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BUREAU OF RECLAMATION

FIELD OFFICE OF MOLOKAI PROJECT

Kaunakakai, T. H., June 27, 1938

From

To

Hugh Howell, Engineer

John C. Page, Commissioner of Reclamation, and
R. F. Walter, Chief Engineer.

Subject Report on lVIolokai Project, Territory of Hawaii:
Water Supply Studie , Hawaii F. P. o. 45.

1. Transmitted herewith is the final report on water supply for lands on
lVIolokai, Territory of Hawaii, lVIaps, Designs, Cost Estimate and necessity
of project.

2. The detail d signs, hydraulics and cost estimates have been worked
out by Hugh Howell, Engineer.

3. Drawing by A. E. lVIinvielle, Jr.

4. The field work was done under the supervision of Hugh Howell by
A. E. lVIinvielle, Jr.

5. The geology was determined by Dr. Harold T. Stearns, Geologist iu
Charge, Hawaiian Ground-Water Investigation, U. S. G. S.

6. The agricultural data were contributed by lVIr. Norman King, Ex
tension Agronomist, University of Hawaii.

7. Rainfall records were furnished by lVIr. '!ax H. Carson, District
Engineer, . S. G. S., and by lVIr. George P. Cooke, lVIanager. Molokai Ranch.

. 'rhe ail' photos were kindly furnished by 18th Air Base Photo Labor
atory A. C., Wheelet· Field, T. II.

Hugh Howell, Engineer.
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SYNOPSIS

Quantity of water available: not less than 55 million gallons per day
(85 second feet) evcry day in every year, partly from stream flows of 3 valleys
on the north side of Molokai, partly from intermittent controlled draft on
underground storage, by means of development tunnels, '(vhen stream water
is below 55 million gallons per day.

This water delivered to farm area by means of 18.3 miles of tunnels,
having a capacity of 80 million gallons per day, or 124 second feet, to take
advantage of frequent freshet water.

Area of land that can be irrigated by means of 55 NLG.D.; 12,000 acres.

Area of suitable land below the ditch system: 16,000 acres.

NlUllber of families that can be supported on farms: not less than 700.

Number of people directly and indirectly benefited: 600,000.

Quality of soil: very rich; most of it 20 to 30 feet deep, free from stones.

Temperature on farm area: never below 50· at the highest elevation,
rarely below 60·, maximum 80·.

Annual rainfall: farm area, minimum 14 inches, maximum 23 inches, mean
18 inches-insufficient for profitable farming without irrigation.

With above quantity of water, rich soil, and no cold seasons, farmers can
deliver enough truck crops every day in the year to feed over 100,000 people,
outside of the amount consumed on the farms.

Average hauling distance from farms to Kaunakakai Wharf: 7 miles,
over good roads, main arteries paved; distance by steamer from Kaunakakai
to Honolulu, 52 miles.

Total cost of project: $5,000,000.

Amount to be repaid by water users III annual installments: $2,750,000.

Amount to be charged to national defense: $2,250,000.

Gross annual returns to farmers for produce after area fully developed:
$3,000,000 to $5,000,000.

Possible total net annual profit, after paying intel'est and annual install
ments on 55 per cent of the cost of project and 100% of cost of maintenance
of system $1,000,000.

Possible net annual profit per family, on a 2:O-acre farm, after a]]o\ying
for actual co t of home grown food: not les than $1,200.
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INTRODUCTION

Central Molokai is the flatter, lower-lying
land between the mountains of East Molokai
and vVest {olokai. It is in reality an isthmus,
for it is the narrowest portion of the island.
It contains about 30,000 aCJ'es of very rich
soil, most of it deep beds of decomposed lava
and sediment almost free from stones. The sur
face is gently rolling with light slopes cut by
a few shallow gulches where the depth of the
soil can be seen to be from 20 to 30 feet. It is
on the lands of Palaau, Hoolehua and Kala
maula, constituting more than one half of Cen
tral Molokai, that the Hawaiian homestead
farms are located, under authority of an Act
of Congress callcd the Hawaiian Homes Com
mission Act of 1920, approved July 9, 1921.
Since 1924, homesteaders have been struggling
along trying to raise diversified food crops
without irrigation and have found it impos
sible most of the time. Fortunately for them.
many have secured contracts for planting pine
apples on a portion of the land, which have
been profitable in most cases, as pineapples
thrive 011 16 inches annual rainfall if not too
unequally distributed throughout the year. But
a maximum of 1800 acres is about the limit of
the homestead area that may be planted in
pineapples. The neighbol'ing pineapple com
panies have enough additional land of their
own to meet the demands of the market with
a safe margin for the future; indeed, the pre··
sent tendency is to reduce rather than increase
the acreage of contracts with private growers.

Farming experience in this area, even when
under the direction of agricultural experts,
has shown conclusively that the only salvation
for the Hawaiian Homestead Project is to sup
ply the land with water for irrigation. It has,
however, shown just as conclusively, by small
kitchen gardens irrigated by means of the
domestic water supply, and the cultivation
of larger areas of corn. potatoes, tomatoe'>,
etc., in the few years when rainfall wa copious,
that thc fertility of the oil is un urpassrd
anywhcre.

Further, there is a growing consciousl1es~

in the mincls of the thinking people of the
islands, and especially of the ;\ rmy and Javy.
that our isolated position, over 2000 miles awa~

from the neare t fcod supply, calls for strenu
"no:; rff rts to rrt"ke the islands more nearly
elf-feeding. "The fact that 63 per rent of

our required tOlmage of food is shipped in and
only 37 per cent produced within the Territory
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The Island of Molokai, in comparison with
the continental area of the United States, is
tmique regarding location, climate, rainfall,
soil, topography, population and industry. It
is fifth in size in the Hawaiian group, con
taining an area of 260 square miles. It i na
turally divided into three distinct sections,
East Molokai, West Molokai and Central
Molokai. East and West Iolokai were
originally two separate i. lands, formed at dif
ferent times by volcanic elevation from the
ocean floor, West Molokai probably fir t. In
common with all the islands west of it, 1\1010

kai is very old and its volcanoes are unan
imously classed by geologists as extinct. There
is therefore no danger from lava flows or local
volcanic disturbances, as thel'e might be on
the comparatively younger island of Hawaii,
on which are definitely active volcanoes.

West Molokai is a small mountain, "'ith
very gentle slopes on thc north and west sides,
containing about 30 percent of the total area
of the island. Its highe t point is 1381 feet
above sea level. About 7000 acres near the
top are cultivated in pineapples, the remainder
being pasture land. Wet Iolokai has no part
in this investigation as it is privately owned
and has no water supply. Its water for do
mestic purposes is brought by pipes from the
higher mountains of East Mololeai by gravity.

East Molokai comprises nearly half of th';)
total area of the island and is largely moun
tainous. A jagged, dividing ridge about ten
miles in length runs nearly northwest and
southeast, the highest peak being 4970 feet,
and the lowest pass about 2900 feet, above sea
level. This mountain range is cut by innumer
able water courses ranging from small gullieR
to veritable chasms with precipitous sides
rising in places almost vertically and with
some slopes averaging nearly 45 degree from
top to bottom. On the north side are three
gorges large enough to be called valleys,
named, from cast to west and in order of size.
Wailau, Pelekunu, and Waikolu. The rainfall
in these valleys is enormous, due to the fact
that the clouds which are being con tantly
borne in on thc prevailing winds from north
ea t to north\\'est arc caught against the high,
precipitous "'a]1s and condensed before they
can be blown out ag~in. The e three valleys
constitute the principal drainage area from
which it is desired to conduct water to the
arable land of central Molokai.

j



strikingly presents our dependence upon ocean
transportation. ' ,1

The area where food crops for island con
sumption can be grown profitably is limited,
and water for irrigation is still more limited.
Therefore we need to utilize every possible
water supply that is within reasonable distance
of lands suitable for producing food.

Sensing those needs, Honorable Samuel
Wilder King, Delegate to Congress from Ha
waii, in the autumn of 1935 secured an allot
ment of funds for making an investigation of
the water supply on the Island of Molokai and
the feasibility of conducting it to the farm
area.

On December 3, 1935, my appointment as
engineel' by the Secretary of the Interior, upon
recommendation of the late Dr. Elwood Mead,
then Commissioner of Reclamation, became ef
fective. The work to be done was outlined by
me as follows: To determine:

1. The quantity of water available in the
drainage area by actual measurements of all

'Cady, H. B., Hawaii's Food Supply and Maritime Strike ot
1936-37: University ot Hawaii Agricultural Extension Service.

stream discharges at the approximate level of
the intakes of the proposed tunnels.

2. The location and amount of water
storage facilities.

3. The location, area, and highest elevation
of the farming land to which the water could
be conducted.

4. The method of conducting the water to
the land, and an outline of the distribution
system.

5. The most ef:ficient method of transport
ation of men and materials to and from the
drainage area.

6. The method of operation and mainten
ance of the system.

7. An estimate of total cost of the project.
8. An estimate of annual cost of operation

and maintenance.
9. 'Vhat the land could produce by means

of irrigation, and where and how the products
could be profitably sold.

10. What gross and net returns night be
expected.

11. How the capital outlay and cost of
maintenance could be repaid.

FORMER INVESTIGATIONS

Although the existence of'a large amount
of water wasting into the ocean on th.e north
coast of Molokai from the valleys of vVailau,
Pelekunu and Waikolu has been known for
many years by various people interested in
agriculture, no very thorough study of the
quantity of water available at any uniform
elevation or the method and cost of capturing
it and transporting it to the farming lands of
Molokai was ever made prior to the authoriza
tion of this investigation in the autumn of 1935.
Up to the time of the world war, or about 1917,
the lower parts of these valleys were populated
with Hawaiian taro planters who used but a
fraction of the water that came down from
above. For a number of years these valleys,
together with Halawa Valley, supplied the
leper settlement at Kalaupapa with most of
the taro and poi used by the residents of the
settlement. For the last twenty years nobody
has lived there and the region has been rarely
visited by anyone except the engineers of the
U. S. Geological Survey on their periodical
trips measuring stream discharges, up to
December, 1928, when even that work was dis
continued.

In 1900, Lindgren,' at the request of the
American Sugar Company, made an exhaustive

8

study of the water supply on their property.
He also visited the valleys of Wailau and Pe
lekunu. Although he states that he spent only
two and a third months in his entire examin
ation, covering nearly the whole island, his
report was a very able presentation of an im
mense amount of reliable detailed information
concerning the quantities and economic avail
ability of water on the property of the Amer
ican Sugar Company or other lands under their
control. But he spent very little time in Wai
lau and Pelekunu and had no opportunity to
make a deep study of these drainage areas. He
makes no mention of water down in the valley
of Waikolu but only of that on the high, flatter
lands above the rim of the valley on the pro
perty of the American Sugar Company. No
topographical maps had as yet been made of
Molokai nor were there any stream-gaging re
cords, both of which are now available; and I
am sure that no detailed examination of the
geological structure of the island had ever
been made prior to 1935. However, Lindgren,
a geologist himself, could not help noticing the
great porosity of the surface and he did say
---
'Lindgren, Waldemar, Report ot the Water Supply on the

property ot the American Sugar Co., Ltd.. 1900. Original MS
In the Company's files. Also U. S. Geol. Survey Water Supply
Paper No. 77, 1902, now out ot print.
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that probably a large amount of ground water
would be found in tunnels which he suggested
might be bored through the dividing ridge to
conduct the waters of Wailau, or Wailau and
Pelekunu, either to M:apulehu, or Kawela, res
pectively. He was enthusiastic regarding the
fertility of the soil in Central }\,[olokai.

About 1925, J. Jorgensen, a very able local
engineer and contractor, with large experience
in designing and constructing tunnels in the
islands, made a brief report on the feasibility
and cost of conducting the waters of W ailal~.
Pelekunu and Waikolu to the Hawaiian Homcs
Commission lands in Central Molokai. It is my
understanding that Mr. Jorgensen did not do
any field work in the drainage areas of the
three valleys but he had the advantage lacked
by former investigators of a topographical map
made by the U. S. Geological Survey and the
record of stream discharges made by the Water
Resources Branch of the Geological Survey.
His plan would deliver the water to the home
stead land at an elevation of about 500 feet
above sea level by means of a series of tunnels
along the north coast. From the stream-gaging
records he computed that the average flow
from the principal streams would be 55 million
gallons for 24 hour, but, recognizing that the
stream dischaJ'ges "'ere very- irregular in
quantity, he proposed to give the tunnel :J.

capacity of 100 milliOll gallons per day, u ing
the excess of 45 111 ill ion gallons to conduct
freshet waters which were to be . tored in re
servoirs constructed in the farming area 80

that the average of 55 million gallons could be
used every day. It is doubtful whether suffi
cient storage capacity by means of earth
reservoirs could be provided llear the farming
area below the tunnel outlet at 500 feet eleva
tion; also whether a tunnel having an excess
capacity of only 45 million gallons per day
above daily requirements for irrigation could
fill such reservoirs when freshets are far apart
and of short duration. One example is suffici
ent. In the period from April 1, 1920, to ov
ember 30, 1920, or eight full months, stored
water amounting to nearly 7 billion gallon'
(20,000 acre feet) would have been required to
bring up the supply to 55 million gallons per
day. Seepage and evaporation during this long
period would add very materially to the
amount of storage required.

Jorgensen's estimate of $3,262,000 for such
a project, based on u ing local labor, including
aliens, appears to me to be fair for his plan.

A very thorough detailed geological exam
ination was made by Stearns' in the summer of
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1935 with special reference to the determina
tion of grolmd ,yater in the drainage area. As
the existing topographical maps are inaccurate,
being largely sketch work in the rough, inac
ce ible areas, request wa made of the U. S.
Army, Hawaiian Department, to make an air
photo map of these area 0 that Stearns could
plot his notes upon the mosaic. This has been
done with the exception of the upper 15 per
cent of the valleys. Cloudy weather has pre
vented the completion of the map up to the
present time. (Air map completed 1940). How
ever, enough of the map has been made to
enable Stearns to make a preliminary report
sufficient for this purpose, which will be founrl
on page 24.

Since the date of Lindgren's report much
advance has been made by the sugar men in
the methods of driving tunnels on the four
principal islands. Also a very much greater
knowledge of the behavior of island streams
ha been gained; practically all of the streams
in all the islands of any value have been mea
sured by the Water Resources Branch of tht'

. S. Geological Survey, the Territory of Ha
waii cooperating by appropriating more than
50 per cent of the co t. The di. charges of the
. treams in Wailau, Pelekunu and Waikolu
were measured continuou ly from larch] ,
1920, to December 20, 192 ..

A great deal of light has been thrown on
the subject of ground-water in the island from
information gathered in the construction and
operation of the Waiahole tunnel system on
the island of Oahu, comprehensively set forth
by Stearns' in Bulletin No. 1. The main tunnel
is the longest in the islands, being 14,567 feet
from the portal on the eastern side of the
Koolau range to that on the western sileo This
tunnel developed an enormous quantity of
ground-water, the maximum discharge during
construction being' 43 million gallons per day,
or 66.5 cubic feet pel' second. After the stored
water had drained out, which required sey
eral years, the average gain in the tunnel from
ground-water was about 8 million gallons per
da~', or 12.4 second feet, with only moderate
fluctuations. This gain in the tunnel come'>,
of course, from the rain "'hich -falls on the aren
drained by the tunnel. Steam estimated that
this area extends fully 2000 feet each way

'Stearns, Harold T., Hawaiian Ground Water Investigations:
U. S. Geol. Survey. Terr. of Hawaii cooperating. Report not
Yet complete:!.

• U. S. Geol. SurveY Water-Supply Papers 516. 535. 555. 575.
615. 635, 655. 675 and 695.

'Stearns, H. T .• and Vaksvik. K. N. Geology and Ground
Water Resources of the Island of Oahu. Hawaii: Division of
Hydrography Territory of Hawaii Bulletin No. 1. (prepared
in cooperation with the U. S. Geological Survey).



AIR PHOTO - HALAWA FALLS



from the main 'Vaiahole tunnel. A comparison
of the rainfall records with the ground-water
gained in this tunnel shows considerable lag
in the effect of rain reaching the tunnel, also
that annual and monthly fluctuations in the
tunnel are only a small percentage of the an
nual rainfall fluctuations. This is to be expect
ed, considering the great mass of material of
varying porosity through which the water has
to percolate down from the surface to the level
of the tunnel.

It will be shown later how the data from
Waiahole, analyzed and studied, can be made
use of in studying the possibilities of ground
water in the drainage area on Molokai, which
is similar in so many respects - geological
structure, expOSUl'e, climate and vegetation.

6. Halawa is a large valley at the eastern
end of the island. The drainage area, consist
ing of the high lands above, is about 4.5 square
miles. It has a good runoff during normal time~

and runs a torrent during freshets, but the dis
charge as measured at the gaging station once
reached an extreme low of 1 million gallons
per day. In average years the minimum dis
charge is about 3 million gallons pee day. All
of the low water flow is required for irriga
ting the extensive taro patches in the wide floor
of the valley. The valley and drainage area
are privately owned and it would be poor eco·
,1Omy to consider taking this water away from
the land where it is used for taro and where
it can be more efficiently so used, for the cost
of transporting the water to Central Molokai
would be out of proportion to its value there
for a long time to come.

There are seven separate drainage basins
on the north shore of Molokai in addition to
numerous small gullies discharging consider
able quantities of water only during rainy wea
ther. During rains, and a short time thereafter,
these gullies discharge their water over the
edge of the pali, or precipice, into the ocean
2000 fect below. These streams are of no eco
nomic value but they present an amazingly
beautiful scene as one travels along the coast
in a boat or a plane, during and a day or two
after rains. There are some two dozen water
falls of various sizes and descriptions, including
a "bridal veil" fall, in a distance of five or
six miles west of Halawa.

The larger gulches and valleys along the
north coast are, from east to west, as follows:

1. Papalaua. This is an alcove along the
coast line with a stream discharging a month
ly mean of from 8 to 20 million gallons per day,
with a minimum of 1 million gallons. The cost
of conducting this water to connect with the
proposed tunnel system would be greater than
its value at this time. It would require one
tunnel 3.1 miles long, or a series of four tun
nels aggregating 4 miles, the longest being 1.3
miles. Ground water would be a very serious
problem in a long tunnel unless time were al
lowed to drain out all stored water. This
"time out" would not be all at once but at
various intervals as the increasing amount
of water was encountered, and would aggre
gate several years. This supply has not beeu
included in this project but it may be con
sidered at a future date after the proposed
irrigation project shall have been thoroughly
developed and more water be demanded. Th(~
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DRAINAGE AREAS

'I'he only drainage areas consideeed as
available for supplying irrigating water fOJo
Central Molokai are on the north side of the
island. 'With but few exceptions, the water
courses on the south side, running through
porous formation and lacking in high-level
springs, become dry within a few hours, or
occasionally a few days, after rainfall ceases.
Only two of them, Waialua and Honouliwai,
flow continuously down to the ocean. The only
ones of any value are:

1. Kawela, the total normal flow of which
is used for domestic water supplying the total
population on the American Sugar Company's
lands including two pineapple company organ
izations. The monthly mean discharge of this
stream and its tributaries at elevation 3500 feet
is about half a million gallons per day. Only
freshet water reaches the ocean, about three
or four times a year.

2, Kamalo, about two miles to the east of
Kawela. has a discharge somewhat less than
that of Kawela. This is owned by the Bernic'3
Pauahi Bishop Estate. The water is now wast
ing and running into the porous ground before
reaching the sea, except during freshets for a
few days in the rainy season.

3. Waialua. This is a valley about twenty
miles east of Kaunakakai, the waters of which
are all required during dry weather to irrigate
taro in the lower part of the valley.

4. Honouliwai. This is the next valley east
of Waialua, having a smaller quantity of wate~',

all of which is used for taro.
5. Honoulimaloo valley has a still smaller

stream which is also used for a few small taru
patches. In very dry years the stream dries
up at the lower end for a few weeks.



AIR PHOTO - PAPALAUA VALLEY



AIR PHOTO - WAILAU VALLEY FROM 4000 FT.



AIR PHOTO - WAILAU VALLEY FROM 2000 FT.



land and water are both privately owned. (See bel' of rain gages necessary to give a complete
map of Molokai, page 62.) picture would be too great to be practicable.

2. Wailau. This is the first and largest of They would have to be scattered around in
the three principal valleys which it is proposel1 various places and at different elevations
to include in the tunnel system. It has a drain- throughout the valley and would be difficult
age area of 7:5 square miles, consisting of an of access. We have observed on several oc
immense amphitheater with very steep walls casions rain on one side of the valley heavy
rising to a minimum of 3000 feet and a max- enough to show a rise in the streams, with
imum of 4970 feet above sea level. There are sunshine on the other side at the same time.
sections of the walls almost vertical and in one These variations occur in accordance with the
place the average slope from top to bottom is direction of the wind and from other causes
almost 45 degTees. With the exception of the not yet discovered. One rain gage was main
few vertical spots the entire interior of th<l tained by the U. S. Geological Survey from
valley is covered with dense vegetation con- January 6, to August 29, 1924, at the pass
sisting of tall trees in the floor and flatter where the trail crosses the dividing ridge be
slopes, and bushes of various varieties and sizes tween Wailau and Pelekunu, at an elevation
on the sides, decreasing in size with the steep- of about 2800 feet (Station 16 on map, page
nes of the slope. The entire valley is cut by in- 62.) This g'ag'e recorded a total of 62 inches for
numerable water courses fed by many springs a period of 7 months and 23 days, after which
up to 2200 feet above sea level. These water it was discontinued. Another gage was main
courses, or feeder streams, join to form the tained on the summit of the main dividing
two main streams, vVaiakeakua and Pulena, the ridge south of the valley in the pass where the
discharges of which have been measured by trail from Mapulehu to vVailau crosses, at an
the U. S. Geological Survey at elevations of elevation of 2900 feet (Sta. 15 on page 62),
698 and 591 feet, respectively. At the location from December 18, 1922, to October 9, 1924.
of the proposed tunnel system the line crosses A total precipitation was recorded for thiR
17 streams, seven of which are not included period of 283.5 incres, which gives an average
in the stream discharge records of Vvaiakeakua precipitation for one year of about 185 inches.
and Pulena as they unite with these two On several occasions it has been observed
streams below the location of the gaging sta- that while there was much rain reported in this
tions. valley and in the adjoining valley of Pelekunu,

According to Stearns, (See Preliminary Re- no rain was falling on top of the dividing ridge.
port page 21) this valley is one of the craters This was remarked by men going over the trail
of the principal volcano by which East Molokai as well as by observers on the south side near
was formed. The upper portion of the valley sea level to whom the top of the ridge was
is crossed by many dikes which run in a gen- visible, while dark rain clouds were seen in
eral easterly and westerly direction along the the background hovering over the valley. It
island for several miles. The dikes are for the was reported later that it had been raining in
most part fairly continuous and water-tight, the valley at the same time. It is therefore pro
forming chambers between them which store bable that the rainfall in the valley is ,vell
large quantities of ground water. The springs over 200 inches a year. vVe have kept a record
mentioned above come from these storage of the rainy days in both Wailau and Pelekunn
chambers where the dikes have been cut by valleys. In two years there has not been a
erosion, or the water flows over the tops of the single month with less than 10 days of rain
dikes, passes around the ends, or through in either one or both of the valleys, and the
cracks in the dikes. As the dike structure is average is nearly as many rainy days as clear
similar to that on Oahu in the area of the Wai- ones. In thc month of December, 1936, there
ahole tunnel system, much of the information were 21 days of rain, most of it heavy.
gathered from the study of ground water con- All of the land above the 600-feet elevation
ditions at Waiahole can be applied to Wailau. is Government land except two pieces privately

The rainfall in this valley is enormous. No owned which are shown on map, page 1 marked
min gages were installed in this investigation A and B. The piece marked B, which extends
for two reasons: the time allotted would not down into the valley from an apex at the high
permit of records long enough to give any peak, Olokui, on the west ridge of the valley,
worth while information; also as the variation has no water rights which would be infringed
of rainfall with regard to location and eleva- upon by the proposed tunnel system. The piece
tion in these valleys is very marked, the num- marked A. extending down from the south rim
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of the valley, is crossed by the proposed tun- The . Geological Survey gaging statioIld
nel line which would take water developed on are located on the e two main streams at
this land at two intakes. It will be necessary elevations of 417 and 546 feet respectively.
to condemn and acquire this land. Stream gaging was maintained at these sta-

In the lower part of the valley are 37 small, tions for the same period as at Wailau. The
privately owned pieces of land formerly used tunnel line will take water from 13 of these
for raising taro. The taro patches have lain treams which it crosses, at about 00 feet ele
idle for nearly twenty years, but the lands vation. Five of the 13 were not measured at
have vested water rights which are perpetual. the gaging stations because they join the main
according to several decisions of the Territorial streams below the stations.
Supreme Court. The quantity of water to When the valley ,vas inhabited there was
which" wet" (irrigated) taro lands are legally a trail leading out of it which crossed the
entitled has been estimated and universally dividing ridge at 4500 feet elevation and rUl1
agreed upon fot' years to be 50,000 gallons ning thence down to Kamalo on the south side,
per day for each acre of wet taro land on but this trail is frightfully steep and dangerous
which the water had been used for a certain on the Pelekunu side, being slippery and sub
period of years. An estimate of the number ject to slides and washouts. It ha been com
of acres so planted indicates that not more pletely impassable for considerably more than
than 4 million gallons per day will be neces- two years. We constructed a new trail into th0
sary to revive planting of all of the old taro valley west of the old one and on a lighter
patches. Should this project be completed, grade, but several thousand feet of this trail
the valleys would necessarily be made acces- have been completely wiped out by slides from
sible at all times, and it is probable, and in- above and it has been abandoned. A perman
deed highly desirable, that taro planting would ent trail on a reasonable grade would be costly
be resumed. Fortlmately, more than the to build and maintain. There is no pass lower
4 m.g.p.d. required for planting all of the taro than about 4200 feet.
land is derived from springs in the streams be- It is possible to build a landing at the west
low thc tunnel level, as demonstrated by com- side of Pelekunu Bay by means of a derrick
paring the mea urements of the flow of the that can land freight and passengers from the
strei'tm at the taro ditch intakes with the flow Inter-Island ships' boats almo t any day in the
at the gaging station on the same days in year. The derrick should of course be made
various kinds of weather. Thus taro planting capable of handling heavy equipment for con
"'ould not reduce the quantity of water avail- struction, with a capacity of not less than 5
able at the tunnel intakes; and it would be a tons. There was a smaller derrick, operated
valuable addition to the industry and the foon by hand power, maintained until the depopula
supply of the Territory. That is only one of hon of the valley in 1917. As thi derrick ,yas
the inc1irect benefits of thi project. too far gone from decay and rust to be of any

3. Pelekunu. This valley adjoins Wailau use in this investigation, it was necessary for
on the "'est, separated from it by a ridge over me to build another landing of a simple type
4000 feet above sea level but having a pass that would allow the engineering crew to get
where an old trail eros. es at about 2800 feet in and out with their equipment and materials
elevation. This trail ha not been used for when it was too rough to land on the rocks.
ten years and is so overgrown as to be almost This ha served its purpose well and is now
impassable, but it should be improved and kept being maintained by the U. S. Geological Sur
opcn. It requires about 7 hours to go ovel' vey party wich makes periodical trips into both
this trail from the bottom of one valley to thc valleys attending to the rehabiltated gaging
other. The drainage area of Pelekunu is about stations. It can safely take a load of about
5 quare miles, just one third Ie s than that of 750 pound .
Wailau. It is similar to W"ailau in geological The land of Pelekunu, an old Ha"'aiian
structure, vegetation, steepnes of ides and division of land called an ahupuaa, which in
other characteristics except that the head of eludes not only Pelekunu Valley but the ch'ain
the valley on the south side averages about 1000 age area to the west of it, adjoining Haupll
feet higher than that of 'Vailau. A' in 'Vai- Bay, is privately owned, with the exception of
lau, there are two main tream', namely, La- about 300 acres of Government land known a
nipuni and Pelelnmu, formed by the junction Wa\\'aiolepe and Kiloa. The ahupuaa is owned
of a large number of feeder stream, which by Mr. Charles H. Mcrriam and the estate of
derive their steady flow of water from springs. the late Charles A. Brown. The upper portion
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On the flat land above, adjoining the west
ern and southern edges of this canyon, the
drainage is all away from it to the westward;
but on the east and southeast all of the drain
agc runs into the valley, coming down in
many waterfalls, some running continuou ly.
It is observed that most of the water in the
stream originates in the valley itself from
springs in the sides or the bottom. Stearns
notes swarms of dikes near thc head and near
the lower enl running in an east-we t direc-
tion. The drainage area, down to the lowc)'
gaging station, is about 3.5 squarc miles.

The U. S. Geological Survey maintaineu
one gaging station at an elevation of 253 fect
from March 1, 1920, to December 20, 1928,
being tbe same period as in vVailau and Pelc-
kunu, and anothcr at elevation 672 feet from
October, 1920 to June, 1923. The entire valley
and all but a small triangllar portion of drain
age area southeast of its head are owned by
the Government. This include 45 mall pieces
of taro land in the valley floor near its mouth
formerly privately owned but acquired many
years ago by the local Government and in
cluded in the leper scttlement reserve. Very
little taro has becn raised in the old taro pat
ches for many ycars and very little is expected
to be raised for many years to come. However,
if the proposed tunnel system should take all
the water :flowing at the elevation of the ttmnel
intake, there is more tban enough developed
below to supply all of the taro patches should
they be replanted.

The domestic water supply of the Kalau
papa Settlement is taken from Waikolu Valley,
not from the main stream, but from a larg\
spring at about 500 feet elevation) discharging
over 500,000 gallons per day. This spring' is
not included in the measurements at the U. S.
Geological Survey gaging station. The flow
from this spring is ample for a liberal supply
of domestic water for the settlement, for the
tendency is toward a decrease rather than an
increa e in the population of the settlement
and there is little likelihood of an increase in
the demand for domcstic water.

6. Waialeia. This is in the same category
as Haupu and i also included in the system
solely because it is in a convenient location
for an outlet or an adit. The drainage area
is less than .75 of a square mile and the rain
fall i less than in the valley east of it. The
U. . Geological Survey has maae a few mea
surements of the stream discharge, recording
from ]7.000 gallon per day to about 50,000
gallons a a maximum. This \I'ater has never
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of this land, down to an elevation of about 100
feet below the tunnel line, also a landing site
and rights of way for roads, should be con
demned and acquired. It is admitted that the
land has practically no value except for the
water rights. As in Vvailau, most of the flat
land in the lower part of the valley was form
erly planted in taro. There are some thirty
five of the e small pieces of land owned by
various parties, with a perpetual right to the
water of the stream at the rate 50,000 gallons
per acre pel' day for each acre which has form
erly becn planted in taro. The needs of thesc
lands can be met without decreasing the amount
delivercd to Central Molokai, for the ame
reason as in 'Vailau, namely, that sufficient
water for all the taro land comes from springs
below the tunncl intakes.

4. Haupu. This small stream, name un
known, but called here Haupu as it is a hort
distance west of a prominent peak of that
name at the mouth of Pelelnmu Valley, has
never been measUJ'ed, but its mean flow is
probably not over one half million gallon
per day. It is fed by springs flowing out ot the
dike complex. Its drainage area above the
tunnel level is about one quarter of a squarc
mile. The tunnel line has been deflected to it
chiefly to make another outlet; substituting for
a 20 mile direct line two shorter tunnels ag
gregating 2% miles. Although one-quarter
mile longer, these b,o \I'ill co t less than the
one long one, and as dike will probably be
cut by them they should capture more ground
water than he direct line running nearly
parallel with the dike system. The stream
discharge has not been included in the estimate
of the quantity of water available, but the
ground-water is included in the general esti
mate of all ground-'water in the eight miles of
water-bearing rock through which the trans
portation tunnels pass.

5. Waikolu. This vaney differ from Wai
lau and Pelekunu in many respects; it i more
of a canyon than a valley, being 3% miles, al
most straight, from its head to the ocean,
having a uniform width of about a mile
throughout its length. The west side has a
fairly regular slope of from 40 to 45 degrees,
but the cast side is steeper, with several almost
vertical cliffs. In the upper two thirds of the
valley thcrc is scarcely any bottom land, the
sides sloping down directly to the stream.
There are many rivulets in the ides fed by
springs, principally near the head and the
mouth.



bcen considered worth while even for
me tic supply, the cost of diverting it
greater than its value.

7. Waihanau. Below the 2000 foot eleva
tion in this small valley the bed of the strcam
is usually dry, water flo\ving only for a very
short time after a heavy rainfall in the drain
age area above. It is the principal source of
the domestic water system of the Hawaiian
Homes Commission farming project in Hoole
hua and Palaau. 'Vater is taken from the
stream at an elevation of about 2240 feet above
sea level and conveyed through a tunnel anJ
a pipe line having a capacity of 1,600,000 gal
lons per day. vYithout adequate storage reser
voirs, this stream is of little value even for
domestic water, as the discharge at the tunnel
intake of the Hawaiian Homes Commission
system decreases to 25,000 gallons per day ia
dry weather. The storage capacity of th.)
system, in concrete reservoirs and steel and
wooden tanks, is over 9 million gallons, which
is required to secure a minimum daily supply
of 250,000 gallons to the homesteaders.

In the summer of 1935, Dr. Harold T.
Stearns, Geologist in Charge of Hawaiian
Ground-vVater Investigations, by virtue of a
COOl erative arrangement between the U. S.
Geological Survey and the Division of Hydro
graphy of the Territory of Hawaii, made a de
tailed examination of the geological structure
of the drainage basins of Wailau, Pelektmu,
and 'Vaikolu, with special reference to the
presence and availability of ground water. I
am indebted to him for the following prelim.
inary report, made at my request in April
1937, shortly after my undertaking the inve 
tigation of this irrigation project. This report,
amplified orally by many ccnferences since re
ceiving it, has been indispensable to the solu
tion of this irrigation problem. His final report
will not be issued until further work which is
contemplated on Molokai shall have been com
pleted.

a do- near their heads, arc swarms of dil{es having a
being general east-west trend more or less parallel to

the crest of the range. The floors of the valley!;
are in many places massive bodies of rock
which solidified in the former firepits in thl~

caldera floor. These bodies of rock are imper
meable and any transportation or ground
water development tunnel driven through them
will encounter very hard rock.

"The source of the dry-weather flow of these
valleys i entirely from springs which issue at
various levels below about 2200 feet. The
water is held at this high level by the dikes
in this complex in the same way that the wate1'
is held at high levels in the Waiahole tunnel
system in the Koolau Range, Oahu.

Haupu Bay is a small secondary crater and
the stream draining into it is likewisc fed from
springs issuing from a dikc complex. Waikolu
stream is crossed by two swarms of dikes,
one sy tem near the mouth of the valley giving
rise to several large springs which tumble
from the east wall. The remainder of the low
water flow is supplied by springs i uing from
a swarm of dikes near the head of the valley.
The valleys to the west of Waikolu are not fed
by springs supplied by the dike complex, hence
the proposed tunnel or ditch system will not
develop water west of the mouth of vVaialeia
stream. In fact the proposed tunnel system
will develop small quantities of ground water
only because the entire region is deeply dis
sected and most of the dikes the system ',ould
cut are already cut by stream channels. How
ever, if you eventually decide to run a tunnel
from 800 feet in Pelekunu Valley directly
through the ridge to 800 feet altitude in Wai
kolu Valley, approximately one mile inland, the
system would doubtless recover underground
water not now appearing in streams.

"I believe it is possible to supplement the
low-water flow of the streams collected by th.~

proposed ttmnel system by means of tunnels
driven into the dike complexes at the heads of
Pelekunu and Wailau streams. The altitude
and length of the tUill1els would be determined

PRELIMIN.ARY REPORT ON GROUND by the location of the proposed ditch ystem.
WATER IN WAILAU, PELEKUNU If yon finally decide upon 800 fcet altitude as

AND WAIKOLU the intake cnd in Wailau Valley then the tun-
By HAROLD T. STEARNS nels driven to develop ground water would

have to be from 1 to 1y;i miles long' depenclingGeologist in Charge, Hawaiian Ground-Water
on whether they were driven southward into

Investigations. the dike omplex from the 800-foot level or
"The great ampitheater hcads of vVailau from some higher elevation. The advantage

and Pelekunu Valleys are the eroded former of a higher starting elevation i that a shorter
summit crater or caldera of the Ea t Iolokai tunnel would tap the water stored between
Volcano. Cro ing the e valleys, particularly dikes beyond the headward divide of these

21



STREAM GAGING

these tmlnels when not in use and store large
quantities of water underground.

"Because the divides at the heads of these
valley receive several hundred inches of rain
annually, conditions should be nearly com
parable to those at W aiahole, Oahu. If so, you
could probably count on a minimum flow of
1 to 3 million from each of the tunnels if al
lowed to flow constantly. However, by plug
ging the tunnels it is probable that you could
store unc1er-gTound sufficient water to sup
plement materially the stream flow during
drought periods lasting approximately 30 days
at a time."

As the dry weather flow in the treams in
the valleys of \Vailau, Pelektmu and Waikolu
is sllpplied almost entirely from numerous
springs along their courses, the flow decreases
at higher elevations. The maximum discharge
is of ('ourse at sea level, and the minimum,
practically zero in dry weather, at about 2500
feet, or a little less, above sea level. It is mani
festly oesirable to deliver the water to the
farm ar"a at as high a point as possible, the
highest ('levation of which is about 1000 feet
at the n0rtheast corner. After some prelimin
ary mea~mrements of stream di charges at
different elevations to gather an approximate
knowledg~ of the rate of decrease of flow, it
was determined that the elevation of the first
intake shc'uld not be much over 00 feet. This
would ma ke it pos ible, with light grades in
the tunnel sy tem, to deliver water to the farm
area at about 750 feet elevation.

It was necessary next to determine the dis
charge of all the streams at about the 800-foot
elevation, not only for the short period of this
investigation but for as nearly a complete wea
ther cycle as possible. The \Vater Resources
Branch of the U. S. Geological Survey main
tained stream gaging stations in Wailau, Pe
lekunu and Waikolu Valleys from March 1,
1920, to Decembee 20, 1928, the stations being
at the following elevationc1s:
Wailau Valley-Waiakeakua tatioIL 69 ft.

Pulena Station 591 ft.
Pelekunu Valley-Lanipuni Station 417 ft.

Pelekunu StatioIL 546 ft.
Waikolu Valley-Upper Station 672 ft.

Lower Station 253 ft.
The upper station in Waikolu was main

tained only from August, 1920, to June, 1923.
'While it is not cont nded that the period

from March, 1920, to December, 192 , a little
les than 11 ine years, repre ents a complete
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streams. However this would probably be
more than offset by the decrease in the quantity
of water recovered because the lower the tun
nel is placed the greater will be the voluml'
of rock draincd.

" On the basis of the field examination and
without an opportunity to study the notes plot
ted on a map, I believe it probable that about
6 or 7 tunnels could be driven to develop effec
tively most of the ground water along the pro
posed tunnel. Foul' of these tunnels could bo
driven toward the divide at the head of \\Tailau
Valley. One of the four should be driven
toward the east, under Puu Ohelo and the
other three southward. Two tmmcls driven
southward from the head of Peleleunu Valley
would probably develop most of the under
ground water in the vicinity of this valley.
A seventh tunnel might be driven from \Vai
leolu Valley or from the head of the stream
draining into Haupu Bay, depending on thc
location of your ditch system in thi area.

I 'On the supposition that the tunnels "'ere
driven at an altitude of about 800 feet, they
would have to be approximately a mile and
a half long to drain ground water confincd by
dikes not already cut and drained by these
valleys. If driven at an altitude of 1500 feet
the tunnels could be consideJ:ably shorter and
yet reach beyond the divide but it might then
be necessary to increase their number to
develop the same amount of water.

I I Judging from the experience gained at
Waiahole, Oahu, I believe that these tunnels
would encounter large volumes of water stored
in the porous basalt flows which fill the com
partments between the dikes. For a detailed
discussion of the occurrence of ground water
confined by dike systems please refer to page;;
379-442 of Bulletin 1 entitled I I Geology and
Ground-Water Resources of Oahu, Hawaii" by
Harold T. Stearns and K. . Vaksvik. Ap
parently from the records obtained at the
\\Taiahole water-development tunnels the wa
ter encountered by them declined slowly for
period of as long as seven year. Finally
each tunnel discharged only the quantity of
water percolating downward between the dikes
from the rainfall on the tributary area. No
one can predict the amount of "'ater that will
be developed in this manner. However, you
state that your sy tem would require the sup
plemental supply from such tunnels only dur
ing short periods each year. I believe that by
building one or more plug at certain imper
meable dikes within each tunnel as described
in Bulletin 1 you could conserve the flow oi



as 400 feet; third, the valleys are of different
sizes; and fourth, the dike structure in "Vai
kolu is different from that in the other two
valleys. It was therefore nece sary to e tablish
the ratio for each valley separately, as shown
in the tables on pages 30-41 of the original
copy of the report.

A hydrograph pages 25-29 was then pre
pared of the combined stream discharges of all
three valleys from values in the published re
cords of the U. S. Geological Survey gaging
stations for the entire period from March 1,
1920, to December 20, 1928. From a study of the
hydrograph, dates were selected in different
years, some with the discharge cune ascend
ing and some descending; three each when
the combined discharge was about 50 million
O'allon per day; three at 45 million, three at
40 million, and so on down to 20 million gallonfl
per day, in an endeavor to secure repre ent
ative discharge values. From the records, the
stream discharges in the three valleys for
each of those dates respectively ,\'ere picked
out and corresponding discharge at the upper
level for each valley were computed from the
percentage determined by the weir and current
meter measurements as above described. The
sums of the discharge of the three valleys at
the tunnel levels as thus computed '\'ere then
compared with the sums of the discharges on
the same dates, respectively, at the U. S. Geo
logical Survey gaging stations, and the com
puted combined discharge at the upper level
expressed in terms of a percentage of the com
bined measured discharges at the gaging sta
tions.

As it was found that the range of the per
centages on the dates selected was not very
great, being from an extreme low of 85.4 per
cent to an extreme high of 93.5 per cent for the
21 days cbosen, it was decided, for simplicity,
to adopt a constant percentage for all stages
of flow. The average for the 21 days was 89.5,
but to be conservative a value of 87 per cent
was used. With a discharge of 20 million gal
lons per day at the gaging station, 87 per cent
w0uld give a discharge at the tunnel level cnl~T

300,000 gallons greater than by using the ex
treme low of 85.4 per eent above noted; with
a discharge of 50 million gallons per clay at
the gaging station. 87 per cent would giw
results about 3,25 million gallons per day ]o,,'e1'
at the ttmnel level than the extreme high of
93.5 pel" cent would indicate. It is probabl('
that 87 per cent docs not involve an errol'
greater than 2 per cent and it certainly is not
too optimistic.
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cycle of weather changes, it is the best inform
ation we have. That phase of the problem will
be treated later in the discussion of ground
water and rain gage records. But it is possi
ble to obtain the ratio between the combined
stream dischargcs at the 800-foot elevation
and at the old Governmcnt gaging stations by
measuring both at approximately the same
time and under the arne weather conditions
and at as widely different stages of flow as
possible, by which the daily supply to the tun
nels may be determined for a 9-year period.
which will he shown later to be fairly repre
sentative of a much longer time. Accordingly
temporary weirs were installed in all the
streams in the three valleys at as near the 800
foot elevation as practicable, with a few excep
tions as noted in the stream-gaging tables.
They were made a solid as consistent with the
temporary nature of the work and the avail
able funds. Freshets damaged several and
completely destroyed three, but spare weir
plates and cement, sand and gravel were al
ways kept on hand at the camp for repairs
and replacements. The latter half of the
measurements in the main branch of Pulena
stream (No. 12 in Wailau valley) were made
by current meter, as the frequent freshets in
this large stream not only made repairs too
costly but too often prevented complete mea
surements of all streams being made on the
same day, without which results would have
been of little value. In spite of these difficul
ties, enough measurements at different stages
of flow have been finally made in all of thc
streams at both elevations to establish with
reasonable accuracy the relation between the
discharge at the tunnel intakes of each val
ley and at the old gaging stations of each
valley respectively. Current meter measure
ments were made at the old gaging stations
within two or three hours of those at the higher
level and the discharges were assumed to haye
been practically uniform during that short
period. This was checked a number of timefl.
however, by noting the reading on the staff
gages at the gaging stations both before and
after measuring the stream above.

The records of all discharge measurements
were compiled, plotted on graphs, individual1~T

and colectively, their characteristie tudicd
and analyzed. The ratio between the discharges
at the two elevations varies considerably iu
each valley for several reasons: first, all the
'treams in the upper level do not pass through
the gaging tation; second, the gaging sta
tions are at different levels, varying a' much
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This 7 per cent was computed by means
of tables of the measured discharges at both
elevations which are shown on pages 30-41 of
the original report on file in the U. S. Bureau
of Reclamation, in the offices of the Delegate
from Hawaii, the Governor of Hawaii, the Mo··
lokai Water Commission, and various other
governmental and civil organizations in Ha
waii intere ted in the project.

Applying this 87 percent of the combined
recorded discharges of the streams in the
three valleys at the gaging station, the com
puted discharge at the tunnel level is shown
on the following five pages of the hydrograph
by a dotted line.

An interesting and valuable characteristic
of the streams shown on this hydrograph is
the very short duration of the extreme lo\\"
fJm\'s, and rapid recovery; to cite only one
example, on March 7, 1920, 13 m.g.p.d., to 30
ill.g.p.d. on March 8, rising to 180 m.g.p.d. on
the 13th, and 360 m.g.p.d. on the 22nd.

throughout the area to be studied, and used iu
conjunction with direct measurements of
stl'eam discharge, may be misleading in pre
dicting' any future runoff. The records on the
island of Molokai are, with one exception, fot'
short periods of time-less than a complete
weather cycle. This exception in the station
at Kualapuu (Jo. 2 on the map, page 62),
at an elevation of 878 feet, which was installed
by the American Sugar Company upon the
advice of Mr. Lindgren, and has been main
tained continuously ever since.

There is some indication of parallelism be
t"-een the figures of this record and those of
the U. S. Geological Suney stream gaging ta
tions but it is not continuous-probably only
when there are what is called" general" rain<;,
which occur several times a year and are usual
ly heavy. The average annual precipitation at
Kualapuu for the 9 years from 1920 to 1928 is
3.62 less than the average for the 36-year re
cord, and there are only two years, 1908 (15.44
inches) and 1912 (16.30 inches), when the
total rainfall was less than for the year 1928

A well known characteristic of the Ha- (1 .66 inches), which is the minimum for the
waiian Islands is the noticeably great differ- period of stream gaging in the three valleys.
ence in the occurrence and amount of rainfall This is a record of 36 years and if it means
in various localities separated from each other anything it means that we can consider the
by very short distances. Gen rally, precipita- 9-year period of stream gaging in Wailau,
tion increases with increa e in elevation abova Pelekunu and 'Waikolu as a fairly represent
sea level. For the greater part of the year on ative cycle. This will be explained more fully
the windward side of the islands-that is, on latcr with reference to ground-water.
the north and east exposures-rains are more Another station has been maintained by
frequent and copious than on the other ex- the American Sugar Company at the head of
posures. Occasionally. averaging about once in Waikolu Valley (No.6 on the map, page 62),
three years, occur what are localy called Kona from 1930 continuou ly to the pre ent time.
storms, following two or three days of very .As this station \yas establi hed after the dis··
strong southerly winds. Kona rains are some- continuance of the . S. gaging station .:L1

times very heavy. Often these rains are f01- vVaikolu, no comparisons can be made and it is
lowed by a quick shifting of the wind to a of interest chiefly in showing the great annual
northerly direction \vith a very heavy rain. fluctuation. In the American Sugar Com
I myself have measured 26 inches in 15 hours pany's records are hown tables of other sta
in the aftermath of a Kona storm on the north tions, with elevations noted. They are of value
coast of Maui. The topographical features of principally to show that the rainfall on the
the islands with their numerous deep valleys island is greater at higher elevations.
and ravines, steep palis, or cliffs, rising in many Three other stations (Nos. 23, 24, and 26
places directly up out of the ocean, bowls and on the map, page 62), "were maintained by
rolling land surrounded by high, steep moun- private individuals in the homestead area from
tain ranges, with gaps on one, two or three 1932 to 1935 inclusive. The annual precipita
sides, cau e uch a variety of wind deflection. tion of 12.54 inches minimum, 23.06 maximum,
eddies, up-drafts and local changes in air pres- al)d less than 18 inches mean for the 4-year
sure, that heavy rains are often observed with- pel'iod with m nthly precipitation generally
in a quarter of a mile or less of an area of very low in the months when rain was most
bright sunshine. needed, shows conclusively the need of a much

nder these conditions it is evident that larger upply and more favorably distributed
rain gage record, unless obtaincd from a larO'e than rain can provide, for farming the e lands
number of stations maintained for a long time successfully.
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All rain gaging stations of which records
have been kept for two years or more, by any
branch of the Government or by private par
ties, are shown by numbers in circles on the
accompanying map of Molokai, page 62, and
copie of their complete records are incorpor
ated in the original report on file in the Bureau
of Reclamation and other offices mentioned
on page 24.

STORAGE RESERVOIRS AND GROUND
WATER

In none of the drainage areas nor along the
route of the proposed transportation tunnel
system is there any suitable site for the con
struction of storage reservoirs. The slopes of
the valley and water courses are all so steep
that a dam "which would impound any useful
volume of water would be of prohibitive
height. This is so obvious that it is not neces
sary to mention other reasons. There is no
suitable site for anyone large storage reservoir
on the farm area, but seven or eight sites in
dry gulches have been selected, as shown on
the map, page 3), which, with dams from 40
to 60 feet in height, would have an aggregat\'
storage capacity of something over a billion
gallons, or 3000 acre feet. •

Experience with reaservoirs on the other
i lands ha shown but few where this volcanir:
soil does not allow considerable seepage of
water if storage is attempted for any length
of time, or with heads much over 30 feet. The
sugar plantation reservoirs, with a few excep
tions, are used chiefly for storage of night
water, as it is found more efficient to do their
irrigating in the daytime. Most of our Ha
waiian soils are very porous, Molokai being
no exception, and up to the present time very
little has been done in the way of treatment
of the surface other than the old fashioned
puddling when the soil is in a moist condi
tion, by means of small-footed animals like
i land-bred mules or jackas es, or small cattle.
One experiment was made on \Vaialua Sugar
Company's plantation on the island of Oahu
a year and half ago on a small earth reservoir
by sealing the bottom with a thin layer of
plastic material consisting of a mixture of
bitumuls mixed with red earth passing a 200
mesh sieve, and coarse sand. Leakage was
reduced very materially but not completely
enough to call the experiment a success.

It is hoped that further experiments with
bitumuls or bentonite or some other material
mar develop a method of waterproofing our
Hawaiian oils that will be effective and not
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too costly, for there are enormous quantities
of freshet water going to waste many times :1

year, not only on Mokkai but on the other
islands, that would be utilized if reservoirs
could be built that would hold water. The
7 reservoirs shown in the farm area (page 62)
should not be constructed unles and until a
method of waterproofing shall have first been
demonstrated. Even then, the dams should not
be built until the tunnels shall have been driven
far enough to provide sufficient water for
sluicing, as there is no other water supply in
the farm area sufficient for the purpose.
Ground Water

But there is storage of ground-water in
the drainage areas themselves of very much
larger volume than can be created artificially
anywhere on the i land. Stearns' preliminary
report (page 21), made after a detailed geologi
cal examination of these areas in the summer
of 1935, appeals to me as pointing out a perfect
solution of the storage problem. It is fortunate
that records of the Waiahole tunnel sy tem,
where conditions are similar, have been so
carefully made and analyzed. They are of
great value in studying this phase of the pro
ject.

The volume of rock in the drainage areas
of Wailau, Pelekullu and \Vaikolu, comprising
the geound storage reservoir which may be tap
ped by means of a number of tunnels, is esti
mated to be about 288 billion cubic feet. This
ma s of rock is undoubtedly very porous,
having been gradually built up by rapidly suc
ceeding lava flows of varying thickness, width,
and density. The imperviou dikes were form
ed sub equently, being forced up through the
mass unler tremendous pres ure. The successive
lava flows have usually no great lateral con
tinuity, which fact allows water to find it way
over the edges of any less pervious layers and
saturate all of the porous material. The ave
rage porosity of the mass is probably in thr
neighborhood of 10 per cent, as at Vvaiahole,
but for the purpose of this analysis, one per
cent i sufficient. With thi assumption, the
volume of 288 billion cubic feet could store
2880 million cubic feet of water, or in rounu
munbers, 20,000 million gallons. There is no
doubt that there is a large volume of water in
this mass of porous rock, confi ned between tht'
dikes, and that it can be captured by means
of tunnels driven through tne dikes. But the
actual quantity available, and the rate at
which it can be drawn out, are d pendent UpOll
several factors about which not enoulYh is
known at the present time to enable anyone



storage basin, comparatively speaking. The5e
storage basins are not like artesian basins
which are supplied by rain falling on a large
area of ground several miles distant. The rate
of recharge, then, is determined by local rain
fall and permeability of the soil. The volume
of stored water is sufficient to permit of inter
mittent drafts upon it at a higher rate than
the rate of recharge, provided that the aggre
gate draft over a period of a year or two is
not greater than the aggregate recharge for
the same period. It is e sential then, that some
workable knowledge of the probable rate of
recharge per annum be had, as well as the
aggregate amount that can safely be dra"'11
out, intermittently, per annum.

I have estimated the amount of annual re
charge by several methods, and it looks as if
Stearns' apparently off-hand guess is a gooJ
working figure. The surface area upon whieh
rain falling would find its way to the proposed
development tunnels in Wailau and Pelekunu
is about 7.8 square miles, including a trip Y;
mile wide outh and east of the crest of the:
dividing ridge.

The longest rainfall record we have is from
a station on top of the ridg'e, station 15 on map,
page 62, from December 18, 1922 to October 19,
1924, of 283.5 inches or at the rate of over 18&
inches per year. While it is probable that the
mean rainfall in this area is higher than that.
there are no records to prove it, and it is there
fore safer to take it at somewhat less than that
for such a hort record; and even although at
the Kualapuu Station ( o. 2 on map, page 62)
the record shows the rainfall there during this
period, from December 18, 1922, to October 19,
1924, to be slightly below the average for 36
year, I have assumed the mean annual rain
fall at Station 15 to be 156 inches instead of
185 inches. Allowing 12 inches for evaporatioll
and transpiration leaves 144 inche or 12 feet
for run-off and absorption. Lindgren, who
made special note of the porous nature of Mo
lokai rocks and soil, estimates that the gl'eater
part of the rainfall is absorbed by the ground.
In the abseni'e of any tests, I am assuming
the absorption in this area to be about 40 per
cent. .At that rate. the absorption of 12 feet
of water over this area per year would mean
an annual recharge of 7530 million gallonds.

A rough check of rate of absorption may
be made by considering the run-off fr0m the
records. From July 1, 1920 to June 30, 1927
the mean annual discharge at the four gl'lging'
stations in Wailau and Pelekunu was 1 ,01:0
million gallons. But over 37 per cent of the
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to make very close estimates. Rainfall records
are very inadequate, both for length of time
and the number and location of rain .gages
1 0 practical tests have ever been made of the
porosity of the soil about the area or of evapor
ation or transpiration. The limited time and
funds allotted for this investigation in th~

beginning-9 months and $25,000., without
any hint of an increase of time or money
prevented including any of these things in the
program. Therefore it mu t be clearly under
stood that the following conclusion arrived
at in the matter of ground-water supply are
based upon asumption and comparisons, from
visual ob ervaticns as far a possible, where
local factual data are lacking.

Stearns ventures a guess' that about 10
water development tUilllels averaging about a
mile in length, so judiciously spaced in the
drainage area as to reach most of the stored
'water above their lenIs, without too much
ever-lapping of influence, could draw from this
storage during dry weather an average of
about 5 m.g.p.d. each or 50 m.g.p.d. for the
area, if equipped with uitable control for con
serving the water in the tunnels when stream
flow is ufficient without it. He also guesses
the rate of recharge of the storage from rain
fall to be about 2 m.g.p.d. for each of the 10
tunnels or 20 m.g.p.d. for the area, which would
be 7300 m.g. per year.

While it is recognized that it may not be
pos ible to tap every portion of this reservoir
by means of ten tunnels, I shall try to ho\y
in the following discussion that perhaps les<;
than ten will supply more than the stimated
quantity required. It has been demonstrated
at vVaiahole that water confined between the
dikes flows on a very light gradient over 2000
feet, perhaps half a mile or more, parallel to
the dikes. It is likely that the problem will be
to space the tunnel far enough apart so that
two will not draw from the same source. The
only disadvantage of this might be the cost of
one unnecessary tunnel. However, the first two
driven if adjacent, will show the chamcteris
tics ot' this particular area. and be a guide in
10catinO' the balance.

It is clear that thc amount (If recharge is
the critical figure. These underground reser
voir are in one respett the arne as any other
reservoirs-no more water can be dra'yn ont
of them than goes into them. What goes in,
or the" recharge." is only that portion of the
rainfall which is ab orbed by the grNmd over
an area in the immediate vicinity of each
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drainage area tributary to the gaging stations
is below the level of the development tmmels,
so that only 63 pCI' cent of the stream flow
can be used - .63 X 18040 = 11,365. Twelvc
feet of rain on 7.8 square miles amounts to
] 9,570 million gallons. Subtracting the
stream flow of 11,365 million gallons from
19,570 million gallons lcaves 8,205 million gal
lons, which represents the amount absorbed by
the ground, or about 42 per cent. This is thl3
recharge of the Wailau - Pelekunu undm'
grolmd storage.

The drainage area which would probabl.\·
contribute to ground-water storage for Wai
kolu and Haupu is, very )'oughly, about 3
square miles. As it is rather difficult to define
this area, owing to known errors in the only
topographical map in existence, and the pro
bable overlapping of influence with Pelekunu,
and as the only rain gage is on the western
edge of the rainy belt, recording a much small
er precipitation than has often been noticerl
on the easterly portion, I havc assumed an
ab orption of only 10 per cent of the recorded
rainfall to be conservative. The mean annual
precipitation is 54 inches. On an area of :3

square miles this would make about 3,000
million ganons. An absorption of 10 per cent
of this would be 300 million gallons, which
is the assumed mean annual recharge of this
portion of the ground-water storage basin.
Averaging the results of the first two methods
for Wailau-Pelekunu and adding this 300
million gallons for Waikolu-Haupu, gives
over 8,000 million gallons for the whole area.'
In the analysis which is to follow I am a um
ing a yearly mean of 7300 million gallon re
charge.

Records of discharge from the Waiahole
system of tunnels on the Island of Oahu can be
used here to advantage, as the conditions af
fecting ground-water are so similar in many
observable respects. The chief diffe)'ences arc
that the rainfall at Waiahole i more defiriitely
known, being possibly 50 pel' ent greater than
the average on the Molokai area; but on Molo
kai the storage chambers per tunnel have twice
the area to catch rain, and the mountains above
the tunnels are 1500 feet higher, giving 4
times the volume pel' tunnel. A table of dis
charge follows, which was kindly ftunished
me by Mr. Olstad, Superintendent of the \Vai
ahole Water Co., Ltd.

DISCHARGES, IN MILLION GALLONS PER DAY, OF THE FOUR WATER
DEVELOPMENT TUNNELS AT WAIAHOLE, AND MAIN BORE

Mean of 4 tunnels 2508
Main bore dike complex on·y........ 4000

Waikane No.1................................ 3441
Waikane No.2................................ 2342
Uwau 2275
Kahana No.1.................................... 1975

Name of tunnel Length (feet)
Mean 1937

first 3 years Mean

7.38 6.28
6.07 1.18

12.19 14.39
12.12 5.72

9.09 6.89
28.00 8.00

Max.

7.02
1.49

15.18
6.41

1937
Min.

5,35
.41

12.91
5.24

All ground-water storage above the main would indicate an absorption by the grounn.
Waiahole tunnel has completely drained out, of over 75 per cent, which is corroborative of
hence the fairly steady flow of 8 m.g.p.d. for Lindgren's statement regarding Molokai that
nearly 22 years since June 1916 represents the the greater part of the rainfall is absorbed. If
ground-water inflow, all of which is recharge the lateral influen~e at thc main Waiahole tun
from rainfall on the tributary area above the nel is 3000 feet, it would indicate an absorp
tunnel. The influence of the tunnel laterally i tion of 60 per cent. It would also indicate very
believed by Stearns to extend more than 2000 great porosity.
feet each way, perhaps 2500 feet or more, as From a study of the monthly discharge
noted by the drying up of adjoining tunnels records of the four water development tun
and springs; and the longitudinal influence nels, together with )'ainfall records, from the
would be a little greater than the tunnel beginning of con truction to February 193 ,
length in the water bearing rock in the dike it seems as if most, if not all, of the stored
complex, Ot' not over 5000 feet, making the water ha been drained out. After a gradual
surface area about 25 million square feet on decreasing trend for 'everal years, ince
which rain falling would reach the tunnel. This Augu t 1937 the curve of the flow is almost
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level to the end of the year, followed by a be over twice as long, running at least to the
siight uptrend, obviously due to heavy winter dividing ridge, and the ground above the tun
rains. The steady increase in discharge of nels will be more than twice as high as at Wai
'Uwau since completion of an extension in ahole. That means that the Molokai tunnels
December 1934, from 11.45 m.g.p.d. in 1935, to will tap more than 4 times the volume of rock
12.32 in 1936, 14.39 in 1937 and to a high of for the purpose of drawing out water at a max
15.30 in February 1938, against an almost imum rate of only one half of the mean dis
stcady decrease in vVaikane No.2 from 2.35 charge for 3 years from the four 'Vaiahole
in 1934, 1.50 in 1935, .96 in 1936, to 1.18 in development tunnels, or in comparison, a safety
1937 and only a slight recovery to 1.58 in factor of 8.
Ij'ebruary 1938 due to rain, is significant. It The mean discharge of the main bore of
is very likely that Uwau is drawing some water the 'Vaiahole system for the three years imme
that would have gone to Waikane No. 2 if diately preceding the complete draining out

wau had not been dug. These differences of all stored water was 28 m.g.p.d. It mu t
can not be explained on the basis of rainfall, be noted that this tunnel crossed under the
as the tunnels are only about half a mile apart, crest of the dividing ridge and broke through
with a uniform topography and exposure, and dikes on both side of the crest. However, this
the same rain gagc is used for both. It is an may be considered as an i olated case, and is
indication, however that development tunnels not used in this analy is, but it is interesting
should be perhaps farther apart than half a to note what can happen in these volcanic for-
mile in this kind of formation. mations with tropical rainfall.

If these tmmels have not drained out all In order to arrive at a reasonably accurate
stored water, the residue is surely less than 25 determination of the minimum daily delivery
per cent of the recorded flow of the mean vf of water to the farm area that can be supplied
the last four months of 1937. The mean for continuously by the combined stream discharge
all four tunnels from August to December in- and stored ground-water in the drainage area,
clusive was 683 m.g.p.d. Deducting 25 per I have used the hydro graph of the stream dif,
cent for possible flow due to storage, leaves charges of vVailau, Pelekunu and Waikolu in
over 5 ~.g.p.d. as the e timated daily recharge. conjunction with the assumed capacity of the
These tUilllels average a little Ie than one storage basin, the assumed rate at which water
half mile in length, while the proposed Molo- could be intermittently drawn out of it, or 50
kai development tunnels will average over a m.g.p.d. and the assumed amount of annuall'e
mile. The difference in length i partially off- charge, 20 m.g.p.d. or 7300 m.g. per year. Aftee
set by the difference in annual rainfall, so this everal trials, the total amount was assumed
line of reasoning would indicate over 5 m.g.p.d. to be 50 m.g.p.d. from the e two sources. Then,
as the average annual recharge of each of th~ by means of the hydrograph, I have analyzed
Molokai development tunnels, or two and a a hypothetical case by ascertaining the amount
half time the amount we are assuming in this of water that ,"'ould have been required from
analysis of the Molokai area. the underground storage, day by day, during

Stearn' rough estimate or guess of 50 the complete period of the re 'ord, almost 9
m.g.p.d. for an intermittent draft on the stored years, to bring up the continuous supply to a
ground-water by means of 10 development minimum of 50 m.g.p.d., exclusive of ground
tunnels seems to me to be justified by compari- water gained in the transportation tunncls. A
son with the above record of the Waiahole table and a graph were made (page 34 table
tunnels. The initial discharge of all of these only) showing thi assumed draft per year sub
tunnels is large, but as con iderable water will tracted from the arbitrarily as umed amount of
be drained out during construction, I have storage, and the assumed annual recharge of the
taken the mean daily flow of thc four develop- torage basin added, year by year, from
ment tunnels for a pel'iod of three years after March 1, 1920 to December 20, 1928. It was
all work had ceased. This gives a mean of found that the amount of annual draft ex
9.09 m.g.p.d. with a minimum of 6.07, for an ceeds the annual re<}harge only twice, by a
average length of tunnel of 2508 feet. None of small amount, in the entire 9-year period. 'l'he
these tunnels runs as far as the crest of tht' recovery i quick in both cases, and the excess
dividing ridge, although Uwau, the best pro- of assumed draft over recharge is at no time
clucer, was driven almost up to it. Waikane near the danger point. Indeed, it would re
No.2, the poore t producer, stopped 1000 feet quire the equivalent of over 9 successive years
from the crest. The Molokai tunnels will each as dryas from March 1, 1920 to 1arch 1, 1921,
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or nearly 3 successive years as dryas from
March 1, 1926 to March 1, 1927, to draw out
one half of the as umed storage of 20,000 mil
lion gallons, as will readily be seen from an
inspection of the table.

Consideration was given to the probability
that, as the springs feeding the streams are
supplied from this same underground storage,
their discharges will be decreased somewhat
when the tunnels tap the chambers which feed
those springs. It is impossible to estimate the
amount until the development tmmels shall
have been driven. This can be determined very
closely by carefully measuring dry weather
stL'eam flows at the intakes of the transport
ation tlmnels while the development tunnels
are being driven, and for a year or two after
completion. With these daily records, together
with the record of the daily discharges from
each chamber of each development tunnel as
the work progresses, the effect of the tunnels
on the dry weather stream flow should be as
certained accurately enough for all practical
purposes. Whatever may be lost in the springs
and streams will be regained from the dis-

charge of those chambers which cause that
loss. I have assumed that this loss in the
streams will be 20 per cent of the amount
drawn from storage, regardless of the number
and location of the valves that may be open
ed, and whether wide open or only partly
open. In computing the following table thi
20 per cent has been added day by day, to the
quantity required as indicated by the stream
discharge records. For instance, on Septem
ber 5, 1920, the hydrograph page 25 shows a
combined discharge in the three valleys of 20
m.g.p.d. at the proposed ttmnellevel calling for
30 m.g.p.d. from storage to bIling up the sup
ply to 50 m.g.p.d. Adding 20 pel' cent, 36 mil
lion in tead of 30 million was used in prepar
ing the table.

Period March 1, 1920 to December 20, 1928
= 3184 days

Valves partly open, 2300 days, total draft
= 61,545 million gallons.

Maximum draft, 46 m.g.p.d. for 6 days
Mean draft, 26.75 m.g.p.d. for 2300 days
lean draft per year, 7135 million gallons

Assumed rate of recharge per yeal', 7300
million gallons

WAILAU, PELEKUNU AND WAIKOLU UNDERGROUND STORAGE
. TABLE OF DRAFT AND RECHARGE

Storage chambers assumed half full March 1, 1920

10,000 m.g. storage 3/1/20 11,819 12,735
- 8,357 Total draft 1 year 6,133 Draft -10,694 Draft

1,643
+ 7.300 Annual Recharge

,943 Storage 3/1/21
- 5,876 Draft

3,067
+ 7,300 Recharge

10,367 Storage 3/1/22
- 5,848 Draft

4,519
+ 7,300 Recharge

5,686
+ 7,300 Recharge

12,986 Storage 3/1/24
- 7,295 Draft

5,691
+ 7,300 Recharge

12,991 Storage 3/1/25
- 7,556 Draft

5,435
+ 7,300 Recharge

2,041
+ 7,300 Recharge

9,341 Storage 3/1/27
- 4,779 Draft

4,562
+ 7,300 Recharge

11, 62 Storage 3/1/2
5,007 Draft

6, 55
+ 5,900 Recharge 295 days

TUNNELS
Transportation Tunnels

J:i-'rom the fir t intake in stream No. 1 111

Wailau Valley until the farming area IS

11,819 torage 3/1/23 12,735 Storage 3/1/26 12,755 Storage 12/20/28

Showing a torage gain of 2,755 m.g. during the pel'iod of nearly 9 years.

reached, the aqueduct will be entirely under
ground for the following reasons:

1. The slopes are too teep for economical
con truction of ditches.
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2. Ditches would be subject to choking gallon. The excess capacity of 25 million gal
with debris from slides coming down from Ions per day over this minimum is to take care
above and to actual destruction when these of any possible greater supply. and also to
slides consist of rock or a large mass of any carry freshet water which may be stored on
kind of material. the farm area in reservoirs which it is hoped

3. The length would be enormously lll- will be built later and water-proofed as ex
creased, not only adding to the cost but en- plained earlier in this report in the discussion
tailing a los of grade. of storage. It is also quite probable that mor~

4. The material through which the tmmels permanent ground-water will be found in the
would run is, except for occasional short dis- transportation tunnels than has been estimated.
tances firm enough to stand without need of Further, after the development tunnels shall
any protection of the roof; in the few places have been completed and tested it may be de
where such protection is required, concrete monstrated that more water may be drawn
arches will be u ed, therefore the cost of main- from this vast undergromld storage reservoir
tainence i cheaper than it would be for ditches. than ha been e timated. It would be entirely

5. Large amounts of ground-water will be impracticable to increase the size of the tun
encountered in the seven or eight miles of nels after they shall have been completed awl
tunnels through the drainage area which other- put in u e, therefore ample capacity for all
wise could not be captured. contingencies must be provided for in the be-

In order to reach the level of the farm ginning. The increased cost of a tunnel of large
land at a high an elcvation as posible, and cross section is not at all proportionate to the
to capture the water in the drainage areas at increase in size. Equipment and overhead will
as Iowan elevation as possible, as has hereto- be practically the same as for a smaller tUlmel
fore been pointed out, it is necessary to em- within the limits of thi project; the number
ploy lighter grades than are generally used in and depth of drill holes will be about the same;
island irrigation systems. A slope of 0.0004, and with good transportation facilities, which
or 1 foot in 2500, was adopted for the greater must be provided in any case, the cost of excess
part of the length. but where ground-water is yardage of excavation will not be very great.
expected to be found in the longer tunnels It has been taken into consideration, however,
the slope has been increased to help solve the in the estimate of costs.
problem of ground-water during construction. Ground-water will be encountered in about
After studying the flow of strcams at different eight miles of the line but it should not be a.
elevations and examining the land of the urprise, as its occurence and quantity can be
homestead area, it was decided to start the first at least approximately estimated by compari
tunnel in Wailau at an elevation of 824 feet. son of like conditions in the construction of
which, with the slopes adopted, makes the the Vvaiahole tunnel on Oahu; and by con
elevation of the outlet on the farm land in suIting the records of construction of that
Palaau about 750 feet. Another reason for tunnel, the problem will be much simpler than
the light slope is to keep the velocity as low it was there and ample provisions for taking
as possible. Even with the greatest of care care of it can and should be made at the out
in providing means for preventing gravel, and set. The shorter tunnel could be dug from
and silt from entering the tunnel, it is almost the lower end if ground-water sufficient to
impossible to accomplish this completely. With hinder work from the upper end should be en
high velocity (over 4 feet per second), sand countered. It is planned to increase the slope
and gravel have a very destructive action on of some of the tunnels, up to .001, and re
the concrete lining of tunn 1 floors. verse the slope for about one-third of the east-

The tunnels are designed to deliver a max- ern end in o. 18 and 32-37 inclu ive, lower
imum of 80 m.g.p.d. (124 second feet) to the ing the floor at the intakes, 0 that the water
farm area. Starting ,vith a capacity of 30 will rtUl out by gravity. The roof of the tun
m.g.p.d. at tunnel No. 1 in Wailau (which nel will be cut to the same height as if the
will also take care of Papalaua stream should grade had not been reversed. The extra co t
it ever be taken in) then increasing by fom> of taking care of ground-water in this way
stages as more water is picked up from the will be the additional excavation required and
various tI>eams, the maximum of 80 million is of higher lining on the sides for tho e perviou .
maintained after leaving Waikolu Valley, to portions that are not water-bearing and re
the end. The extreme minimum for any day quire lining. From a rough estimate of the
has been conservatively estimated at 55 million quantity of water likely to be met, it is com-

35



puted that the depth of water flowing out cail and the tunnel can be driven from there on a
be kept down to not over 2 feet. The rail- normal grade until the two headings meet.
road track will be laid on an elevated floor 2 The longest tunnels run nearly parallel with

the dike structures and will cross few, if any,
feet above the bottom, leaving a waer channel of them. Some tunnels that will probably in-
below. In the drier sections west of ",Vaikolu, tersect dikes, such as Nos. 13, 16, 23 and possi
where there is less ground over the tunn~l bly 36, are on the sides of ravines compara
for holding water, the difficulty may be less, tively near the surface where the dikes have
and if more water is found than had been estl- been cut by ero ion and little water is expect
mated, it may not require a very long wait for ed. If it should prove troublesome in these
it to drain out, at least to keep the depth belo'" tunnel it can be drained out by short aclits.
2 feet. The quantity of water ,yhich must be pro-

I O detailed geological study of the west- vided for during construction is assumed as
erly half of the route of tm1llel No. 38 has follows:
been made as yet, although contemplated in Tunnel 13 - 5 to 10 m.g.p.d.
the near future. From general appearances, Tunnel 16 - Very little, if any, easily
it is probable that very little ground-water will dl'ained by adits.
be met in this half or over two-thirds of the Tunnel 18 - 15 m.g.p.cl., mostly near west-
way from the western end. If water in any ern end.
considerable quantity would be met, however, Tunnel 19-32 - Very little, and of short
it could be used on thc farm area, for the last duration.
three short tunnels and the first open ditch Tunnel 33 - 10 to 15 m.g.p.d.
at least could have been completed, if desired, Tunnel 34 - 30 m.g.p.d.
by the time the long tunnel had made 3000 Tunnel 35 - 30 m.g.p.d.
feet. Should the discharge exceed 20 M.G.D., Tunnel 36 - Very little. and of short c1ma-
which amount can flow under a track raisefl tion.
3 feet, it may be best to suspend work until Tunnel 37 - 10 to 15 m.g.p.d.
some of it shall have drained out, rather than Tunnel 38 - 5 to 30 m.g.p.d.
increase costs by working in vater or raising 0 others are expected to strike water in
the track higher. sufficient quantity or of long enough dura-

There is very little doubt that ground- tion to cause any serious difficulty.
water will be met in the easterll end of this Permanent gain of ground-water in the
long tunnel. For the purpo e of this estimate, eight miles of "\-vater-bearing rock, after all
and to outline a method of handling it, I would stored water shall have drained out, is believen.
as ume that water would be met for about to be about 5 m.g.p.d. Of course no one can
10,000 feet, and would advise preparing for a be certain of any definite quantity. Appeal'
maximum of 20 M.G.D. Allowance for a final ances are that about 3 miles of these tunnels
slope of .0006 should be made for this 10,000 intersect dikes. Assuming that only these :3
feet, which with a width of 8.6 feet would miles are water-bearing, 5 m.g.p.d. from them
give a capacity of 80 M.G.D. (124 second feet) is less than one-sixth the rate of ground
for a depth of 5.6 feet, in an unlined tunnel water gain from the four Waiahole water de
well enough trimmed to produce a value of velopment tunnels and the main bore. Assum
"n" of .025. The roof of the tunnel should in ing rainfall on the Molokai area to be only 40
all cases be 9.6 feet above the normal grade, per cent of that at Waiahole and the absorp
to allow a clearance of not les than 4.0 feel tion of rain water by the ground to be only
above water urface with a discharge of 0 50 per cent of that at Waiahole. the figure of
M.G.D. The tunnel should tart at 5 feet below 5 m.g.p.d. seems not unreasonable.
o-rade and run on an ascending slope of .0004 "Vater will be taken into the tunnel system
for 5000 feet, where it would reach normal from 34 streams at 34 separate intakes. Each
grade. If geound-water still persists beyond intake i an individual problem, depending
this point, then the tm1llel would continue on upon several factors-slope, width, shape and
an ascending grade of .0004 for not over 5000 material of stream bed, quantity of water,
fcet. The floor can be cut 10wn to grade after both normal and fre het, accessibility, etc. To
the two headino's shall have met. If and when prevent freshets from carrying debri<; into the
ground-water ceases to appear in this head- tmmels, intakes cannot be very well designed
ing, and the western heading is also dry, it until after the exact location and altitude of
may be assumed that the balance will be dry, the line shall have been first determined. In
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some cases a tunnel will have to run under the muumum, it is of prime importance that the
stream itself and the water of that stream most modern labor saving devices be u ed
taken into the main tunnel by a separate short "'herever possible, provided their practieabil·
branch. ,Vhere possible, settling ponds should ity and efficiency have been thoroughly de
be constructed with washout gates for remov- monstrated.
ing sand and gravel after freshets. Evel'Y intake from the first tr'eam in ,Vai
Means must be devised for measuring the flow lau to the la t one in ,Vaialeia has been located
of water in the tunnels at many places, and by triangulation and stadia work, with a de
especially at the two ends of each tunnel gree of accuracy necessary for obtaining ap
where gl'ound-water is gained, by staff gages proximate lengths and elevations of intakes
with rating curves established. Cleanouts must required for estimating costs. Obviously, 110

be placed alcng the lines at many places fOJ' attempt has been made to locate anything for
thc removal of debris which the greatest of the purpose of construction 'H)l'1c Establish
care cannot prevent from entering the sy tem in~ elevations and locations of portals, and
from time to timc, and all intakes should b0 setting line for tunnel construction will be
constructed with spillways and other device,> a laborious and lengthy undertaking. This will
to prevent excess freshet water from entering require much precise trianguation work and
and overtopping the concrete lining of the leveling'. It would be expensive end even
walls. Our local sugar plantations have de- hazardous to attempt to run directly over the
veloped, in their vast complicated irrigation tops of the tunnels. The location of the portals
systems, several different methods of accomp- of tunnels Nos. 16, 18, 33. 34, 35, 36 and 37
lishing all these things. can best be made by special triangLllation sys-

For the purposes of this estimate it is as- terns, checking locations by at least two in
, umed that all tunnels shall be lined with ~on- dependent triangles. The topography is weE
crete except those pa 'ing through water-bear- adapted for triangulation work, there being so
ing rock which ha, been demonstrated to many intervisible peaks and there are a num
furnish an additional supply. Cross sections of bel' of triangulation stations on the prominent
tunnels have been designed on this assumption, peaks of the dividing ridges and down along
using a coefficient "n" for lined tunnels of the coast line which have been established by
.015, and for unlined tunnels with sides and the local Governments. beginning in the
bottom trimmed to a reasonable degree of eighties, and later checked and expanded by
moothness, .025. These values have been found the . S. Coast and Geodetic Survey. The

correct in island practice. greatest difficulty in triangulation work in
It is practically certain that all tunnels the valleys will be, in most years, the lack of

will be in rock of varying degrees of hardness many clear days, especially on the pe;:lks and
and systems of stratification. The altitude of upper levels. On clear days the visibility is
the tunnels being over 800 feet above sea level excellent owing to the total absence of heat
in Wailau and Pelelnmu, it is hoped that not waves.
much hard rocl\: as in the floor of the cal- To avoid the long tunnel between Waialeia
dera will be met. However, most of it in "Vai- and Manawainui. nearly 4% miles in length,
lau and Pelekunu will be harder and firmer there is a pos iblc alternate line. In the begin
than that found in the average tunnels which ning of this investigation, the natural route
I have observed, but west of Pelekunu it looks seemed to be along the north coast, running
easier. from ,Vaialeia to Waihanau, then to run jnst

It is planned of course to do all drilling by inside the face of the pali with about 20 adits
compressed air and to remove all excavated for dumping' the muck. Decision between this
material by means of cars and track. In the route and the long tunnel between Waialeia.
shorter tunnels caTS can be hauled by means of and Manawainui had been postponed in the ex
mules ,,,hich are easily broken in to this work. pectation that the U. S. Geological urvey
In the longer tunnels-a mile or more-elec- would shortly make an extensive study of the
tric locomotives and air-operated muekers area il~ the region of this lon« tunnel for the
should be used. Carbide lamps and elertric purpose of determining' the presence and extent
lights will make all operations more efficient of gTOlllld-' 'ater and the charactel' of the rock.
and be less hazardous than candles. It must The nali route was picked ont on the topo
be borne in mind thqt in this isolated placP- graphical map with only a casual insne"tion ot
where it will be difficult to obtain and care the pali by myself at the loc;:ltinn of the trail
for labor, and keep labor turnover down to a leadinO' down from the top to Kalaupapa. From
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the nature of this old trail, it had been tempor- the cost of hauling, but would provide better
arily assumed that a similar foot trail could ventilation and save time of the men at the
be worked out along the face of the pali, both headinO' after blasting.
ways from the Kalaupapa trail, near enough On the eastern section, from Waihanall
to tunnel grade to be used by a survey party Gulch to the Kalaupapa trail, probably the
in locating the adits; also it wa temporarily outlets of half a dozen adits can be located by
as umed that half a dozen or more places setting suitable ignals in or ncar the gullied
could be selected where equipment could be and observing them from a system of triangu
lowered down the pali by means of ropes or lation stations to be established below and at
cables to benches cut in the pali adjoining the edge of the pali above. Two or three adits
proposed adits. perhaps can be located from points to be

ot sati fled with these assumptions, recent- establi hed on or near the Kalaupapa trail and
ly I made a careful study of the pali route, tied in to the triangulation system. ,Ve t of
viewing the pali from the top most of the way the Kalaupapa trail, it is doubtful if more
and the eastern portion from the bottom of than one or two adit outlets can be located by
the palL No place so favorable for a trail any mark set on the ground. The method that
along the pali was found as at the location of appear to me the most practical i, to run an
the existing Kalaupapa tJ'aiJ. The middle sec- accurately measured and well marked traverse
tion of the slope are the steepest, from 55 to along the top of the pali, close to the edge, and
over 60 degree for 200 or 300 feet. The tun- determine the location of the face of the pali
nel would be in this middle section, at an alti- at about tunnel grade by means of vertical
tude of between 753 and 764 feet. To builJ angle. This is not so simple as it may sound.
any kind of a trail to meet many of the adits as the face of the pali at tunnel grade is not
would be expensive and hazardous. The prevail- visible from the top edge, the upper portion
ing winds along this step pali are from north to of the pali being' usually of lighter slope than
northea t, and occasionally northwest, fro- the middle section, from one hundred to ev
quently very strong, and \yhat is worse, fluctu- eral hundred feet down from the top. A man
ating in direction and intensity. There are would have to be let down very carefully with
many loose rocks jutting out that would be a rope to the break in the slope to locate the
loosened by the concussion of l'oad or tunnel break from the traverse tation and also l1lea
blasting. I was unable to find any places where sure the slope of the pali below. The breaks
equipment could be lowered by means of in the slopes are usually not angles, but CUl'ves,
cables with any degree of safety to the men and the man would probably have to go dO\\'ll
below, or to the equipment itself, without ex- the curve out of sight of the men at the top.
pensive preparation, which \yould be hazardous which would require two or three men, with
also. ropes for each, in order to communicate with

However, with orne improvement and the men on top handling the winch or blocks
widening of the Kalaupapa trail, especially at to lower and raise the men. This pali work re
the turns, equipment could be taken down on quires agile, strong, and intelligent men who
spe ially devised wheeled rigs or sleds with- have the fearlessness of alpine elimbers. For
out prohibitive difficulty, but it would be a tunately, there are such men in the island'l,
slow and costly process. That would divide mostly Hawaiians, born and raised in the
the lon~ tunnel along the pali into two sec- rough country districts. The distance down to
tions, the eastern section about 2.7 miles long the computed tunnel level can be measured
and the western about 2.5 miles. It may be closely enough for the purpose by the men at
possible to divide the eastern section into 2 the end of the rope tossing down a small cord
subsections of about 1.1 miles and 1.6 miles of the proper length with a light weight on
respectively by means of an inclined railway the end of it.
or overhead cable on about a 25 to 45 degreel' By means of these rough measurements,
slope from below, but the advisability of it is the location of the portals of the proposed adits
problematical. On the western section, the cost can be plotted on the plan of the traverse along
of building a roadway along the face of the the top of the pali and the tunnel line fixed
paE to open up any headings would be greater on this plan \vith angles at the inner ends of
than the saving in shortening the line. But it the adits. Where the slopes are visible down
may be possible to locate 10 or 12 adits along' to the tunnel level from some point at or near
the line in both sections, for dumping excava- the break above, which can be located from a
ted material. The adit. would not only reduce traverse point, the location of the adit portals
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should be made with an error of not over 20 by a competent geologist specializing in Ha
or 25 feet, horizontal distance; and an allow- waiian ground-water, on the ground. Their
ance of 100 feet for length of adit would place locations on the map are only diagrammatic or
the tunnel line far enough inside to be safe. tentative. Endeavors should be made, as near
Where conditions make it impracticable for ly as it may be possible to estimate, so to 10
men to be lowered far enough to measure the cate them that they may effectively tap all
slope down to tunnel grade and no other means of the storage chambers w'ithout any overlap
of approximately locating an adit can be found, ping of influence. These tunnels can be built
this adit must either be abandoned, or made more cheaply than the transportation tunnels,
certainly long enough to be SUl'e that the main The cross section need be only large enough
tunnel line is in no danger of running too close to accommodate the equipment, and trimming
to the face of the pali, that is, not less than the bottom, and the sides up to 2 feet, suffici
75 feet from the face. Good judgment must ently to make Horton's value of "a" not
be used, for if the adits are unnecessarily greater than .040, is all that is required. A
long, their economic value diminishes. clear width of 60 feet and a height of 8 feet,

The long tunnel route rom vVaialeia to is enough. In the water-bearing rock, lining
Manawainui, with the three shorter ones and the side is of course not required nor desired,
2.3 miles of extra open ditch, in my opinion but it may be found advi able to line a short
will be the better route, for the following section from the portal to the first dike.
reasons: It is essential that careful records be made

1. Although tunnel No. 38 is nearly 2 miles of every detail concerning the presence 0 E
longer than the Waiahole tunnel on Oahu, water, as the work progresses. When dikes
which is the longest in the islands, the aggl'e- are struck, one drill hole should be made en
gate length of this route i over 10,000 feet tirely through the dike and a pressure gage
shorter than the pali route. applied which will give an indication of the

2. While the cost of roads at the eastern effective column of water behind the dike. III
end is common to both routes, the road pro- the Waiahole tunnel, presures of 67 pounds
blem on the western end is much simpler and were observed, indicating an effective head
les expensive on the recommeilded route, both of at least 150 feet above the tunnel level be
for construction and maintenance purposes. hind the dike. With these pressures the ex-

3. Although the unit costs on the pali route plosives must be placed in specially devised
are reduced somewhat by the adits it may be metal tubes and firmly wedged in the drill
possible to introduce, the saving is not suffi- holes.
cient to overcome the cost of 10,000 feet of ao- After completion of each tunnel, several of
ditional tunnel and about 2000 feet of adit':>, the most important dikes, as determined by

4. All things considered, the difference in the pre sure gages, must be bulkheaded with re
cost of the two rontes will be over $100,000 in inforced concrete plugs keyed into the dike and
favor of the long tunnel route. made water-tight, and strong enough to with

5. The pali route will be more hazardous stand the water pressure. Each dike should be
to human life and equipment. equipped ,vith a 36 inch cast iron manhole

6. The long tunnel route will probably gain and valve. Manholes should be placed about
more permanent ground-water. two feet above the bottom, and valves at the

7. Wherever ground-water is encountered, bottom. Valves should be furnished with spe
there will be a saving of $6.00 a foot for omis- cial water-proofed electrical centrol and best
sion of concrete lining, evcn considering a quality water-proof cable leading out of the
slig'ht increase in cros'>-sectional area to give tunnel with wires carried down to the care-
the same flow as in a lined tunnel. taker's house in each valley. Permanent pres-
Water Development Tunnels. sme gages should al 0 be provided for each

Ten tunnels, or less. for capturing ground- dike bulkhead with copper tubes leading out
water, referred to in this report as develop- side so that the condition of each interior cham
ment tunnels, are to be driven into the moull- bel' so plugged can be observed at all time'>
tain above the transportation line. They are without the necessity of entering the tunnels.
to start at an elevation of about 1000 feet, or When the number and location of the bulk
a little lower. and run on an ascending slope heads shall have been determined, it may be
of 2 per cent for an average length of about a found best to conduct the water through thE'
mile each. They should be located, as to start- bulkheads to the portal by means of pipe'>,
iug point, direction and length, in each case with valves at the outer ends. Transite pipe
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is recommended, as being practically everlast- closed by the initial pressure before breaking
ing, and less than one-third the weight of through, and the rate of drainage during con
cement-lined ast iron pipe, which is the next struction. These observations and mea ure
best for these mountain waters; and the price ments should be under direction of the geolo
of transite pipe is usually less than cement- gist and decision regarding bulkheads made by
lined cast iron pipe, delivered on Molokai. him. vVeirs or other suitable measuring devices
\Vith the yalves outside, it would be be t to should be set at each dike after ground-water
have them operated manually instead of elee- shall haye been encountered, and daily records
trically, by from one to two men in each val- of the flow in each compartment kept during
ley. The pressure gages could then be placed the entire construction period. After comple
on the pipes at the portal. tion of construction, continuous recording in-

Bulkheading of dikes should be done as struments for tunnel discharges and pressurc
soon as possible after the completion of each gages should be installed and frequently in
tmmel, not only to save water but to give am- pected. The whole system should of cour '3

pIe time for recharge of the interior reservoirs be connected by telephones, one at the mouth
which will have been partially drained dur- of each tlmnel, one at the gage at the last
ing construction. Recharge is never so rapid intake in each valley, one at each caretaker' f'

a discharge until all water has been drained house, and one at the superintendent's head
out, at which time the underground chambers quarter, with a connection of the whole sy 
are no longer storage reset'voirs but merely tem to the iolokai public telephone sy tern.
chalmels for the rain water which falls on the Rain gauges should be established through
area above and is absorbed by the ground, out the drainage area, at various elevations
finally trickling down to level of the tunnels. and exposures, about a dozen in number, each
If care i taken to draw no more water from with a liberal capacity, and read monthly, at
the underground chambers than is actually least.
needed, it can be drawn out at a more rapid Roads, Trails and Landings
rate for a few weeks when it is needed. Before beginning' construction of any of

In general, valves will be operated twice the tunnels, an extensive transportation sys
daily in accordance with the requirements for tem for men and materials must be built. Most
minimum flow in the transportation tunnel. of the time between May 15 to September 15
\Vhen the stream flow amounts to 50 million ship's boats can land men and light packages
gallons per day, the valves hould be entirely on the beach at Wailau, but it i only occa
closed. Without very intelligent supervision sionally during the rest of the year that the
of the system the temptation to overdraw from sea is smooth enough to allow boats to gct
these underground re ervoirs may be great ill within reach of the shore.
order to secure more water and plant more However, on the east ide of the small bay
land than the tOl'age reservoirs can continu- there is a spot where a derrick can be et up
ously supply. It is conceivable that after the on a rock about 50 feet away from the shore
system shall have been in operation several line, by means of which men and freight could
years and a careful study shall have been be landed on a bench cut into the cliff. The
made of the records of flow and pressures in derrick would be operated by an engine in a
the chambers, the limit of the amount of water honse on the bench. A roadway would have
that can be drawn out may be rai ed, but this to be cut out along the cliff to connect with a
should be done only under constant scientific main road to be built up the valley to the tU11
control and unabating care to note the pres- nel portals. The grading along the cliff is
Slues, di charge records, rainfall, etc., am] heavy rock work, but the distance is less than
interprct their meaning correctly concerning three hundred feet. By taking advantage of
the condition and extent of ground storage. favorable weather between May and Septem
It is especialy important that the control bel', all of the equipment for constructing the
equipment be maintained in good order at all derrick and the road along the cliff can be
times. No picce of mechanism i' fool proof landed on the beach from two ship's boats
or everlasting; spare parts for replacement lashed together, or a small barge, on to a
should be on hand at all timcs. simple temporary platform, made fast on

Special emphasis is placed on the necessity shore. but with the outer end resting on a
of bulkheading, not merely the fir t or second float.
dike, but three or four, perhaps, depending up- The derrick should be mounted on a con
on the nature of the torage chambers as dis- crete pier or heavy column built on the rock,
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LENGTHS, SLOPES AND CAPACITIES OF TUNNELS

Tunnel
o.

1
2
3
4
5
6
7
8
9

10
11

11-a
12
13
14
15
16
17

Length
in feet

750
250

1,050
200
250

1,000
950
150
550

1,500
650

100
700

2,650
100
850

4,750
700

Lined or
Unlined

Lined
"

Slope

0.0004

"

Elev. Intakes
feet above
sea level

825.5
825.2
825.1
824.6
824.6
824.5
824.1
823.7
823.6
823.4
822.8

822.5
822.5
822.2
821.2
821.1
820.8
818.9

Maximum
Capacity
M.G.D.

30

50

Remarks

46 second ft.

This section not
included in pres
ent estimate of
cost.
To be added
later.

77 second ft.

18

18-a
19
20
21
22
23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
38-a
39
40
41

(2000±
9,500

(7500±
400
250
550

2,100
2,000

50

400
800
350

1,600
1,400
1,200
1,000
1,500
2,100
3,200
8,500
5,500
6,200

10,OOO±
14,700±
3,100
1,000
2,400

Lined!

Unlined'
Lined

Unlined

Unlined'
Lined'

0.0006
0.0004

0.001

0.0006
0.0004

818.6

817.8
813.3
813.2
813.1
812.9
812.0
811.2

811.2
811.0
810.7
810.6
809.9
809.4
808.9
808.5
807.0
804.9
801.7
793.2
787.7
781.5
775.5
769.6
768.4
768.0
767.0

60 93 second ft.

80 124 second ft.
"

Outlet of No. 41.

with base of derrick 25 or 30 feet above sea
level, and the boom should be about 70 feer.
long. It should have a capacity of 5 tons.

With this derrick, men and freight could
be safely landed 90 per cent of the time be
tween May 15 and September 15, and at irre
gular intervals of from 3 or 4 wceks apart dur
ing the other eight months of the year, or
oftener.

The road from the end of the landing road
at a point about 20 feet above high water

Total 96,950
, Exact length to be lined unknown until after tunnel driven.

would run up near the ea t side of the stream,
crossing it on a wooden bridge well above
fre het level, about a mile and three-quarters
above it mouth, then up to the junctions of
tunnels 15 and 16, with short, steep, branches
to 16-17 and 17-18, and po sibly a branch to an
adit or t\\'o in the middle of tunnel No. 16.

From portals 15-16 the road would run near
the 800 foot contour, connecting with each tun
nel portal, deflecting from a general level trend
to find the most suitable stream ceo ings and
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to shorten the road by means of ascending of this steep foot trail, on an average grade
and descending grades around the ridges. of 12~ per cent and some stretches of 16 to
Short branches will also be required to reach 18 per cent to avoid steep cliffs. The length
camp sites, shops and storehouses. would be about 3 miles. Adequate drainage, at

In general, grades need not be over 6 or 7 very frequent intervals, is more important than
per cent, but short stretches of 10 and 12 per paving, grade or width in this rainy section.
cent or steeper may be required for economy. Next in importance is trimming the slopes of

To reach the intakes of Nos. 17 and 18, and the cuts, to prevent slides from blocking the
the adits on 16, it may be found by fmther narrow trail. This trail is an absolute neces
study more feasible and economical to built sity for trandsporting men and emergency ma
short steep inclined railways operated by terials when the sea is too rough to make a
means of a hoist than to blast out a road along landing, and it must be kept open at all times.
the steep side of the valley for three-quarter' There is an old foot trail between Wailau
of a mile or more, as the rock appears very and Pelekunu about 3Y2 miles long, crossing
hard at that place. the dividing ridge at 2 00 feet elevation, now

The minimum width of the road should be badly overgrown. It should be cleared and im
10 feet, widened to at least 12 feet on all but proved in places, as it is the proposed route
light curves, and turnouts should be built at for the telephone line. When in good condition,
strategic points. Perhap some of the road- the trip can be made in 6 or 7 hours.
way should be paved with asphalt macadam. In Pelekunu valley, the transportation sys
which can best be determined after the sub- tern is similar to that in Wailau. The landing
grade has been uncovered, but on most of the will be somewhat simpler, as a derrick can be
route above the stream crossing, where the set up on the site of the old one which was
road is nearly all in cut, enough material can used when the valley was populated, and the
be aved from the cuts, with a little care, to old bench, protected from the spray by a jut
make a suitable dressing. In this region of ting mass of rock, is already there. The water
incessant rain, frequent and ample drainage in Pelekunu Bay is deeper than in Wailau,
facilitie must be provided. The total length therefore not so rough. Freight and passengers
of motor vehicle road required in this valley is can be landed by means of a good derrick in
about five and a half miles. Pelekunu almost every day in the year from

The trail leading into the valley over a the ship's boats that are accustomed to the
pa s in the crest of the ridge from the county outside island ports, al 0 from good power sam
road on the south side at Mapulehu hould pans, if well manned. The derrick should haye
be cleared and repaired. The length is be- a capacity of 5 tons.
tween 4~ and 5 miles down to the proposed To reach everyone of the 16 tunnel por
tunnel line. From the county road in Mapu- tals in the valley, and camps, shops, etc., will
lehu, 40 or 50 feet above sea level, to within require about 6~ miles of road similar to that
half a mile from the top, there is a fairly good hereinbefore described for Wailau. But prac
horse trail, but the last half mile is very boggy tically all of the road in Pelekunu will be side
during wet weather and requires days or hill work in earth, hardpan and rock. It is be
weeks to dry out after rains have ceased. lieved that most, probably all, of the paving

The most feasible way to improve this sec- in Pelekunu can be made by selected material
hOll of the trail would be to scrape off the from the cuts.
soft material down to the rock or hard pan, Haupu intake is reached by a 2Y2 mile
and provide drainage. The pass over the ridge branch off the main road about 3000 feet south
where the trail crosses is 2900 feet above sea of the landing, cro sing the ridge at a addle
level. about 800 feet above sea level and 500 feet

The trail into the valley from there is it south of the tip of Haupu peak. This is all
little over a mile and a quarter to the tunnel side-hill work, with transverse solpes from 30
line, with an average grade of about 30 per to 45 degrees, in earth, rotten rock and moder
cent, but much of the upper half is 60 per ately hard rock. There will probably be some
cent and over, too steep for horses and mules. heavy work at the portals at the junction of
Men travel this mile and a quarter in abont tunnels 34 and 35 as the slopes are very steep
an hour and a half, but it a hard trip. there, and the rock appears hard.

A horse trail from the crest of the ridge There are two possible ways to get to the
down to the neare t point in the tunnel road tunnel openings in Waikolu. From thc end of
ystem could be built by deflecting to the west the present road in Kalawao, which leads
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across the peninsula from Kalaupapa Land- grade, there will be opportunity for several
ing, there is a good horse trail running along adits in this tunnel. The length of the roads
the base of the steep pali, or cliff, close to the in Waikolu will be about 2% miles.
ocean, to the mouth of Waikolu Valley, then The road up Waialeia Gulch to the junc
up along the stream to the U. S. G. S. gaging tion of tunnels 37 and 38 is about 1% miles in
station and about three quarters of a mile be- length on an average grade of a little over 9
yond. A choice must be made between build- per cent. It starts from the end of a branch
ing a 10 foot paved road along the sea at the of the Kalaupapa-Kalawao road and runs up
base of the pali or of erecting a derrick on near the stream, crossing it twice. to a uit
Leinaopapio Point on the eastern side of the able bench to be excavated near the tunnel
little bay at the mouth of the valley. In either outlets. The road is nearly all on siclehilJ, ex
case a landing for boats on this dangerous cept for a short distance at the 10"'er end. The
north coast must be used, for there is only 11 upper quarter of a mile is nearly 45 degree,>
steep horse trail connecting Kalaupapa with tran verse slope. The material is mostly earth
the south side of the island, this horse trail for the first half mile, then mostly rock, but
climbing 1600 feet in about 2 miles from the it is not expected to be very hard. It is b~

Kalaupapa road system below up to the end lieved that little or no paving will be re
of the motor road at the top. The Kalaupapa quired except by means of selected material
Landing is dangerous during northwe terly from the cuts. This is an important road, as it
weather, Inter-Island ships' boats being lost serves one end of the longest tunnel, and will
nearly every year with occasional loss of life. be u ed for construction purpo es for from 2~
The site for the proposed derrick on Leinaopa- to 3 years, perhaps longer.
pio Point at VI aikolu is afer, as the water is The road to the junction of NO.3 and No.
deeper and it is protected from northwesterly 39 will run from an existing road in the Kala
swells by the Kalaupapa Peninsula. With a 60 maula pasture down into a branch of Mana
foot boom on the derrick, the steamer's boats wainui Gulch on a grade of not over 10 pel'
could come in safely and handle freight almost cent, about a thousand feet to the bottom, then
any day in the year. The derrick should be set down along the bank of the tream bed well
about 30 or 35 feet above high water, on the above high water, to the junction of the main
west side of the rocky point about 400 feet out gulch, and up the main gulch to the portal of
from the shore line. As thi point is steep and the long turulel, altogether about 3000 feet of
all hard rock, probably the most feasible me- new road. The grading in the e gulche is easy,
thod of conveying freight between the derrick mo tly earth and loose rock except for a hort,
and the road would be by means of a narro,,- low ledge at the junction of the branch with
gauge railroad track on a level grade. Capacity the main gulch. To reach the portal of I O . 39,
of derrick 5 tons. which is across the main gulch from the end of

The derrick and railroad track would cost No.3, distant about 150 feet, the most prac
somewhat less than the road along the base of tical method would be to make a low fill across
the pali, would save over 4 miles of hauling, the stream bed with the excavated material
and have the added advantage of a safer lancl- from the long tunnel. The stream flows at
ing in rough weather. The horse trail along this point not over half a dozen times a year,
the sea from Kalawao would be used in general and never for more than 3 or 4 days at a tim2,
for men and mail and small packages. usually for less than one day. This fill would

The shore end of the track from the derrick cost practically nothing to make and rebuild
would be a suitable place for a warehou e and several times if neces ary. However, it would
shop. From there the road would run up about be advi able, to avoid possibility of delays. 0

1~ miles on a grade averaging 9 per cent to a install a light cable across the gulch ,yith :1

propo ed adit in tunnel No. 36 on the we t side boatswain's chair and pulling lines so that mcn
of the canyon. From there the road would chanO'ing shifts can get to and from camp when
nm up on an average level grade about half stream water may be too high to cross in
a mile farther to a level bench cut in the west safety. The span need not be over 60 feet,
side wall of the canyon within easy reach of between posts 10 or 12 feet above the ground
the portals of tunnels 35 and 36. A branch will which is above high water, and there are solid
turn back, from a similar bench at the adit rock anchorages Oll both side less than 50
in tUllnel No. 36, to the junction of tUlmel feet from the po t .
36 and 37. A the road will nm along the The roads leading to the portal of 39, 40
whole length of tunnel No. 36 on about tunnel and 41 are all short, as there are pineapple
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hauling roads along the edges of each of the ning to full capacity of 120 M.G.D., the clear
three gulches. These gulches are not very ance from the water surface to the roof is not
deep, nor is the rock very near the surface. Ie. s than four feet, and can be made more if

necessary for special occasions for the time
The development tunnel roads are about % of the boat trip. A specially designed tream-

mile each, except that the most westerly in lined power boat with draft not over 15 in
\Vailau will be nearly a mile long; about 3 ches, beam not over 4 feet, and a speed of about
miles for the 9 roads. Steep grade , up to 15 7 miles per hour, could take a h!1lf ton load of
per cent, will be necessary. The roads are men and freight to a point on the county high
nearly all sidehill cut in rock, moderately way not over 3 miles from a good hospital very
hard; width, 10 to 12 feet; one way roads,
with a ,,,ide turning bench at the portals. quickly as follows:

From Wailau in about 2 hours
OwinO' to the utter impracticability of From Pelelnmu in about 1% hours

building any kind of a "ehicle road into the From Waikolu in about % hours
three valley from the other side of the island, Returning against the current, which ave-
water transportation must be available at all rages about 2% miles an hour, the time would
times for maintenance, inspection and supplie~. be a little less than twice as long in each case.
and for quick ervice in cases of accident or The "home port" of this tunnel boat would
other emergencv. 1 . lb' W'l f' f

oJ oglCa ly e III al au, or III case 0 an emer-
From the very beginning, there hould be gency call from one of the other two valleys,

a sturdy pO\\'er boat of the sampan type about the boat could respond more quickly, going
65 feet long, twin screw, with two 35 or 40 with the stream, than it could in ca e of a call
horse-power Diesel engines, and a freight capa- from Wailau and it were stationed in Pelekunu
city of not les than 10 tons, and a speed of or Waikolu. A suitable place for storing the
12 knots in calm weather. Boats of this type boat would be in the quiet water of a construc
can be built in Honolulu better than anywher6 tion adit near the end of tmwel 13, 14 or 15,
else. u h a boat can handle freight and pas- whichever is most convenient to reach from
senger at the proposed derricks at Pelekunu the caretakers' headquarters. There will of
and ,Vaikolu any day in most years except in course be a good road to e"ery adit for con
extremely rough weather, and by waiting a struction purposes. It ',"ould be a simple mat
few hours for a lull, there is scarcely a day tel' to construct a miniature wharf back of the
that a competent crew could not operate then. adit bulkhead and steps or a ramp outside the
But there are many days, probably 100 to 150 bulkhead, so that an injured man could be
in the average year, '1'hen Wailau landing can safely put into the boat. Similar landing places
not be u ed on account of rough water. During should be provided in Pelekunu at tunnels
the construction period, this mu t be recog- No. 28 or 29, in Haupu at 0.34 or 35, in Wai
nized, and ample supplies and materials for a kolu at 35 or 36, and in Waialeia at 37 or 38.
period of at lea t two months kept on hand. '¥here the open ditch crosses the county road
A small emergency hospital must of course be about % of a mile beyond the portal of the
provided, completely equipped, and during the last tunnel, there is a very suitable place in
months of rough weather at least, perhaps.'1. flat ground for cOl1fltructing a litle bay or inlet
surgeon should be on hand. During this period, with a small landing stage, where the boat
"'ith many men available, in an extremity a could be tied up in quiet water.
sick or injured man could be carried on a This terminal landing is less than a mile
tretcher over the trial to Mapulehu from from a vilage where camp supplies can be ob

where he could be taken by auto or ambulance tained, and good machine hop facilities are
to the hospital in about an hour over a fair available. In case of enQ,'ine trouble in the tun
road. nel, the boat could drift with the current all

But after the tunnel' shall have been com- the way from Wailau in about 7 hours and ha1'e
pleted and the irrigation system put into oper- repairs made. The boat's engine should havc
ation, the tunnels them elves provide the be t a generator. supplying current for two or threE'
and quickest means of transportation in au small electric light and a storag-e battery. A...
emergency, for three or four men and light practically all travel will be in the dark, emer
package. From tunnel 12 in Wailau to the gency acetyene lights should also be installed
western end in the pineapple land of Kahanui, with two or three gas tank on hand, one 01'

thc minimum depth of water can alway be two to be connected to the lights, and one for
over 2% feet, and when the tunnels are run- exchange for refill. Tanks can be refilled in

45



Honolulu, but it requires several days to make
the change.

In designing a boat to be used only in a
tunnel to 10 feet wide, and to travel in water
that may be only 2% feet deep, special precau
tions must bc taken. Streamlining must be
studied so as to produce as little disturbance
of the water as possible in thi narrow, shallow
channel; the diameter, shape, depth, and R.P.M:.
of the propeller, the inclination of its shaft
from the horizontal, and the distribution of the
live and dead load; all of these details must
be so nicely worked out that the boat will tra
vel smoothly at its maximum speed without
undue depression or elevation of the stern or
the bow. The highest safe and efficient speed
is of course de irable, but this boat is not in
the class of pleaure ·peed boats one sees i.n
the harbor rushing along at 20 miles an hour
or more ,,·ith the bow high out of ,,·ater and
the stern depressed to the danger point. It is
believed that a boat with a live load of 1000
pounds can be designed that can travel smooth-

ly in the tunnels at 7 miles an hour. But if ll.

speed of only 4 miles an hour is practicable,
an emergency trip can be made from Wailau to
the county road in less than 3 hours, which i
much quicker than any other possible trans
portation. Besides, this mcans of transportation
is by far the cheapest and practically devoid
of hazards. Before the boat enters any tunnel,
especially in Wailau, the gage must be read.
If in rainy weather, the flood gates must be
inspected and opened wider, if neee ary, to be
asslU'ed of enough clearance between the water
surface and the roof of the tunnel; and in dl'y
weather. it may be necessary to open one or
more of the development tunnel valves until the
depth of water is sufficient for the boat.

Throughout the farming area, there shoul,l
be roads, in general, on both sides of the main
open ditche , and some of the subsidiary dis
tribution ditches, with small wooden bridges at
each cross road. These roads, for many year:>
to come, will necessarily be earth roads, ex
cept those sections which may become portions
of the main arteries.

Farming Areas and Distribution System

The lands upon which the t\rater of this project can be brought and used extend from the
750 foot level clown to nearly sea level along the south side of Central M:olokai and dow to
about 50 feet above sea level at the northwest corner.

The available areas are shown as follows:

HAWAllAN HOMES COMMISSION LANDS
Hoolehua and Palaau, gross area
Deductions:

Various high areas that can not be reached
without expensive pumping or long pipe lines
Sides of gulches, rocky or otherwise unsuitable
Reserves
Airport
Roads and main ditches
Home sites, barnyards, corrals, etc.

1000 acres
500 "
250 "
205 "
625 "
750 "

13,130 acres

3,330 acres

8,000 acres

Pineapples, for the present at least

Net area available for irl'igation __ .. __ _ __ ._ .._ _ _. . ..
KalamauJa, gro s area below ditch 2600 acres, of

,,-hich about 50% should be deducted for
rocky and gulch land, roads, ditches and
home sites, etc., lcaving a net area of irri
gable land of

9,800
1,800

1,300

"
"

"

Total area of Hoolehua, Palaau and Kalamaula
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suitable for irrigation ._ _._ .._.. 9,300 acres.
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Net area suitable for irrigation .
Kaluakoi, below 350 foot elevation and east of

Kakaaukuu Gulch, gross area
Less: Unsuitable land, roads, ditches and home

sites 450 acres

4,730 acres

1,430 "

3,300 acres

940 "

280 "

660 acre

900 acres

450 "

450 acre.

500 acres

250 "

250 acres

9,300 acre'

4,660 acres

950 acres
480 "

200 acres
80 "

8000 acres
1300 "

3300 acres
660 "
450 "
250 "

PRIVATELY OWNED LANDS
Naiwa and Kahanui, gross area below ditch
Less: Rocky and otherwise unsuitable

Ditches, roads, home sites, etc.

et area suitable for irrigation .
Kaunakakai, west of Kaunakakai Gulch:

gross area below ditch
Less: nsuitable land

Ditches, roads and home sites

Net area suitable for irrigation .

SUMMARY OF NET AREAS
Hawaiian Homes Commission Lands

Hoolehua and Palaau
Kalamaula

Net area suitable for irrigation .
Punakou, below 400 foot elevation and east of

ranch fence. averaging % mile wide, gross
area

Le s: nsuitable land, roads, ditches and home
ites 250 acres

Privately Owned Lands
Naiwa and Kahallui
Kaunakakai
Kaluakoi
Punakou

Total 13,960 acres

Besides the above, there are all the lands
ea t of Kaunakakai Gulch as far as Onini
Gulch, about 3 miles, kno",n a Kapaakea. Ka
miloloa and Makakupaia, of ",hich about one
half is Hawaiian Homes Commission land and
the other half privately o\yned, with a gross
area of 2360 acres up to the propo ed ditch
line averaging 650 feet above sea level. Al
though the slope of these lands toward the
sea gradually increase eastward from 8 pel'
cent at Kaunakakai Gulch to 11.5 per cent at
Onini Gulch, and there are in places many
loose rocks on the surface, the soil is very
rich and needs only water to raise almost any
kind of crop. Similar soils on 1aui. on similar
slope with similar exposure and climate, pro
duce from 8 to 10 ton of sugar per crop. The
chief disadvantage of cultivating thi area i

that most of the operations must be done by
hand. However, this area is particularly suit
able for such crops as citru fruits, avocados.
figs, papaias, bananas, macadamia nuts etc. The
slower growing- trees can be planted as inter
crops which will interfere but lightly with the
raising of annual crops while the trces are
maturing.

The net area, after deducting for gulches
and other unsuitable land, roads, ditches, and
home ites will not be less than 1800 acres.
This makes a grand total of nearly 16.000 acre
suitable for irrigation, which is just about the
area that the available water, including the
judiciou use of freshet water for certain crops,
will irrigate properly. After the farming- pro
ject shall have been thoroughly developed, an,l
it should be demonstrated that ground-water
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the three valleys at the tunnel level, and even
then writing off at least 45 per cent of the
cost as an aid to make the island more nearly
self-feeding, as a national defense measure.
No individual nor corporation could afford to
do that. Jor could any individual nor corpor
ation acquire the Government waters of Wai
lau and Waikolu, as it is aO'ainst public policy
to alienate such natural resources as flowing
water.

Although it is a difficult matter to arrive
at a fair valuation of this \yater, we are as
sisted somewhat by precedents established by
the Board of Public Lands in fixing the upset
rental value of the large water-bearing land"
on East Maul. The conditions are somewhat
similar to those on Molokai; in that the water
has no value on the land where it originates,
but must be diverted by tlmnels and ditches
to the normally dry sections; also that the
water diverted at the intake levels does not de
prive other owners of lower lands of any vested
water rights they may have, for in most in
stances sufficient water is developed for their
need from springs and rainfall below the tun
nel level, and in other cases, ufficient water
is allowed to flow down past the tunnel intakes
to make up for any shortage.

In accordance with Territorial law,
water-bearing lands are lea ed for terms
of 21 or 30 years, the amolmt of annual
rental being determined by bid at public auc
tion. In the aclYertisement for bids, upset
prices are stated which have been fixed by
the Territorial Board of Public Lands. In fix
ing the value of the water to the user, as re
flected in the upset prices, the cost of diverting
the water and transporting it to the agricul
turallands has an important bearing. The first
leases, made before any water was diverted,
were made at a very low rental, practically
nominal, in order to make it economically pos
ible to undertake the agricultural projects.

At the expiration of the leases the ditch and
tunnel systems passing through government
lands naturally became the property of the
government, and their value affected the upset
prices in the renewals of leases. In no case
has the upset price been exceeded by the bid
ders except by a trifling amount.

The unit for measuring water generally
u ed in the Hawaiian Island is one million
gallons, or 1 M.G., and for flowing water oue
million gallons in a 24 hour day or 1 M.G.D.
In the last few years, renewals of leases of
water-bearing lands, or of water licen es, the
rental has been determined by various esti-
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possibilities are greater than has been esti
mated, and other sources are taken in, some
areas which have been cIa sed a unsuitable
on account of rocks could be reclaimed by in
dustrious farmers, also the distribution sys
tem might be continued eastward far enough
to use all of the extra water that it may be
possible to secure. Also, at least one half of
the pineapple culivation might be transferred
to some of the higher areas in the homestead
tract where it is impracticable to lead the water
except by expensive pumping or long siphons.
Pineapples require no irrigation.

But these matters are all for the future.
The estimated cost of the distribution system
has been based on the area of 12,000 acres. Main
ditches, all concrete lined, are proposed at rc
gular intervals of 50 feet difference in elevil
tion; on the north side down to the 150 foot
contour and on the south side down to the 50
foot contour; with steep, approximately
traight, cOl1Jlecting ditches at appropriate lo

cations to feed the contour ditches with the
required quantitie of water for their respec
tive areas. Any further exten ions to the east
""ard would have to be financed at the time
that they may be undertaken.

Rights of Way and Water Rights

As has bcen stated in the description of the
drainage areas, part of the water-bearing land
in \Vailau and all of the water-bearing land in
Pelekunu are privately owned, and must be
acquired. The topography of the land above
the 600 or 700 foot elevation i such that it
has no value except for the water flowing from
it. It is too steep for any kind of agriculture,
and even for cattle or horses. The value of
he property, then, is only in the value of the
water flowing out of it. It has been shown
that if all of the water be taken out of the
streams by the tunnels at about 800 feet above
sea level, there is still an ample quantity de
veloped by springs below the tunnels to irrigate
all of the taro lands below. Then it follows
that the water at the 800 foot level is of no
value to the land on which it is flowing, but
must be transported to some other location
where it i needed. If the owners should un
dertake to build the nece sary transportation
system to carry this water to Central Molokai,
prospective water user could not afford to pay
water rates high enough to make the project a
profitable investment for the builder. In
deed, it is not expected that the nited State'
Government would be asked to construct th0
project without all of the water avaiable in



rate of only 5 or 6 M.G.D. It is said by reliable
agricultural authorities that occasional short
period of a week or so when the flow is be
low the estimated quantity required will cause
little or no 10 if care i exercised to divide
the water intelligently during tho e periods;
and provided that such period. of low flow
are followed quickly by flows above normal,
so that the deficiency can be made up befoT'e
any damage to crops occurs. .A study of the
record by means of graphs shows in a striking
mal1l1er that rapid recovery from short periods
of very low flow is characteristic of both of
these valleys. Theee is no exception in the 9
year record. On this basis what I have termed
a ",rorking minimum" has been establishefl
for both valleys with the aid of the following
tables of stream discharge, by means of which
the dependable quantity of water is computed
which determines the value of the land to be
acquired.

In Pelekunu Valley, where the water is an
privately owned, the figures are taken entirely
from the records of the U. S. Geological Su'··
vey measurements, and a "working minimum"
for each year of the 9 year record determined
by means of a graph showing the combinefl
discharge of all of the 13 stream in the val
ley. By the same process the" working mini
mum" was computed for the combinetl
di charge of the 19 treams of Wailau, year
by year for the 9 years of recorded measure
ments. Then the measurement of the com-
bined di charges of the privately owned
stream 7 and ,made for this project on var
ious date and tage of flow in 1937, ,,-erc
compared with the combined di charge of the
19 streams in "\Vailau on the same dates. tq
determine what percentage of the dischal'g~ or
the 19 streams was supplied by streams 7 and
8. The range is from a minimum of 8.21 per
cent to a maximum of 12.30 per cent for 18
measurements taken in April, ray, JUI1f'.

Augu t, and ovember 1937, ,Yith a range of
discharge of streams 7 and from 1 M.G.D.
to 4.7 M.G.D. and of the combined discharge of.
the 19 tream of from 10.22 l\1.G.D. to 3 .22
lVLG.D. In general the percentages are smaller
as the combined discharge of the 19 streams is
10,,", but there is no regularity about it owing
to the lack of uniformity of rainfall over this
comparatiyely small area-a characteristic of
Hawaiian I land climate. The mean of the e 1
percentage is 10.23 per cent. 1\ the weather
during the entire period of this investigation
has been unusually wet, there were no extreme
minima nor "working minima" as low as dur-
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mated values of water of $1.20, $1.65, and
$1.90, per M.G. The smallest figure is the
rental for the most remote section, the added
cost of transportation, having the effect of de
creasing rental values. The cost of diverting
and tran porting the Molokai water to Central
Molokai is considerably greater per M.G. than
on Maui, owing to the inacessibility of the
drainage area, the hardness of the rock and
the present higher cost of labor than when thr
Maui tunnels and ditches were dug. These fac
tors have held back capital from undertaking
the diversion of this water, eYen in the day ..
when sugar commanded high prices. It seems
to me, in view of all these con iderations, that
a figure of $1.00 a million gallons would be a
fair figure to use in estimating the amount
to be paid for the privately owned lands in
vVailau and Pelekunu. It may be noted also
that the conclusion of this project "'ould in
crease the value of the remaining private land
in both valleys by making them more access
ible. Good landings, roads, telephones, am]
the proposed tunnel boat for quick transporta
tion of mail and packages, besides the activity
attendant on such a large project, would have
a tendency not only to revive taro planting,
but all the other available areas in the val
leys could be used for raising produce without
irrigation in these wet valleys. The tunnel
boat could very easily pull a small trailer
barge and make daily trips with produce at
a small cost and in very quick time.

In order to make use of this figure of $1.00
per M.G., it must be cearly under tood ju't
how much water should be paid for. The valu<,
of water is in proportion to its regularity and
dependability. Farmers are not ju tified in
planting a greater area than there is certain
water to irrigate it. If there were reservoie
sites in the valleys, along the route, or in the
farming area, at suitable elevation, where
freshet water could be stored. all the water
that the tunnel and ditch sy tem could carry
might be paid for. Bct there are no uch
sites. The topography is not favorable for
any but comparatively small reservoir, and
the soil everywhere is so porous that the leak
age during dry periods would be enormou'S.
Thereforc a minimum mu t be selected from
the records, which the farmers could use with
out danger of loss. It is not neces ary to adopt
the extreme minimum, for it is noted in the
9 year record that extrem low water last
only for a day or two, then showers COlUe

which increase the nm-off, sometimes up to
over 100 M.G.D. in less than a day from a



Minimum Stream Discharges, in M.G.D., taken from
U. S. Geological Survey Records.

Pelekunu, 13 streams, all
privately owned

Wailau, 19 streams, 7 and 8 privately
owned, the rest Government

1920
1921
1922
1923
1924
1925
1926
1927
1928

Average

Extreme
Minimum

4.0
5.0
5.5
6.4
5.0
5.3
3.7
6.4
5.4

5.2

Working
Minimum

5.0
7.0
7.2
6.4
6.8
6.0
5.0
7.1
6.5

6.3

Extreme
Minimum

4.9
6.4
7.4
6.6
7.8
7.6
6.6
9.0
8.8

7.3

Working
Mimimum

6.2
8.0
8.0
8.5
9.0
9.2
6.8

10.0
11.5

8.6

1 Stream Discharges in Wailau taken from records of
measurements for thts project in 1937.

Date
Streams All 19
7 and 8 Streams

Combined Combined

Per
centages

Apr.

A. M.
P. M.

May
June
Aug.
Sept.
Nov.

3 ..
4 ..
5 ..
6 ..
6 ..
7 ..
8 .
9 ..

10 ..
11 .
12 .

1 ..
25 .
19 ..
22 .
18 .
19 .
20 ..

2.30
2.18
2.20
4.70
3.90
2.35
2.91
2.30
2.29
2.23
2.23
2.19
1.11
2.85
1.18
1.16
1.11
1.00

25.06
22.58
22.91
38.22
33.13
26.83
25.04
19.91
19.26
18.22
21.51
24.87
10.99
27.57
10.22
13.03
12.33
12.15

9.18
8.55
8.21

12.30
11.78

8.78
11.60
11.56
11.87
12.35
10.39

8.79
10.09
10.35
11.54

8.88
9.00
8.95

The value of the 'working minimum" for Pele
kunu is assumed to be 6.3 M.G.D. which is the
average for the 9 year record.

The value of the "working minimum" fol' Wai·
lau is assumed to be 8.6 M.G.D. and the value
of that for the privately owned streams 7 and 8
is assumed to be 10.23% of 8.6 M.G.D. or .88
M.G.D.

Average percen tage 10.23

ing the 9 year U. S. Geological Survey record. able settlement and avoid expensive litigation.
Therefore the nearest approach we can make Using the above table, the "working mini
to the determination of a "working minimum" mum" for Pelekunu is assumed to be 6.3
is to call it 10.23 per cent of the average" work- M.G.D. In addition to this, some permanent
ing minimum of the 9 year record. This value ground-water may be gained in portions of the
may be found somewhat too hio'h by measure- tunnel system passing through the land of Pe
ment' of these two streams over another 9 year lekunu. Of cour 'e, it is impossible to deter
period, but it is probably within 2% of the mine what this gain will amount to, particular
real value. Indeed, a "working minimum" ly as a permanent flow, but it seems rea onable
whch is the average of 9 year is undoubted- to allow one million gallons as a permanent
ly too great, a' excess water in a wet year does daily minimum. Adding this to the" working
not make up for shortage in a dry year. An minimum of the stream flow, give 7.3 M.G.D.
inspection of the above table ho\\'s a fluctua- or 2664.5 million gallons per year. At $1.00
tion of the "working minimum in Pelekunu per million gallon Pelekunu would yield a
of from 5 M.G.D. to 7.1 M.G.D. and in Wailau revenue of $2664.50 per year, or 6 per cent
from 6.2 lVLG.D. to 11.5 M.G.D. in a 9 year of $44,410, which is the value I estimate of the
period. But my endeavor has been to be fair Pelekunu land above the 700 foot contour,
almost to liberality in order to effect a peac~- including rights of way for roads and land-
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4,500
1,000
5,400
5,600

10,200
2,000

ing out of and between the valleys, as public
utilities to be used by all, under suitable regu
lations. Landing fee for farm products, farm
equipment and incidentals should be nominal to
encourage farming. Government business
should of course come first, except in cases of
emergency.

To the $50,000 estimated for the major
items of Pelekunu, $10,000 added for the e
other item brings the total cost of rights of
way and water rights to $60,000.

Operation and Maintenance

The cost of operation and maintenance
aside from extensions, betterments, and major
repairs are tentatively listed as follows:

Chief engineer or Superintendent $ 4,800
House rent and traveling expense 1,500

Office force ._. ...._... .__ .________ 4,000
Ditchmen: 3 in farming area .. .___________ 4,500
Tunnelmen: 6 in drainage area 6,500
Roadmen and helpers: 5 in drainage

area ... . _
Telephones . . _
Ocean going power sampan _
Tunnel boat and trailer .... _
upplies ... _

Contingencies ._. . ... .. .__

ing site, etc. In "\Vailau, the table shows a
"working minimum" of.8 M.G.D. or 321.2
million gallons per year. The tunnels which
will rtm through the privately owned land in
"\Vailau are comparatively short, and the
ground above them i too low to assume any
appreciable permanent ground-water being
gained in them. Therefore the value of the
privately owned land, by the above method,
is computed to be $5353.33 which at 6% will
yied an annual income of $321.20.

The total value of water-bearing land to
be acquired is then: Pelekunu, above the 700
foot contour, and sites for landing and pertin
ent utilities, and right of way for roads and
trails over unimproved and non-agricultural
land .. .. . $44,408.33
Wailau, pieces A. & B. . ._________ 5,353.33

Total $49,761.66
or in round numbers $50,000_00.

Subsurface rights of way for tunnels
through private lands can probably be ac
quired for a nominal um, or at the most a very
small price for the area actually used, which
is almost negligible. But it is possible that some
damage to a private road crossing may occur
from the deposit of the muck from the long
tunnel in 1anwainui Gulch for whch compeu-
sation -would be proper; also, damage to pri- Total $50,000
vate pineapple roads, in the vicinity of tm1l1el,:;
39, 40 and 41, may require some small adjust- OBJECTIVES AND EXPECTED RESULTS
ment. Right of way for the first section of the If this project be developed under the su
main ditch leading from the end of the tunnel pervision of agricultural experts of the Universystem through the privately owned lands of
Kahanui and Naiwa to the homestead lands sity of Hawaii Agricultural Extension Service,
of Hoolehua and Palaau, run about 2lh or by the U. S. Departm nt of Agriculture, or
miles through cultivated pineapple Ianll, the two in cooperation, as I believe it can be
and the les es' interest as well as that and should be, and a marketing organization
of the owners, will probably have to be be set up by the Hawaiian Homes Commission,
paid for. There should be no damage to the which is a logical and necessary adjunct, su('
crops, as the cycle of harvesting will probably ce s would be assured, not only sociologically
be completed before it becomes neccssary to but economically as well, and of far reaching

influences.use the ditch, but in order to be assured of
that, steps must be taken to acquire the right Standards must be set up and rigidly maill-
of way at the earliest po sible moment. tained for the selection of varieties of crops

The landing site in Wailau, also about a and quality of seeds, method of soil prepara
quarter of a mile of the road leading from it, tion, planting, cultivation, irrigation, pest con
are on the property of the owner of the large trol, harvesting, gJ'adinO' and packing of crops,
land of Halawa. It is believed that land suf- quantities and times of hipping, etc., in order
ficient for these utilities can be acquired for a to hold the markets by dependability and higb
very moderate amount. quality products.

In connection with the acquisition of the In order to be a ured of a daily supply of
Wailau and Pelektmu lands above the 700 foot truck garden products to meet the demand of
contour, and rights of way for roads and the market there must always be a surplus.
landings, etc., it would be eminently fitting to To avoid loss of thi surplu a mall coopera
consider all landings and road , and trails lead- tive cannery might solve that problem, and
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ESTIMATE OF COST

1. Transportation tunnels, 96,950 feet, approximately 52,500 ft. of which are con-
crete lined $2,300,000

2. Tunnel intakes, settling ponds, strainer, gates, oyerflows, etc .
3. Water Development tunnels, 58,000 feet, all unlined, including dike bulkheads,

manhole, transite pipe, valves, etc .
4. Roads and trails .
5. Derrick landings at Wailau, Pelekunu and Waikolu .
6. Di tribution ditch system on farm area, including gates, siphons, etc .
7. Construction equipment (No allowance made for salvage) .
8. Moving 30,000 feet of track 3 times, including breakage and replacements .
9. Condemnation of water rights and rights of way .

10. Camps, warehouses, offices, etc .
11. Preliminary Engineering, staking out roads and ditches, lining out tunnels, etc .
J2. Engineering during construction .
13. Telephone system, 20 miles at $500 .
14. Operating power boat 3 years .
15. Incidentals and contingencies .

100,000

685,000
225,000

45,000
804,000
350,000
36,000
60,000
50,000
75,000

125,000
10,000
18,000

117,000

Total $5,000,000

EQUIPMENT

ESTIMATE OF COST

1. 60,000 feet of railroad track, 25# rails and 4 x 6 x 4 ties, spikes, bolts, frogs and
switches $ 55,000

2. 12 Diesel Engine driven Portable Compres ors 78,000
3. 24 D. A. 35 Drifters at $515 12,400
4. 6 Drill Carriages at $500 3,000
5. 10 J. A. 45 Jackhammer 2,000
6. 10 Paving Breakers 1,200
7. 4 Sets Threaded Jack bit Rods for Drifters 1,300
8. 50,000 o. 2 4-point Jack Bits for Drifter .. 13,500
9. 24 Sets Jack bit Rods for Jackhammers 1,100

10. 20,000 No.1 4-point Side Hole Jack bits for Jackhammers 4,800
11. Hose couplings and fittings 2,000
12. 6 Air-operated water pumps for drilling 1,200
13. 4 Air-operated Sump Pumps 800
14. 12 Centrifugal Blowers, 1000 c.f.m ,.................................................. 3,000
15. DuPont Vent Tubes 1,000
16. 4 - 20 kw. Generator Sets 24,000
17. 2 Electric Locomotives 9,000
18. 40 - l-c.y. Dump Cars 6,000
19. 2 Air-operated Muckers 4,500
20. 3 Blacksmith Shops and Equipments 36,000
21. 1 Tractor, with Bulldozer & Trail-builder attachments 9.000
22. 1 Die<:el oil-operated %-c.y. Shovel 10,000
23. 25.000 feet 3" to 4" compresed air pipe 13,500
24. 20.000 feet 1" water pipe 2,000
25. 6.000 feet ventilating pipe, 12" and 10,000 feet 16" 4,400
26. 1 3- or 4- ton Power Roller 3,000
27. 50 l\Iules for tunnels, with harness 5,000
2. 1 Twin screw power boat 60 ft., 20 tons l1et, Diesel oil engines 15.000
29. Incidental. 28,300

Total $350,000
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also supply employment for the growing boys
and girls on the farms.

In addition to the truck crops for direct hu
man consumption, an appreciable amount of
stock feed can be raised.

There are several thousand acres of Gov
ernment land under the jurisdiction of the Ha
waiian Homes Commis ion above the level of
the proposed water system which can be used
only for pasture in the rainy season. The pas
ture is good for seven or eight months in the
year if not overstocked. In the dry seasons thu
stock can be moved to the farms and fed from
silos which could be filled from time to time
through the year with quick-growing crops

such as corn, potatoes and legumes including
the stalks and tops. These crops can be raised
by irrigating with freshet water when avail
able, for which extra capacity is provided in
the tunnel system.

Besides this, there is a fringe of very good
land along the south coast of the i land
amolmting to over 3000 acre, largely privately
owned by small land owners, which can be ir
rigated by means of small pumps from shal
low ,vells along the coast. The quality of
water is very good and the soil is rich, being
largely alluvial. The success of the Govern
ment project would encourage these small land
owners to plant their lancls and it would be

TEMPERATURE RECORDS, 1936, WITH COMPARATIVE DATA AND EXTREMES

U. S. Department of Agriculture, Honolulu, Hawaii
Weather Bureau Office

Elevation about 60 feet above sea level.
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Length of record, years. 41 41 54 41 41 47 47 47 47

January................................. 76.3 65.8 71.1 10.5 1.4 84 1891 54 1885
February............................... 76.5 65.8 71.1 10.8 1.4 84 1915 52 1902
March..................................... 76.7 66.3 71.5 10.4 1.3 84 1921 53 1891
April ....................................._ 78.1 68.0 73.0 10.1 1.1 86 1892 59 *1933
May......................................... 80.1 68.7 74.8 10.4 1.0 87 1897 60 1902
June........................................ 81.7 71.5 76.6 10.2 1.0 88 1900 63 1891
July........................................ 82.7 72.7 77.7 10.0 1.0 88 1900 63 1899
August................................... 83.5 73.3 78.3 10.2 1.0 88 1929 63 1894
September............................ 83.3 73.0 78.1 10.3 1.0 8 *1929 65 1890
October.................................. 82.0 71.8 77.0 11.1 1.1 90 1891 63 *1909
November............................_ 79.7 69.6 74.7 10.9 1.3 86 1896 59 *1902
December.............................. 77.7 67.6 72.6 10.9 1.4 85 1935 55 1900

0 t. Feb.
Mean for year.................. 79.8 69.6 74.7 10.3 1.2 90 1891 52 1902

* Also in previous years.
Temperatul"eS at highest point of farming areas in Central Molokai (1000 ft. elevation) not more than

8 degrees lower than those shown above for Honolulu.

sound business both ways for the marketing for market by means of silos filled with irri
organization of the Hawaiian Home Commis- gated crops on the low levels.
sion to handle their products as ,,·ell. The small Iolokai is the only island in the group
landowners are rather timid about under- having such a large quantity of irrigating
taking a venture of this nature by themselves water going to waste, with a contiguou area
but succes by one group always makes imita- of such unusually fertile soil which is almost
tors. Advice and supervision by the Univer- useless without water.
sity of Hawaii Agricultural Extension Divi.- Thus eventually Molokai could become the
sion would also be available to them. "kitchen garden" for Honolulu, o-nly 52 miles

There are seasonal grazing lands above this in distance, and three or four hours in time,
fringe of coastal plain which are good for from the good harbor of Kaunakakai, Molokai.
breeding and holding tock for eight or nine The islands at present import more than 63
months a year. This stock could be fattened pel' cent of all their food from the mainland,
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2000 miles across the ocean. This one project
will, directly and indirectly, reduce that per
centage very materially, thus lessening the haz
ard of the population, including the Army and

avy, being short of food during prolonge<1
strikes or war blockades.

I am assured by scientific and practical
agricultural experts that if these marvelously
fertile lands arc properly cultivated under irri
gation, and fully developed, there is a pos
sibility of an annual production of staple truck
crops with a selling value of $5,000,000, and a
market for them can be built up and retained
by maintaining standard quality, intelligent
proportioning of the various items, and a faith
ful and reliable filling of orders promptly. Thl'
profits from this kind of farming, over and
above the wages which the farmer should le
gimately charge the crop for his own labor,
should not average less than 20 per cent of
the selling price of his goods. What home
grown food the farmer and his family consume
is also usually considered as a legitimate cost
of raising his crop. 'Vater rates for cost 0.1'
operation and maintenance of the tunnel and
ditch system, and for annual installment for
amortization of the loan, are certainly a very
important part of the cost of ra~sing irrigated
crops.

It must be understood that the farming
season in Hawaii, e pecially with dependable
water for irrigation, is 12 months in the year.
New potatoes, tomatoes, even watermelons and
luscious fresh pineapples can be had for
Christmas, and many other products that can
be grown only in hot houses on the mainland,
can be raised any month of the year in Ha
waii. (See Temperature Records p. 54)

The Hawaiian Department of the United
States Army has for several years been con
ducting investigations and gathering statistics
relative to the varieties of food consumed by
the Army, and the 18 truck crops shown in the
table on page 57 are only a portion of a long
list of such crops for which the Hawaiian vol
canic soil and climate are particularly favor
able. All of these crops except rice have beeu
successfully grown in competition with Cali
fornia and steps have already been taken so to
modernize the methods of rice production that
it also can be grown here as cheaply as in Cali·
fomia. The soil and climate of Hawaii are at
least equally favorable for the raising of rice,
if not more so. It is only on account of anti
quated methods, crude machinery and exces-
ive, unneces ary hand labor that costs of

producing rice have been high in the Islands.
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Another very important object to be real
ized by the completion of thi project is the
opportunity afforded to the rising generation
of all races, many of whom have acquired a
keen desire to become "Future Farmers of
America" from their painstaking efforts in
garden contests in our excellent schools. N0

where in the cotmtry is there a better field for
them to realize the hopes and ambitions con
ceived in their school garden contests. With
soil unsurpassed for fertility, an ideal climate,
and an adequate, dependable supply of water
not subject to the vicissitudes of the weather,
they ean fearlessly carryon without danger
of loss, by applying the lessons they learned
from county agents and other agr'icultural ex
perts, and they are more prone to listen with
respect to further advice from such experts
than their elders have been. They have no
snperstitious beliefs to overcome, no senseless
habits born of tradition concerning the effects
of the moon and stars and hobgoblins on their
planting operations, but are willing and eager
to learn from and take the advice of trained
scientists.

REPAYMENT

With truck farming carried on under the
ideal conditions that can be realized by sup
plying this fertile area with a continuou ,
dependable and sufficient amount of irrigating
water, and provided that all farming and mar·
keting details be scientifically supervised,
gross returns can be expected averaging not
less than from $200 to $250 per acre. From
a study of records of other localities where na
tural conditions are not quite so favorable.
gross returns even twice as great are noted.

A very necessary element of the scientific
control of the farming project is the authoriza
tion of the selling organization to set aside
from the gross income from the sales of farm
ing products a certain percentage to create a
inking fund for payment of interest and in

stallments of principal of the construction
bonds and cost of maintenance and operation.
The e payments into the sinking fund will de
crease annually after installments on the prin
cipkal shall have begun to be paid, which re
duces the amount of interest.

The maximum annual sinking fund payment
would be about as follows:

Principal $ 92,000
Interest .. .. . . 110,000
:Maintenance .. 48,000

$250,000



STATISTICS USED BY COURTESY OF MAJOR GENERAL HUGH A. DRUM

COMMANDING GENERAL, HAWAIIAN DEPARTMENT

FORT SHAFTER, HONOLULU

Vegetable
A

Lbs.-man
Day

B
Lbs.-man

Year

C
Lbs.-1000
Men Year

D
Yield lbs.
Acre-Crop

E
No. Crop
Acres per
1000 Men

F
No.

Crops
Per

Year

G
No. Acres
Per 1000
Men Per

Crop

H
Best Suited

Varieties

I
Lbs.
Seed
Acre

1. Bean, Kidney .

2. Bean, Lima .

3. Bean, Navy .

4. Bean, String .

5. Beets

6. Cabbage .

<:.n 7. Carrots .

-.l 8. Corn .

9. Onions .

10. Peanuts .

11. Pigeon Pea .

12. Potato, White .

13. Potato Sweet .

14. Rice .

15. Soy Bean .

16. Spinach

17. Taro .

18. Tomato

.20

.15

.20

.20

.25

.20

.20

.30

.40

.40

.70

.40

.60

.10

.20

.20

.20

.25

73.

54.75

73.

73.

91.25

73.

73.

109.5

146.

146.

255.5

146.

219.

36.5

73.

73.

73.

91.25

73,000

54,750

73,000

73,000

91,250

73,000

73,000

109,500

146,000

146,000

255,500

146,000

219,000

36,500

73,000

73,000

73,000

91,250

2,000

8,000

2,000

10,000

10,000

15,000

10,000

5,000

10,000

2,000

2,000

8,000

10,000

3,000

2,000

10,000

20,000

25,000

36.500

6.844

36.500

7.300

9.125

4.866

7.300

21.900

14.600

73.000

127.750

18.250

21.900

12.166

36.500

73.000

3.650

3.650

2

2

2

2

3

2

4

3

2

2

2

2

2

2

3

4

1

3

18.250

3.422

18.250

3.650

3.041

2.433

1.825

7.300

7.300

3.650

63.875

9.125

10.950

6.083

12.166

18.250

3.650

1.216

Cal. Approved or Maui

King of the Garden

Lady Washington

Kentucky Wonder

Detroit Dark Red

Marion Market

Chautenay

Guam (White)

Riverside--Sweet Spanish

Improved Valencia

New Era (strain "D")

British Queen (Tubers)

Nancy Hall (Cuttings)

Japan

Tokyo

Long Standing

Experiment Station
Hybrid (Tops)

Prichard

35

40

25

30

10

502

3

12

2

10

15

1,000

400

25

30

12

15,000

202

Total.................. 5.15 1879.75 1,879,750 514.801 194.436

Compiled May 6, 1936-Statistical Division, D.S.C.S., Fort Shafter, T. H.



With 10,000 acres fully unler cultivation,
the gross income should be not less than
$2,000,000. To produce a sinking fund of
$250,000 would require a deduction only 12lh
percent, less what profit could be made by ill
vesting the amount for payment on principal
until it should become due. The payment of
this small percentage should not be a hardship
for an intelligent, industrious farmer.

The minimum annual payments for water
will occur after the complete amortization of
the construction bonds, when the only charges
will be for operation, maintenance and im
provements of the water ·ystem. Assuming
that at lea t 13,000 acres will be under cultiva
tion by that time, the annual maintenance and
improvemen charge would be $50,000.

Undoubtedly, long before retirement of the
last bond, every available acre for which there
is sufficient water will be intensivey cultivated
and demand made for all the additional water
that can be secured. Also, improved methode;
of agriculture and more efficient use of water
will have resulted in greater returns, probably
resulting in a smaller percentage of O'ross in
come to charge for maintenance. However,
without any such improvements and increase
of efficiency, les than 2 percent of the gross
income from 13,000 acres, a sumed as low as
$200 per acre, will supply a maintenance fund
of $50,000 per year.

Water rates might be charged on an acreage
basis, but should be based on the actual quan
tity of water used in a year. The percentage
of the gross income to be charged for the water
has been cited to show that its cost is a rea
sonable proportion of the lowest estimate of
the value of crops that can be produced by it.
use. On the basis of 10,000 acres uncleI' cultiva
tion by irrigation, payment on an acreage basis
would make the maximum charge to create an
annual sinking fund of $250,000 amount to
$25.00 per acre. After retirement of the bonds,
and assuming that 13,000 acres are then under
cultivation, the water rate to produce a main
tenance fund of $50.000 would be about $3. 5
per acre. If this area can be increased to
15,000 or 16,000 acres by making use of freshet
water, with or without artificial storage, the
annual cost per acre would be proportionately
less.

Whatever method may be employed to fix
the amount of each individual's annual pay
ment, the basis is, of cour e, the quantity of
water used by that individual during the year.
The maximum rate, before any of the bonds
shall have been retired, would be $12.50 per
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million gallons, which would produce a sink
ing fund of about $250,000 per year as soon as
10,000 acres shall have been put into cultiva
tion. The minimum rate would begin after
the loan shall have been completely repaid.
Assuming the annual cost of maintenance, rc
placements, and minor improvements to be
$50,000, and the quantity of available water
to be 55 M.G.D., the rate would be very close
to $2.50 per million gallons used.

If freshet water be used, intermittently
without storage, its rate per million gallons
should be less than for the steady, daily supply,
for its use would be re tl'icted to a few special
crops. But if it be demonstrated that earth
reservoirs in the porous oil of Hoolehua and
Palaau can be effectively and economically
waterproofed, so that the supply from that
source will be as regular and dependable, up
to 6 or 7 M.G.D., as the remainder of the water.
the rates should be uniform throughout. By
increasing the minimum rate from $2.50 per
M.G. to $10.00 for a few years, a fund can be
established sufficient to finance the construc
tion of the 7 reservoirs, and perhaps others,
without hardship to anyone.

APPENDIX
This report has been studied by a number

of prominent engineers, agriculturalists and
others, who are familiar with local conditions
and are competent to judge the merits anI
feasibility of the project, and without any ex
ception that has come to notice they all strong
ly endorse the project as a vital necessity,
national as well as local. A few of their com
ments are hereby appended.

COOPERATIVE EXTENSION WORK
IN

AGRICULTURE AND HOME ECONOMICS
TERRITORY OF HAWAII

University of Hawaii
United States Department of Agriculture

Cooperating
Agricultural Extension Service

August 22·, 1938

The Agricultural Extension Service has
been keenly interested in the progress of the
Molokai water development project for several
years becau e of its concern for diver ifierl
agriculture in the Territory and its realization
that the best lancls for this purpose are the
drier, warmer lands lying generally on the
lee sides of the islands. However, without irri
gation water these areas would be of little or
no agricultural value. The Extension Service



This very able report clearly distinguishes
between first hand information, that obtained
from others, opinions and conclusions. The
layout for the proposed aqueduct system is
good and its estimated cost reasonable. The
minimum available flow of water (estimated
at 55 m.g.d.) depends on the quantity of ground
water which can feasibly be recovered. Mr.
Howell, not being a geologist, bases this mi
nimum quantit;r upon the opinion of H. T.
Stearns, Senior Geologi t, U. S. Geological Sm'
vey, in charge of the Hawaiian Division. Thi.
opinion should be checked by other reputable
geologists. However, even if the minimum
flow is only 75 per cent of that estimated the
project is feasible from various points of view.

The lVIolokai Homestead Project, which is
threatened with non-renewal of leases and.
grower's agreements by the pineapple com
panies, can only otherwise succeed if furnished
adequate irrigation ,,-ater at a rea onable cost
and if properly supervised (as pointed out in
the report). Furthermore, the proposed irri
gation project can be justified a an emergency
measure to provide vegetables and fruits ill
times of lack of ocean transportation from the
Mainland clue to war, strikes, etc. These food
products should be available on a moment's
notice, and therefore hould be available at
all times, not sometime after the emergency
arises. The Molokai Irrigation Project, when
completed, would fulfill thi function without
curtailing irrigation water now used in the
growing of sugar cane, one of the two basic
industries in the Territory of Hawaii.

Respectfully submitted,
J. H. FOSS

Engineer East Maui Irrigation Co., Ltd.

(Signed) H. H. WARNER, Director

PUBLIC WORKS ADMINISTRATION
Honolulu, T. H., May 20, 1941

In eptember, 193 , the County of Maui
made application to the P.W.A. for a grant for
construction of the proposed Irrigation Project
on the Island of Molokai. It was my duty, a
the then Chief Engineer of the P.W.A. in
Hawaii, to make a study of the proposed pro
ject as shown in the report of Engineer Hugh
Howell to the U. S. Bureau of Reclamation. A
very thorough, detailed examination of the
project as clearly outlined in the report in all
its pha es, convinced me that it i sound tech
nically, economically and sociologically, and
ha the additional merit of contributing to
National Defense by making these islands more
nearly self-feeding. The only reason that pre
vented the construction of the project by the
P.W.A. was the time limit set on the appro
priation, the funds of which would lapse be
fore the project could be completed.

K. A. SINCLAIR
Former Chief Engineer, P.W.A.

i in a good position to appreciate the need for
the local growing of more crops for the sus
tenance of island people, especially in event of
emergencies, and views the Molokai project as
an extremtly important element in this scheme.
From close acquaintance with the purpose of
the project and the plans for its fulfilment
should financial backing be provided, it is felt
that not only is it a worthy one filled with po
tentialities but that the likelihood of its suc
cessful fulfilment and repayment under the
best available modern scientific management
is good. It is recognized that application of
the best knowledge in the selection and organ
ization of farm operators and in scientific
management of the project is essential to

'success.

TERRITORIAL PLANNING BOARD
Brief'digest of a 30 page report of a sub

committee of the Land Planning Committee of
the Territorial Planning Board, October 9,
1939, of an intensive tudy of the Howell re-

EAST MAUl IRRIGATION CO. port on the Molokai Irrigation project.
May 24, 1941 "In the matter of food supply the Terri-

TO WHO 1 IT lVIAY CO JCER : tory of Hawaii is not elf- u taining. Approx-
The following comments on 1\11'. Hugh imately 65% of the total food con umption of

Howell's unabridged report to 11'. John C. the islands is imported, mostly from the main
Page, Commis ioner of Reclamation, on the land nited States. This fact, coupled with
1\1olokai Irrigation Project are based upon a our isolated position, ome 2,400 miles from
study of the report, a general familiarity with our nearest source of food, places the islands
the lVIolokai drainage and agricultural areas, in a precal'ious position should the normal
and upon twenty-seven years experience ill shipping be interrupted, for any appreciable
construction and operation of the neighboe- length of time.
ing East lVIaui (Irrigation) water supply sys- "Thi report is ubmitted to show how the
tem, including development of ground water:- development of the 1\1olokai land would amel-
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C. C. STOKELY
Colonel, U. . Army

Chairman

Extract from the minutes of the
Board of Directors of the Engineer
ing Association of Hawaii, at a
meeting held ovember 29, 1939.
"Nine members present, one absent.

RECOMMENDATIONS

"The fulfillment of this project will be a
matter of greatest importance to ational De
fense.

"It is recommended that the Land Plan
ning Committee and the Territorial Planning
Board use their best efforts to urge the Con
gre s of the nited States to appropriate fund
for this project."

J. H. BEA MO T
Director, Agricultural Experiment Station

University of Hawaii

L.A.HENKE
Professor, University of Hawaii

C. T. DAVIS
Major, u.. S. Army

J. C. RIPPERTON
Agronomist, University of Hawaii

H. H. WAR ER
Director, Agricultural Extension Service

niversity of Hawaii

ENGINEERING ASSOCIATION OF HAWAII

Honolulu, T. H., ~iay 21, 1941
This is to certify that the minutes of the

Territorial Planning Board how that at its
regular meeting held on ovember 9, 1939, the
Board voted to extend its appreciation to the
Land Planning Committee for the great amount
of work done in preparing its report, and to
adopt the recommendations of said committee.

(Signed) K. A. SINCLAIR
Director Terr. Planning Board

"Lt. Col. J. D. Kilpatrick, as chairman of
the special committee appointed to consider the
Molokai Water Project, read the report of that
committee in which it was recommended that
the A sociation approve the Engineering
phase of the project.

"After general discu sion, it was moved by
ir. Wentworth and econded by Mr. Kunesh

that the Board of Directors accept and heart-
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iorate to a very considerable extent our pre
sent dependence on out ide food sources.

"The area under consideration on iolokai
comprises 16,000 acre of excellent arable land.
All that is required for development is water.

"While othee land are available, because
of low fertility, inaccessibility, and other fac
tor, they are much less desirable than the
Molokai area. If carried out to the full extent
of its possibilities this should alleviate un
employment, increase the economic wealth of
the islands and make them more nearly self
sustaining in normal times as well as in times
of war or disaster.

"While the civil population of the islands
is increasing, the military population is also
growing. There is every indication that evell
under normal peace conditions the military
population will be materially increased. In
case of war anywhere in the world where the
United States would be involved, our garrison
will be greatly increased. In case of war in
the Pacific thi increase would be enormous.
These soldiers mu t be fed. Inasmuch as the
islands are not now self-sustaining, all food
for this greatly increa ed population would
have to be brought from the mainland. Ship
ping required to haul this food might not be
always available, or its use might be greatly
re tricted, thus making it more and more neces
sary that larger quantities of food be raised
locally.

"Truck crops in general represent the most
intensive form of agriculture and in many res
pects the most desirable for iolokai. The gross
returns per acre arc high; the system is flex
ible and is well adapted to small farm units;
it requires little cash outlay and no develop
mental period. If mainland markets for win
ter produce develop, and present indications
are that they will, this acreage of truck crops
would be greatly expanded.

"It is believed that Mr. Howell ha given
a very fair appraisal of the general adaptabil
ity to agriculture of the section of Molokai
under consideration. 'When rainfall ha been
sufficient or "'here small areas have been irri
gated, unusually good crops have re ulted.
Strong winds are common but adequate wind
breaks and the proper segregation of crops ac
cording to their resistance to winds \Yould do
much to alleviate this factor. A combination
of beef, dairy and ome type of crop could
effectively use the poorer and rougher areas.
The soil i undoubtedly fertile and of excellent
physical texture.



ily endorse this report as submitted - unan
imously carried."

STANFORD F. BRENT, Secretary

Brief digest of report.
Honolulu, Hawaii, November 21, 1939

The report of Mr. Hugh Howell, Engineer
U. . Reclamation Service, to Mr. John C. Page,
Commissioner of Reclamation, on the l\Iolokai
Irrigation Project, "as referred for examina
tion and comment to the following committee:

Albert A. Wilson, Vice President and Man
ager, Wahiawa Water Co., Ltd. Engaged in
Hawaii for the past forty years on the con
struction of railways, highways, aqueducts,
tunnels, dams, and the operation of storage
and transportation of water (including the
position of General Superintendent of Con
struction of Waiahole Water Project).

Max H. Carson, District Engineer Hawaii
Di trict, U. S. Geological Survey (Water Re
sources Branch) and Chief Hydrographer, Ter
ritory of Hawaii since 1924.

John D. Kilpatrick, Lt. Col. . S. Army Re
tired (Chairman) Princeton Univ. C. E. '96 E.
E. '98, Hydraulic Engineer New York City
1900-1917, Ex-member American Socicty of
Mechanical Engineers and American Water
Works Association, U. S. Army 1917-1938,
Licensed Hydraulic Consulting Engineer Ha
waii 1938.

In addition to the report of Ir. Hugh
Howell your committee has had before it com
ment on the report by a ubcommittee of the
Land Planning Committee of the Territorial
Planning Board (see names of subcommittee
page 60).
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Your committee feels that the eminence and
well-known ability of the committee above
cited and of their consultants is such that there
is no need to further discuss here the questions
of use of water, the agricultural, economic and
Jational defense phases of the report which

they have so thoroughly investigated. On
those phases, therefore, we mercly quote their
recommendations which are as follows:

It is recommended that the Land Planning
Committee and the Territorial Planning Board
use their best efforts to urge the Congress of
the United States to appropriate funds for the
project."

Your committee endorses the stand taken
by the gentlemen just quoted and believes that
the project is eminently desirable if physical
ly feasible and therefore your committee con
centrated its attention on the cngineering
phases of the project, with particular reference
to the following questions:

1. Is there sufficient water available for
the contemplated supply (55 M.G.D. continuous
flow) .

2. Is there sufficient storage to maintain
this amount through dry periods.

3. Will the proposed delivcry ·ystem be
adequate~

4. Is the proposed ditch and tunnel system
feasible ~ And

5. Arc the estimates of costs reasonable.
After two pages of analysis, all above

questions are answered in the affirmative.

A. A. WIL ON
MAX H. CARSO

JOHN D. KILPATRICK
Chairman
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