respect. But the fact remains that the Hawaiian 
costs as reported are much lower than the actual expenditure. Since 
irrigation water on the mainland is assumed to belong to the state 
with certain limitations and is granted to individuals or companies 
during periods of beneficial use, with only nominal charge, it is 
probable that the figures for the western States are nearer the actual 
investment than those given for Hawaii. 

THE LOCAL INVESTMENT IN IRRIGATION WORKS 

The figures given in Table 1 represent only first cost of irriga
tion construction in Hawaii plus the cost of betterments and main
tenance to date. Allowances for depreciation and obsolescence are 
not included. The columns involving costs are headed "Undepre
ciated Capital Invested." These figures are not to be confused with 
current inventorv value of the works as shown on the books of the 
operating plantations. 

Table 1. 
Undepreciated Capital Invested in Development of Gravity and Un

derground Water in Hawaii Segregated by Islands and the Nature of the 
Development. 

Island 

Hawaii ........ . 
Kauai ......... . 
Maui ......... . . 
Oahu .......... . 

TOTAL ..... . 

,---Undepreciated Oapital Invested In------, 
Development Development 

of Gravity of Underground 
SuppJies Water 

$ 2,668,000 $ 563,000 
5,241,000 2,094,000 
7,313,000 4,994,000 
5,595,000 10,606,000 

$20,817,000 $18,257,000 

Total 

$ 3,231,000 
7,335,00.0 

12,307,000 
16,201,000 

$39,074,000 

Reference 
Page' 

29 
31 
41 
46 

In many cases obsolescence has eliminated the book value of the 
investments, especially in pumping machinery, within only a rela
tively few years after being put in use. In the early days of irriga
tion pumping, steam pumps were widely used. With the develop
ment of efficient centrifugal pumps, steam displacement pumps were 

, The reference page given refers to the island summary in the appendix which 
distributes the totals given above among the irrigated plantations. Pages imme
diately following the "reference page" distribute the plantation costs among the 
several irrigation developments on those plantations. 
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largely scrapped, for the sake of efficiency and convenience of op
eration, and compact electrically driven centri fugals established. 
In such cases the costs of the original plant and of the replacing 
unit are included. 

Moreover, some of the early canals proved inexpedient after a 
few years of service, sometimes because of poor construction but 
more often because of unfortunate location. In such cases the 
canals were abandoned and new ones constructed with the invest
ment of new capital. Such abandoned canals are included in the 
following summary, but are so noted in the supporting appendix. 

Although approved accounting would hold that obsolete pumps 
and abandoned canals were fully depreciated and consequently rep
resented no current capital investment, the first cost figures are in
cluded here to aid in the visualization of capital which has been in
volved in the development of 'modern Hawaiian irrigation practice, 

Some plantations have made heavy investments in power devel
opments in both steam and hydroelectric units to provide energy for 
the new electric pumping plants as well as other uses, When figures 
are available the first costs of these plants are included in "Unde
preciated Capital Invested" in irrigation work in the proportion that 
the power developed is used in irrigation pumping. 

Main canals only are included in this summary. Laterals, field 
ditches and small reservoirs, such as those required to conserve 
night water, are ignored as is the investment represented in the 
preparation of land for the economic use of water. 

Although the figures given are patently too large in the sense 
that they ignore the inevitable depreciation in both canal and pump
ing investment, they are at the same time too small sinc!= they fail 
to include the multitude of small but significant investments in
volved in the distribution of water in the fields. Moreover, it will 
be recalled that the figures for Hawaii do not include the inevitable 
charge for water rights. 

In most cases the first costs of the items included were reported 
in dollars and cents by the official interviewed, Unfortunately, esti
mates only were available in some instances due to the inadequacy 
of the early records. Since these estimates are probably correct to 
the thousand dollars, all figures have been taken to the nearest thou
sand to avoid the impression of unjustifiable precision in the total. 

SUGAR YIELDS AS RELATED TO INVESTMENTS IN IRRIGATION 

A curious but not particularly significant correlation between 
sugar yields as measured in tons of sugar per acre cultivated per 
year and dollars invested in irrigation works is suggested in Figure 
3 and Table 2. 
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In Figure 3, we note a fair correlation between these figures 
with the island of Hawaii, which has only a small percentage of its 
total sugar area irrigated, producing about three tons of sugar per 

7 
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Millions of Dollors rnves~ed in Irrigation Works 

Fig. 3. 

Sugar Yields as Related to Irrigation Investments on the Islands 
of the Hawaiian Group. 

acre per year. Using this as a basis for judging the producing 
capacity of the other islands, without irrigation facilities, a proced
ure which in)tself is highly questionable, we secure some measure 
of the relation between increased production and irrigation invest
ment. These computations are indicated in Table 2. 

Table 2. 

Sugar Yields in Terms of Tons Per Acre as Related to Total Capital 
In vested in Irrigation. 

Island 

Hawaii .... . 
Kauai ..... . 
Maui 
Oahu ... ... . 

Average Yield 
for 19 33 in 

Tons of Sugar 
P er Acre in 

Gane 
2.98 
4.35 
5.25 
5.92 

Average Yield 
for 1933 in 

Tons of Sugar 
Per Acre Less 
3.00 Tons to 
AdjusL for 

Unirrigated 
Conditions 

1.35 
2.25 
2 . 92 

Millions of 
Dollars iu 
Irrigation 

Works 

7.335 
12.307 
16.201 

Millions of 
Dollars P er 

Tons of Sugar 
Pel' Acre 

5.43 
5.47 
5.55 
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1£ this result is reliable we note that an investment of about five 
and a half million dolJars in irrigation works has been required to 
increase the average yield of the sugar producing islands for each 
ton of sugar in excess of three tons per acre. 

One should be quick to repeat that this relation is curious rather 
than important. The islands vary greatly in size, topography, po-

Fig. 4. 

A Typical U. S. Reclamation Service Storage Dam: The ArrolVrock 
Dam, Boise Project. This dam, dwarfed in the photograph by its set· 
ting and symmetry, is 350 feet high; the outlets shown disc11arging water 
are six feet in diameter. Built at a cost of $4,327,000, the dam impounds 
250,000 acre feet of water. (Photograph by courtesy of Division of 
Irrigation Investigations and Practice, University of California.) 

tential water supply and inherent soil fertility as well as in weather 
conditions and the cane varieties in common use. Moreover con
siderable cane land on Kauai is unirrigated. Rather than being sur
prised that the figures given in the last column of Table 2 are not 
more nearly similar one should be surprised that any such correla
tion exists at all. 

It has long been recognized that each addition to the irrigation 
resources of a community is liable to be relatively more costly than 
the one before. We find some evidence of this in Table 2. 
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INVESTMENTS IN IRRIG.\TION AS COMPARED TO AREA IRRIGATED 

A much more rational method of comparison lies in noting the 
capital invested per acre in supplying irrigation resources for the 
islands of the group. 

From the investment figures already reported and the irrigated 
areas secured as noted, the capital investment per irrigable acre may 
be readily determined. These relations are indicated in Table 3. 

Table 3. 

Investments in Major Irrigation Works in IIa,Yaii in T>erm8 of Dol· 
lars Per Acre Irrigated, by Islands. 

Acres of Investment in Investment 
Island Irrigated Irrigation Per Acre Remarks 

Sugar Cane Works (Dollars) (Dollars) 
Hawaii 5,299 3,231,000 610 (1)(2) 
Kauai .... 40,052 7,335,000 183 (3) 
Maui ..... 38,525 12,307,000 319 
OallU .... . 44,497 16,201,000 364 (4) 

TOTAL 1~8,373 39,074,000 304 

It should be borne in mind that the figures given in Table 3 for 
investments in dollars per acre, are simple averages. As suggested 
in the plantation and island summaries the total capital investment 
in each island is made up of cost figures of several plantations each 
of which in turn may involve many projects. Some of these de
velopments have been extremely costly and, although serving a 
large number of acres, still tend to increase the island's ratio of 
investment to area served. In other cases, particularly with the 
older developments the reverse was true. In the early days of de
velopment, water was readily available and simple diversion dams 
and short .canals supplied irrigation resources for large areas. 

:Moreover, in some cases underground resources have been 
available with inexpensive low-lift pumps, in others deep and 
costly shafts with inevitable high-lift pumps have be~n required. 

Nature has not been generous with reservoir sites in Hawaii. 
Only two plantations, one on Oahu and one on Kauai have been 
able to profit materially by the utilization of natural dam sites for 
water storage. In these cases the capital invested in dams and 
spillways has provided storage capacity at a cost per unit of water 
(1) Area secured by planimeter measurement of base maps showing irrigated area. 
(2) The high investment pel' acre is largely the result of the high costs of the Upper 

Hamakua and Lowel' Hamakua ditches. A relatively small area is irrigated by 
these canals at present. 

(3) The average figure here shown is secured by reducing the tot.l cane area for 
this island in 1933 by the area of unirrigated Cane as determined by the plani· 
meter. 

(4) Here it is assumed that all sugar cane on the island is irrigated. Although not 
strictly true the discrepancy is not sufficient to affect the result given. 
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which is on a par with some of the smaller mainland ventures. 
Most other local storage ventures have been costly in terms of 
dollars per acre foot of capacity. Plantations requiring storage, 

Fig. 5. 

One of the Better Hawaiian Dam Sites: The Wahiawa Dam and Reser· 
voir, Island of Oahu. This earth·fill dam, built at a cost of $450,000, 
provides storage for about 7,500 acre feet of water. This water is used 
exclusively by the Waialua Agricultural Company. 

where suitable reservoir sites are not available, naturally exhibit 
high investments per acre when all costs are considered. 

COMPARISONS WITH CONTINENTAL UNITED STATES 

As has been indicated, irrigation is considered as significant to 
agriculture in only nineteen of the western States. A direct com
parison between the costs per acre for irrigation development in 
Hawaii and in the United States proper is difficult because of the 
different economic conditions which exist. In Hawaii projects in
volving the development of water are only undertaken when a dis
tinct economic need for that water is apparent or when new land, 
about to be planted, necessitates an increase in water supply. Con
sequently, newly developed water resources are immediately put to 
work. In general the extension of the actual area irrigated has 
kept pace with the development of water. 



13 

The situation is quite the reverse in the nineteen western States. 
There irrigation resources have been developed to encourage in
creased production, for one reason or another, and not to satisfy 

Fig. 6. 

A Typical Hawaiian Canal: One of the Lined Ditches of the Waiabole 
Development, Island of Oahu. This project, probably the most costly 
singl~ development in the Territory, diverts streams on windward Oahu, 
tunnels the Koolau range and delivers the water, increased by tunnel 
seepage to the lands of the Oahu Sugar Company. This costly supply 
provides only part of the wat~r used on the 12,000 acres in ~ane on that 
plantation. 

any pressing need for more irrigable land in the west. Con
sequently, the actual settlement and farming of lands ·which have 
been provided with available water supplies has been slow. From 
the data available in the census it would appear that not more than 
50 per cent of the irrigable area in the average mainland project is 
under cultivation within 10 years after having been opened for 
settlement. This figure increases to about 75 per cent at 70 years. 

For this reason direct comparisons of the irrigation investments 
per acre in Hawaii and in continental United States are unsatisfac
tory. One must be sure to differentiate, when mainland figures are 
considered, between the area which was actually irrigated in 1929, 
the date of the census, and the area that the existing projects might 
irrigate, if called upon, without further significant investment. 



Table 4. 
A B C D E F G H I J K 

Irrigated Crop 
Income (1929) 

ToW Inrestment Capital Investment in Per Dollar in 
Total Irrigated % or Value or In Irrigation • Dollars Per Acre For % or Land Water Cost or Prepar-

State Cropped Crop Area Clopped Irrigated Crop Works (4) Within Irrigation Development ing Land ror 
Area (1) (1929) (1) Area I'er Acre Millions or Irrigable Area Irrigated Enterprises in For Each Acre Irrigation Dollar. 
Millions of Acres Jrrigated (1929) (Dollars) Dollars Area (4) in 1929 (5) Use 1929 (6) Irrigated Per Acre (7) 

Arizona. 0.500 0.449 87.8 69.12 73.328 88.97 163.31 54.4 0.42 38.12 
Arkansa.s 6.556 0.147 2.2 45.49 6.837 32.56 465.11 7.0 0.10 10.34 
California 6.624 3.540 53.4 126.05 450.968 66.17 127.39 51.9 0.99 45.90 
Colorado 6.761 2.292 33.9 35.93 87.603 21.48 38.22 56.3 0.94 20.80 
Idaho 3.183 1.634 51.2 45.21 84.500 32.29 51.71 62.5 0.87 23.62 
Kansas 24.314 0.057 0.2 29.96 1.686 20.17 29.58 68.2 1.00 10.96 
Louisiana 4.111 0.400 9.7 40.55 15.745 19.80 39.36 50.3 1.03 5.66 
Montana 7.879 1.343 17.1 21.49 50.319 22.11 37.47 59.0 0.57 10.14 
NebI'aska 21.432 0.404 1.9 38.43 21.386 30.39 52.94 57.4 0.54 9.80 
Nevada 0.397 0.390 98.3 21.72 15.458 21.00 39.64 53.0 0.55 32.93 
New Mexico 1.497 0.371 24.8 50.81 19.834 30.20 53.46 56.5 0.95 23.60 ....... 
North Dakota 21.337 0.011 0.5 26.07 1.267 52.79 115.19 45.8 0.23 14.88 ~ 

Oklahoma 15.570 0.002 47.53 0.160 21.84 80.50 27.1 0.59 10.26 
OI'egon 2.861 0.638 22.2 38.87 38.755 33.46 60.74 55.1 0.64 27.29 
South Dakota 17.956 0.059 0.3 27.72 4.502 41.10 76.30 53.9 0.36 21.56 
Texas 30.766 0.594 1.9 55.90 49.022 41.64 82.53 50.5 0.68 31.95 
Utah 1.200 0.917 76.3 32.71 35.670 23.13 38.89 59.4 0.84 21.06 
Washington 3.661 0.405 11.1 150.97 40.562 64.23 100.15 64.1 1.51 57.2..1, 
Wyoming 2.010 0.978 48.6 19.27 35.153 21.24 35.94 59.1 0.54 13.69 

'roJ' AL of 19 
W ('stern Rbi tl'S 178.615 14.m'll 8.2 61.50 1,032.755 39.:;7 70.59 56.1 0.87 28.21 

Hawaii 0.352(2) 0.128 36.3 340.00(3) 39.074 304.00 304.00 100.00 1.11 

(1) Inigation Census (1930), page 327. Reported here to the nearest 1000 aeres. 
(2) Goulter' 'Laud Utilization in llnwniian I s lands, " page 52. 
(3) Based on irrigated yields for 1933, H.S.P.A. CiI·c. adjusted for Kanai and !lawaii and average priee of $64.42 per ton. 
(4) Irrigation Census (1930), page 29. 
(5) Computed by the distribution of total state investment over the acreage actually irrigated in ]929. 
(6) The ratio of costs in Columns G and H. Tbis can be only approximate. 
(7) Including cost of lund leveling and bUll ding of ditches and structures us well as making and inst ulliug conerete pipe when used. 
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Although the material in Table 4 is self explanatory the posi
tion of Hawaii in the sequences may deserve some attention. 

Only four states, Kansas, North Dakota, Oklahoma and South 
Dakota irrigated a smaller area in 1929 than the 128,000 acres re-

Fig. 7. 

A Main Canal on the Island of Hawaii: The Kohala Ditch. This 
canal, consisting of both open anc1 tunnel sections, contributes to the 
water supply of the Kohala Sngar Company. Built in 1905-06, this canal 
represents an inyestment of $732,000 and has a capacity of 75 cnbic foot 
per second. 

ported for Hawaii (Column C). In these States irrigation is not 
particularly important, although a relatively large percentage of the 
land capable of irrigation with existing works was irrigated in 
1929 (Column I). 

In spite of the fact that Hawaii stands near the bottom of this 
list of states in the order of decreasing irrigated area, the Territory 
holds eighth place when the states and Hawaii are listed in the 
order of the total capital investment in irrigation. Hawaii is ex
ceeded only by Arizona, California, Colorado, Idaho, Montana, 
Texas and Washington. These states are famous for their irriga
tion construction. (Column F.) 

Because of the relations given above, Hawaii is outstanding in 
capital investment per acre of land capable of irrigation. Here an 
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investment of $304.00 has been required for the irrigation of the 
average acre of sugar cane. Comparisons with the western States 
are to be found in Column G. 

Fig. 

An Irrigation Canal in the California Foothills: The Bear River 
Canal. Carrying water from the power houses on Lake Spalding to th'e 
deciduous fruit areas of Central California, this canal permits the double 
u e of the water resources of the district. (Photograph by court'esy of 
Division of Irrigation Investigations and Practice, University of Cali
fornia.) 

When the total costs of the state ventures are distributed over 
the areas actually irrigated in 1929, the sequence changes and Ha
waii is exceeded by Arkansas since that state in 1929 irrigated only 
a small percentage of the land for which water resources have been 
developed. (Column H.) 

It is apparent that Hawaii alone makes full u e of the invest
ments which have been made in irrigation. It may be said that in 
Hawaii every acre capable of irrigation in 1933 was irrigated. The 
average for continental United States indicates that only about 60 
per cent of the land capable of irrigation was served in 1929. 
(Column 1.) 

The Territory is also outstanding in the value of the irrigated 
crop in terms of dollars per acre per year. The local fig~re of 



17 

Fig. 9. 
An Old Canal on Maui: The Haiku Ditch. The value of water is il

lustrated by the care spent ill accumulating th'e waters of small intermit
tent streams along the route. A small structure for this purpose l~ shown 
in the right foreground. 

Fig. 10. 
A Large Canal in the State of Washington: The Yakima Project. Such 

topogmphy and construction offers a sharp comparison to conditions ex
isting in Hawaii. (Photograph by courtesy of Division of lITigation m
vestigations and Practice, University of California.) 
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Fig. 11. 

Tunnel Portal Receiving Waters from the Wahiawa Reservoir: The 
Wahiawa Ditch, Island of OallU. Although called a ditch, this four·mile 
aqueduct is almost entirtlly in tunnel section. Water is carried beneath 
the pineapple fields of the Oahu uplands to the sugar cane lands of the 
Waialua Agricultural Company. 



19 

$340.00 is to be compared with $61.50 for the irrigated area in the 
United States. $150.97 for Washington, $126.05 for California and 
$69.12 for Arizona. (Column E.) 

It should be emphasized that the figures given above and in 
Table 4 as the values of the irrigated crops are state averages for 
all crops irrigated . Such crops in California include hay and grain 
crops which are notable for their small cash return as well as wal
nuts and citrus fruits which bring large cash incomes. 

Table 5, compiled from miscellaneous reports of the Agricul
tural Extension Service of the University of California, gives the 
annual gross income per acre for the more valuable crops in the 
state. 

Table 5. 

Annual Incomes Per ACl"e for Selectec1 Irrigatec1 Crops in California. 
California Gross Income Per 

Crop COllnty Year Irrigated Acre 
Oranges Navels ..... Los Angeles 1933 $238 
Oranges Valencias .. Los Angeles 1933 252 
Lemons ..... . ... . .. Los Angeles 1933 571 
Walnuts . . . . .. ... . . Los Angeles 6-Year Average 134 
L emons ........ . ... Orange 9-Year Average 399 

It is evident that other crops than sugar cane produce high cash 
returns under irrigated conditions. The high average cash return 
of $340.00 per irrigated acre which has been noted for Hawaii is 
due to the fact that no low value crops are included in the local 
average. 

Outstanding as Hawaii may be in the value of the irrigated 
crop, the great investment of capital required for that irrigation 
reduces the annual crop income per dollar invested in irrigation 
works to about the same figure as that to be found in continental 
United States. In Hawaii each dollar invested in irrigation de
velopment yielded $1.11 worth of sugar in 1933. This figure was 
exceeded by Washington in 1929 with a value of salable products 
of $1.51. The average for the United States, exclusive of Hawaii , 
is $0.87. (Column J.) 

Il\'VESTMENTS IN LAND PREPARATION 

The comparison so far considered has had to do with total in
vestments in irrigation works and their relation with income. One 
other relationship might be presented since it emphasizes the evi
dent point that valuable water, developed at great expense, deserves 
the greatest care in field distribution. The fact that considerable ' 
investment in land preparation is justified when water is highly 
valuable is suggested in Column K in Table 4 and Figure 16. 
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Fig. 12. 

An Inexpensive Canal of Large Capacity: The Balfoul'-Guthrie Canal, 
California. This great aqueduct through the fiats of Contra Costa 
County provides water at a low cost per acre of land irrigated. (Pho
tograph by courtesy of Division of Irrigation II1\'estigations and Prac
tice, University of California.) 

Fig. 13. 

An Example of Low Construetion Cost in Terms of Dollars per Acre 
Irrigated: The Ceres Main Canal, California. Here, although the water 
might have been made available to the land with relatively little invest· 
ment, its value to the adjacent orchards has justified a costly concrote 
lining. (Photograph by courtesy of Division of Irrigation Iuyestigations 
and Practice, University of California.) 
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The costs of land preparation are taken from the irrigation 
census previously referred to and include only the money expended 
in making the land ready for irrigation. This includes the careful 
grading and leveling of the land, the building of small distributing 
ditches and the installation of concrete pipe for the field distribu
tion of water as well as gates and other tructures. 

Again it hould be mentioned that the state averages given in 
Table 4 and in Figure 16 include land preparation in almost every 
degree of refinement. In some cases little preparation is done, 
irrigation being accomplished by the simple diversion of water to 

Fig. 14. 

Pl'eparation of Land for Irrigation by the Border Method: Building 
the Borders. This field being pT'epared for alfalfa irrigation will repre
sent an investment of about fifty (101lars an acre in land preparation alone 
when ready for planting. Experience has demonstrated that such invest
ments find adequate returns in the increased ease, economy' and effective
ness of irrigation. (Photograph by courtesy of Division of Irrigation 
Investigations and Practice, University of California.) 

natural pasture and meadow land. In other cases as much as $100 
an acre is expended toward the end of the effective handling and 
economic application. As might be supposed the justifiable invest
ment in land preparation, including the cost of concrete pipe when 
used, is determined by the cost of water, and the value of the crop 
being produced. 

The relation between total investment per acre in irrigation 
works and average investment in land preparation is shown in 
graphic form in Figure 16. Here there is a fair correlation, more 
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money and presumably more care being expended in states which 
exhibit a high cost of water development as might be expected. 

Fig. 15. 

Land Prepal'cd f01' Alfalfa Il'l'igation by the Border Method: The 
Field Ready for Seeding. Here the borders are fifty feet wide and are 
so carefully finished that water covers the whole width as it moves down 
the slope. In view of the rapid increase in the use of this method of 
irrigation, it would appear that such care in land preparation is a justi
fiable investment cvcn when low \ralue crops arc involved. (Photograph 
by courtesy of Division of Irrigation Investiga tions and Practice, Univer
sity of California.) 

In Hawaii costs reported for land preparations usually include 
the cost of planting, The corresponding operation is not included 
in the figures for the states given in Column K (Table 4). ever
theless, local figures for land preparation may be considered as 
being considerably less than the average for the United States. 
And it is evident that the low figures ordinarily reported for Ha
waii are out of line with the general practice in the irrigated states 
in view of the great investments in irrigation development as well 
as the high value of the product. 

HAWAIIAN STORAGE DAMS 

As has been suggested, the topography of Ha\\'aii 1S not well 
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suited to the storage of surplus waters by dams of reasonable size 
and cost. In fact the storage dam of the vVahiawa vVater Com· 
pany on Oahu and the new Alexander Dam on Kauai stand alone 
in their ability to impound large amounts of water at a relatively 
low cost per acre foot. 
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Fig. 16. 

Average Investments in Land Preparation in the Nineteen Western 
States as Relat<ed to the Value of the Irrigated Crop. Note the increasing 
investment in land preparation as the value of the crop increases. 

But even these structures are costly per unit of stored water as 
compared with storage dams for some mainland projects. A few · 
comparisons are given in Table 6. Some of the mainland dams 
listed are particularly inexpensive in terms of dollars per unit of 
stored water, and are given to illustrate the economy resulting 
from the ideal dam sites which are often to be found on streams 
in the irrigated west. These low costs per acre foot of stored water 
have been reflected in the total low costs per acre which have been 
given for the western States. 



Table 6. 

Comparative Costs of Water Storage in lIawaii and Continental United States. 

Investment 
Dam& 

6 Dam Location Builder Spillway 
Wahiawa Oahu Wahiawa Water Co. $ 449,000(1) 
Alexander Kauai McBryde Sugar Co. 362,000(3) 
Don Pedro Calif. Modesto-Turlock Irrig. 

Districts 3,097,419 
Elephant Butte Texas U.S. Rec. Service 5,216,000 
Exchequer Calif. Merced Irrig. District 5,] 16,023 
Arrowrock Idaho U.S. Ree. Service 4,327,000 
Amel'ican Falls Idaho U.S. Rec. Service 2,592,000 

(1) Not including cost of Mauka ditch. 
(2) Capac ity based on a commonly reported figure 01 2.5 billion gallons. 
(3) Dam incOlllplete; Cost given to 1934. 
(4) Page 38. 
(S) Department of Public ''forks, State 01 C'alifornia, Personal cOlllmuuicatioll . 
(6) Dams and control works constrncted by the Bureau of Reclamation (1929). 

-J 

Storage Investment 
Capacity Per 

Acre Feet Acre Foot 

7,500 $59 .87 
2,430 ~ 

/4-E?',Q 7 
289,000 10.72 

2,638,000 1.98 
289,000 17.70 
250,000 17.30 

1,700,000 1.52 

Authority 

(2) 
(4) 

(5) N 
-l>-

(6) 
(5) 
( 6) 
( 6) 
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Many dams in Hawaii are so expensive in terms of dollars per 
acre foot of capacity that no comparison can be found in the irri
gated states. One such dam on Kauai provides a storage capacity 
of three million cubic feet or about 70 acre feet. The reported cost 
of the reservoir is $169,000 or an investment of about $2400 per 
acre foot. Such dams under Hawaiian conditions provide valuable 
regulation for fluctuating streams but are not to be compared with 
such storage clams as those listed in Table 6. 
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SUMMARY FOR THE ISLAND OF HAWAII 
UNDEPRECIATED CAPITAL INVESTED 

Gravity Underground 
Plantation Development Wat'Cr Development 

Honokaa Sugar Co. $1,783,000 . ...... 
Kohala Sugar Co. 

TOTAL 

885,000 $563,000 

$2,668,000 $563,000 

HONOKAA SUGAR COMPANY (2) 
GRAVITY DEVELOPMENTS 

Total 
$1,783,000 
1,448,000 

$3,231,000 

Date of Length I Undepreeiated I Capacity 
=-C_a_n_a=l::------= __ I __ C_o_n_s.,.,t:-cruccoc,-t_io_n_l_i_n_M_il_es_ Capital In V'Csted in c.f.s. 
Upper Hamakua 1906 . . . $ 620,000 90 

;-L-"0-"w-e-r=H::-a-m-a-c:k,-u-a-1---1=-9=-=1=-=0---I----1 1,163,000 ·1 57 

TOTAL .. $1,783,000 

(2) Based on 8 statement prepared under the direction of Mr. ,V. P . Naquin, 
Manager, Honokaa Sugar Company. 

UNDERGROUND WATER DEVELOPMENTS 
(None) 



Canal 

Kohala 

Kahena 
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THE ISLAND OF HAWAII-Continued 
KOHALA SUGAR COMPANY(1) 

GRAVITY DEVELOPMENTS 

Unde-
Date of Length preciated 

Construc- in Capital Capacity 
tion Miles Invested in c.f.s. Remarks 

Total length 22 . miles; 13 miles in 
tunnel section; 

1905-06 23 $732,000 75 20 bridges. 
Length 13 miles; 
mountain section 

1912 13 153,000 70 in tunnel. 

TOTAL . _ $885,000 

(1) Based on a statement prepared under the direction of Mr. J. D. Bond, As· 
sistant Manager, Kohala Sugar Company. 

UNDERGROUND WATER DEVELOPMENTS 

Motor-driven pumping units .......................... . ....... $ 71,000 
Discharge pipe lines......................................... 103,000 
Abandoned steam plants.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 140,000 
Pro rata cost of power plant based on 68.6% of total cost. . . . .. 249,000 

TOTAL .................... . ........... ... . . ......... . .. $563,000 
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SUMMARY FOR THE ISLAND OF KADAI 
UNDEPRECIATED CAPITAJ;, INVESTED 

Under-
Gravity ground 
Develop- Water De-

Plantation ment velopment 
Grove Farm Co. $ 203,000 •••• 0" 

Hawaiian Sugar Co .. 696,000 $ 6,000 -Kekaha Sugar Co. (14) 1,424,000 262,000 
Kilauea Sugar Plantation Co. 365,000 ....... 
Koloa Sugar Co. 530,000 235,000 
Lihue Plantation Co. 983,000 ....... 
McBryde Sugar Co. 983,000 1,575,000 
Waimea Sugar Co.(14) 57,000 16,000 

TOTAL $5,241,000 $2,094,000 

(14) Reported to nearest thousand dollars. See pages 33 and 40. 

THE ISLAND OF KAUAr. 
GROVE FARM COMPANY (9) 

GRAVITY DEVELOPMENTS 

Total 
$ 203,000 

702,000 
1,686,000 

365,000 
765,000 
983,000 

2,558,000 
73,000 

$7,33,5,000 

. Total 
U ndepreciated 

Capital Invested 
Main ditches, reservoirs and pumping plants ......... " . $203,000 

(9) Based on communication from Mr. W. P. Alexander, Assistant Manager, 
Grove Farm Company. 

UNDERGROUND WATER DEVELOPMENTS 
(None) 



Hanapepe 
Ditch 

Olokele 
Ditch . 
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THE ISLA D OF KADAI-Continued 
HAWAIIAN SUGAR COMPANY 

GRAVITY DEVELOPMENTS 

I 
Unde-

Date of Length predated Capacity 
Con- in Capital in 

struction Miles Invested c.f.s. 

1892 13112 $321,000 52 

1904 14 375,000 105 

TOTAL GRAVITY INVESTMENT $696,000 

PUMPING DEVELOPMENTS 

Remarks 

One Allis Chalmers booster pump, capacity 2,250 gallons per minute, 
pumps water from mill ditch against a 130-foot head_ Directly connected 
to 100 H.P_ motor. 

Total undepreciated cost: $6,000. 
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THE ISLAND OF KADAI-Continued 
KEKAHA SUGAR CO., LTD. (13} 

GRAVITY DEVELOPMENTS 

Unde-
Date of Length preciated Capacity 

Construc- in Capital in 
tion Miles Invested c.f.s_ Remarks 

Fairbanks-Morse 
Station 1922 · . $ 29,635.15 . . 

Limaloa Pump 
Station 1922 · . 19,024.43 18 

Mohihi-Puuhina-
hina Ditch 1923 8 521,985.41 45 

Max. 
3,000,000 

~fohihi Reservoir 1924 · . 168,581.91 cu. ft. 
Hydro Power 

Stations 1907 · . 218,119.31 10 

I 'Waimea-Kekaha 
---

Max. 
Ditch 1905 23 466,837 .00 90 

TOTAL . . $1,424,183.21 

UNDERGROUND WATER DEVELOPMENTS 

Unde-
Date of Length preciated Capacity 

Construc- in Capital in 
tion Miles Invested c.f.s. Remarks 

----
Artesian Wells 1929 · . $ 20,388.11 30 
Artesian Wells 1894- Estimated 

-old 1907 · . 20,000.00 20 value 
Kaunalewa 

Station Pump 1924 · . 20,604.41 11 
Makai Electric 

Pumps 1926 · . 58,878.63 109 
Oil Pump 

Stations 1923 · . 9,081.53 30 
Steam Pump-

Mallaalld 
Kekaha 1907 · . 87,700.00 .. Obsolete 

Turbo-Electric 56% of 
Station 1930 · . 45,000.00 .. In ves tl1l!'n t 

TOTAL $ 261,652.68 

GRAND TOTAL $1,685,835.89 

(13) Based on a statement prepared under the direction of Mr. L. A. Faye, 
lila nager, Kekaha Sugar Co., Ltd. 
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THE ISLAND OF KAUAI-Continued 
KILAUEA SUGAR PLANTATION COMPANY(7) 

GRAVITY DEVELOPMENTS 
Total 

U ndepreciated 
Capital Invested 

Main ditches and reservoirs ... " . . . . . . . . . . . . .. . . . . . . . $365,000 

UNDERGROUND WATER DEVELOP~IENTS 
(None) 

(7) Based on :1 communication from Mr. Ra~' M. Allen, Manager, Kilauea Sugar 
Plantation Company. 
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THE ISLAND OF KAUAI-Continued 
KOLOA SUGAR COMPANY(10) 

GRAVITY DEVELOP,MENTS 
DITCHES 

Paa """ " "" """ ""'" 
Mahaulepu ., ............ " . . . 
Wilcox .... ,' ..... . .... ' .... . 
Koloa-Lihue . , ..... ', ..... ,' 
New Mill .. ,' ............. , " 
Pakekope ., .. , . .. .. .. , .. ,., .. 
Kalaiokahoni . ........ ....... . 
Puuhi ....... ......... , ...... , 
Koloa-Mahaulepu ... ...... ' .. 
Old Mill Overflow ... , . . ... , .. 
Puuohewa ...... , .. . .. .. ..... . 
Spring Pump . .. ... ,. , .... ,. ' 
Koloa-Mill ....... " ... . . ,". 
Kaluahonu ...... ' .. , ... ," .. . 
Mahaulepu ... , ......... ,' .. . . 

Date of 
Original 

Construction 
1905-06 
1907·-12 
1914 
1915 
1913-22 
1923-24 
1923-27 
1923-33 
1924 
1924 
1926-27 
1926·-28 
1926-27 
1931-32 
1928-33 

RESERVOIRS 

Date of 
Original 

Puuohewa and Mauna Kiliku,. 
Marsh ............ .. . . . " ... . 
Mauna Kilika Inlet .......... . 
Puuohewa . . " ..... . ... ' .... . . 
Marsh Western Outlet ... , ... . 

Construction 
To 1906 
1907-31 
1912- 13 
1924-25 
1926-30 

PIPELINES 

Date of 
Original 

Sundries .'., ..... , . . ....... . . 
P uuhi .... , .,.' ......... ' .. ,. 
Pakekope ... . . ... , ... ', .. ... . 
Kuuewa ., .... , . , ....... , ... . . 
Oroao ... . .. ,' .............. . . 
Kaluahonu . . , ..... .... ... ,". 

Construction 
To 1918 
1919-33 
1925 
1926 
1926 
1927-28 

Undepreciated 
Capital 

Invested 
$ 24,000 

30,000 
7,500 

150,000 
36,600 

8,000 
11,000 
13,000 

9,000 
1,000 
2,000 
8,000 
7,000 
3,000 
6,000 

Undepreciuted 
Capital 

Invested 
$ 35,000 

56,000 
8,000 

12,000 
8,000 

Undepreciated 
Capital 

Invested 
$ 37,000 

37,000 
2,000 
5,000 
5,500 
2,000 

$316,100 

$119,000 

$ 88,000 

(10) Based on " statement prepared by Mr. Hectol' Moil', Manager, Kolo'. S'ugar 
Oompany. 



36 

THE ISLAND OF KADAI-Continued 
KOLOA SUGAR CO.-Continued 

TUNNELS 

Sundries .................... . 
Wilcox Ditch ............... . 

Date of 
Original 

Construction 
To 1906 
1929-30 

U ndepreciated 
Capital 

Invested 
$4,400 

2,500 
$6,900 

TOTAL (GRAVITY DEVELOPMENTS) ... . ............. $530,500 

UNDERGROU D WATER DEVELOPMENTS 

PUMPS 

Date of 
Original 

Construction 
Mahaulepu ...... .......... To Dec. 31, 1933 
Puuhi ............ . .......... 1919-25 
KaaJana ..... .. ........ . ..... 1927-30 
Diesel Plant ................. 1925-26 
Hydro Plant ...... . .......... 1918-19 
Marsh Reservoil' ... .... ...... 1926-26 

U ndepreciated 
Capital 

Invested 
$ 56,000 

21,000 
35,000 
74,000 
18,500 
30,000 

GRAND TOTAL ........................... $765,000 
$234,500 

$765,000 
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THE ISLA D OF KAUAI-Continued 
LIHUE PLANTATION COMPANY(8) 

GRAVITY DEVELOPMENTS 

Date of Undepreciated 
Canal Construction Capital Invested 

Waiawa-awa Kilohana 1926 
Main Tunnels-Lihue 1903 

-Hanamaulu .... 
Kapaia Ditch 1928 
Hanalei Ditch 1923 ---
Waiahi-Kuia Ditch 1915 
Wailua Storm Ditch 1926 

--- -
~{akee Ditches . ... 
~rakee Tunnels .... -------
East Kauai Water Company . . .. 

TOTAL 

UNDERGROUND WATER DEVELOPl\IENTS 
(None) 

$ 43,000 
122,000 
65,000 
38,000 

395,000 
199,000 

7,000 
27,000 
36,000 
51,000 

$983,000 

-

(8) Based on a statement prepared under the direction of MI'. C. E. . Burns, 
Manager, Lihue Plantation Co. 
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THE ISLAND OF KAUAI-Continued 
McBRYDE SUGAR COMPANY(ll) 

GRAVITY DEVELOPMENTS 

RESERVOIRS 

Capacity Unde-
Date of in preciated 

Con- Acre Capital 
Name struction Feet Invested R'6marks 

Dam still under 
Alexander 1930-34 2430 $362,000 construction 

Used for long 
storage; an essential 
feature of the water 

I I 
supply of the 

Others _ .. , . 2940 336,000 plantation_ 

CANALS 

Unde-
Date of Capacity preciated 

Construc- in Capital 
Name tion c_f.s. Invested Remarks 

Pump 3 Ditch . . .. 30 $ 63,000 Length 5.75 miles 
Pump 2 Ditch •• 0 • 18 32,000 Length 1.65 miles 
Pump 1 Ditch .... 15 14,000 Length 0.85 mile 
Eleele Ditch .... 4 19,000 Length 2.70 miles 
Reservoir 2 Ditch .. , . 37 11,000 Length 2.20 miles 
Farley Tunnel . . , . 155 ---w,-OOO 
Lawai Ditches .. , . Variable 7,000 Length 4.50 miles 
Kamooloa Ditch . . .. 60 63,000 Length 6.05 miles 
Hanap'6pe Ditch .. , . 30 12,000 Length 1.50 miles 

These ditches have 
Others .. , . . . 27,000 been abandon'6d 

TOTAL (Gravity Developm ents ) $983,000 

(11) Prepared by Messrs. G. G. Kinney and J . B. Cox under the direction of 
Mr. F. A. Alexander , Manager, McBryde Sugar Co. 



Electric 
Pumping 
Stations 

1 
2 
3 
6 

39 

THE ISLAND OF KAUAI-Continued 
McBRYDE SUGAR CO.-Continued 

UNDERGROUND WATER DEVELOPMENTS 

Capacity Undepreciated 
in Capital 

c.f.s. Invested Remarks 
12 ....... 
15 ... ... . 
54 $912,000 

1 ....... 
Abandoned .. . ...... 

TOTAL . . . $912,000 

POWER DEVELOPMENT 
Wainiha plant, tunnels and ditches . . ......... . . .. . .. .. . .... . . $488,000 
Waihiawa plant . .... .. ..... .. . .. ... . .......... . ...... . ... . . 161,000 
Mill plant .... . ............ .. .. . .. . .. . . . ... . .. .. ..... . ... . .. 85,000 
Transmission lines . . . . .. . ..... . .... . .. . .... . ................ 150,000 

TOTAL .... . ....... . ............... . ........ . .. . .... . ... $884,000 

Since 75 percent of power developed is used for electric pumping we may 
charge $663,000 to irrigation development. 

TOTAL INVESTED IN UNDERGROUND WATER DEVELOPMENTS 
Electric P umping Plants ......................... .. ....... . $ 912,000 
Proportionate share of power developm'ent . .............. : . . . 663,000 

TOTAL ........... . .... . . . ..... , ........ ... ... .. ... . .. $1,575,000 
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THE ISLAND OF KAUAI-Continued 
WAIMEA SUGAR MILL CO., LTD.(12) 

GRAVITY DEVELOPMENTS 

Unde· 
Date of ~e.ngth preciated Capacity 

Construc- In Capital in 
tion Miles Invested c.f.s. 

Waimea Main Ditch 1908-13 5 $57,471.30 15 

UNDERGROUND WATER DEVELOPMEI TS 

Unde· 
Date of Length preciated Capacity 

Construc· in Capital in 
tion Miles Invested c.f.s. 

Pumping Stations 
and Wells 1915-33 - . $16,304.57 9 

GRAND TOTAL . . $73,775. 7 

R-emarks 

Remarks 

(12) Based on a statement prepared uuder tbe direction of Mr. L. A. Faye. 
Assistant Manager, Kekaba Sugar Co., Ltd. 
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SUMMARY FOR THE ISLAND OF MAUl 
UNDEPRECIATED CAPITAL INVESTED 

Underground 
Gravity Water 

Plantation Development Development Total 
Hawaiian Commercial & 

Sugar Co. 
and 

Maui Agricultural Co. $5,710,000 $2,894,000 $ 8,604,000 
Pioneer Mill Co. 1,000,000 2,100,000 I 3,100,000 
Wailuku Sugar Co. 603,000 ........ 603,000 

TOTAL $7,313,000 $4,994,000 I $12,307,000 
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THE ISLAND OF MAUl-Continued 
THE EAST MAUl IRRIGATION COMPANY 

reporting for the H awaiian Co=ercial and Sugar Company 
and the Maui Agricultural Company(4) 

GRAVITY DEVELOPMENTS 

Date of Unde-
Original Estimated preciate(l 

Name of Con- Capacity Capital 
Ditch structioD in c.f.s. Invested Remarks 

Pioneer ditch, unlined, 
Olel Hamakua 1879 62 $101,000 abandoned. 

Unlined ditch at too low 
an I'llevation, practically 

Olel Haiku 1880-4 80 444,000 abandoned. 
Old Waihee 1886 108 322,000 Unlined, still in use. 
Lowrie 1899 93 347,000 Unlined, still in use. 
Koolau 1903-16 186 1,031,000 Lined; in use. 
New Hamakua 1903-20 148 833,000 Partly lined; in use. Kauhikoa 
Xew Waihee 1905 84 101,000* Partly lined; in use. 
Xew Haiku 1912-14 139 846,000 Partly lined; in use. 
Wailoa 1924 256 1,608,000t Lined; in use. 

Work distributed among 
Perched water I head works of above 
de~lopments 1930-35 ... 77,000 canals. 

TOTAL . . $5,710,000 
(4) Based on a statement prepared by Mr . J . H. Foss, Engineer, East Maui 

Irrigation Oompany, and Mr. G. G. Kinney, of Alexander & Baldwin. 
• Participation of Hawaiian Commercial and Sugar Oompany in canal built jointly 

with Wailuku Sugar Company. 
t Constructed dUl"ing period of high labor and material costs. 



Name 01' 

Number of 
Pump 

1 
Old2 
New2 
3(b) 
3 booster 
4 
5 & 6(c) 
7 
1 Kihee(d) 
3 Kihee(e) 
1 & 2 Maliko 
1 & 2 Paia 
4 & 5 Paia 
3 
6 
7 
9 
Mill Pump 
Underground 
Water De-
velopment 

TOTAL 

43 

THE ISLAI D OF MAUl-Continued 
THE EAST MAUl IRRIGATION COMPANY 

UNDERGROUND WATER DEVELOPMENTS 

Length Water 
Depth of Developed 

Planta- Develop- of Tunnel in 
tion ment Shaft Feet c_f.s. 

H.C.&S.Co. Sump " . . .. 15 ---
" S & T(a) 250 ... 18 

" S&T 120 1000 30 

" Sump & T .. . ... 21 

" .. . . .. 21 .... 
" Sump .. . 18 " . 
" Sump &T .. . 1100 .. 
" S&T 120 500 60 

" Sump &T ... 1600 18 

" S 300 ----aDO 33 
M.A. Co. Sump .. . ... 10 

" " ... 12 .. . 
" " . .. 13 ... 
" Sump &T . .. 9 . . , 
" " " 600 18 ... 
" S&T 300 600 18 

" S&T 155 350 10 

" S&T 150 300 9 

" .. .. .. . ... . . 

(a) S = shaft; T = tunnel. 

Undepre-
ciated 

Capital 
Invested 
$200,000 

54,000 
110,000 
191,000 

35,000 
157,000 
477,000 
155,000 
134,000 
221,000 

278,000 

56,000 
511,000 
104,000 

32,000 
34,000 

45,000 

$2,894,000 

(b) Old Steam pump delivered 9 c.f.s. New Pump delivers 21 c.f.s. Cost figure 
"bove includes both pumps. 

(c) Old Pump 5 (15 c.f. s.) rebuilt as 5A (15 c.!.s.) and 5B (21 c.f.s.). New 6 
under construction to supply 38 c.f.s. Total book cost to date included. 

(d) Old 1 Kihee (8 c.!.s.) replaced by New 1 Kibee giving 19 c.f.s. Cost of both 
pumps given. 

(e) Old 3 Killee (23 c.f.s.) replaced by New 3 Kihee (34 c.f.s.). 
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THE ISLAND OF MAUl-Continued 
PIONEER MILL COMPANY 

GRAVITY DEVELOPMENTS(5) 

Date of Un de-
Original Estimated preciate'd 

Con- Capacity Capital 
Name of Ditch struction in c.f.s. Invested 

Honokohau Tunnel 1912-13 105 $555,000 
Ditch 1905 105 69,000 

Honokowai Tunnel 1918 60 134,000 
Kohoma Tunnel 1910 60 70,000 
Lahainaluna ditch to intake 1905 75 5,000* ---
Lahainaluna ditch across plantation 1910 75 30,000 
Kauaula Tunnel 1929 45 89,000 
Launiupoko Ditch 1910 7 l3,000* 
Olowalu Ditch 1905 13 21,000* 
Ukumehane Ditch 1905 23 14,000* 

TOTAL $1,000,000* 

• Estimate. 
(5) Prepared by Mr. O. A. Brown, Engineer, Pioneer Mill Oompany. 

UNDERGROUND WATER DEVELOPMENTS(6) 
Pumps in operation and foundations ............... . .. . ...... $ 
Buildings ....... .. ... .... .... . ... . ....................... . 
Pipe lines .......................... . ......... .. ......... . 
Wells and tunnels ................ . .. . ...... . ... . .......... . 
Proportionate share of electric system ...................... . 
First cost of abandoned pumping plants ....... . .• . ....... ... 

202,000 
105,000 
309,000 
196,000 
644,000 
644,000 

TOT AL .......... . ...... .. ...................... . ..... $2,100,000 

(6) Prepared by MI'. E. Butler Smith, Pump Engineer, Pioneer Mill Compan)'. 



Canal 
North Waiehu 
Naniania 
Iao-Waikapu 
Everett 

4S 

THE ISLAND OF MAUl-Continued 
WAILUKU SUGAR COMPANY(3) 

GRAVITY DEVELOPMENTS 

Undepreciated 
Date of Length Capital 

Construction in Miles Invested 
1903 

to $407,000 

South Waikapu 
I 

1907 
I Waihee* 1905 196,000 

TOTAL . $603,000 

Capacity 
in c.f.s. 

84 

(3) Based on a statement prepared by Mr. Robert Bruce, Engineer, Wailuku 
Sugar Oompany. 

* The Waihee Oanal was a joint venture of the Wailuku Sugar Oompany and the 
Hawaiian Oommercial and Sugar Oompany. The $196,000 listed above is the partici
pation of the Wailuku Sugar Oompany. 

UNDERGROUND WATER DEVELOPMENTS 
(None) 



46 

SUMMARY FOR THE ISLAND OF OAHU 
UNDEPRECIATED CAPITAL INVESTED 

I Underground 
Gravity Water 

Plantation Developments Developments Total 
Ewa Plantation Co. $2,274,000 $2,274,000 
Honolulu Plantation Co. $ 779,000 1,402,000 2,181,000 
Kahuku Plantation Co .. 63,000 544,000 607,000 
Oahu Sugar Co. 3,429,000 3,461,000 6,890,000 
Waialua Agricultural Co. 1,239,000 2,124,000 3,363,000 
Waiana'El Plantation Co. 519,000 519,000 
Waimanalo Sugar Co. 85,000 282,000 367,000 

TOTALS $5,595,000 $10,606,000 $16,201,000 
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THE ISLAND OF OAHU-Continued 
EWA PLANTATION COMPANY(19) 

GRAVITY DEVELOPMENTS 

(None) 

UNDERGROUND WATER DEVELOPMENTS 
Undepreeiated Capital Invested 

Pumping Equipment: 
Pump Wells . . ........... . ......... . 
Pump Buildings .................... . 
Pump Machinery .......... ........ . 
Oil Tanks ... . ..................... . 

Power System for Pump Operation (20) : 
Electric Power Plant ............ . .. . 
Electric Shop and Warehouse .. . . . .. . 
Electric Pole Lines ..... . ........... . 

Internal Water Distribution(21): 
Reservoirs ...... .... .......... . .. . . . 
Pipe Lines . .. . .... .. . . ............ . 
Flumes and Waterways . ............ . 
Overhead Irrigation System ......... . 

$296,000 
162,000 
795,000 
22,000 

$148,000 
29,000 

100,000 

$ 48,000 
215,000 
447,000 

12,000 

$1,275,000 

277,000 

722,000 

TOT AL ...... . ........ . ..... . ............... . .. $2,274,000 

(19) Based on a statement prepared under the authority of Mr. George F. Renton, 
Manager, Ewa Plantation Oompany. 

(20) Based on 64 per cent of the total invested undepreciated capital. 
(21 ) Not including field ditches. 
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THE ISLAND OF OAHU- Continued 
HONOLULU PLANTATION COMPANY(15) 

GRAVITY DEVELOPME TS 
U ndeprecia ted 

Capital Invested 
McCancUess Ditch .......... . . . ....... . ...... . . . .... . 
Reservoirs, pipe l ines and ditches (excluding field dis-

trihuting system) ...... . ......... .. ........ . .... . 

TOTAL ..................................... . 

$101,000 

67 ,000 

$779,000 

U~DERGROUND WATER DEVELOPMENTS(16) 
U ndepreciated 

Capital Investfld 
Well and Tunnels.. . ... . ... . ......... . ... . .... . ..... $ 164,000 
Pump Pits and Buildings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110,000 
Pumps and Foundations.. .. .... . .......... . .......... 1,114,000 
Wells other t han those connected to pump.... . ... . . . . 14,000 

TOTAL ... .. .. . ................... . . .. . . ....... $1,402,000 

(15) Based upon a statement prepared under the direction of Mr. A. A. Scott, 
Manager, Honolulu Plantation Oompany. 

(16) See following page for details of dates of construction, tunnel lengths and 
pump capaeities. 



- --

Year of 
Instal· 
lation 

1899 

to 

1905 

-~ 

1927 

1928 
1928 
1928 

- - -

Pump 
No. 

1 
1 -----
2 
2 
3 
3 

--4 

4 
5 

6 

7 

9·Booster 
10·Booster 

8·Booster 

HONOLULU PLANTATION COMPANY- Continued 
IRRIGATION SUPPLY DATA 

Rated 
Cap. Discharge 
per Head- Source of 

Type of Unit 24 Hrs.* Feet Water Supply 

3 Cy!. Triple E>""pansion 20M. 90 Wells 
Oentrif. Pump, Motor driven 19M. 75 " 
Centrif. Pump, Diesel driven 7M. 210 " 
Centrif. Pump, Diesel driven 10M. 320 " 
Oentrif. Pump, Motor driven 7M. 120 " 
Oentrif. Pump, Motor driven 9M. 330 " 
4 Cy!. Duplex Engine 7M. 450 " 
4 Cy!. Duplex Engine 7M. 450 " 
Oentrif. Pump, Motor driven 5M. 190 " 
Oentrif. Pump, Motor driven 7&9M. 230 Surface Water 

180 
Oentrif. Pump, Motor driven 4&7M. 215 Wells 

140 
Oentrif. Pump, Motor driven 3M. 45 Booster Pump 
Oentrif. Pump, Motor driven 4M. 95 " " 
Ocntrif. Pump; Motor driven 1h M. 70 " " 

* Discharge given in millions of gallons pcr 24 hours. 

Suction Appr. 
Heade~ Depth 
Tunnel No. of of 
Length Wells Wells 

Feet Feet 
p. 855 

745 13 433 to 500 
p. 950 

1100 20 800 
p. 331 

345 8 500 
p. 400 ~ 

425 9 405 to 955 
p. 210 

225 5 500 
. .. . · . ... 

157 4 175 to 180 

.. , . · . ... 

.. . . · . ... 

... . · . . .. 
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THE ISLAND OF OAHU-Continued 
KAHUKU PLANTATION COMPANY(24) 

GRAVITY DEVELOPMENTS 
U ndepreciated 

Capital Invested 
PUlluluu Ditch .............. . .......... . ............. $39,000 
Old Gravity Syphons (abandoned)................ . . . .. 16,000 
Punuluu Syphon ........ .. ... .. ...................... 8,000 

TOTAL . . ................................... . $63,000 

UNDERGROUND WATER DEVELOPhlEXTS 

Drilling of Flowing Wells(25). . . . . . . . . . . . . . . . . . . . . . . . . $ 54,000 
Steam Pumping Plants ............ . .... " ... . ......... 128,000 
Electric Pumping Plants. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168,000 
POm3r ~e,:elop~ent (based on 460/0 of total) . . . . . . . . . . . . 19,000 
TransnnsslOn Lmes .. . . .............................. 18,000 
Pump 5 Syphon...................................... 2,000 
First cost of abandoned pumping plants . . . . . . . . . . . . . . . . 153,000 
Railroa.d spurs-required to maintain pumping plants 

(operating and abandoned)........................ 2,000 

TOTAL .. . .................................. . $544,000 

(24) Based on a statement prepared nnder the direction of Mr. G. W. Fisher, 
Assistant Manager, Kahuku Plantation Company. 
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THE ISLAND OF OAHU-Continued 
OAHU SUGAR COMPANY(17) 

GRAVITY DEVELOPMENTS(18) 

Date of Unde-
Original Estimated preciated 

Con- Capacity Capital 
Name of Ditch stl'uction in c.f.s. Invested Remarks 

Tunnels and ditches 
Kipapa 1897·98 84 all lined, 
Waikakalaua 1899-00 81 Unlined. 
Waiawa 1901-02 60 Unlined. 

T unnels and ditches 
Waiahole 1913·16 188 $2,678,000 all lined, 

32 miles lined 
ditches; 50 miles 

Main plantation unlined ditches 
ditches & flumes .. , . , , 682,000 0, S. Co. 
Syphons and 
tunnels 69,000 

TOTAL $3,429,000 

(17) Based on a statement prepared under the direction of Mr, E. W, Greene, 
Manager, Oahu Sugar Company. 

(18) These gravity ditches are owned and operated by the Waiahole Water 
Company, a subsidiary corporation supplying water only to Oahn Sugar Company. 

OAHU SUGAR COMPANY- Continued 

UNDERGROUND WATER DEVELOPMENTS 
U ndepreciated 

Item Capital Invested 
Wells.. . . . . . . . . . . .. . . . . .. $ 263,000 

Pipe Lines .. ........... .. 
Pump Machinery . .. ..... , 
Pump Buildings ......... . 
Pump Machine Shop .... . , 
Oil Tank for Pump #4 ... . 
Pump Power Lines . . , .... . 
Reservoirs , ....... . ..... . 

TOTAL, ....... , .. , .. 

706,000 
1,971,000 

79,000 
24,000 
21,000 
43,000 

354,000 

$3,461,000 

Remal'ks 

12.4 miles of 20, 24 and 30 
inch pipe, 
Capacity 100 M .G,D. 

Capacity 500,000 gallons. 

Combined capacity 434 M,G, 
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THE ISLA D OF OAHU-Continued 
WAIALUA AGRICULTURAL COMPANY(22) 

GRAVITY DEVELOPMENTS 

Date of Unde-
Original Estimatea preciated Length in 

Con- Capacity Capital Miles 
Ditches struction in c.f.s. In~sted Total Tunnel 

Waimea 1903 55 $ 47,000 3.20 1:80 
Kamananui 1901 55 89,000 3.70 ---a:25 
Kawaiiki . 1902 55 34,000 2.00 ---r.75 
Opaeula 1900 55 64,000 1.85 ---u5 
Helemano Upper 1902 55 33,000 3.90 2.Oil ---
Helemano·Poamobo 

Bridge 1(109 24 9,000 1.15 1.00 ---
Outlet Helemano, 

Upper Reservoir 1911 35 5,000 2.00 . . . 
Wahiawa. 1904 85 61,000 4.00 ---a.65 

I 8.20 
---

Wahiawa Extension 1905 85 24,000 ... 
Kemoo 2 1906 20 I 17,000 "4.iO l.2O 
Ito 1902 20-1 24,000 5.50 0.10 ---
Wilson. 1900 30 28,000 6.80 I . .. 

TOTAL $435,000 

(22) Based on a statement prepared under the direction of Mr. J. H. Midkiff, 
Manager, Waialua Agricultural Company. 

Undepreciated 
Syphons Capital Invested 

Wahiawa Extension ................ $72,000 
Ito ............................ . ... 9,000 

TOT AL. . . . . . . . . . . . . . . . . . . . . . . .. $81,000 

Remarks 
3-54"; 1-30" 
1-16"; 1-24" 
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THE ISLAND OF OAHU-Continued 
WAIALUA AGRICULTURAL COMPANY- Continued 

GRAVITY DEVELOPMEXTS--Continued 
Reservoirs: 

Dates of construction ......... . ...... . ......... . ...... . ... 1902-19 
Com bined capacity ...... . .. ............ . . .... ..... ] 000 acre feet 
Total Undepreciatcd Capital In\'{~sted .................... $174,000 

WAHIAWA WATER COMPANY (23) 

Date of Original 

'Valliawa Dam ......... . ..... . .. . . . 
Spillway . .. . . ........ . ............. . 
Mauka Ditl'h ...................... . 
Poamoho ~v('lopl1l('nt ............. . 

Construction 
1902 
1902 
1902 
1925 

Undeprcciated 
Capital Invested 

$268,000 
181,000 

82,000 
18,000 

TOT.\L. . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. $549,000 

SUMMARY (GRAVITY DEYELOPMEKTS) 

Ditches . ................. .... ... ... . ... .... .... ........ . 
Syphons .............. . ................. . ..... . ... . .... . 
Reservoirs .............................. . .............. . 
"\Vahiawa 'Vate r COlllllnll~" " "" """ """"""" " '" 

TOTAL ............................. . .............. . 

$ 435,000 
81,000 

174,000 
549,000 

$1,239,000 

(23) An independent rorporntion formed to de-yelo» wlIter nt ",Vnhi".1.wa for use on 
lnnds of Waialua Agricultural Company. 
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THE ISLA! D OF OAHU-Continued 
WAIALUA AGRICULTURAL COMPANY- Continued 

UNDERGROU JD WATER DEVELOPMENTR 

Date of Unde-
Original pl'eciated 

Con- Capital 
It,'m struction Invest('d Remarks 

1898 88 connected to pum ps, 2(j 
'Wells and later $ 257,000 flowing. 
Pump MachineI'y and 

Pipe Lines 1,054,000 H pumps. 
Pump Buildings 78,000 
First cost of abandoned 

pumping plants 200,000 
Pump Ditches 200,000 Estimate. 
Pump Syphons 77,000 
Pl'oportionate share of % irl'iga tio n, '\6 mill and 

eloectric power system ~58,000 clomestir. 

TOTAL .. $2,124,000 



Station 
::Ifnunawili 
Lagoon 

l{a "·aiuui 

TOTAL 
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THE ISLAND OF OAHU-Continued 
WAIMANALO SUGAR COMPANY(26) 

GRAVITY DEVELOPMENTS 

Date of Length of 
Develop- Con- Tunnel 

ment struction in Feet 
Gravity 1893 2,600 

Sump 1895 
Sump to 

Uuderground 1922 10,675 

Unde-
preciated 
Capital 

Invested 
$85,00(1 

48,000 

234,000 

$367,000 

(26) Based on a stutcment prepared b~' Mr. George Chalmers, Jr., Manager, 
\Vnimanal0 Sugar Company. 

WAIANAE PLANTATION COMPANY (27) 

GRAYI'fY DEVELOPMENTS 

(None) 

UXDERGHOCXD WATER DEYELOPMEX'f 

Item 
Flnmes ............................ . .......... .. ... . 
Ditches, Waterways and Weirs ............. . . . 
Pipe Lines ...... ........... . ............. . . . . . .... . 
Pnmps and Power Plant ............................ . 
Pump 10 .. ....................... . ........ . ....... . 
Reservoirs ...... .. ................. . . .. . ... . ... . .. . 
Water development (Tnnnels, etc.) ............. . .... . 

TOTAL ........................................ . 

U ndcprc<:ia ted 
Capital Invested 

$1]2,000 
]3,000 
9,00.0 

3]6,000 
6,000 

47,000 
16,000 

$519,000 

(27) Based on a statement pt'epat'ed by Mt'. Robet't Ft'icke, Managet', Waianae 
Plantation Compon y. 
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