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PREFACE

!
FRRIGATION has made very rapid strides in Ar:erica during recent years,
and other countries similarly situated can derive much useful informa-
tion from a study of the results achieved.

From the purely engineering point of view many valuable lessons
may be learnt, particularly in the methods of constructing high masonry
or earthen dams, in the design of valves for high dams, and in methods
of draining seeped lands; but perhaps even more valuable lessons are
to be derived from the results of setilement, for there is no other
country where so much has been done to establish by means of irriga-

.

tion homes for a white race in arid or semi-arid regions.

In the following pages I have attempted to describe seventeen of
the more modern irrigation schemes which I inspected on a tour
through the West during September, October, and November, 1913.
The schemes are arranged in the order in which I visited them,
beginning in the north and ending in the south, as shown by the numbers

on fig. 1.
Most of the books on American irrigation are written in the
" manner of textbooks, each general principle being illustrated by
examples from several schemes. Many of them, too, deal with only
one aspect of irrigation, such as engineering. This volume has, there-
fore, been written with the feeling that there may be room for a book
describing a number of schemes, each separately in all its aspects, and
with special reference to the results achieved in settlement, which is,
after all, the measure of the success of irrigation and depends on
conditions which vary with each scheme. Failures in irrigation schemes
- have resulted, not so much from bad engineering, as from lack of a
proper undeg:ianding of the agricultural conditions and of all that is
.jnvolved in the human aspect of settlement. 1 have, therefore, not

faden™
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L MAP SHOWING POSITION OF SeHEMES — . conﬁnetdl mysglf to the engineering side, and have treated each scheme
_ separately.
Fig. 1. At the same time a uniform method of description has been

followed in most of the schemes, so that information on any one aspect
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of irrigation can be conveniently found and brought together for
comparison.
The general order is as follows :—-
Physical conditions, outline of scheme,

interest, soil and agricultural conditions, settlem
tion and duty of water.

engineering works of
ent and cost, distribu-

One chapter describes some useful crop experiments in Utah, and
two chapters towards the end deal with settlement and irrigation law.
It would probably be advisable to read the chapter on settlement first,
80 as to understand the conditions on schemes carricd out under the
Reclamation Act and the Carey Act. Some of the more important
general features of the schemes described have been gathered together
in the last chapter, but not in tabular form, which might have been
misleading on account of the number of variable modifving circum-
stances in each scheme.

Contours have been given on most of the maps, in order to
indicate the surface-slope, which has such an important bearing on the

methods adopted for the actual application of water to the land. The

contours are in some cases only approximate, but still they give more
information than indefinite Phrases (o describe different degrees of
“ flatness.” :

In order to avoid vague words in the
to facilitate comparison with the

analysis has been given wherever

Considerable vagueness is also common in de
applying water to the land, particularly in the use of the expression
“flood-irrigation.” 1 have therefore used the
the methods most frequently adopted :
(1) “ Simple surface-flow,” when the water, after leaving the
ditch, simply runs down (he slope without any restraint

except by short guiding walls irregularly thrown up by
spade. . .

description of soils, and

soils of other countries, the physical
obtainable.

following expressions for

(2) “ Surface-flow betwecen borders,”

the slope but is confined by parallel border: and usually

by cross borders or drains at the bottom. This is by far.

the commonest method in America.
(3) " Basin-soakage,” when the water

completely enclosed by walls.
on heavy flat land.

4
is headed up in basins
This method is common

scribing methods of

when the water runs downee
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P ter is run down
« » « corrugation,” when the wa a
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the lan 1t,n This is a common .mef:hod for tolfc o é
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. i1 lanation is “appil o
SS101 requlrlng exp . in the
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O e rops ¢ Cme ter and as to wastage in canals, is more use-
different crops require water

i i 1 form of “duty.”
hen given in the usua )
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CHAPTER I

THE BELLEFOURCHE SCHEME

(United States Reclamation Service, South Dakota)

Tuis scheme is situated near the western boundary of the State of Locality.
South Dakota at an elevation of about 2800 feet. It derives its water
from the Bellefourche River, which rises in the Black Hill Mountains
and runs thence easterly through the irrigated area to join a tributary

of the Missouri River.

The hills adjoining the irrigable area are low and consist largely
of blue and brown shales (Pierre shales) with layers of gypsum. The
formation has much the appearance of the Ecca shales as seen in the
north of the Calvinia District of South Africa, though the former series
is geologically much younger, being correlated with the Upper Creta-
ceous. It weathers easily on exposure and crumbles into small soft
flakes, in this respect also resembling the Ecca shales.

The natural growth of the area is a low sage bush (atripler), and
along the rivers and creeks cottonwood trees (like poplars) are
abundant. Winter temperatures of —30° F. have been recorded, and
during four of the winter months the mean temperature is below
freezing point. The cold weather is frequently broken up by the warm
<auth-west " Chinook” wind. In summer the temperature sometimes
rises to 100° F. The sky is seldom cloudy and winds are usually
stropng. 7"
The average rainfall on the irrigable area is about 15 inches, the Rginfall
wettest perio® being in spring and early summer. Thunderstorms are and Water
rare. The drainage atea is steep and not very thickly covered with Supply-
vegetation, and consequently the run-off from rains is rapid and the

peak of floods resulting from rain is of short duration,
1a
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The drainage area above the diversion works is 4265 square miles,
and the mean annual run-off is 291,000 acre-feet, the maximum and
minimum observed being 477,000 and 123,000 acre-feet.

A table of mean
monthly flow would be somewhat as follows:

Jano o Feb, March,  Aprl. May.  June,  July, Vg, Sep. Umt Novr.  bec
‘ ) D K - L} "
Cusecs : Ice. Tee. A00. 500, 600, 1100, 4on. 250, 200, 3. gm0 Tee.

As the whole area to be irrigated by the completed scheme is
100,000 acres all(l tll(‘ ll‘[-igratlng SEASON (‘Xl('n(l\' (‘_”"\ 1‘*‘ -\l"\‘ (() n(‘Br

the middle of October, it is obvious that storage must play an important
part in the scheme,.

The main features of the scheme are shown on fig. 2. page %
A weir across the Bellefourche River raises and diverts the water into
a canal 6} miles long, which feeds the large storage reservoir and also
supplies a small furrow for direct irrigation of part of the lands,  From
the reservoir one main canal runs round the upper edge of the lands
on the left, which slope down towards the river, and another canal
crosses the river to irrigate a smaller area on the right bank.

Engineering Works.

There is nothing very remarkable abont the headworks. The
diversion-weir is 400 feet long and has a maximum height of 23 feetl
above the bed. Tt is founded on shale and is of concrete with vertical

up-stream face, 6 feet top-width, 1 on 3 down stream face, and 2 long

apron from the toe protecting the shale, which ix liable to weather on
exposure. At the end of the weir are three scouring sluice-gates, cach

5 feet wide and with sill 13 feet below the crest of the weir

Immediately adjoining them, and at an angle of 45 degrees to the line
of the weir, are the canal reunlator-gates with sills 2 feet higher. There
are seven of these gates, each 5 feet wide by 10 feet high (see photo A,
plate 1). The intake-canal has a bed-width of 40 feet, a fullsupply
depth of 10 feet, a grade of 1 in 5000, and is capable of carrving 1650
cusecs. [t runs through comparatively easy sidelong ground, and at the
end of 6} miles cuts deeply through a neck in the ridge separating the
river valley from the parallel storage basin into which the canal drops
Over A masonry weir to prevent scour in the canal above, )

-

This is the most interesting feature of the scheme, being one of
the largest earthen embankments ever made without any sort of core-
wall. The maximum height above the bed is 115 feet. The water stands
back 8 miles, C()vCI‘ing an area of S000 acres when the reservolr is full.
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The capacity is 210,000 acre-feet, of which 204,000 acre-f
able. The chief dimensions of the dam are
1} mile long on the crest, and contains

?"Ork-. The line of the dam is curved to economize material. The dam
18 built on a tough heavy clay soil, known locallv aw - gumbo,” which
extends uniformly to a depth of from 10 to 40 feet
shale, soft on top, but harder below. '
growth and ploughed 1o a depth of N inches. The material for the
dam was bronght on by rail from borrow-pits in the hills near the
extremities of the dam, and was deposited in layvers of 6 inches, watered
and rolled. The up-stream face is strongly ];rnlo'vlml !
action and the great depth and
the prevalent strong winds.  The pitching consist~ of 12 inches of coarse
gravel covered by 12 inches of <creencd agravel. O top of this, concrete
slabs, 61 feet by 3 feet, are laid = inches thick, extending from a berm
bC‘?U\\' low water to a short distance ahove high water “"J then 6 inches
Fthk to the top. The slabs were made away from the site and placed
in ho.ri:mntal laver< bedded  without mortar on the gravel and with
open joints not exceeding half an inch.  In spite of these precautions 8
storm caused by o heavy wind in Aprill 19120 carried awav a consider-
able.length of the pitching, and, to prevent further dzmm;'v and effect
repairs, a large volume of stored water had to be rvlvusvd.’ The down-
stream slope of the dam has heen covered with 12 inches of surface
loam, fertilized and seeded with special grasses to prevent scour. For
the same purpose two shallow open drains of concrete have been built
on 8 feet berms running along the down-stream face of the dam. They
would carry off the rainfall on the bank but for .
soil, the slope of the qutters he
base-drains were provided in
immediately below the dam

cet are avail-
given in fig. 3. It is
L600.000 cubic vards of earth-

and overlies a
The surface was cleared of all

weanse of 1ce-

the washing-in of the
g insuwilicient to carry this along. No

the original structure, but as the ground
became swampy, a 12.neh drain was later
on placed parallel to the avis near the down-stream toe and about

15 fee Jow v oriving Thi
cet below th ortginal  surface. Fhis now discharges an  almost
conxtant stream of about 50 ¢ ‘

carried out on he . . *:"”".“" per miu'utv. Naturation tests were
i nothe dam for twelve months in 1912, Thirty four 2-thch
pipes were sunk in siy parallel rows over a lenoth of 100 feet of the
dam, ;}ﬂ(l the water level was observed in them.  With 57 fest of
water in the damn the level in (he front Tow (some way down the up-
streamn slope) was very variable, the difference of level in two pipes
being as much as 40 feet. In the row on the line of the up-stream
edge of the crest, the water level varied from original cround level to
28 feet above it; half-way down the down-stream slnp(-‘ all holes were

+ valve towers. The balanced

reach of the wiater in the direction of

THE BELLEFOURCHE SCHEME 13

dry down to ground level, an
10 feet below the ground. -
i the dam. It is a
\ spi _crest is 15 feet below the top of
o Splllwa‘ymicibrcular plan with a radius of 100 feet. Although
ot yet been filled to spillway-level.

d near tﬁe down-stream toe the level was

concrete weir of se
completed in 1910, the dam has n ! |
n from the dam in two reinforced concrete pipes
the dam, and these can draw water

oot below spillway-level. “Ensign” patent balanced needle-
Sz';xst?v:fk f::nt the up-st%ream enirance to the pipes alnd mostidl‘;zguill?t;zf;
s dope with them. Lift-gates and stop-planks are also provi
is done valves are very ingenious, the enor{)n(.)us
e . - 1 ales under great pressure being
Su.l-fa.\.ce fnct'l;);; \l;jll::al c;isi:ilsdi)rflga %il nple hydraulic ram .working with
e]gumate.d- tal and in line with the centre of the outlet-plp'e. The end
axis horizonta conical point which opens and shuts the pipe entrance
O.f the ram hafs y oas engine, and, on account of its curved shape, when
like a valve .0, Slea \;rater to pass in smoothly. The cylinder is attache'd
open 1t 311(?\\5 . by gridirons through which the \water passes to this
tg the masonry ciylecof the valve is illustrated in fig. 4. Photo A,
pipe. The (;31'[;’1 11)8 give details of this type of valve. The pressure of
plate 18, .al-l 15. dam tends to open the valve, and, to close it, .hlgher
the watel‘%n “evided from a tank above full-supply level in the
LA lb"l‘h[;m)ipe which supplies the high pressure can also release
- " lc linder, as on its way to the valve it comes down to
water from 13 uf Jevel of the valve on the down-stream side of the
a ftap-house at eare provided here. The first, A, turns the high
dam. Two Lapiut the valve. The second, B, nearer the valve, opens
pressure ol tho'lb (Lhe first is shut) to open the valve. When both taps
an escape (% nti ' should remain in one position for long periods. It
are shut th-e \dl\ however, that leakage 1is unavoidable, and as 1t is
has bc'ell founc . vide a ,clamp, an automatic arrangement has been
imp.osslblt‘ ltf) pl{)he valve-opening constant at any desired value. The
devised to ‘xe‘i};d through the valve is dropped over a weir, and the
‘Yatfer,dlbdmrf’l,el -1bov: the weir effects the regulation of the valve.
“variation of (:‘ th; water above the measuring-weir at the head of the
EA ppe C.“mﬁa bvoncrete well in the tap-house in which a large float
Carlal mth' ad,cdown On the float are two attachments. Leakage in
works P ,1'11 v‘ill ca.u.se the discharge to increase and the float to rise.
o Cylmldel'xt\,tachments opens the tap of the pressure-pipe as the float
g(i‘e (;fpt:;d( thus tends to close the valve, reducing the flow over the
S

Water is draw
built in the natural soil below

reservoir.

Ensign
Valves.
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THE BELLBFOURCHE SCHEMFE 15

measuring-weir and consequently also lowering the level of the water
in the well. As the float subsides, its other attachment closes the
pressure-tap and opens the escape-tap and the above processes are
reversed. By adjusting the position of the float attachtnents, constant
alternation of a slight opening and shutting of the wvalve is obtained
with verv small variations of level in the canal. Only negligible
fluctuations are caused in the discharge, which can then be kept
virtually constant at any value desired by altering the position of the
two attachments to the float. The valves are 56 inches in diameter,
and there are two for the north outlet and one for the south. “Ensign”
valves have been adopted for the Roosevelt and Arrowrock dams, and
in the latter case, owing to an inspection-gallery in the masonry, an
additional controlling device is provided (see ’vﬁg. 18, Boise Scheme).

As an additional precaution, if the fluctuations above the measur-
ing-weir become too great, a float there sets an electric bell ringing in
the gatekeeper’s dwelling. To make the discharge-weir at the end of
the pipe as long as possible, it is built in the form of a rectangle
extending some distance down the canal, and the water discharges over

three sides.
The north canal for the first 1500 feet is 40 feet wide at the

bottom, and can carry 9 feet of water and 1360 cusecs for rapid dis-
charge from the dam. At the end of this distance the canal crosses
the spillway-ehannel and has an escape into it. Thereafter it has a
width of 30 feet on the bottom, 7 feet full-supply depth, a slope of
1 in 5000, and capacity of 660 cusecs for the 67,000 acres on the north
side. The length is 45 miles, and the capacity diminishes as the laterals
are passed. The Indian and Horse Creeks are crossed by steel flumes
of the Hess type, the former 1360 feet long and 10 feet 10 inches
diameter, and the latter 676 feet long and 10 feet 2 inches diameter.

The south canal starts with 18 feet bed-width, 5 feet full-supply
depth, a slope of 1 in 3333, and a capacity of 280 cusecs for 28,000
acres. The Bellefourche River is crossed by a 5-foot diameter reinforced
¢oncrete syphon, 3600 feet long, with 40 feet drop. Two other interest-

" ing structures on the south side are Stinking -Water Creek flume, and

a, tunnelP=1300 feet Iong: The former re'pla.ces a culvert which wasg
washed away, and consists of two Maginnis steel flumes of 9 feet

diameter. o
The laterals and smaller structures do not call for much remark.

The steepest grade on laterals is 1 in 1000. Drops are vertical concrete

Distributin
System.
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Agricultural Conditions.

By far the greater portion of the irri
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loam predominate

area ¢
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m. The weed on bank is Russian thistle.
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ovided for ‘the purpose) ‘stating how many
cusecs he requires, and for how "many days. _These are posted to
at the head-gates of minors, where he

ditch-riders OI left in boxes
e to frame an estimate in advance

collects them. From them he is abl
¢ down each minor. This estimate he sends to

for the supply to com
the watermaster, who, from all the estimates, regulates the flow at

the reservoir and at each distributary.

As larger' areas become irrigated a system of rotation will be
in periods of greatest demand, and this is now being started.
n 1912 was 1.1 foot per acre at the fields, and

measured ab the reservoir.

necessary
The application i
about 60 per cent. more

~ CHAPTER II

HUNTLEY SCHEME

(Um’ted States Reclamation Service, Montana)

Tais scheme 18 in
bordering on Canada. It is in latitude 48 degrees north, and is the

most northerly scheme 1 inspected in America.
o The average altitude of the lands is about 2900 feet. It derives
its water from the Yellowstone River, which runs in a north-easterly
direction to join the Missouri River, and has its origin in the Yellow-
stone National park region of the Rocky Mountains, where the Yellow-
stone Lake and the high surrounding mountains with peaks over
10,000 feet high give an abundant supply of water.

The range of temperature is from —35° F. to 100° F.

* The average sainfall over the irrigated area is about 12 inches
] being usually in spring and early summer. Th(;
jrrigating seasoll is from 1st May to 1st October.

The water supply in the river is more than sufficient for direct

flow at all sepsons, although considerable jrrigation is carried on higher
up the river. The flow at the head-works is seldom less than %)000

cusecs at the Jowest periods in winter, and at its highest has reached
30,000 cusecs. The greatest flow is in summer, when the snow on ti
e

the heaviest fal

the State of Montana, which is one of the States feecality

Rainfall
and Water
Supply.



» .

S , HUNTLEY ScHEME
A
. T ANTL S

TTLUNTLEY  SCHEAIE—
GCLENERAL NMAPR

. PR SO ¥
to ot o _ . .‘ *

BEAERIN O~
e o o
Lo s

/”7;6/e Arce

} .

HUNTLEY: SCHEME. . ? 21

nd the fluctuations are not so sudden as
nfall, the lake and melting snows giving

mountains begins to melt. &
in a river depending on rai

a steadier flow. .
As the whole area to be irrigated is only 32,000 acres, and the

irrigating period is from 1st Mav to 1st October, when the river flow
is greatest, it is obvious that storage is not necessary on this scheme.

The irrigable lands lie wholly on the right bank of the river,
and stretch for about 30 miles along it, with a maximum width of
alout 3} miles, but less than 1 mile wide in the bottom length.

The land forms a fairly level bench. Round the edge of it
and on the other side of the river, a higher rocky bench extends.

nsist of a main furrow 32 miles long, skirting the
edge of the bench. About 14 miles below the head works the main
furrow drops 34 feet, and continues high enough to command the
lower bench. The drop is utilized to drive turbines and pumps which
feed a furrow 45 feet higher, commanding about 5000 acres on the
upper bench. The lower main canal again climbs into the slope of
the bench at about 17 miles, and a second drop of 41 feet is given
the canal in easier ground at the foot.

The works co

there to keep

Works.
As the low-water flow is seldom below 3000 cusecs, even in

winter, no weir is necessary at the intake, the sill of the intake gates
being simply placed (at 2996) about 7 feet below low-water level in

the river.
The waters being comparatively clean, there is no difficulty with

silting at the head.
The head gates consist of two simple sliding steel gates, each
7 feet high by 5 feet wide, and worked by screw.

The first two miles of the furrow were somewhat difficult, as
high- rocky bluffs approach close to the edge of the river and the
parrow. !ow terrace of alluvium was already utilized by a railwav
line. Consequently the furrow had to run behind the railway and
pierce the bluffs in three places with tunnels of a total lenéth of
9650 feet. These tunnels are 9.2 feet wide bv 9 feet high, the upper
3 feet being ®f circular section. and the whole of the inside lined with
concrete from 6 inches to 1 foot thick. The slope of these tunnels is
1 in 1000, and the capacity with full supply (7 feet deep) is 400 cusecs
The main canal, after emerging from the bluffs, has a bed-width Of

Outline of
Scheme.
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14 feet, full-supply depth of 7 feet, .slope of 1 in 4500, and capacity
of 400 cusecs with 7 feet flow. The size diminishes as distributaries
are taken out, and the slope increases
falls to 70 cusecs.

The most interesting structures are t
at 14 miles and the pipe drop at 17 m
plate 2).

The details of this plant are given on page 22, fig. 6. The
main feature is that both the turbine and pump are mounted on a
common vertical axle and encased in a common supply chamber, the
“water passing inward and downward through the turbine and upward
and outward through the pump. There are two of these units, each
supplied by a separate pipe from the end of the canal, where gates
and a bve-pass spillway are provided. Each supply pipe is 5 feet
.2 inches in diameter and about 190 feet long. For the greater part
it is of 9-inch reinforced concrete, the end connecting to the turbine
being of riveted steel. The bye-pass is a 4-foot reinforced concrete
pipe 220 feet long, ending below the power-house with baflles to check
the velocity. There is a common delivery pipe for the two pumps.
This is 4 feet diameter, 1385 feet long, and is of 9-inch reinforced
The common casing is 84 inches in diameter and about 10 feet

concrete.
high. The vertical axle is provided with a guide-bearing above the

gate chamber of the turbine, and a combined guide and water-cushion
bearing above the pump to take the weight and thrust. The latter
consists of a plate at the top of the axle to take the water pressure
when running, and the solid part of the impellor to take the pressure
when starting. When the pump is discharging, the two small pipes
shown in the front elevation supply pressure from the whirlpool chamber
of the pump to the bottom side of the top bearing-plate of the axle
In starting, before the whirlpool pressure has reached its full value.
the space above the solid part of the impellor is opened to th;
atmogrherc v means of the pipe shown in the section, and the upwérd’
pressure of tl.le supplv water supports the axle. When full speed i
obtained the opening of this pipe to the atmosphere is closed and ’:;S
tap to the supplv chamber is opened, thus equalizing the pressure on
both sides of ethe solid part of the impellor, the ﬁppef pla/.‘t; b ing
now supported by pressure from the whirlpool chamber. v oons

to 1 in 1000 when the supply

he drop and pumping plant
iles (see photos A and B,

The normal speed is 340 revolutions per minute, and the di
charge of each pump is 28 cusecs, or a total of 56 cusecs, lifted 45 feest-

Hydraulic
Pumping
Plant of
286 h.p.



Drainage.

24

HUNTLEY SCHEME.

- e —

The full-supply discharge of the canal at the

ismore than is needed for the turbine.  The efficiency of the plant is
55 per cent. The complete cost of the plant and all structures in
connection with it was about £31,000. Working costs are very low,
as the plant is <0 simple and self-contained.

The other drop of 41 feet at 17
and consequently a shoot Or pipe was necessarv. A 3 foot 3 inch
diameter reinforced concrete pipe about 200 vards long was huilt with

elaborate haffles at the end to check the velocity on entering the lower
canal (see photo).

site is 240 cusecs, which

miles is on a gradual slope,

Soil, Slopes, and Drainage.

The soil consists of a sandv

loam and heavy clav. A consider-
able area overlies gravel, but

in pockets and not continuous,  Seepage
and alkali have appeared, and expensive drainage operations  were
being carried out at the time of mv visit Flaborate preliminary
Surveys of the water-table are carried out before locating  the drain
lines, test holes being made by means of post-hole augurs, from 100 to
200 vards apart over the whole area affected.
built, discharging into natural open drains.
these drains is roughlv indicated on
are as folows:—

Contour pipe drains are
The location of some of
the general plan and the lengths

No. 1 2 3 ' 5 6 7 . o -
Length 2500° 5500 2080’ 30078000 193000 11,300° 5400 48500 23,000
Total 82,230" or 16 milex.

Of these the first five are finished, and the sixth,

seventh, and
tenth were in course of construction.

The clay is from 3 to 8 feet deep and overlies the gravel, and
the drains are placed from 7 to 11 feot below the surface.  The trench
is excavated bv means of large bucket-ladder trenching machines. One
of these is an Austin 36-horsepower oil-driven machine (with caterpillar
tread) which moves along in front of the trench and. if tho. <ides are
self-supporting, leaves the trench almost ready for pipe laving. Tt
can do up to 500 feet per dav. Another similar machine, used
by a contractor, was a Parsons steam-driven trencher.  In manv places
the water is so strong through the gravel that the sides cave in unless
timbered. For timbering trenches large numbers of adjustable  steel
struts with ball joint are used. which are much

more easilv inserted
and removed than timber struts.

25
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. ; Bottom. The

The trenching and pipe 1ay;nglog§glghif;ﬁmis tlt.l}?e flattest. The

’ 1 in ,

i llv steeper than . flow, and tapers
gt ade Is Eenegaeé varies according to the estl.mat:;i 2t the bottom of
size of the 1{)11.) -)ipe at the top end to thg bigge rade of 1 in 620,
g::‘mlil?e Smgn:e liIne started with a 10-in((1:;l cf)flrj)le i?lt 76170{3 Circular glazed

' ' i 15-inch pipe at a gra : i ds. The
and ended.“ 1t1.1 :s are used in 2-foot lengths \-Vltl;;lhr}z)ljlrlll etlllle bottom
earthenwar }‘)1.}) t ocach other and waler ente.ls ; ~g1 with tarred
endslp?]“ fagtr;l: Sjvoint the upper two-thirds being coverec
one-tnir 0 ’

from washing in.
e -ide to keep sand . _
fet strips 3 inehes “ldf these drains is already being noticed in the

The good effect 0 he drying out of seeped areas.

rapid fall of well-levels and t

i 51 er
Il st of completed drains 18 pl‘Ob&bly not less than & 12 P
" ]e CO. ;

foot.

- . 1 e
t-levels are given on the plan to indicate the slop
A few spot- =

T the river is about 6 feet

e tudinal fall along | : -

of the ground. The }011;21 slope from the canal to the river edge Is
The trats ei)sut as there is a series of benches with small

the average slope on the irrigable part';s
‘ 'cot per mile. Irrigation is therefore Verg Za;slz, ar(l)(il 1;

is about 19 I;: \}zlrface flow down the slope betweerll gr . on

ususlly donleowzv& sugar beetd are cultivated, and for this crop

large area, h -

irrigcation 1S necessary. - . .-
e 0 acres were cropped in 1912. Of this area ‘a
About 14707 beets, 30 per cent. to cereals, 25 per cent.
den and miscellaneous products.

per mile. )
about 18 feet per mile, v
drops from one to the other,

85 per cent. Is given to sugar s
to lucerne, and the rest to 2a f 2.6 tons
o in 1912 (a bad year) an average return of 2. .

Lucerne gave m.f er crops. Its average market value is §7
per acre ff)rh thr*e:SLO?nt::ZsLing crop is the sugar beet. ’ljhis is very
per ton. 1‘ e 1(;1 all irrigation schemes within the neighbourhood
wide}y. cultlvatet ;); miles from Huntley, where there is a large sugar
of Billings, :boil_ vv soils are well suited to sugar growing, and, as
factory. = The futaﬁeyscheme is heavy clay and the returns from sugar
a large ‘ar(iae{:))r ‘tha;l from cereals, the advantage of a neighbouring
beets‘ met )1-'Liq enormous.  Nearly 200,000 tons of sugar beets are
sugatr iaC r?nfl %11“' by this factory, producing some 30,000 tons of sugar,
handlec a‘.ce heing about $110 per ton. There are at present nearly
marke! .p: ’undern beets on the Huntley scheme, producing on the
3(‘),(;23 ga:rtl.o tons per acre. The average price paid by the sugar

Methods of
Irrigating.

Crops.
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;:ompany is about $8 per ton, depending on the tested sugar percentage.

Two superintendents and nine ditch-riders see to the distribution Distribution -
All handwork, such as thinning, hoeing, pulling, and topping, is usually

of water, which the user obtains ‘affer notification by post-card or of Water
: : telephone. and Duty.
done by contract for about $20 per acre with special labourers who
come from the east for this purpose.

Settlement

The farmer does all ploughing
and carting himself and provides accommodation.

The sugar company
has two specialists whose business it is to advise farmers as to

methods of cultivation and fix up contracts with labourers. The two

specimen contracts in the appendix to this chapter will indicate the
nature of the work and payments.

If the company has sufficient
contracts in a certain area it erects at the nearest railway siding an

elevated dumping platform, by which the contents of wagons are
weighed and dumped into trucks below. The company pays railage
up to about 40 miles, the cost being about 30 cents per ton up to
this distance. The experts advise a few deep irrigations in preference
to a larger number of shallow irrigations, so as to force the root down,
the result being a higher proportion of sugar to pulp. A farmer
should easily make an average net profit of $30 per acre out of beets.
The possibilities of this crop are worth considering for South Africa.

The entire area contemplated by the completed scheme is about
32,000 acres, of which about 3200 were in private ownership at the
inception of the scheme, the rest being originally Indian reserve land,
but subsequently ceded to the Federal Government at a charge of
$4 per acre. The first lands were given out for settlement in 1907,

and about 26,000 acres have now been thrown open, of which 23,000
have been taken up by settlers.

The total area under water-right contracts, including private
land, is about 24,000 acres.

The scheme is developed sufficiently to
supply water to 29,000 acres. The actual area irrigated in 1912 was
14,400 acres. The limiting size of a holding is 160 acres, but the
average holding is less than half of this. The total building cost to

date is $918,000. The building charge to setilers is $30, and a further
$4 for Indian reserve fund.

The operation and maintenance charge was at first 60 cents
per acre, but was raised to $1 in 1912. The actual cost in 1812 was
$1, excluding betterments, which cost another %1 per acre capable of
irrigation. Drainage works will send up the cost considerably.

There are fourteen schools alreadv in the settlpment, and a
telephone connects most of the isolated homesteads. A “rural post”
system is in force, each homestead having a box on a post at a con-
venient corner where collections and deliveries are made daily.

.

As the greater part of the area is now taken up, and a
large proportion already cultivated, it is natural that at periods of

greatest demand the canal capacities are not sufficient to supply all
users at once; and for this purpose, and also to reduce seepage as
much as possible, a rotation svstem was started in 1912. At first a
weekly rotation was worked out, but this met with such opposition that

eventually a four-day rotation was adopted, half of each distributary
being worked in alternate periods of four days.

Last vear the application at the fields was approximately 13 foot,
and at the intake 3} feet, but about 11 foot of this was wasted water,

chiefly because more had to be passed through the turbines than was
required on the lands below.

APPENDIX.

SUGAR BEET CULTIVATION.

CONTRACT BETWEEN GROWER AND BILLINGS SUGAR COMPANY.

1. The grower agrees to prepare the lund for, plant, block, thin, cultivate, irrigate,

harvest, and deliver during the season of 1913, in compliance with directions of Billings
Sugar Company as may be given from time to time,

acres of sugar beets. but in no event shall the company be held liable in damages for any
fuilure or partial fuilure or any injury or damuge to beets,

2. The seed used shall be only that furnished by the company for either planting or
replanting the acreage herein specitied, for which the grower shall pay ten cents (10 c.) per

pound, and not less than 20 pounds per acre shall be used, same to be paid for out of the
proceeds of the first beets delivered.

o. The grower agrees that all beets grown by him will be harvested and delivered to
the company as directed at the factory or in cars at designated receiving stations of the
company, properly topped at base ot bottom leaf, and that knives will not be used for lifting
beets, but hooks may be used, provided they are properly driven iuto the top of the crown of
the beet only. Theo grower further agrees that all beets grown and delivered by him shall be
free from dirt, stones, trash, and foreign substance liable to interfere with the work at the

factory, and shall be subject to proper deduction for tare, and that he will protect the beets
from sun or frost after removal from the ground.

The company has the option of rejecting
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CHAPTER III

i

SHOSHONE SCHEME
(United States Reclamation Service, Wyoming)

———r—

Tris scheme is situated in the north-east cormer
Wyoming. The irrigable lands are at an elevation of 4000 feot to.
5000 feet, and immediately cast of them is the Yellowstone National
park in the Rocky Mountain range with peaks fearly 11,000 feet high.
The Shoshone River rises in this region and runs eastwards through
the irrigated area to join the Big Horn River which flows north and

ends a lit{e below Buntley in the Yellowstone River, a tributary, a8
he Missouri. It is interesting to mnote that three

t in this
neighbourhood. The Missouri and its tributaries, the Yellowstone and
North Platte, originate here and run into the Mississippl which dis-
charges into the Gulf of Mexico; the Green River, a tributary of the
Colorado, has a source here and eventually discharges into the Gulf
of California; and the Snake River, running west to the Pacific, has its

headwaters in this region.

The Shoshone scheme is on the western edge of the Big Horn
Basin, which is & _wonderfully interesting geological formation. A
section through the hasin north-easterly from Shoshone shows the more
the basin to consist of a single huge anticlinal fold

about forty miles wide, bordered by two synclinal mountain ranges
rising man}; thousand feet above the valley. Just west of the Shoshone
scheme the huge synclinal fold of the Rocky Mountains begins, repre-
senting the upheaval of the great western mountains. The underlying
formation i8 & massive granite which has been raised several thousand
foet and is exposed in 2 short reach of the Shoshone canyon, just at
the eontraction where the Shoshone dam is built on the excellent
foundation which the granite affords. Numerous dolerite dykes pierce
this granite, just as in the granite in the Cape Peninsula, and one of
{hese is verY conspicuous at the dam site. Overlying the granite is
the Cambrian system, followed by a large seqil'ende of formations,
exposed withia a short distance in the Shoshone canyon on account of
the steep easterly dip, and terminating in a Tertiary formation which
covers the greater area of the hollow of the basin and overlies a con-
giderable thickness of Cretacious beds. The Tertiary covering consists

we have -8seen, of t

level hollow of

of the Sta.te* of Locality.
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only dam of this height which has a greater height than length of
crest. The height of the crest above the lowest point of the foundations
is 325 feet and the parapet is 3 feet higher. The bottom 82 feet of the
above height is through the gravel and loose boulders overlying the
solid rock, and the height of the crest above the original bed of the
river is 248 feet. The width of the canyon at crest-lgvel was 180 feet,
and at the bed of the river 70 feet. Not only is the §ection of the site
favourable, but also the foundation rock is the excellent granite which
underlies the great syncline, and is, fortunately, here exposed. More-

_ over, the storage area is fairly good, as the canyon opens out a short
distance above the dam and the stored waters can extend eight miles
- up two branches of the river which join here.

The storage capacity is 456,000 acre-feet and 6600 acres are sub-

. merged.

. Advantage was taken of the narrowness of the site to economize
in the cross-section of the dam by making the centre line curved to a
radius of 150 feet. The maximum cross-section is shown on~fig. 9. The
top-width is 10 feet, and the faces have uniform slopes of 6% on 1
and 4 on 1 up and down stream respectively, to a depth of 245 feet,

where the width is 108 feet. This width continues, with the exception

of small footing projections, to the foundations.

This section is very much lighter than a simple gravity section,
from which it also difters in the comparatively great slope of the up-
stream face.- The dam depends for its stability on arch action, and,
if this be neglected, the line of pressure when the reservoir is full
would fall well outside the base of the dam.

One of the chief considerations in the design of such an arch-
dam is the effect of changes of temperature which are greater in the
upper, thinner, and more exposed portion of the dam than in the lower
portions, which are more often covered with water, more massive, and
narrower. An increase of temperature (above that at time of building)
causes the centre of the arch in the upper portion to move up-stream
more than in the lower part, and, unless the section is properly
designed, this unequal movement is liable to cause greater stresses in
the masonry than can be caused by the water pressure. It is claimed
that the great batter of the up-stream face and the uniform batter of
both faces minignize the stresses due to this cause, and Mr. Wisner,
who was consulting engineer for this dam, states that where a canyon
is sufficiently narrow to allow of a dam “with a radius of 200 feet or
less, the batter of the up-stream face should be at least one-half that
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of the down-stream face,” and in dams of very short span both faces
should haye the same batter, and vertical reinforcement should be
placed in the down-stream face and horizontal reinforcement in the
up-stream face of the top portion of the dam to prevent cracking due
to changes of temperature.

The concrete was 1: 2}: 5, and 25 per cent of “plums” were
placed in it. The contents of the dam are 75,000 cubic yards.

. The spillway is unique. There being no natural neck or ledge,
a tunnel 405 feet long and 20 feet by 20 feet at a slope of 1 in 10 was
cut through the granite of the left bank; the surplus water discharges
into it over a weir perched on the cliff at the entrance, with crest
300 feet long and 10 feet below the dam crest.
The main outlet is a 10-foot by 10-foot concrete-lined tunnel,
500 feet long, through the granite on the right bank. The sill at the
entrance is 230 feet below the crest of the dam, and the tunnel has a
slope of 1 in 200. Near the discharge end are placed three high-pressure
cast-iron gates, each 71 feet high by 3 feet 8 inches wide. The operating
mechanism is placed in a chamber excavated in the rock immediately

above the gates, and consists of a piston attached to each gate and |

worked by oil pressure obtained by means of a pump driven by a
dynamo and oil engine.

Another outlet tunnel has been made through the granite at
120 feet below the crest, and two cast-iron pipes, 42 inches and
15 inches diameter, were built through the dam at about 230 feet below
the crest.

The preparation of diversion works and foundations took two
years, and the placing of the concrete another two years.

Considerable difficulty was experienced on account of flood and
failure of contractors. The storage dam and all sluices, tunnels, etc.,
have cost $1,195,000, including $214,000 for the purchase of submerged
lands. ,

, This is a .reinforced concrete pick-up weir, 400 feet long, across
the Shoshone River, sixteen miles below the storage dam. The bed of
the river consists of about 5 feet of sand, gravel, and boulders, resting
on shale or clay. The crest of the weir is about 14 feet above the
bed in the centre of the channel (see fig. 10).

The weir consists essentially of a 2-foot 8-inch thick reinforced
concrete deck at a slope of 45 degrees, resting on a cut-off wall
extending 3 feet into the shale and supported by buttresses 2 feet thick

Corbett
Diversion

Weir.
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at intervals of 14 feet, having a back slope of 24 on 1. A horizontal
deck, 2 feet thick (with weep-holes) rests on the gravel bed at 9 feet
below the crest, extending from the back of the sloping deck to

the back edge of the buttress; it then drops 4 feet in a circular

curve and continues as an apron for 24 feet, resting on the bed with
two cut-off walls down to the shale. The up-stream face up to 3 feet
from the crest is filled with a mixture of earth and gravel at a slope

of 1 on 3.

At the left end are three scouring gates 4 feet by 5 feet, with
gills 13 feet below weir-crest, separated from the weir by a training
wall 9 feet above weir-crest. On the other side of the scouring sluices
is a curved weir with crest 5 feet below the weir-crest; the supply to
the tunnel head-gates passes over this weir and down a smooth paved
slope to the sill of the tunnel gates, which is 13 feet below the main
weir-crest. The cost of the diversion weir was nearly $100,000.

The main canal starts from Corbett weir in a tunnel 3% miles
long. It is about 11 feet square and has a slope of about 1 in 700.
It is mostly through sandstone, with some shale and clay, and is lined
with concrete. The tunnel cost nearly $1,170,000. At the end of the
tunnel is a settling basin with spillway and scouring tunnel and
regulating gates across the canal. From this point the canal runs for
seven miles to Ralston reservoir in open cutting for the greater part
40 feet wide on bottom, 6.5 feet full-supply depth, 1 on 2 side slopes,
and 1 in 4500 longitudinal slope, though in rock and deep cutting the
channel is narrower, steeper, and deeper. The full supply capacity is
1000 cusecs. About half-way along this length the Eaglenest Creek is
crossed in an interesting reinforced concrete aqueduct, which at the
same time acts as a regulator and escape. The waters of the creek
pass under the aqueduct through eight openings, each 6 feet wide by
8 feet high. The walls between are 10 inches thick and support the
floor of the aqueduct, which is 54 feet wide and 12 inches thick.
The sides of the aqueduct between the piers consist of flashboards,
over which the excess canal water can drop on to the extended concrete
floor of the culvert below. Flashboard regulation is also provided across

the canal at the end of the aqueduct.

The Ralston reservoir provides a means of regulation nearer the

lands. It is an earth dam 700 yards long, with a maximum height of
40 feet, has an available capacity of 2100 acre-feet, and covers an area
of 200 acres.
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From Ralston reservoir the main canal continues for 4 miles to
the head of the Frannie canal. The canal in this reach is 40 feet
wide and 6 feet deep, and has a slope of 1 in 4000. In this length
the canal drops 50 feet in 2800 feet in a wooden shoot on the side of
a hill, and also has five vertical drops each of 6 feet. From the head
of the Frannie canal the Garland canal rupns straight down the slope,
and distributaries run out from it on both sides along the contours.
The Garland branch begins 20 feet wide on bottom with 1 on 11 side
slopés, 4 feet 9 inches full-supply depth, longitudinal slope 1 in 2500, and
capacity 358 cusecs. As the laterals take off, the canal diminishes in
size, and the slope becomes as steep as 1 in 1666. As the slope of the
country along the Garland canal is about 27 feet per mile, or about
1 in 200, it is obvious that a large number of drops are required in
this branch, and a vertical drop of from 6 to 10 feet is given at nearly
avery quarter-mile, the distributaries taking out just above a drop.
Details of an 8-foot drop, where the capacity is 358 cusecs, are given
on fig. 11. A bridge crosses the channel here and forms part of the
structure. It will be noticed that a water-cushion is provided, but it
seems that this tvpe of structure is too cramped at the lower end, wave
action and excessive velocity causing considerable scouring in the canal
below, and the protecting pitching of the slopes has to be renewed

constantly.
The distributaries which take out from the Garland canal usually
follow the contours at slopes varying from 1 in 1000 to 1 in 666, and

consequently fewer drops are required.

The minors taking out from them run down tle slope again and
require drops. The smaller drops are either vertical or through pipes.
Types are shown on fig. 12. The Frannie canal starts with a bed-
width of 29 feet, full-supply depth 4 feet 9 inches, side slopes 1 on 2,
longitudinal slope 1 in 2800, and capacity 500 cusecs. Ag it follows the
contour, no drops are required. This canal is constructed for only
twelve ‘miles and will be extended at a later date. As it now irrigates
a much smaller area than it is designed for, a flow much below its
full capacity is required, and, consequently, to head up the water and
give the minors and direct outlets full supply, it has been found
necessary to build a number of temporary wooden checks at intervals.
A typical outlel from the canal is shown at the bottom of fig. 12. Tt
will be noticed that in all the drops and outlets a little weir or obstruc-
tion is built on the discharge-end across the channel to retard the
velocity and prevent scouring.

2a
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Soils, Slopes, and Drainage.

Thé prevailing soil is a slightly sandy clay loam. Eor the greater
part of the area at present irrigated it rests on sand and gravel, and
has an average depth of 3} feet and sometimes 1 foot or less.

The slope of the river through the irrigable area is about 27 feet
per mile. The flat where irrigation is now practised has a slope of
97 feet and more per mile, generally parallel to the river, and is over
100. feet above the river bed. The water table, before irrigation was

commenced, was about 20 feet below the surface.

With such a porous sub-soil, steep surface slope, high elevation
above the river, and low water table, few people would have predicted
that any trouble would arise from seepage or alkali, and yet, within
four vears of the opening of the scheme, the water table has risen
10 feet and a considerable area has been rendered unfit for cultivation
bv seepage and rise of alkali, which has made expensive drainage works
necessary. Fig. 13. page 45, shows the position of the drains constructed
or in course of construction in 1913. The plan adopted is to construct
the drains down the steepest slope and not as intercepting drains along
contours.

The first drains constructed (A, F, E, C, and H lines) were open
cuts, but the later drains are all covered pipe-lines. Elaborate observa-
tions are made as to underground water level and depth of gravel
before the drain-lines are located, and then careful sections are taken
with augurs and test holes along the designed lines before work is
commenced. The pipes are plain-ended, from 10 inches to 18 inches
diameter, and thev are laid in short lengths with open joints, as at
Huntlev. Practically all are at a depth of 8 feet below the surface.
The longest end in Bitter Creek, and run parallel, about three-quarters
of a mile apart, and square to the contours.

The average fall is about 1 in 200, the flattest slope being 1 in
400 and the steepest 1 in 170. All run, for most of the way, in the
gravel and sand underlying the clay. Trap-boxes, 4 feet square, are
provided at every 1000 feet.

The lengths and diameters of the drains are roughly as follows: —

Dra‘n. Length (feet). Diameter.
K, oo e e e 13,100 10" and 12"
K P 26,300 10", 12", and 15"
J e e e 25,000 —
L1, and I el 52,100 10", 12", 15, and 18’
L 16,000 —

Total .., 132,500 feet, or 25 miles length of covered pipe
drains in 1913.

Drainage.
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The total length of open drains is about 7} miles. The board

of experts has recommended the construction of a further 9} miles
of covered drains.

Trenching machinery for the excavation for the pipe-liné}f! of
two kinds. An Austin 40-horsepower trencher (with buckets), -similar
to that employed at Huntlev, is used and does excellent work, except
in- running sand. As much as 1060 feet has been done in sixteen
hours in favourable soil. The other type is the dragline excavator.
with 1 cubic vard bucket: this works more satisfactorily in running
sand, doing 200 feet to 400 feet a day. Where mnning sand or much
water is encountered. the trench has tn be timbered with sheet-piling.
An illustration of this machine is given on plate 4. Tt lifts itz own

track ahead and has the great advantage that it can also be used for
back-filling the trench when the pipe is laid.

T

Measurements are made of the discharge from the drains. During
1913 the “I” drains discharced as much as 7.7 ensees at the height

of the irrigating season and 5.5 cusecs in August and September. and

the whole “1” svstem was not vet completed. The totnl maximum

discharge of all the drains during the irrigating season is about 25
cusecs, and the average flow is not much less than 10 per cent of
the average flow sent down the main irricating canal. Tt is interesting
to note that the curve of total drain discharge during the irrigating
season is roughly similar to that of the main canal discharge, the
peaks of the former curve heing only a few davs hehind those of
the latter. The maximum drainage inflow per mile length of drain
is 3.7 cusecs in the open drain A. Part of this seepage is due to
excessive use bv irrigation, but much of it is due to the fact that
the Garland canal, for some distance below all the drops cuts through
the top clav and runs in porous gravel, and also to the heading-up

of the Frannie canal, which is of too big a capacity for the area at
present irrigated.

The effect of the drains is noticeable verv shortlv after con-
struction, and large areas have heen reclaimed. On one section where
the drain was constructed in October the water-level within 2000 feet on
each side was lowered by from 2 feet to 5 feet hy the end of the vear. The
average cost of completed tile drains has been abhout %11 per foot ran.
Of this about 60 per cent. is for excavating trench and laving pipe.
20 per cent. is for back-filling the trench, and 20 per cent. for
purchase of pipe. The estimated cost of future drainage is about
$1.70 per toot run.
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SHOSHONE SCHEME.
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CHAPTER 1V

BOISE SCHEME
(United States Reclamation Service, ldaho)
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Plate 5.

| ? ' BOISE SCHEME—Arrowrock Dam.
Plate 4, |

SHOSHONE SCHEME.
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Note cobbles and drain-pipes.

(b) Method of Concreting.

- (¢) Drag-line

Elcavnor.

(Lidgerwood Mnnuhcluring Co., Chicago.) #

EME “Arrowrock Dam.
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(a) Foundation-rock.
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falls off rapidly during July and runs more or less uniformly between /¥

= --800 and 1000 cwdecs for- the remaining months of the year. Now

o Government began construction only in 19805, and, before that, develop-
E‘ . ment had beeh going on steadily by private enterprise for half.l :

P . century. As each scheme developed it acquired rights by appropria-

P tion, and (by 1904) 135 rights had been established to & total flow of

o~ . 2755 cusecs. This means that any development after 1904 could talfe

water only at such times as the flow exceeded 2750 cusecs, which, 'f“

& mean year, would be from 1st April to the end of the first week 1D

+ July. Storage was therefore essential, and thix is supplied by the
Deerflat reservoir, commanding the lower lands (completed in 1912) -

and.the Arrowrock dam (now in course of construction) commanding

.
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™ alI the lands. The aim of the scheme is not only to provide irrig&- o
v %éfggn fo; ?’bo‘%" 67,000 acres of new Federal lands, but also 10 Pro"‘d:.
tler irrigation for about 133,000 acres of land privately owned 8b
' ‘pot. de.velop_ed, or included in an irrigation district which has 8nt 2200
insufficient water supply, or too late an appropriation without storage:

The function of the Federal Government is therefure quite diﬁe}‘en‘
ln this case from that which we have noted in the three previous
schemes, where older private works do not cover the same ares.

L #The Federal Government is enabled to provide better irrigaﬁunf
or older and highly developed areas by virtue of the Warren Act ©

1%1}?‘ and thig_ work is almost as important as the development of .
entirely new areas.

th';,.t:,glt. V?ll_l be seejn from the table of appropriation (on the right '(;f-
. mean discharge’ of fig. 14) that as early as 1578 the total approprt .
tion exceeded th.e mean low-water flow for August and later mout}:&
P%V‘ﬁﬁ'?ﬁ{h::v:m;age i really re‘,‘“‘}red for all the appropriations after lti::
rights and ::L .lmpona.“F irrigation districts which huv‘u.lntc “18the
Pioneer irri quire fz.dd.monal water are the Nampa-Meridian at hos
Irrigation districts (shown on plan, fig. 19) Government Dé
wtline of made contracts for supply with both of these. ' - .
M'o Riv;ar 'l;get;\gmwro,ck storage dam is being constructed across the 5:322 LQ,_
below the damcan};:'“, about 23 miles above Boise city. .hncen d the
_ain capal Sta:t o dl.vemm“ weir is built across the river, ab
& ) $ from it on the south side.

we

g

-

. It kccp:-; (,'l()SU
Tiver f i -
or two miles and then gradually gets away, and, opposite

town ] Fig. 14.
the ir:;lgrxl 0# sharply and runs at the foot of the high land hordenl\g3
'@ area. At about its twenty-sixth mile, Indian Creek
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crossed, and this creek is used for’' 9 miles to take the supply down
the steep slope to the Deerflat reservoir, the ramainder continuing in
a canal at the foot of the hills to irrigate the high lands along the
ridge bordering the Snake River. The Deerflat reservoir, situated
about the middle of the irrigable lands, stores surplus water and
supplies stored water to the lands lving below it.

The Ridenbauch canal, which takes out of the river below the
diversion weir, supplies the Nampa-Meridian irrigation district, and the
Phyllis and Caldwell canals—still lower down the river—supply the
Pioneer district. and all these three older canals now derive additional

water from the new Government scheme.

Detail Works.

) THE ARROWROCK DAM.

’ Above the diversion weir the vallev of the Boise River contracts
into a narrow canvon with high rocky banks rising from near the
water's edge. About 15 miles ahove the weir is the site of the great
Arrowrock dam. This is now in course of construction, and will be
the highest dam in the world. The site is just below a sharp bend
in the river. The old granite formation is here exposed and provides
an excellent foundation for the greater part of the dam. On the right
bank the granite rises steeply from the river bed and is clearly

exposed.

The river hed consisted of sand, gravel, and boulders to an
average depth of 70 feet, but as deen as 90 feet in ome place. and verv
@ood granite has heen found below it.

On the left bank granite is found up to a little above the river
bed, and then a cap of lava about 50 feet thick overlies the granite,
rising almost sheer on the river sid
away from the river for ahout 60 yards. The junction of the lava and
granite (clearly shown on the left of photo D, plate 4) appears to be
remarkablv close and free from any sort of loose material, and the
lava itself is hard and freer from long continuous cracks than we
might expect in such a formation. The lava bed thins out further
from the river, the underlving granite rising again, and both are
covered thinly with soil which continues over the rock at a gentle
rise to crest-level on the left bank. At the maximum section the
height of crest above foundation is to be 344} feet and the parapet
4 feet higher. Of the above height, 90 feet are below the natural
loose bed of the river. In respect of the foundations the site is

e and running nearly horizontallv

Site.
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excellent, and the width of the canvon is not excessive: but the

storage basin is not as good as it might be and does not give the

sto(li'age we might expect from such a high dam. The vallev is steep
:ﬁe sint:rmw(.i Two branchi?s of the river join about 4 miles 8b‘.>V°‘
fron th’ and the water will stand back in both for about 18 "“}""'

: e dam, and the capacity will be about 230,000 acre-feet.

The width of the canyon at crest-level is about 985 fect. With 80

great a width it is impossible to relv on arch action in 8 curved dam

as was
as done at Shoshone. Treated as an arch or SPQ““"“ of 8

cvlinder, an impossible width would be required in the upper ‘mm'?‘j ‘

Th . . . L. P
da::u d}f&'gn adopted is therefore a gravitv scction, but. in addition the
length as been vurved in plan to n radius of 662 feet, This #VeS

(on the centre line of the crest) of 1050 feet, which subtends

an
, angle of 95 degrees at the centre, or slightly wider than the

90 .
thed:rgr ies al‘gle. adopted for the dam at Roosevelt, where. howeveT,
est-length is considerably less. [t is evident that the designers

consider t .
f T the arch form of some assistance, even with a ('Tf‘-‘”eng"h
of over 1000 feet.

b nogf:d rr\x:g;:num‘.cmss-sertion' is shown on fg. 18 Tt “,m. at Onﬂt

pressivewstrem;th ahﬁl'mplp and light section it is. A very high :;Th

the exception Bof a:: th('re.fore'. been allowed in the concrete. ‘nd

8 ve 1 : Slght.wl.dpmng of 3 feet in the upper portion a
ry small footing projection, the up-stream face is vertical.

especiz;ll‘}l\:‘reir:\q t‘;\m even a curve at the toe, and the absence of battelh
accustomed t ) .hwpr Dar.t of this face such asx we have be'e i
stream face ?o see in other high dams- is worthv of note. The d‘“‘ng
on 1 for {he ra tdent}? of 201 feet below the crest has A slope of :1'.5
N1 feot he izea ler (hst.a‘noe, and is steeper in the top part. I.n t;‘e
middle thind 18}:1& condition of keeping the resultant just wnhlp t
pressure on hor.as been closely ohserved. This gives & ma.‘lln“;:.‘;
depth. met;:“n‘“m‘_ planes of about 13 tons per square foot at tﬁ:e
next 80 feet ")91‘“' point t'he slope is slightly flattened to 1.43 for o5
carries the f;lce : On(:l which point a further flattened slope of 1.of
399 feet swhore 0 1‘9 bottom. meeting the foundation at 8 dovﬂ; o
of the UD—Strf;ar"r\ ‘;Zﬁ:stma a small footing, the width to thf‘“;: a'f()!;
such a high dam. is only 223 feet. a remarkably small Wit
s mn:h;e‘:‘legum compressive stress in the concrete will be ab?:t
planes.  Thi quare foot on horizontal planes, and higher on sloping
is is probably a greater compressive limit than has ever
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ian srched dams
been allowed in a gravitv-section dam. In the Australian arch

as safely
of ‘no great height a pressure of 20 tons per square foot W

is said -
allowed, and in the famous Bear Valley arched dam the stress

X : t vertical
to reach 40 tons, but in purely gravity-section types the h:g?:s the New
stress previously allowed was 16-17 tons per square foo

. ime eat increasé
Croton and Roosevelt dams, and this was at the time a gr
in the value previously considered safe.

. : aid

As the foundations are excellent and the concrete ls_htfngclll. a

with the greatest care, there seems to he no reason W "‘ consider

pressure should not safelv he allowed, especially ‘f’hen “eit should
that, by the time the lowest laver has to bear this loafi.foot
have a compressive strength of at least 150 tons per square )

. trac-
Another feature in the design is the provision of rad.l.t’;: zg:trﬂct
tion joints in the upper part of the dam. Good concrete wi nd if the
1-200,000th of its length for one degree fall in temperature, ‘: and the
modulus of elasticity is about 200,000 tons per square foo uare foot
ends are fixed we shall get a tension of ahbout 1 ton .per ;q concrete
for every degree fall of temperature below that at which t ;ed in the
was placed. Great changes of temperature cannot hf‘ m’f‘(t' r. but in
lower massive parts of the dam, usnallv covered “"nh \wl' i’n;iderable
the upper portion, which is more exposed and thinnper, .(()‘i;vates the
changes of temperature are likely to occur. This clearly m(the Jowest
necessity of building the dam, especially the upper part, at

t
. y the coldes
prevailing temperature to prevent cracking due to tension at

times.

. id‘
- . . - . . » “re ll‘ Cm .
It is obviously impossible to build the whole struct
winter,

- dam 1D
and consequently the plan is adopted of building the
sections th-oughout the vear, leaving

each to be filled up in mid-winter.
10 feet wide and 150 feet apart.

a number of radial gflps betgw;z
In this dam the radial gapt o
This arrangement gives thr(;e ot
Heesion joints in the deepest part of the dam: these are lw;zmll ' b 1o
distance ahove low-water level and carried up vertically 21 ‘
e ‘ letecting
Another important feature is the provision for means of ¢

e tO
. AT face, du
and remedying any upward pressure near the up-stre al}lr e mAsODTY
cracks either undetected in the foundation or developed it

above.

» up-

The first consideration is to make the foundation .alon:d “:'keg_
stream edge as impervious to water as possible. To .thls ) k is met.
way 14 feet wide is excavated until the soundest Dos'q'h!o rln cat 10 feel
From the bottom of this two lines of grout holes are drillec

‘ 59
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he front line is
tf the dam. T .
whole length o 8 feet further
Interyals thr(()lugtlllloutlrtiiream face and the se;co;;d f(la?t"e below the key-
5 feet behin e illed to a depth o t any possible
back. These holes a;.l:utdirs forced under presstllll'e’bzo gtll':)ited yup-
‘bed’kam'i uﬁfe tlfl(?:ll:ldition reached by them Wi

cracks in

ercolation
this fails to shut off compl.ete}’}; ‘;Igesp has been
In case, howevql(‘i another line of open dr.amaa 97 feot 6 inches
from the UP‘Strea.m > ei) hind the last grouted line, or, to the founda-
drilled 14 feet 6 inches be These are drilled 26 feet In no great flow
from the face of .the dan;urse be left open so long 13'5; s the junction
tion rock, and will Of cthese vertical drains, and a (zlr;ins are left,
develops in them. O Verthe foundation rOCk’. small the vertical drain
of the concrete with teot 6 inches each side of i eform o rokoen
extending horizontally h3 dam. These, therefore,hvmconcrete with the
niong th}? 1'engttl;l O;rz:ines along the jun(»étigl;eacl)ifs tbstvvaen each. From
.line of horizon ith 3-foo , red pipe
foundation in 7-foot lerxlri?tlisca;vdrain of 8-inch dlimeﬁfe stg(g)(;)z: of ptge
each of these draln(si aJthrough the concrete up 1 . -water level below
is then constructe hich is alwavs above the low We thus have,
inspection gallery, whi tore be drained to the river. of open vertical
the dam, and can Thet® T Tt row of holes, a series and tapping a
in addition to the grou e-26 feet into the fOundatlon'ls‘hey are 10 feet
drains, efac? fitfng:;?zontallv along tltl}? co:sazltm‘at the appearance of
Iength o eet rom the other, oy s e seepage
apagrtt and each 18 Sep;ﬁae ;: these pipes will md(licit: rz(:ridy it,p for
any flow in ome orT d enable one to locate 1t12nfeet) that a grquting
past the upper face an of such a size (14 feet {o grout up any holes
the inspection Eauszrtyul; and operated in it so as to g
machine may be

B,
that indicate crac.kslb‘;li(;"; can be seen in ph}?tf);htD’ofplzﬁi f}ls?;gtion
These vertical | ing reached the hel ies of vertical
plate 5, the work nottlotl(::vwegre taken. A furthell‘)ofizmilsle inspection
gallery when these - p! the part of the structure at level. These will
drains is to bebuilt H;o within 40 feet of the crest- are S-inch pipes,
gallery and oextenting o M mspection gallery.  They and 10 feet apart
also drain mnto the .0‘ the central part of the daI; feet from the up-
spaced 8 feet ap.art in d all in a vertical.plane 1. ein tho dam wil
in the side portion, a,nl length of open S‘mCh. drains the designers
stream face. '1.‘he tOtah' shows what great lmpor,tanﬁe izontal planes
be about 3} mllesf. degeczfng any tendency to crack in horizo
attach to means ol de '




.
g
S I

~ Outlets.

* . o )
60 “

These are for sluici

. and radially,
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e

, . ions, even
near the up-stream face in the dam itself or in the ’O"“dat'l:::&v the
when the foundation rock is as good as it is here. Probably

. ig first
closest observation 8f these drains will be made while the dam is
being filled.

. ipes
If any crack should then develop, the flow in the pipe
through that ward
opening the sluice gates and lowering the water-level the up

iocht cause
pressure may be prevented from rising to such a value as migh
& breach and the defect b

e remedied before filling the dam again. ::;
these drains are all in ope plane in the upper part of the df‘,ml' care
take up about 8 per cent. of the area, it is ohvious that spec ltl:ecome
should be taken in placing the concrete that this plane does not

a plane of weakness,

. . midd]ei
Outlets are provided at three levels. The lowest, in the
at just abov

- i.e.

e the original hed-level, with centre line at 2967 fegt};et.°

244 feet below the crest, consist of five sliding gates, each 5 fept--xl:nsign )

ng.  The next outlets are ten 5%-inch . rest.

needle-valves with centre lines at 3018 feet, or 193 feet below “](,g{ the
These are all on the left side of the dam, and the three neares

. .y .ts alSO
bank are for POWer purposes.  The last and highest set consis
of ten 58-inch " Eng

. . . 3105 feot, or 106
180" valves with centre lines at 3105 fec
feet below the crest.

. . dam.
These latter are all in the right side of the
The most remar

. ~ each i8
kable feature about the outlets is that
brovided with a ge

. ',ontall.v
Parate conduit through the dam, running .h?ln??o feet
the lowest or sluicing conduits being space
between centres, and almost al

. C-
I the others 16 feet, except m‘m-;;oilrl\?l?es
tion joints. The conduits for the 58-inch valves are cach of u\\'o thus
diamdter, and for the sluicing valyes of 5 feet diameter. -5 inches
have twenty-five Separate circular conduits, none less than 5
in diameter, Passing right through the conerete of the dam.

: a

This is a great departure from the usual custom of .l.]-mkl?fas

large tunnel through the side of the foundation rock and “hm}i new

& common conduit for several valves.  The chief: reason for t {xalves
Plan is that it hag been found that in high dams, if several

urging
. : . , 18 S"rg
discharge into g common conduit, there results an enormot

and throbbing which is

. : jons.

liable to set up vervy dangerous \-ﬂ)ir':‘:: its

This is avoideq by giving each valve opening a straight mn” tyv-five
OWn separate conduit, and {q do this through the rock for t\?lt-?tt.ering
valves would be impossible on account of the expenxe and the s; power
of the rock by blasting. The resul is that, except for the hout 8ny
conduits, all outlets will discharge straight down the river wit ,

. d by
neighbourhood will quickly indicate the fact, &n :

8,
- be placed nearer to the valve

. -
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. . to the gr&Vel
' force. One wonders what vlvmah?)ggfnwill form and
rock to break 'thethe cilannel below. .PrOb&b ya fine sight to see the
and boulders in hion. It will certainly bef t and falling 145 feet
act as a‘ Watel‘:cus IO.I‘lg under a head of 95 e;o feot the diScha‘rging
upper outlets dischargl At a head of less than trike the down-stream
to the river bed beloew. outlets would probably rvoul d probably then
water from the ugpetr though the lower outlets v
face of the dam first, | that they
dopted shows

be used. « Ensign” valves are a Bellefourche and
. » The fact :fhxctt)t;? where previously used, as at
have proved satis

i right through the-
1t dam. The inspection gallery, running rig
the Roosevelt dam.

i to
. allows the contrf)l_lmg taps
dam a short distance behind ﬂ:;dvaf})‘;est,his reason al)l adrg;f;orellaii cg;lttlsé
e valves (see fig. 18). . openin
bas been devised fqr Somsicf:dﬂ\l)vith an adjustable lefnggll: ;)Iilstonl.) B?
pipe fo the valve lSb DT‘; plug fixed to the back Zning can be more
*of which 1is c.losed yl ngth the extent of valYeiOP Lessure is removed,
setting the adjustable ?t n, in opening after high P the escape pipe,
casily regulated. The plsr:st, when the plug reaCheslinder. The rods
o scape of water from the ?y ipe pass through
e aing the the't%n of the sliding length ;)1 Ii)nI;pection gallery.
for regulating the pos;1 1 operaling chambers m.t e oot b only 5 fout
the fixed pipell fro;,n ist sn the right ba,}r)xkl, an;lhelt;agpet s O Y e
The spillwa 9 feot below lling into it the
below the crest of the da;md?srzgnce below, and by -T&gi’ngtiot)ntf(;et long
valley comes iP a S‘I.IO; clear of the dam. A sp; the sideslopes are
surplus water 13 carneis no natural neck, an’ a-]t roughly square to
was required. ~There cavation the spillway 18 buéhe face of the cliff.
very steep, to lessen ex tending up-stream .along £ t high, is built on
the dam, in & CWIVE 0T o spillway weir, 10 o 1 rarallel o the
A bench is excavated .ana, steep channel is excavfa et w?de on bottom,
this. Behind the weir oughly 800 feet long, % e% feet in the first
river. This channel 18 1r and iongitudinal fall of 4 It il be Tined
with -side slopes % -t0 ofile. and thereafter level.- b 550.000 cabic
350 feet with mrlrr;edexpcravaﬁ.on for the spillway will be 350,
with concrete. e

i 1 up for the sand
it Most of this wﬂl be ground up
yards Hrouy O e nd concrete in the dam.

automatically comes

required for sand-cement a
ction. ials are the use
Materials of Cons‘t:;rkable points about the mazlc;rlalllsse of cobble-
The two flfsieleinstead of plain cement, alnd s e
of & cement dmtl;rléugh the mixers, instead of plums.
stones, passe

.-

Ensign
Valves.



_ 8ite, a considerable saving in cost will result. The cement as delivered 3

.sieve. The sand

testing sand in the proportion of 1 to 3 by weight.
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Sand and cemenbware mixed in equal volumes and ground together .

in a mill to a very fine state, and it is found that the resulting mixture

is just as strong and suitable as the original plain cement. It is
obvious therefore that if the cost of grinding one barrel of the mixture
i8 less than the cost of half a barrel of the cement delivered at the

is of such a fineness that 80
200-mesh sieve.

English cements.
state, so that 90

per cent. of it will pass through a
This compares favourably with some of the best

The cement and sand are ground together to a Finer
per cent. of the result will pass through the same

is provided by crushing up granite excavated from
the spillway and screening it through a 20-mesh sieve, which gives a

fine enough sand to grind with the cement. A very large number of
tests have been made on briquettes according to the American standard
method, not of neat cement. but of g mortar mixed with standard

The following average results were obtained after testing for a
year :—

Tensile Strength : 1b. per sq. inch.

After After

After After Atter

o . 7 dayas. 28 days. l 3 months. | 6 months, | 1 year.

Sand-cement mixture (ground half and half) 330 119 0 460 . 452 410
Portland cement |

M3 |4 461 467 ' 108
| ; :
Crushing Strength on 2-in. cubes : Ib. per sq. inch.
Sand-cement mixture (ground half and half)

471 | 1763 | erae | ogio | atie
Portlanq cement ‘

1077 1969 3720 0 3744 —

I

If, instead of 50 per cent. df
is used, greater strength is obtained,

cost. If 60 per cent. is used lower results are obtained, and with
70 per cent. sand the results are much lower.

The above comparison shows that the blend used produces; jus@
a8 good results as the unblended cement. Moreover, it acquires its

maximum tensile strength more Rradually and the subseguent falling

off is less. It is not certain why the mixture gives such good results
compared with unmixed cement. Onpe theory is that it is simply the

finer grinding that makes the cement more powerful; but tests have
been made by comparing the finer-ground cement alone with the cement
as delivered, and they have not yet conclusively proved this theory.
It is certain, however, that very badly ground cements are improved

sand, 40 per cent. or 30 per cent.
but of course with less saving 1n

~ .‘I"
9 -
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‘ ; 3 theory is a
indi of fineness. ,.:Ehe other ]
e e If::tzerthin constituents of the sand, in a

chemical one, and asserts that o silica, have a chemical
fine state, especially the colloidal or soluble silics, Pure

i increases its strength.
‘acti i tland cement which 1nc . e
wtl:tn Wltg t,t;?)uﬁ((;rt,o a greater fineness than degcnbedez,:)o;z,u contalns
;::‘y Titi?: s,olible silica, and if the latter th?s?;nls ﬁ;f,re o e
-‘a. poor mixture, while igneous rock and san

give good results. \ rock
. livered at Arrow L and-cement,
$2 pércgglriglt (gg(; Ib.). The cost of g’%‘fﬁf Snbﬁﬁt,"feti., is about
i i -crushing, power, depreciati . very barrel
15201: (;l:,lsg siarz(til:t,rua sa\gring of about 50 cents 18 -Iﬁag: f(::lueiredyfor the
£ © d ’ t used, and about 500,000 barrels wi  fiors aud pOWEL,
whoe work. . The cost of the plant, complete with building
whole work. .

was $46,000.
) The proportions of the concrete are

6 of gravel. sobble-
sand ?rn};i 5.% t(()el;-esting f;’)oint is. however, that three volumes of <¢o
e 1n !

. to the above and passed
s 3 Tnches Lo 0 ko) 4 S5 Lo o
through the mixers a e to 11, and the proportion 0 Ii fand
cement .to other maternl 1 to 22. This method had previous ky o
adontod therefIg:)’kSk }:iam and the New Yprk Harbo‘ur ‘Zgrc;eaper
;a,ldopted on thed to be satisfactory. It is obviously very hmllll A en 1o

as been prove oL the placed concrete, a process whic NI
:imnarssttllilfleplsl;?isngnin cost on account of the expense of handling.
A\

. ; rkable.
The absence of derricks on the dam 1s rema

(from Utah) costs a little over

Meth o Comwc t'io“mac;‘sltdo:)ltj‘hrc:t‘pla,nt is electricity, and is
The power for driving

iversi eir, 15 miles

. s ti station at the diversion weilr, 1
gelr 1vedthfror(;1 e }:%z;l: li‘;;l:i is an available head of :zout'ri(; faexeitS:
Til::: tw?n ;l:;.ncis turbines, each of 860 h.p., aI:.a erz(;fre.nt dynamos
i t ] and directly connected with the alternating Ao
121‘1’_31‘ lgza Chalmers), which generate 3-phase 60-cycle (flurreork in two
( ltls This is stepl,)ed up to 23,000 volts and sent to the W
volts.
3-wire conductors. ) tion is being used for the

' ite from the spillway excava ' 8

; T'i‘lgeglr‘::;teis l;ﬁ:iste d by firing first dynamite to .sp”rmg the llllolesl
and then black powder to break up. A 70-ton * Atlantic” steam s et
(Bucyrus), with 2} cubic yard dipper, loads the loose material into fla

¢

R 4

1 of blended cement to 2} of ’

Cobble-
stones in
Mixers.

Sand-
Cement
Plant.
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(a) Deerflat Reservoir, Lower Embankment.

e e

e SRR

(b) Golden Gate Open Shoot-drop.

Plate 6.




- Plate g,

ol r T . o e shdmg doors which feed the travellmg hoppers on the ¢
.,,Wﬁt!"% ,L i _ ment is weighed, but the -other wuaterials' are. measured. K’
B R Q{ ’ ek _ The sand, gravel, and cobbles are obtained from*the rive bt
. e ' | m of the dam, where s “Sfone”. dragline excavator with
boom and 2} cubic yard bucket scrapes. tha material togetha
ed of the river and places it in hoppers.. “These are lifted
derrick with 80-foot boom on the edge of the cliff to a I
fhe mixers, and are discharged through rotary and- sloping sc
i Tegpective sand, gravel, and cobble bins. A large amount. of

vation fox foundations was done by the st-pam ma $

n the ledge above the mixers (see”plate 4) and afterwrdh.
Hight up to the screens over the mixers, as required, by- i
X All these matena.ls, by passmg throug

Mditional sand has to be brought by a short railway line. Whi;ﬁ
fcavated material gives out, the lava will be crushed and ,p?ed
bles and st,ones

. edn be no objection on the ground of di
‘quantities are passing so rapidly and Y’egﬁlarl
-goes on_in the sheots, which is an advantage. Too steep
is not,ggpd and Jt bas ;llwfoun thai ag‘ Jo..
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There will be over 530,000 cubic yards of concrete 10 the daim
and abqut 20,000 in other works. |

-

For divetting the river during excavation and construction: LA

?::el’tm feet by 25 feet and 470 feet long, at a slope (?f 11n rl;::

I o through the granite of the left bank and lined with coRET.J

L was provided with bell-mouth entrance and exit o increase 1

capacity.

ite tJi:)ffebdams were built across the river above and bf‘lO‘:" thei;i:m

of ;,he t“PPGr‘One with crest 37 feet above the river bed. The

fully kellxtmel is 8 feet below the river bed. All floods \\'ere.S\:o the

found ept out, and the seepage through the gravel in .nch
ndations was very small and always easily kept down by a 1

P“gl?' O_n completion of the dam no use will be made of the tunset
and 1t will be concreted up.

[}
i . . ion
Practically all the timber used in the camp and for CO“Stmc.u

is obtai . )
ned from a sawmill about seventeen miles higher Up

Thi i i )
. 8 plar.xt 18 driven by water-power, and was specially erected fof t
onstruction of the dam.

4 . oir
to th “di_lter v i b‘f passed down the river channel from the resery
e diversion-weir fifteen miles below.

Diversion Weir.

o . The
hei htThfls is 216 feet long, with an additional 80 feet k’g'“a'\.d 'tl;on
g4l of crest above the original bed is 36 feet, but as the founda®

was

9-fee(:nli)1;ta hard compacted gravel, the base of the dam was.carl:n

6 foet dee0 the bed, with an additional cut-off wall 8 feet Wi eabov
per. The up-stream face, therefore, extends to 36 feet v.

and 15 . .
v feet below the original bed, the total height being 91 feet.

Wi : b
i;gs;;smgg;gs 812 feet, rounded to 4-foot radius up stresin ll.“dmlo'foo
bed level and t;eam,' 'I-‘he up-stream face has # slope of 12
13 on 1, roundee(;l \;mcal, and the down-stream -face bed jevel-
Below that g 1 ‘0 at‘the;w toe to a radius of 20 Yeet 10 hock
falling timl')er ﬂ(ll)er crib iy built for 50 feet to take (.he -‘e o
stream. To ’,-:n the bed is then pitched for a long (ll-‘*‘““"d ot
were dumpedpa vent seepage under the dam, carth, gravel ““(12 teot
wide at the t gamst.the up-stream face at a slope of 1 on 3

e top), which was carried to 7 feet below crest-level:

An i . . log-
way. th;nlt‘:reStmg'fe&ture of this weir is the rolling gate 1N th‘: g
g-way is 30 feet wide and its crest is 4 feet belo

e+ . ___,____,__/

&
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welr-crest. i s |
The rolling gate is 8 feet high.« Fig. 20 shows the manner ° -

in which
cylinder oft h; fge?te 1\1m;l:si] The .Water-tgpe sheath is a segment of &
ches radius. It is attached to a cylinder of

1 foot inch 1 i
3§ inches radius, which is the axis of the dam, and to each

end of this axis, . L
111 inches radiusm;:s\?tdnc with it, are attached two rims of 3 feet
teeth work in straight r1 e;g wx.t h ‘teeth nearly right round. These
at a slope of 2§ on 1 ac’l‘; built into the masonry piers at the ends
chain at one end work.ed be gat? IS.l‘aised or lowered by a sprocket
made water-tight by att,a,ch~y a rim like the rack rim. The sides are
to the pier sides. These ing to the. gate thin sheets of metal parallel
them into close contact ilfe 50 ﬁe?‘lble that the water pressure forces
and leakage is thus prevmihd specially prepared surfaces on the pier
compared with the ordi et The great advantage of this type, as
friction, is that the ope I?ry ift {%Me» apart from the reduction of
bridge is required oveli' r&mg gear is all at one end, and no overhead
Germany single-span gat ‘? gate. This allows of very large spans. in
It is also possible, when th bave been erected of over 100 feet widih
another, and hea(is of I(l)v e2head 1s great, to construct one gate above
The development of thi er 20 feet have been dealt with in this Wway
is type of gate originated and is greatest in

Germany, and th
’ e Maschinfabrik Augs
burg makes a speciality of th;::_ Augsburg-Nurnberg firm of Gustavs-

The power-h e
above, is Si(:uatedoiii“for utilizing the power of the fall, as described
een the log-way and the caunal intake gates.

These latter are ei i
e
eight in number, each 6 feet high by 5 feet wide, and

the sill is
e sill 1s 9 feet below the crest of the weir

Six miles of the firs .
a bed-width of 70 fe:;i t:)lb: portion of the canal were designed to have
of only 40 feet. It ‘,v flfthe canal was at lirst excavated to a width
very great, and, conseqa\;en;);;ndi tltlatds@epage through the gravel was
the full width - . instead of widening
of 70 ; : ing at a later date 1o
concrete. Kutter's "N” fﬁit’ blt was decided to line this section with
instead of .025 for the 0§ Deen found to be 0142 for this lined reach
of canal was of suﬁicienzngcmal gravel, and therefore the reduced size
the lined .portion is now 40 ?Pacmy “'%101) lined. The bottom-width of
8 feet, the lining being carri eletg the side-slopes 1 on 1}, and the depty
is 1 in 4000 in ed 1o 9 feet 6 inches. The longitudi
lining is 4 imch‘;hc;e tﬁfcs;i 3} wmiles, and thercafter 1 in 3150, ngll‘tl::hcl:;lcrf::;
; {, expansion-joint . ’
every 16 foet, an joints are provided across ~anal
d, parallel to the canal, are four expzxnsio::j(:ihr;s(‘atl\l:o

———rmmr

dividing the bottom into %hree equal par
way up the side linings.
in photos C and D, plate 5.

3150 was found to be much too steep, ca
to retard this, eight check-drops

BOISE SCHEME” . 7

R

ts, and the other two haif-
The upper part of this lined canal is shown

n canal is 2500 cusecs. The stope of 1 in
using excessive velocity, and
have been built across the main canal.
The main canal, bY following the edge of the pench, commands the
land which slopes towards the Snake and Boise Rivers, and branches
run -out along the ridges. The Deerflat reservoir is fed from the main
canal at its twenty-sixth mile down the steep slope by utilizing Indian
Creek for nine miles and then a graded furrow for eight miles.

The Deerflat reserv
commands only 2 portion
was dammed by three em

The capacity of the mai

bankments, the dimensions of which are as

follows : —
Max. height. Length of crest. Cub. yds.
No.1 ... ... - 70 ft. 4000 ft. 1,170,200
No. 2 ... ... - 40 ft. 7200 ft. 1,130,800
No.3 ... ... - 16 ft. 950 {t. 25,500
—FOLSE SCrHE /E —
—‘ﬂffﬁ/'lﬁf /?'[JIRWL_-——
. JSea/e
> 25285

& 2O 30 49 I° so yo
gc:ﬂ::ﬁﬁ:—f;:b

Y, 72 Cross_S ecsrorr o Do/
Fig. 21.

The tvpe of cross-section 18 shown on fig. 21 and photo A,
plate 6. A large proportion of gravel is used and the up-stream
pitching is simply loose small gravel. It was placed at a slope of
1 on 3* but was 5\'ashed down to a flatter slope.

This reservoir floods 9835 acres, and has an available capacity of
177,600 acre-fect. The main distributing canal from the reservoir starts
from the left bank of the lower dam, doubles round the spur on the

left, and runs back along the Snake River, irrigating the lands sloping

steeply down to this river.
Before doubling round the spur, & shoot
(the Golden Gate drop), which supplies &

~drop of 34 feet 1s provided
big branch running down

oir is situated in the middle of the lands and The

of them at & lower level. A natural valley Deerflat
Reservoir.

Golden
Gate Drop.
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Flumes,
Pipes,
Drops, etc.
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I

alopg th
int restin‘; ??li.t ?:t\;eg]n the two rivers. The Golden Gate drop 18
through 3"1 feet Th-u lt-l on soft I:me sand and drops about 400 cusecs
given in fig. 22 . It isls ls.shown in photo B, plate 6, and details 8¢
canal are six r.adia.l atl‘emforced concrete structure. Across the higher
pipes lead to the thates’.e.“h .0f 6-foot span. Four 56-inch diameter
and at a slope Ofkabz\;t, wlhmh is square to both canals, 85 feet long,
2 feet below canal bed on 4. At the bottom is a water cushion,
ed, and the lower canal runs on parallel te the

upper one, the soft s :
stone and bush pitch?:;y banks being protected for some distance by

On ac .
part of the CZ::; iorfr‘ the hilly nature and steep slopes of the uPPe”
igated by the Government scheme, a very 1arge

number of flu :
mes, ; )
pipes. drops, and shoots is required. For flumes, -

the Maginnis, i .

used. Expansigg,]}:;g:s\::l ‘-‘;pe of Sem?-circular iron trough, is largely
the end sections are usueua, ways PI'OVlded, especially at the ends, and
An enormous length of A taPer‘“g or of larger size than the rest.
waters through de:) vall pipes 1s also required to carry distributary
constructed are u;uaﬁ 'eys to l.SOlated high parts. The more recently
Photo C, plate 6 show}' t?\f reinforced concrete made at the site
reinforcing wire R :“ e type of reinforcement and moulds. The
top rings of the innper y wound with a special spacing device. The
:l;t sections going to each moulde outer mould are i the foreground.

rance of i e
provided to :}ng)ciseullme;’ CSpe(Emny with steep slope, a vent pipe is
y the hammering due to air sucked in at entrance.

Drop st g :
drops : (al)) Opr:!fmsf;ota’e (1) for small drops, vertical; (2) for bigge*
through ground of S--Where the slope is uniform; (D) pipe-shoots
fig. 23. ?fhe verticara(?mg slope. These three tvpes are shown on
cube oot of the hei rop has a water-cushion of depth equal to the

eight of drop, and of length equal-to 1} height + 2 feet.

A few drops
ps are als i - .
rectangular. so built with openings V-shaped instead of

At the
cushion chambz(r)zt(:? ends- of both the open and pipe shoots water
the water dischargese pll;(;lvlgied’ and in them baffle-walls, against which
of the open shoot ' oto D, plate 6, shows the bottom end of oneé
s and also a weir to steady the flow before entering

a pipe below. This is a t i
i o i mo}iv&et. of the neat reinforced concrete structures

. -
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| Two types of head-gates for minors are shown in fig. 24, the one
for larger minors with vertical gate and hox-culvert under the road.
and the other with gate parallel to the side slope and with pipe-culvert.

It should be noticed that the invert is always lower than the canal-
hed, and the pipe has a slope. '

Soils, Slopes, Methods of Irrigating and Drainage.

The area irrigated forms a triangular patch between the Boise
and Snake Rivers just before their junction—what would in India be

called a “doaba.” The highest ridge running down between these two
rivers is nearer the Snake River.

The soils vary from a clayey loam to a light sand or sandy
loam, a large area consisting of volcanic ash in a very fine state of
division. The longitudinal slope down the Boise River is about 14 feet

per mile, and the portion bordering it—several miles wide—-for a greai

distance slopes the same way, the contours running roughly square to

the river. This portion is therefore very easily irrigated, and all the
old canals were for this reason confined to the part bordering the Boise
River.

The rest of the “doaba,” containing the central parts and those
bordering the Snake River, is higher and more undulating, and has
generally much steeper slopes. Here lie most of the new lands for
which the Government scheme was carried out, and not only was the
construction on this account much more expensive than for the older
schemes, but the actual application of water to the lands is not nearly
such an easy matter. The slope here is as much as 200 feet or more

per mile, and the soil is often of a very fine sandy nature. Whereas

the method of surface flow hetween borders answers very well in most

of the older and flatter tracts, other methods have to be adopted on
the steep and sandv ..l would wash away or irrigate very
imperfectly if the water were simply turned down the slope. The
method adopted is known as the corrugation” method of irrigating,
and consists of a series of small parallel furrows running down the
slope of the land to be irrigated (see plate 7, photo A). A very
small stream is run down each furrow, and in this way the whole
land is saturated. This method is not a mere experimental fad or of
use for vegetables only, but is actually employed over thousands of
acres of lucerne and other crops, and is the m(;st common method on

a lar.gfa number .of.other big schemes along the Snake River, where the
conditions are similar as to steep slopes and light soil. The furrows

[

BoISE SCHEME i

are usually from 2 to 3 feet apart and about 4 inches deeg. Spetzlé'il
furrowing machines drawn by animals are made of wood or sh el,
which make two or three furrows at a time. .The steel machines have
sharp-cutting edges, and can remake furrows I1n o’ld lucerne fields Igsse
plate 7, B). At the top of the field the farmer’s furrow run.s a dg
the contour. Immediately below this furrow another furrow is 1:)1& e
which is divided into sections, each fed from the upper furrow by a
small box through the wall between the two furrows.

This latter contour furrow supplies each of _the corrugations
through small wooden pipes known as “gpiles,” which wpass through

< \\\\\

\\\\ ) ~._ ~
.\\\; \\ \ o
e

~ Y

.C‘/ oss Sec/ror? o7
Sose ror Corrdg. 71073

Fu Size
Fig. 28.
the lower wall and discharge into the small corrugations. Fig. t1215
shows & section of one of these “spiles” They are made by the

farmers by cutting up grooved planks into suitable lengths, usuzit(lily
2 feet, and then simply nailing another plank over the gpiﬁ' s1the.
This “gives a pipe of about } in{:h by # inch, and throug is the
small supply to each corrugation is passed. .

As on the Shoshone scheme, seepage and glkah havg app elared
on this scheme, in spite of the gravel beds whlch.underhe a large
part of the area. As we might expect, the area which has. been first
affected is that lying below the Deerflat reservoir be_tween it and the
Boise River. The, seepage from the reservoir must be very great.
A drain construcled immediately below one of the. banks  discharges
about 4 cusecs. Another deep drain, a S.hOI‘t. distance be}ow the
dam, although not much more than a mile u} length, - discharges
as n,luch as 16 cusecs. Not only are the low-lying lands .along. the
creeks which traverse this area affected, but even the high ridges
between, and I noticed in one place, where two creeks.ran parallel and
less than one mile apart, the ground bet\Yeen (which was 40 feet
higher) was so affected that orchards there died off.

Drainage.
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A number of open drsins have been constructed, especially thyough
swamps. A large portion of the area affected lies in the Pioneer

irrigation district, and, at the same time as they contracted to pay
$560

000 to Government for a share in Arrowrock storage, they con-

tracted to pay $300,000 for the construction of drains to remedy seepage
and alkali.

Cereals and lucerne are the two chief crops, and together cover
(nearly equally) about 80 per cent. of the irrigated area. Pasture,

orchards, and vegetables occupy most of the rest and in the order

being the chief products under the latter
two heads.

Wheat gives an average r
and sells at 60 cents per bushel.
3} tons per acre for about three c
which is a lower value than we

eturn of about 19 bushels per acre,

uttings, and is sold at $4} per ton,

have noted in the three previous
schemes, probably owing to overproduction in proportion to the stock

on the scheme. Potatoes produce about 100 bushels to the acre, and
sell at about 50 cents per bushel—a very profitable crop. Apples form

the greater proportion of the orchards, and the chief varieties grown
are “Jonathan” and “ Rome Beauty.”

The area under the scheme embraces nearly all the land in the

“doaba " between the Snake and Boise Rivers, the chief exception being
the strip of low lands along the Boise Rive

by the older canals, and therefore obtained
priation.

advantage

r which was easily irrigated
good water-rights by app.rO-
The total irrigable area which it is contemplated will derive
from the scheme is 243,000 acres; but of this extent 36,900
acres are doubtful, lying in irrigation districts and possibly not requiring
assistance. We may therefore take the total area at approximately
200,000 acres. Of this roughly two-thirds was privately owned and
one-third entered by settlers under the new scheme. Of the privately
owned land by far the largest part lies in the two irrigation districts,

the Nampa-Meridian and the Pioneer. These two districts were formed
before the Government scheme was started.

The Ridenbauch canal served the former and the Phyllis and
Caldwell canals the latter. These canals were not of large enough
capacity for the whole areas under them: moreover, the water-right
appropriations were too late for any supp

summer and no storage was provided. The

Government having
sufficient, though later, water-

right appropriations and also the Deerflat

Lucerne gives an average return of

ly in the latter part of ~

»

 « water out of the Deerfl

” shares he takes up, and obtains
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ntered 'into ,contracts with these two.
an .Arrowrock 18 tor:;:;;; hvﬁthenéi:)?ld and Atored water and sgm(:;:ir;z
districts to Supiy such as enlarging their furrows and ((:;)n pu
out. certain wo.r y district, for instance, pays $56.O’OOO tob O: to the
crains.  The Plo?e:; stora;z’e of Arrowrock as this sum fea ?1 o e
for su¢h shate © -eock and a further sum of $300,000 OrWith thgis
Whollge (EOStb Ofc;:::‘:(;wout‘in their district by G;ve;‘n;x;ex;tl.ready cored
works to be : land, much o \
Py existing \vor.kS,]l vay as described in the three previous N ali
in fthe same Sunp : \'fo)rm rate per acre as a bul,ldmg Chargel ) ain-
Which is fo fx ahumcheme. and thereafter a uniform ar];nua 1mOne
who benefit by bo¢ Sethod adopted here has been to mef), e (t):ryused
tenance ratc.  The IIf1 an annual water-rent for volume o wag ) red~
charge in the form o es were 60 cents per acre-foot for s o
In 1912 and 1913 the ft;zgérvoir and 40 cents for flood Wa,jcer du{;ﬁg
& X - SO
. . or out of Deerflat reseIV(_)lr,. :
the irrigation Lo s\l‘;g;:it;l; (tic:r:::isfy Government’s ‘apprOpll‘iaQtfl_’OI;;ég?;
as th? river flow ‘Ylas e rates have, however, been as high as 3; .in A
for direct Aov. . 1‘(3)3111 a portion of the lands which are low-t y ﬁen e
cents respectively. };er from the Deerflat reservoir, bu fW on the
present get stored Wwa leted stored water will be available orh not
Arrowrock dam 1s comp lied by Government to any one who _a,s‘nin
lands. ~No water i8 fsigz Boisé Water-Users’ As§001at10n. By ]Ofl thi
become & member & es as an individual water-right a POrtlc;)n I;)d the
this each user acquir ornment in proportiOI} to his lan and
whole water-rights of 0¥ priority according to date of joining.
j ent to bring all under a unif(k)::;l t%rg:ig;zagfc%
This is the induce delivered to an individual he_ note due at
Seore anyfﬁ \?Ste;p;)s{ication in the form of a promissory
year an offici _
the end of the yerr f the new land was taken up Py si,ittlelr'ls1 ato :lli
Practically .a,ll 0913 about 66,000 acres were irrigate io r};babl
carly date. ;?)Br(;?f 1The cost of the completed scheme will p y
third of the ,UWu.
be $70 per acre. 1d by volume, and consequeptly
All water is, aLs1 wemflllf:;le ;f:;’ Z;)(act Zha,n in t.he .threehprevmtui
measurement has to be of delivery to irrigation districts t ed'vtvaji
schemes. In the _cas_et canal is measured in bulk, and the distric ﬁ
" delivered to the dlst;;(C)C:ation to individuals. In all other -cases eac
or a '

"are re;Polnsligs ; measuring device at the head of his furrow. This
individua

Distribution
of Water,
Duty, and
Mainten-
ance.
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(b) Instrument for making Corrugations.
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Plate 8. .

(a) Sluice-gates and l. penifigs before building of Power-house.

(b) Inside of Power-house.




Plate 8.
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b This saw has been tried.at Douglas, Cape Provmce, a
“given great satisfaction there. Weighted chains and disk-ha
f also used successfully. Other weeds on the banks, such as Russfa
t.le, also give trouble, and exponments have been made to find ou

been found to answer best, and is very cheap.
nmn, it comes up before the weeds in spring and chokes them

CHAPTER V

Ll

THE MINIDOKA SCHEME
| .,. nidoka and Twin Falls schemes, to be now descnbed take ﬁl ;
ors from the Snake River, and a few of the peculiar features of th
river will first be pointed out.

The north and south forks of the river are the most easternd
and rise in the neighbourhood of the Yellowstone Park. The
‘fork .is the greatest feeder and has its origin in Jackson Lak

frground sources in the world.
The two forks, after following very tortuous courses, join abowu
miles due west of Jackson Lake. The river then runs south-west ;
ut forty miles to Blackfoot, wﬁh a good iall througl; 1rngable
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ground. About fifty canals take out above Blackfoot, and in. the dry

.‘,‘ o 7 period in August they absorb the whole flow. But in a most extra-

) P ,r‘ N 1 ' ordinary way the flow is increased again in the next forty miles to

- S v °° (- American Falls (close to Neeley) by about 2500 cusecs. As explained
) g o é\ in the Boise scheme, the greater part of southern Idaho is covered
5 ¢
§ .
§
9

.....

with lava sheets which in general are very porous. Just north of this
reach the famous Big Lost River absolutely disappears below ground
in this formation. The increased flow of the Snake is due to the
reappearance of this water as well as to the return of the waters which
have seeped away in the irrigated parts above and been brought to
light again by the impervious dykes which cross the river as at
American Falls. Above Neeley there are about 800,000 acres of irrigable
ground, of which 40 per cent. is already irrigated. From Neeley to the
Minidoka weir is thirty-two miles and very little water is taken out or
g 5 A‘ p _ added in this length. In the next thirty-five miles, however, are the

TR \ et two big weirs for the three irrigation schemes—the Minidoka and the

¢ N Y
§ \Q\ NSO e Twin Falls North and South schemes—which together are designed for

Nfv. ). >
Sl i a total area of over half a million acres.

, Up to the site of the lower weir at Milner, the Snake valley has
K ‘8 gentle slope with no great falls, and the bed of the river is not much
*, lower than the surrounding country. At Milner, however, the nature
of the river changes entirely and very suddenly. Just below the weir
it plunges into a deep and narrow canyon in which it continues for
sixty miles several hundred feet below the surrounding country. The
total fall in the sixty miles is 1500 feet and about half of this is in
vertical drops of 50 to 210 feet, the most notable drops being the Twin
Falls with a vertical drop of 187 feet, and, five miles further down, the
Shoshone Falls with a vertical drop of 210 feet. The power possibilities
of these falls are enormous and have already been partly developed.

This region is therefore unique on account of its great possibilitieé
for both irrigation and power, and the schemes in the neighbourhood
should be visited by all interested in such development.

Although below the schemes to be described, reference should be
made to the wonderful “ Thousand Springs” which enter the lower part
of the canyon from the north. From beneath the lava beds innumerable
springs burst out high up on the side of the canyon and drop some
100 to 200 feet to the river below. The total volume poured out is
extraordinary, and amounts to about 4500 cusecs. The origin of this
water is uncertain, but it probably comes from some of the lost rivers

through the porous and seamed lava beds.

N
!
P |
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Of the three schemes to
the largest and the oldest.
appropriation, am
next water-

be described, the Twin Falls SOIIﬂ.l is
It has, therefore, the first water-right

right ounting t‘o 3000 cusecs. The Minidoka scheme has
gat, and the Twin Fallg North the last.

OGkaaug\]vI:;ig: ?alif;n at L\'celey, Which is thirtv-two miles above th:
4 miximum of’ 8900033 8\§rag¢» annual run-off of 6,620,000 wm““t
much water jg (id P00 and a minimug  of 3.830,000 acre-feet. N.O

added or taken oy between Neeley and Minidoka weib

Minidoka The gnures BIVe a fair idea of the annual flow availabfe &b
@ voar e a:)onthly average discharge in cusees at Neeley for 1911
) Ove the average) is as follows: -

Jan, Fet,, y i
Cusecs ...5880 6920 o APl Vay June - daly  Aug sept. Ot Nov.  Deo

(00 8N 1§ 400 WIM 12700 30 5140 o300 6780 6840

Plus 2750 wn°

[

, o T
- asln o oo
Total .. 0,270,000 acre-feet,

f ‘hie YIS .
of which 202,480 are from Lake Jackson storage. - v’

For about ¢

' ' orty davyy
gfscharge 15 Usually |y
1sch§rge in 1911 way

and in 396 it
18,000

during August and Neptember, the 'meal"
JN'[\\-W“ 2000 and 3000 cusees. The mmm‘;‘:
37,600 cusecy in June.  In Iyoy it was 4Ll L
was 53,100,

T ‘ . .o Neeley &
8quare miles, he draumgm area  above

Se SO . is
ﬁg'Ur(h L Will be seen that the low-water flow 38

. ] . ) ‘a,
Falls Souy, scheme with its carlier appropn

Ora TS Y LTIy oy v “hi
) ge h‘ ecessary for (L other two schemes. This
)y the Fed

. . . in
ral Government for the Minidoka scheme
at [h(,‘ 0uUr

' be Ce “r lh(' .\'llllkl‘, ll“(l p()rlil)" Of lhis swltlg
$ en sold g the

Twin Falls North scheme.

MUAS interested in and has helped 8l "h.ree
scheme  more direct]v under the Reclamation
e Carey Aet, The Salmon River anl‘
Y Act schemes, are on (ributaries which ente
and the Lyndy irrigated by them lie J“:s
Twin Falls sehemes.  These two "Ch?:ey
They are particularly interesting, 88 .
the whol, flow of :;'nmll Jrainage 8

- e e —
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THE MINIDOKA SCHEME

(United States Reclamation Service, Idaho)

The irrigable lands on this scheme lie on bot.h sids of the Snake
River, stretched along about twenty-five miles of.lts length .and at a
verynsmall height above the water-surface of the river. In this respect
it differs from the Twin Falls schemes which border on the deep canyon
and are therefore several hundred feet above the river water-surface.

The river divides the irrigable lands into two portions nearly equal in°

size but very different in nature. The lands on the right bank form
a compact flat or pocket of sandy alluvial soil—-v:ery low and very
leyel. Those on the left bank have a heavier soil, are steeper and

higher, the upper parts requiring pumping.
The mean elevation of the lands is about 4200 feet. The rainfall

‘is 12 inches, and the range of temperature from —11° to 100° F., the

irrigating season being similar to that of Boise. ‘

Storage is provided very easily by simple .works in Ja,cks.on.Lake
at the main source of the river and over 250 Ir.ules ab.ove the irrigated
area. The diversion weir across the Snake RIVG%I‘ raises the.level by
about 42 feet, and canals take off above the weir on. both sides. z.&s
at least 2000 cusecs must always be passed dowp the river to tl}e Twin
Falls South scheme, which has an older water:rlght, adva,ntt?ge is taken
of the drop at the weir to generate electric power wh1ch. 1s used
throughout the scheme and especially for pumping to the high lands

on the south side.

This high weir causes a lake (called Walcot-t) which exten.dls
thirty-two miles up the river and forms an extgnswe storage basin,
only the upper layers of which, however, are a.wallab.le on accgun-t of
the height of the canal sills. Both canals begin to irrigate Wlt'hln a
couple of miles of the weir. The north ca.nal soon br.anche'zs out into a
number of smaller canals which follow mlnqte elevations in the extra-
ordinarily flat tract where the variation in levefl does not exceed
20 feet over the whole stretch, which is twenty n}lles long and has a
maximum width of about ten miles. The south-sw.le canal follows for
thirteen miles the edge of a bordering steep slope with a narrow stretch
of lands between it and the river, which is between one z.md two miles
away, and continues about the same distance from the river for about

Locality.

e

Outline of
Scheme.
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twelve miles further. At the thirteenth mile, by means of pumps
deriving power from the weir, the water is rz?,ised in three step.s to
high-level canals, which run parallel to the gravity can'al and the river,
irrigate the high lands as far as six miles from the river, and end in
a bluff which also terminates the gravity canal.

Works.

A comparatively small work was required here to turn.the la.ke
into a storage basin. A dam has been built at the outlet with sluice
gates and a spillway 24 feet above the bed of the stream. An area
of 22,600 acres is covered with water and a storage of 380,000 acre-feet
is available. .

At the site chosen for the weir the channel of the- river was
about 200 yards wide with solid bed and sides .of lgva. This has been
entirely blocked by a rock-fill dam, 86 feet high in the deepes;t part
(which is a channel about 30 feet wide), and of an average height of
about 50 feet.

On the south bank, formerly beyond the reach of floods, the
country consisted of lava-rock at a gentle slope towards the river. Tl.le
overflow-weir has been constructed on this and runs for 809 yards.m
a snake-like line following the high rock. It is a concrete weir, varying
in height from 2 feet to 15 feet, and with crest 10 feet below the rock-
fill dam blocking the river The south canal takes out at the end of
this with sill 6 feet below the spillway-crest.

On the lava of the right bank, at the north end .of tl}e rock-fill
dam, is the power-house. Sluices were placed here'w1th sill 58 ffaet
below the rock-fill crest to keep the level of the river down (.iurlng
construction of the dam across the river. Further nor‘th are the intake
gates to the north canal with sill 10 feet below splllway.—c'rest. .The
most difficult part of the works was the filling of the orlgmal. river-
channel with the rock-fill dam. As will be seen from the section on
fig. 27 and photo C, plate 8, this consists of a rock-fill on the down-
stream side, with a concrete core-wall at its up-stream toe and an earth
and gravel filling above this with a pitched slope at 1 on 3. Th(? whole
structure, including spillway, etc., is about three-quarters of a mile long
from end to end and cost about $570,000.

All along the crest of the weir (see photo D, plate 8) concrete
piers, 1} foot wide, have been built at 7-foot centres, and between thgse
flashboards are used up to 5 feet above the crest for regulating the
height of water above the dam. This method of regulation has been
found to be slow, and, as there is no method of lowering the lake level

Lake

Jackson "1;.

Storage.

The
Diversion

Weir.
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below the canal beds, except through the old sluices under the power-
house, the discharge of which interferes with the draught tubes of the
turbines, four new sluices are now heing erected in the deep part of
the spillway. Each of these will be 10 feet wide by 12 feet deep, with
sill 12 feet below the spillway-crest. Tt is interesting to note that the
radial type of gate is being adopted to work under a head of 17 feet.
Water-tightness is secured simply by 6-plv rubber strips 7 inches wide
attached to the gate-ends, as shown on drawings of these gates on
fig. 28.

The power-house contains five main generator units each of
2000 h.p. capacity. The turbines are 54-inch Francis type with a head
of 46 feet. The axis is vertical and connected directly with Allis-
Chalmers’ dynamos generating 2200 volts at 200 r.p.m. Current is sent
out at 33,000 volts. The whole cost of the power plant, including build-
ing, machinery, and installation, etc., was $433,000. '

The head-gates consist of nine cast-iron gates, 5 feet wide by
6 feet high, and the sill is 10 feet below spillway-crest. The lands on
the north side are lower than on the south side, and considerable drop

is given to the canal in the first two miles through lava-rock. In this -

part it has a slope of 1 in 2000. bed-width of 30 feet, and full-supply
depth of 10 feet. At the end of this length it drops 12 feet and there-
after runs in soil at a slope of 1 in 5000 with a bed-width of 46 feet,
side slopes 1 on 3, full-supply depth 7} feet, and capacity 1400 cusecs.
After six miles the lands begin to widen out into the alluvial pocket of
72,000 acres. This is by far the flattest piece of irrigated ground of
such size which I saw in America. The fall through the whole area
is very slight, barely 1 foot per mile, and roughly parallel to the river.
Studying a 10-foot contour map, the 4210-foot contour runs in a wavy
line through the upper part of the lands; practically the only other
contour on the rest of the area (over three-fourths) is the 4200-foot,
which wanders all over the area in an irregular maze with a multitude
of islands formed by closed 4200-foot contours.

No other scheme in the neighbourhood or even in America has
anything like such a flat surface as this; indeed, it is too flat for proper
construction of distributaries and for economical application of water
to the land. Unlike other schemes, which usually have a main furrow
running round the edge of the land farthest from the river, with
distributaries running on ridges towards the river, the main furrow on
this flat soon divides into a number of branches which further ramify
and struggle on at far too flat a slope, following as far as possible one
little knoll (invisible to the eye) after another.

89

®

Py

Y R




South Canal
‘and Pumps,

90

MINIDOKA SCHEME

e

The slope in the distributaries, big and small, is usually 1 in
5000, and nearly all of them run for most of the way banked up and

only slightly excavated, so that the water surface in the canals i3

generally 2 to 3 feet above the ground. Checks are abundant on all

the (fanals i'f order to head up the water for minors or farm di(.Chqs;
running to high patches. The disadvantages of such a system of distri-

!)utlon are enox:mous, not the least being the constant danger of hreach-
Ing and excessive seepage.

It is remarkable that, while this extraordinary flat stretches along
the north bank of the river, immediately ()pposit;' on the south Bld.e
the conditions are entirely different and the slope of the lands 18
generally between 10 and 20 feet, or steeper, per mile towards the river.

The sill of the canal intake on the south is 4 feet higher thal
that on .the north. The canal has a longitudinal fall of 1 in 5000 aqd
& capacity of 800 cusecs. Itg alignment is for a great distance in
porous lava-rock at a steep slope, and consequently leakage i3 consider-

able. It: Commands only a narrow strip, a couple of miles wide, down
to the river.

commanded by a gravity furrow,
at the head weir hay been utilize

to the high lands above it; a tot
by the pumps.

al
d to pump water from the south Ca:"
al area of 45,000 acres is to be ser

. The pumps derive their water from the south canal 8 1t,s;
thirteenth mile. A smal part of the water is delivered to 8 cans
31 feet above the main canal. A larger part is delivered to 8 can
at §2 feet, and the remainder at 93 feet. There are three P“mpmg
stations. The first station pumps all the water required by the three

canals, nearly 675 cusecs, 31 feet high.  Of this water, 75 cusecs are

. N 'se
used in the lowest canal, and the remaining 600 cusees are then ral

another 31 feet at the second pumping station, 275 cusecs of this b‘?mg
fed into the middle-level canal, and the remaining 325 cusecs rase
another 31 feet at the third station and fed to the highest canal. ﬁz
the.country slopes fairly gently and in steps towards the river, .t S
Stfitlons are some distance apart, and feeder-canals connect the station
with each other, the canal between the first and second station being
1 mile long, and between the second and third station three-quarters
of a mile long.
The first station contains four 125-cusec units and one 75-cusec

: . ird
tati The second station contains four 125-cusce units, and the th
station two 125-cusec units and one 75-cuse

unit.

¢ unit.

o .

The greater part of the irrigable lands lie too high to be- .
and, consequently, the power generawr <
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i i ith vertical axis directly connected
D nit consists of a motor wit .

to a S;Ch ll)lelow. Each pump is located in a separate chamlt)le;r tl)zt(z:z

full ¢ 1p level in the feeder-canal, and 1s separated fxzom e e
bu -;uggtz Each pump chamber can therefore be emptied sgpa;;:oii

d : ' {ype wWith both top an
s of the vertical-shaft typ .

rsrlilcetiolsxuml')l‘hles discharge is controlled by a c.ylmde.r-gate pet\(\;?:; e:(l:
impelle.r and diffusion vanes. The di.mpeltler 1an(li4 tl}l:icsheznizrgexs , a:

ccoharse bipe is 48 inches diameter, is e .
i’le:fnfgl:zzgd;)gir;e 1)51 feet 6 inches diameter. Where this dlschargfsisg(‘:g
the upber canal, tide-flaps are provided£ Cfurl;e:::((,i f{gm‘z Qt(l)l(;a E’roa;?: pission

ine i vered at 30,000 volts and transiormed & . ;
lf;net lSnc;l esl;z:;:d( pumping stations, the latter supplying th‘e thlrdhs(gzg(;;l
3:82230 vé)lts Each large driving motor is 600 h.p, 3-pI‘1ase synca urxﬂiar};
and operatea' at 2200 volts and 300 r.p.(;n. . For ms;?;rtu;grid:: Juxiliars
. : induction .
- dine allows it to speed up as an 1 lis.
gcl:fl(()i;:gsvnchr(;]izing, the fore-bay gates are Cl{;::g ?sz) tt;t},:;nil(limt% :Hrlrf)otor

A .

] ' bit at a low head. When proper .

?SS t(})l\:(:iVI}l) into the 2200-volt line, the g:etxtes au‘ei rﬁﬁ;ﬁe%u?ﬁ ;)glomg};g
‘ ‘ begin. The smaller units are S ,

¢ fuu'l‘}lllzqdeﬁ(‘ijinencvg of the system, starting from the water power at

the diversion-weir, is as folows :(—

Turbines ... 81'5 per cent.
.. 782 ”
. ; . ... 4 Dynamos . >
Power House .. {Step-up e ranaformers 7‘-3 ”
. 69 ,,
Transmission Line S.t'ep-do“'“ Pransformers ... 679 .,
. 638 .
"Pumping Plant {Il\)[lcl)ltrc]);: P :
: i follows :—
The cost of the t]nee plants * I?asnt 1. Plant 2. Plant 3. Total.
) iC e e $2,100 $5,300 $2,000
gx?lz:lY32011 T 35000 40,000 19,500
ailding ... .o o e s 100 16,200
Hydraulic machinery... ... ... Z‘i?gg ‘;’3,200 17300
Electrical machin.ery... 10,300 9,600 5 500
I};reigtl.l(fnand hauling ... .- 15:800 14600 0,300
rectl : o 20900
Concrete delivery pipes ... ... - 21,‘(1)?)?) i?’(ﬁ)?)() oo
Camp and quarters... ... ... - - , y _
Engineering and overhead, ete. :%500 10,9(3(3 7,500
Totals .. $174,000 $172,800  $98,000 $444,800
otals... ... . o e e e
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Soils, Slopes, Methods of Irrigating and Drainage.

] wd

The soils on the north are generally lighter: more ::':)‘:Yca“ od

looser than those on the south, and the greater portion mig o blow it
8 light sandy loam. Much of this soil is so light that win

.y : i nced in
about easily when dry, and for this reason difficulty IS.GXP‘;S:’deﬂ .
establishing lucerne unless the soil is kept constantly moist. U ying

vel
most of the area at a depth of 2 feet to 4 feet is a sand 8“3 :'rr:vel
bed from 4 feet to 40 feet in thickness. Below the sand an' heﬂiﬂl'-
is clay resting on rock. The soils on the south are generally o 500D,
and more compact, and also overlie sand and gravel. As we hav ing 8
the surface of the land op the north side is extremely flat, hav

. . on the
slope of barely one foot per mile parallel to the nwf, “he;eas Jare 10
south side the slope is 10 to 20 feet or more per mile and sq
the river.

. . the method of
On the north side, on account of the flatness, the me

. . . . . . . R . ract.ised.
Irrigating in enclosed basins by basin-soakage is gt’"tm”-‘l, ‘l)“ eleva-
There is not sufficient fall to allow streams to be run over slig

. the
. . : o yerin
tions, and, without very fine levelling, the only way of cover 8
high parts is to head the water u

with similar conditions, would le
of a tennis lawn and in this way
Precision is not practised he

. iston
vel off each bed with the Sricsuch
use his water ecoll()lnl(‘all?', l:s deop
re, and water stands several inch

‘nder theseé
in the lower parts before the higher parts are flooded. Und

1 ) ) .specially when
conditions, the basin method is naturally very wasteful, especiall
the shallow covering of soil r

ide the
ests on gravel. On the south S;n p88Y
L . T3
greater slope makes irrigation by surface flow between border
matter.

arge
. . e over 8 1
The water-table has risen to very near the surface o

alled
area, and in such parts a very bad method of irrigation, locan\vva‘ier is
“ sub-irrigation,” is practised. At the beginning of the season ble rises
run through the area to such an extent that the water-1a without
sufficiently to keep the surface moist throughout the ﬁf‘“-‘*"‘“ { in the
further irrigation. The chief advantage of this method is tha
very sandy soils lucerne does not, suffe | thoroughly
wise give great difficulty. The practice is very general, and . soepage-
bad, and areas irrigated in this way often become ruined by 8

bove

On account of the high elevation of the distributary ""“"atl‘swzs of

the surface, and the wasteful basin and “sub-irrigation” me e losses

irrigation on the north side, we would expect that the Scepagghis o
would be great, but that the gravel substratum might carry

) ‘hich otherl-
r from strong winds w hich

. ron ",
p 1n basins. The Indian, conf o

: 93
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i We
' . rise to a dangerous height. 1
without allowing the ?pl'rl: gthl:v:éh(t;?nes previously c.lescn:)tzd,ofesslz?’:ﬁagz
have learnt, however, tgoa,t the water-table will rlsehm s;)ned hors and
the Shos:)one; 3%?1?:1:1’9 condition, and this has happ
apparent ydr:inage has been fol.lnd necessary. commenced only .in 190?,
expensxihough irrigation on this sct;e?ebsz constructed. Drainage 18
. ins a e . an
not easy ot this .SCQ(;3 n;e;et above the Water. surface ld on the Huntley
the lands lie only he usual slope was 1 in 200, ari S tace-slope for
the Shoshone scheme t ebut here the steepest genera slore s open
scheme about 1 11 o pPipe drains would cost mucgtﬁl so little fall.
drainage is 1 in 200 if)es would be required “,ld on this scheme.
Crains, a3 very larlge 'npslhave been generally _adoptef 3 feet and side
Consequently, open (r*ald ains with a bottom-width o tly 8 to 10 feet
’ At first shallow dur(, but the later drains are mo}sla;s;e beon made
deep, wi ottom-

¢ n at during the
on the d i § 1
ischarge of the drains, and it has been fou t
the dis d that d

d ax Wan

15t 3 timated that
ins. and 1t 1s es
. L cusecs for deep drains, is 40,000 acre-
shallow dra}ns and 22 illllS the drains for a ‘Vl.l()letgsa‘;nd about 1 foot
the total d1§charge (:) tel. cent. of the water dlve;he cost of drainage
feet, which 1:hove‘rhz)]e parea actually irrigated.
depth over the w - 0.
woprks has alreadv exceeded 3’2(:1’030118 with ordinary scrtap:li& (l;::élifx?:
- excavation was , bundant, the
The shallow excaval ‘here water was a d
x , specially where . /ith 50-foot booms an
the deeper .trenches,quérlpe Two 50 h.p. engines “M;h They can work
excavafior o b ;kts .are used, and cost $5000 eaer .cuts have to work
e sut up 1o 12 feet depth, but for deep to 4 feet deep. The
ahead of tl.le ot 'Il‘llf)ev can be worked in water u?lts per cubic yard.
from the Sl?ez-f excavation with them w(:;s '11143 (;?ean is considerable, as
average cos ceeping these dral Russian
it of keeping : , such as Russ
The anlnuz::dczbravel slopes cave in, &I.ld i\ze‘;?:at masses. Where
tllie t{ine S;I}‘(tu?nble weed,” when dry, bloge madvantage has been taken
1stle an Y ' the seepage, L facilitate
failed to relieve the weir site to fa
open cuts have _ . nerated at has
ower ge X A 20-cusec pump ha
of .the cheap elecu:f: p%mping in a few places. ts and 12 feet below
drainage by 1m ean’ile one of the open drainage CI‘lth a better fall than
been sunk alongside : lines flow w1
. f drainage . to the open
it. To ;hls a “l‘)‘;“gg:ai(;ed and the pump lifts the water to P
could otherwise ’
drain above.
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Deducting water wasted to the river, the average supply taken
from the river amounted to 61 feet per acre over the 70,239 acres
irrigated in 1912. This figure is high, especially as heavy early spring
and mid-summer rains assisted irrigation, and would be higher still
but for the economical use under the pumping system. For the gravity
system on the north side it was 8} feet, and for the south side (which
also carries the pumped water 13 miles, the losses being included for
this length) it was 124 feet. The water delivered at the pumps WO_‘lld
spread only 3% feet deep over the area irrigated by them. The greates
economy of the pumping system is due partly to the fact that the
maximum allowed is limited and also to the more favourable slope:
The great loss in the south-side gravity canal is due to the porous
nature of the rock through which it passes. On the north side the
high figure is due chiefly to the very flat slope, and consequent heavy
loss in the canals and fields. The loss per square foot of wetted ared
in canals varied from 0.20 to 2.06 cubic feet per day on twenty measu
sections. Of the average of 61 feet diverted, 4 feet were delivered to
the heads of minors and less to the fields. Of the 3} feet pumped.
about } foot was wasted to the river, 21 feet reached the head nf
minors, and the average application at fields was 1% foot.

Rotation is practised only under the pumping scheme.

As the Minidoka scheme is entitled to the storage made ava1la0le
at Jackson Lake, this is sent down the river as required by the scheme.
The difficulty of sending down this water is considerable, as the whole
distance is over 250 miles and there arc more than fifty canals between
Jackson Lake and the diversion-weir. FEach of these canals, as well
as the Twin Falls South scheme below, with its older right, has 10
tak('a its water as if the storage water were not superimposed on the
ordinary flow. This involves most careful gauging and supervision

along the whole length of the river. which is done under the direction
of the State Engineer of Idaho.

Plate 9.

TWIN FALLS SOUTH SCHEME—Milner Weir.

w ILMEQDAM GA‘ES- .
P

37. Biswu

(a) Regulating Gates from end of South Rock-fill Dam.




. Plate 9,
CHAPTER VI

“ THE TWIN FALLS SOUTH SCHEME

AND

THB TWIN FALLS NORTH SCHEME.

e following four schemes are all Carey Act enterprises. They
¢ . (1) Twin Falls South scheme, (2) Twin Falls North scheme, (3)
"ey scheme, and (4) Salmon River scheme.

: The Carey Act is explained in Chapter XVII with partlcula.r
% reference to Idaho, which is the leading State in development under «
the" Carey Act. At the end of 1912, under this Act, twenty-six schemes
: ‘hgd a total segregated area in Idaho State of nearly 1} million acres,
&0f which over one-quarter was actually irrigated in 1912. Twenty-five
anore schemes were under consideration in 1912, and the lands with-
“‘drawn for them amounted to another 1} million acres. This great
development is due largely to the great success of the Twin Falls South ™
~scheme, under which lies more than half the area actually irrigated by
aho Carey Act schemes in 1912.

2y THE TWIN FALLS SOUTH SCHEME

3 " The “Milner” diversion-weir is built at the head of the great <
mnyon of the Snake River. As previously explained, the river here !

j;;‘; #uddenly changes in character. Above the Milner weir it has a moderate

fﬂl and low banks. Immediately below the weir it dives swiftly down

TWIN FALLS

SOUTH SCHEME Milner Weir.

600 feet in 60 miles. The canyon is very narrow and has precipi-
W8 sides. Immediately bordering the canyon is a plane, covered with
i} and sloping down towards the river from high hills some ten..
Jes distant. This plane, although several hundred feet above the

- North-side Canal Wall visible across river of !

o ' ‘account of the great and sudden drops in the river below M;Iner‘
;;«?'he weir at Milner raises the water-level there about 50 feet, and the
snain canal runs from the weir for about 80 miles to the tributary
i:Salmon River, keping as high as possible to the south and commanding
%"ﬂl the lqnd some 240000 acres, sloping down from it towards the
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\;';;\ o TaL ‘}_m_'r“u-%ciwgz - - The plan of this weir is shown on “ﬁg. 29 (see also photo B, Milger
- i plate 9). In design it roughly resembles the Minidoka weir. which Weir.

) was built after it. The river originally flowed in three channels with

. ' two islands separating them. The deepest channel was on the north,

and this has been blocked with a rock-fill dam 80 feet high, as at

Minidoka, but with a much flatter up-stream slope—nearly 1 on 10.

It is about 100 vards long on the crest. The other two channels are

blocked with similar rock-fill dams, not so high, and with slopes up-

% stredm about 1 on 4, and down-stream 1 on 13. The middle dam is
3 about 120 vards long, with a bend in the middle, and the south dam
{

——

ZWIN £404 s SCAEME— S '
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about 160 vards long. The two islands have been used as spillways,
the one on the south island being straight and the other extended up-
stream in the form of a U, the combined length of the two being about
a quarter of a mile. The tops of the islands being verv level, the
spillway-weirs on them are low and simple.

Flashboards are used on the north island, and on the south island
about ninetv wooden gates 10 feet high by 5% feet wide do most of
the regulating. The crest of this weir and the canal sills are about
16 feet helow the top of the rock-fill dams. The regulating gates
and structures over the south spillway are the simplest and lightest
imaginable (see photo A, plate 9). The gates, although 10 feet high -
by 51 feet wide, consist simplv of 8 inch x 4 inch timbers held together
by four long vertical 3-inch bolts. Attached to the top of each gate
is a casting with a horizontal horseshoe-shaped slot, into which can fit
a plate attached to the bottom of a vertical screw on a travelling
winch "which works the gate both up and down  The gate moves in
guides, each formed by four angle-irons riveted to a 12 inch x # inch
plate. This is supported behind by a light steel framework which,
up to the level of the top of the gates, is embedded in a concrete wall

~only 9 inches thick and extending 10 feet down stream. A hook is
provided to hold each gate up when the travelling winch moves to the
next gate. There are also six deep gates near the north rock-fill dam

~across tunnels through the rock. As at Minidoka, these were of use
“chiefly for diversion of the river during construction of the rock-fill
dams.

The whole cost of the diversion works was about one million
dollars.

The main canal takes off on the south side in shallow excavation R‘.‘&;,]
Yin rock. The head gates consist of nine radial gates of 13-foot span Gates.
and 11-foot height, curved to a radius of 8 feet. They are of much
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lighter construction than those described on the Minidoka scheme. Thi
sheath’ is of wood. supported on an iron framework, and consists O
8 inch x 4 inch timbers jointed to each other by a tongue of thin
metal, fitting into grooves in the middle of adjoining timbers. Water-
tightness on the sides is secured hv nailing on a strip of canvas-
rubber. The bearing is simple and works on 2l-inch pins built 3 feet
above the <ill into the down-stream edge of the Imttresses and anchnrcjd
to them by long rods extending up-stream in the concrete. The strail

. ) reral
on the masonrv near the hearing must be conciderable, and seve
cracks are noticeable.

The main canal has a bed-width of 80 feet, side slopes 1 onm?(;
long. slope 1 in 7000, full-supply depth of 10 feet. and capacity 3 :
cusecs. There are no very difficult structures on the main canal
which runs for 80 miles to Salmon River. The distributary S\_‘-‘*“‘m.‘:
also very simple. The slope of the ground towards the river 1§ ahnu'
100 feet or more per mile. and numerous coulees (or slnite) with TocKs
beds cut through the irrigable lands towards the river. Advantage 18
taken of these for distributarv purposes. Water is run dewn them
from the main canal. and pick-up weirs take out water from them
where required for canals, which on account of the great slope of the
country soon command the lands.

Soils, Slopes, Crops, and Methods of Irrigating.

The soil is generally fine and fairly light. Tt is derived from
volcanic ash or lava, and is consequently rich. Tt is generallv fmrl.}
shallow, overlying the lava rock, and in much of the area hardpan 18
found a foot or two below the surface.

The average slope towards the river is 100 feet or more per mile.
Probably on account of this great slope and the fine nature nf.the
soil the “corrugation” method of irrigation is very generally pra('tlsed-

Photo A, plate 7, shows the fineness of the soil and the corrugation” )

method, which has been described under the Boise scheme.

The soil is in places inclined to cake after surface-wetting, and
the corrugation method has this additional advantage that it prevents
caking round the actnal plant stems. Home-made corrugating imple-
ments are used, but for reopening corrugations in old lucerne a sharp
instrument is required, and plate 7, B, shows such an instrument,
which is known as a “lay-off and pulverizer.” The machine illustrated
is made by the Utah Implement Vehicle Company of Salt Lake City:

RS e “_—_——'—'—-——"—“,
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. attachment behind harrows
Utah, costs 824 a71 tgzliﬁirgfvz. 1:;1d 'It‘::: rollers .leave the .furrlowa :13
thedgzzlslz?ti:r?t;‘;iel:vater. The whole instrument is a very simpleé
goo
useful one. . e propor- Lucerne
. e roughly 1n the same prop T
i The areas\?’ncilggkilii?erge?rﬁfcser?:e beini the c.rhief cropli Th:ﬁz Crops.
tlon. as o the~ - 11111 obtained—the first about the middle ofs u?e, o
S L u'buaky st, and the last towards the end of Sep .emlené
seco.nd early mft- uiluoes; not require water on account of thg IE)tre‘t’):fore
'sr;lre;ngrsia?;:p O\V?:terings are usually given about & fortnig

. " y -
e I I Pr

7]

.1._,,,_‘ L : "
(l ,-7 d ;. d ‘4‘ .
A\{ oA -
‘Rlpes
F/t T ]
L PaZ WL——{

Plan  of 5'/—:? 0w Slesga

//ay~ Sfack/ny Deyice Jiwin falls
Flg. 30.

-« carted off. Waterings can
1 mediately after the crop 15 € g
cutslr;)g ali,:'lennn;ltlf': <;161'ter time before cutung, as t?ﬁ heaé\;y (;r;)pleés
;liz.bleetog bl;)\\"(lo\\‘xl. The lucerne iﬂt}]l)utﬁllngofosrh(;g;: ?O Sezen —
‘ - . e g \ ,
i 1 yemains in them on e ‘ .
:fte:hc?uiltngisan\;su111\‘ a week after cutting befme1 tlhe ﬁftll(; t(‘;i?d °
w0 . | e fir i ives very good hay, t
. The first cutting gives a \ - ¢
watered algaln e laxative, and therefore not $0 good for CcOWS as ffo); .
softer an m_or : hod of hering and stacking the hay 1.s worth Stacking
horses. A simple met mLF e wooden sleigh i vorth Stad
desc?ibing (see fig 3(;1) Pl e el long and
?fftlmbe:is Shog “Illtt 1 ad, though only two heavy
eet wide, and ca

horses are required.
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iotheSmkoR:vorcsnvonfromthenorth. The
both the Twin Falla South scheme a.nd the Minidoku

with other earlier appropriations, absorb the whole of -

~ flow of the Snake above the Milner weir. The wh

mthisschemeisabonttheumeasontheSouth

oonmts of five radial gates of 13 feet apan md 10 teet
~sill is at the same level as on the South side, but the canal
immodu\tely below is 1 foot 9 inches higher.

A lhort distance down the canal five similar but |trongol‘
.5 lct as an empe to the river.

3 e first 8400 feei of the canal pass through very
“cou try, and the whole of this length is concrete-lined. From ¢
- 0 feet to 1000 feet the canal is on the side of a steep cliff. 'ﬂl@ 1
~ half of the section was excavated. the lower half was filled, and l
~ concrete retaining wall was built on the river side. The bed-wid
 this length is 61 feet, and the bottom and upper sides are lined

_ 4inch concrete. The slope is .0003, full-supply depth 7.75 fuﬁ,l hap:

capnmty 3150 cusecs, though the maximum yet run is 2850 cus '-

- From distance of 1000 feet to 4100 feet the side slope of &
B mnt.ry is not quite so steep, and the excavation from the tOP :

tqrms the lower retaining bank with a slope of 1 on 2. In hol J
~ places the bank is built on both sides. From distance of 4100 fe

~ 7700 feet the canal passes through a deep rock-cutting, as dee

A ﬁ feet in places. The rock is porous lava, and is therefore hnad ’

cbndrete The slope in this length is 1 in 1000, and the bottom-wi
~ is 40 feet. The canal is concrete-lined to 8400 feet (where a drop
4 feet is ngen) and continues in earth at a slope of sbout 1 in

SALMON RIVER SCHEME.
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(a) Dam from right bank.

Plate 10.
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feet, but the reservoir does not hold water well on account of the
porous underlying lava rock. The canal continues—at a level 30 feet
lower—from Wilson Lake to Jerome Lake, about 18 miles further. This .
reservoir is formed by two earthen dams 38 feet and 30 feet high. The g
capacity is 150,000 acre-feet. but this reservoir also holds its water "« -
badly. The canal continues 33 feet lower. .

The first area of 30,000 acres was irrigated in 1908, and by 1911 Settlement
most of the scheme was completed. Of the whole 240,000 acres, about and Cost.
170,800 acres have now been taken up by settlers, but the actual area
irrigated in 1912 was only 41.000 acres.

~ The cost to the settlers is $30, $35, and $45 per acre for the
sections in the order in which they were thrown open, the largest area
R being at $35—$3 to be paid in cash on entry and the rest in nine

® Dam from down.stream. graded annual instalments at 6 per cent. interest. In addition, 50 cents
OAKLEY SCHEME, per acre must be paid to the State. The constructing company is still
running the scheme, which has not yet been handed over to the
settlers. The maintenance charge is limited by the State to a maximum
of 35 cents per acre. The actual cost to the company is more. This
scheme has not had quite such a happy history as the South-side
scheme, chiefly on account of greater cost and insufficient water supply.
Several expensive law-suits have been brought by settlers against the
company for failure to supply sufficient water. The Minidoka and
Twin Falls South schemes, with their earlier water-rights, totalling over
5000 cusecs, absorb all the late summer water, and the two storage
reservoirs in this scheme do not hold water well enough. To provide
for the periods of shortage the constructing company has had to enter
into a contract with the Minidoka scheme to purchase 150,000 acre-
feet of stored water from Jackson Lake. The price paid is 15 cents
per acre-foot, measured at Jackson Lake, or 22} cents measured at
Minidoka weir, and the whole amount for 150,000 acre-feet has to be
paid whether the full quantitv is used or not.

The great Kuhn banking-house of Chicago, which, I believe, failed
in 1913, financed this scheme. as well as the Salmon River and Oakley
schemes to be described later. The scheme has cost over four million
dollars. I have not the actual figures of cost, but have heard that
the scheme has not been a financial success from the promoters’ point
of view.

The agricultural and soil conditions are very similar to those on

the South side.
4A
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CHAPTER VII

THE OAKLEY SCHEME

AND

THE SALMON RIVER SCHEME

THE OAKLEY SCHEME

banking firm of Chicago.

lying south of the Minidoka and Twin Falls schemes. It depends
on storage.

structure 145 feet high, one of the highest in the world. The
constructed across the Goose Creek, which is a small tributary

Water
Supply.

Snake River. The storage capacity of the dam is 74,000 acre-feet.
is in excess of the whole annual flow during the last three vears

. res
It provides for the irrigation of 46,000 ac

. . . rt,hen
The most interesting feature is the dam, an eartilt’

which
TwO

o fore
other creeks—the Birch and the Big Cottonwood Creeks- have ﬂ_‘““’The
been tapped by furrows to augment the Goose Creek supply-

drainage area is 870 square miles. The following are the
annual run-offs from Goose Creek for three years:—

1910 .. ... ... 58,000 acre-feet.

1911 ... ... . 50,000 "

1912 .. ... .. 72,000 "
Average ... 60,000

(X

¥ which is much smaller than for any river previously described.

The following were the monthly means for 1910 -~

Jan. Feb. March. April,
Cusecs... R4 64 238 209

Total, 58,000 acre-feet.

. Nof.
May. June. July.  Auy. Hepl. Ot °

36 48 927 w2 3t W

» ;ecs
Mean flow for vear, 80 cuse€

appro:{imm’e

Dec.
35

The

3 . . . S \\'ere
maximum and minimum flows at any time in the three Vvear

880 and 20 cusecs.

Although 8000 acres in private ownership had acquired P

. L. ) . moters
appropriations, most of the owners sold their rights to tht pro

and joined in the scheme, so that practically the whole flow
appropriated for this scheme,
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From the run-off figures it will be seen that, when water is being
drawn for irrigation, it is unlikely thaf Goose Creck alone will fill the
dam. Two furrows, cach ten miles long, and of 100-cusec capacity,
tap the Birch and Cottonwood Creeks, which run parallel to and on
each side of the Goose Creek. They are both much smaller than
Goose Creek. The Birch Creek in 1912 had a mean monthly flow of
fr_om 0 to 30 cusecs, and an actual maximum flow of 55 cusees. The
Big Cottonwood Creek has, for the last three years, had a mean

mont?ly flow varying from } to 74 cusees and an actual maximum fow
of 125 cusecs.

. There are also prior appropriations on both these creeks,
absorl‘)mg 16 cusecs in the one and 36 in the other. The storage
capacity of the dam is therefore well above the available supply, and
the dam is likelv to be filled only in exceptional vears.

The Storage Dam.

. Fig. 31, page 107, shows the leading features of the dam. The
maximum height in the creek bed is 145 feet, and the core-wall here
was carried down another 40 feet to rock; the maximum width on the

base is nearly 250 vards, and the cubic contents are 1 million cubie
yards.

The pitching is of loose rock, 2 feet thick on the down-stream
face and 3 feet on the up-stream face, and 65.000 cubic vards of rock
were used in the pitching.

The most interesting feature is the concrete core-wall, which is
only 1 foot thick in the upper part, and 3 feet thick from bed-rock to

10 feet ahove natural surface. 6200 cubie yards of concrete were
required for this.

The core-wall was reinforced with the American Wire Company's
No. 9 mesh reinforcing wire , butt-jointed, and wired together. The wall
was built up, together with the earth, in 34-inch lifts, this being the
width of the woven reinforcing material. Three other cut-off concrete
walls were built on the east side, which was a vertical cliff of fissured
lava rock. Eighteen feet of the cliff were first blasted awav and the
three walls, 18 inches thick, 4 feet deep, and 15 feet apart, were then
built into the cliff, up-stream of the central core-wall, being anchored
into the cliff by Z-inch square twisted Ransome bars at 3-foot centres.
In addition to these walls, two puddle cut-off walls were provided, as
shown on the cross-section. Both were designed to be only 10 feet
deep, but during excavation the amount of sand and water encountered
was so great that it was decided to carry the uppermost puddle-wall

OAELEY SCHEME B 109

to bed-rock, and a concrete wall, 18 inches wide and 3 feet high, was
built on the rock in the centre of the puddle-trench.

Suitable soil for the dam was not found close to the site, so that
the borrow-pits had to be located one mile away on the east bank and
at too low an elevation to allow a rail-line to be run on to the dam.
Consequently, the excavated material was run in trucks for ab.out half
a mile, and, for the rest of the distance, was conveyed on moving belts
to the dam. The belts are of 6-ply rubber, 36 inches wide, and yvork
in three lengths totalling 1850 feet. They run at 450 feet per minute
and require a total horse-power of 145 to dr.ive them. One belt has atn
up-grade of 16 per cent. Two No. 60 Marion steam shf)vels excavate
the material in the borrow-pits and load into trucks which are drawn
half a mile and then dump into a feed-hopper of 300 cubic yaxl'?s
capacity. A small endless belt works under the botiom hole hof bt;ﬁs
hopper and feeds on to the first conveyor-belt. At the end of the be -
line, and on the clifi over the east end of the. dam (see p.hoto C,
plate 10), the material is delivered into a storage bin qf 200 cubic yzitrds
capacity. From this bin two shoots (20 inches py 22 inches) a.t as 'gl}:ie
of 47} degrees deliver into hoppers of 12 qublc yards capfxmfly. e;
dump wagons, each of 1} cubic yard capamty, come under t Zse, geh
their load, and place it on the dam. Sixteen wagons are used, eac
drawn by two horses. |

By means of the above system an average of 95,000 .cublc y;rds
was placed per month, and a maximum of 105,000, _two Slilfts two.r ll?ﬁ
per day. Ploughs and tongued scrapers sprea(.l the du’mpec materia )
6-inch lavers. The lavers have a slope of 11n 60 away from the eas
cliff so as to help full-loaded wagons. The lavers are sprlnkled. by
nozzle and hose from 2-inch stand-pipes every 100 feet, fed b'Y a 3-inch
2-stage pump in the river bed pumping 100 galloins per'mmute anci
driven hy a 25-kw. motor. Two 16-ton Avery traction engines compac
the material.

The outlet from the dam is through an 8-foot Ly 10-foot tunnel
driven 870 feet through the rock of the east cliff. -Th'ere are two gate-
controls. One, at the upper end of the tunnel, consisting of two IO-fI?I?t
by 2}-foot gates worked from the cliff at an angle of 45 degrees. e
other set is in a reinforced concrete tower. In the latter, there are
three sets of ports at levels of 30 feet apart, so that none of them need
work at a greater head than 40 feet. The water drops to the bottom
of the t0w(;r on to a 20-foot water cushion. The design of the gates

. . . i d ring-gates, friction
is very ingenious, and they might be called balanced ring-g

Earthwork.

Outlets.
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being eliminated by placing the two portals (2 feet by 2} feet) at each
level opposite each other. A ring-casting is built inside the tower with
h.oles a.t the two opposite portals. Inside this ring-casting is another
I'IPg without any holes in the side and with vertical axis concentric
with the tower. As the inner ring moves up and down, the portals in
the 01.1ter ring are opened or closed as required. The pressure from the
opposite portals is thus automatically balanced, friction being eliminated,
and, 1¥1 addition, the two issuing streams collide and neutralize each
other in the middle instead of impinging on the sides of the tower.

The .Spillwa‘v is similar to the Arrowrock spillway, and required
2?‘009 cubic vards of excavation in rock, which was used in the
pitching.

The whole dam cost a little over 1 million dollars, and the out-
let tower $17,000.

_ The chief leading furrow is on the west, and is in easy soil-excé-
vation. Its capacity is 320 cusecs. Its bottom-width is 24 feet, and
very ﬁgt side-slopes of 1 on 3 have been given. On the east the main
canal is of 160 cusecs capacity, and there is a small high-line canal of
13 cusecs capacity. Although water had run in these canals for only
a year, there was a big growth of long hairy moss on the bottom.

The soil on this scheme is very good and decp, and has an
average slope of about 15 feet per mile. Consequently, surface flow
between borders is the common method of irrigating, though the corru-
‘gat.lon method is also practised over a considerable area. The whole
irrigable area below the dam is considerably greater than 46,000 acres,
but the State has limited the area lo this amount on account of the
water supply which will barely suffice even for this limited area. The
State has the right to limit the area to be sold under Carey Act
schemes, and in this way can protect the settlers against a company
which might wish to sell water-rights for a greater area than can be
properly served by the works.

Of the 46,000 acres, 8000 were in private ownership of about
200 persons, and were partly irrigated by simple gravity furrows before
tpe scheme was started. All but 3 of the 200 have sold their water-
rights to the company, and they now fall in with the general scheme.
Work was begun on the scheme in 1910 and practically completed in
1913, the whole cost being about 13 million dollars. Tile greater part
of'the 38,000 Carey Act lands are sold, the price being $65 per acre
paid to the constructing company, and 50 cents to the State. $3 of the
$65 are payable on entry, and the balance in eleven graded annual

‘also a Carey Act scheme and, like the last tw
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instalments with 6 per cent. interest. 14,000 acres were irrigated 1D
1913, the first season, and the area is being rapidly increased, home-
steads springing up rapidly over the whole area.

It is too early to give maintenance costs and duty ﬁgures. ';‘II:S
application measured at the fields is limited to 1} foot f}?ils acre,
in 1913 only one-third of the irrigators used more than :

THE SALMON RIVER SCHEME
The general outline of this scheme is very similar to that of the

it wi be described only briefly. It is
Oakley scheme, and 1t will therefore be e o was V. moted

by the Kuhn bank. It is on the Salmon River, 2 tributary enteil.xllig
the Snake River from the south below the Twin Falls schenflle. fr; rz
the Oakley scheme, it depends on the storage of tl}e whole‘ OWt X
a.small catchment area, and the chief feature 1s a high concrete storag

dam.

>

The average run-off of the river at the dam-site f(c))(l)'o ﬁvela1 dye:g:
was about 126,000 acre-feet. the maximum about 160, a

minimum about 90,000.

The mean monthly discharge for 1011 wasi—
Jun. Feb. )larc.h. April.  May. June. July. Aug. Sep. . .

: 92 49
Cusecs ... 103 133 319 240 204 270 55 22 26 50 56
Total 98,000 acre feet for the year. Mean discharge for year 136

i ; in 1911, and
cusecs. The maximum actual discharge was 953 cusecs 1 ,

. o was
in the last five years 2040 cusecs, and the minimum discharge

1 .
8 Cus;‘;; useful storage capacity of the reservoir i's 180,000 a(?rfa—feet,
o that it is not likely to be flled and no great spillway provision is
necessary.

) S?Flz,e details of the dam are shown on fig. 32 and. plate% 111)
photos A and B. Its maximum height is 220 feet. The Wldtllll(;) d’;;,l
canyon at crest-level is only 400 feet, and consequently an an*c(:1 Z !
has been constructed. The radius is 225 feet, and the subtende (?ntgle
is 119 degrees. The up-streal tace has a slope of 20 on 1 and the
down-stream face 2 on 1, giving a maximum bottom-width of 119 feet.

The surrounding rock 1is lava, which is liable to leak, and probably
for this reason, and also because of the limited water supply—although
the promoting company applied for 128,000 acres—the State‘l%as it)lowied
only about 72,000 acres to be cold. The cost to the settler is $40, plus

50 cents for the State.
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Applications for holdings were invited before a fixed day, on
which the 72,000 acres were disposed of by lot. The whole area was
sold in this way in three davs.

The scheme was completed in 1910, and in 1912 only 19,000 acres
were actually irrigated. The total cost was about two and a half
million dollars.

CHAPTER VIII

CROP EXPERIMENTS AT LOGAN
* Utah

ON my way south from Idaho I inspected the excellent experiment
station at Logan, in Utah, as I was advised that I would probably
find the conditions somewhat similar to those in South Africa. I found
that the conditions did resemble those in the western coastal parts of
South Africa, the chief features being a winter rainfall and a fine
sandy soil. The results, however, will not apply to the greater part of
central South Africa, where the rainfall is in summer and generally
less than at Logan, the soil usually more clayey, and the mean
temperature higher than at Logan. The results, which are extremely
interesting, will applv to parts of the Western Province, while many

of them are of a general nature.

Logan is situated in a valley immediately under the high foot-
hills of the Rocky Mountains, and close to the Great Salt Lake of
Utah.

The mean monthly temperature and rainfall are as follows:—
Jan. Feh,  March. April.  May. Jume. July. Aug. Sept.  Oct. Nov, Dec.

Temp., F. v 2401 262 35-2 47-4 54:3 62°7 71-4 706 61-4 47-7 37-8 25-9
Rainfall, in. ... 1-44 1-30 2:00 1-73 2-44 0-8 0-42 0-80 1-07 1-26 1-14 1-02
Total rainfall, in. ver 15+48

It will be seen that the rainfall is usually abundant in the early
spring, and consequently irrigation is not necessary before ploughing
and sowing. This fact makes the results of the experiments of less
value for general application.
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Over the area where the experiments were carried out the soil
is very deep and of very uniform composition throughout. Wells sunk
60 feet did not reach water and the soil to this depth showed noO

marked variation. Both chemicallv and physically the soil is extra-
ordinarily good.

The following is the average phvsical analysis of the upper
8 feet:—

Coarse  Medium Fine Coarse Medium Fine Soluble
Sand. Rand. Sani.

st silt, silt. Clay. Moist:  and lost.

) V&

Percent. 0-4 86 332  31-2 107 59 6 12 12
Broadly this becomes:—

Sand and Coarse Silt. Silt. Clay.

24 16-6 T8
This is a good loamv sand.

Generally, South African soils contain a much higher percent&zf;
of clay. Dr. Juritz gives a physical analysis of the top foot of a SOl

on the Smartt Syndicate farms in the Karroo, where lucerne was
growing well :—

Sand. silt. Clay.
27 13-2 11-3
The soil below this top foot, however, had nearly twice a8 much
clay, and samples from other parts of the farm, where lucerne failed,
contained three or four times as much clay. The Logan soil 15 ther'e-
fore a more open soil than our Karroo soils. Chemically it is rich 1n
plant food, especially calcium and magnesium carbonates. The favourable

physical and chemical analyses ave supported by the very high yields
obtained (see fig. 33).

The size of plots experimented on was 29 feet x 57 feet, or a little
less than one-twenty-sixth of an acre, and a bare space of 7 feet was
left between plots. The surface of each plot was made as nearly level a8

possible, and the stream applied was usually a little less than } cusec
The water is clear.

The results for wheat, mealies, and lucerne, given on fig. 33, cover
a period of about eight vears, and are based on over 250 trials, 80
that they give a very valuable average.

It will be noticed that the soil-water used is added to the rain-
fall in these results. Elaborate experiments were carried out on the
water contents of the soil. It was found that the soil in its natural
position could only be charged with water to the extent of 24 per cent:
of its dry weight, and to this extent only in the top foot and immediately

e e
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after irrigatio .

feet eVengWithn’tht:eheiir}e.mage decreasing regularly in the succeeding
out the upper 8 feet ble.:t aDDhcatlpn. the maximum contents through-
the maximum proporti lem? (_)nly 18 per cent. Just before jrrigation
the differences were noutl ot W {itt‘r was in the fourth and fifth feet, but
content of the upper 8 ereat in the whole 8 feet.  The average water-
supplied again with irriggi;u:d::f:tl;er helow 10 per cent. before beint

When -inch wateri
in the top Safi{rt'll;:,lill \‘\vcil:;‘l‘lllg. was applicd most of it usually remained
quarter snd ome it V1 1.) vm(_'h and 7} inch applications about 0On®
i3 considered bevond th bp.%_tlwly usually passed below 8 feet. and this
top 8 feet is less at hal-tj ?t'dch of toots.  As the total moisture in the
has been added o (1 \‘e.st than at sowing time, the loss in this period
the crop. The loss \vilifllm-fan an(.l application to get the total used for
the soil-water u;se(-l\b\v | )\ar_\- with different crops. In the diagrams
they dry out the soil _,m Uate'rf}e and wheat is shown to be gl“’ateSt’éI of
than ang other cron season much more than mealies and, indeed,
The diagrams ¢
used are slilc:\ci'cr: ail:';o;h:)}\lv the Cm‘.) returns. - The quantities of
also apply to cact e centre line of the top row of diagrams, and
Fm: o ac ' of the other two rows.
regularly fromea;bolxtn \;(l)l(}u }1); noticed _that the total return increased
50-inch application. The | ». for a 5-inch application to 8000 Ib. for &
. e inerease was greater in chaff than in grall,

but grai
amn  also  show
so showed a  regular : :
contrary to the results ‘ 1*}..:111‘.1[ though slight  increase. I'his 18
sults of experiments in many other parts, which

show a maxi
Ximum grai .
grain return with a lower application than 50 inches.

} oW e

than the rest of the pl The grain increases less rapidly

The results for ;‘l‘l’(.‘lr“’hen the application exceeds 15 mCh?S'

season. These results ar‘xL . _Sl“’“f the total for three crops 1 the
obtained in other p;u-tsb (t?l%l“‘“'(hn:u'v, and also different from those
return with an in“‘t'aw‘;,f“ "1('11 usually show a regular increase ol
return is obtained With» o Waler up “{ 55 inches.  Here the maximub
the return for 10 inch..,)o inches, l).ut, it isonly a very little more than
returns than these t\'\-o{h' 'a“‘l the intermediate waterings give Hmﬂ“er

! extremes.

The - :
applied irr;gz(;;)ilz)i I\(:.;:tci_)f f‘ll‘aﬁll‘um:s ;1:1\'4'8 the returns per acre-inch of
row. The bottom row of (f)il aDhlu:utm@ (“()rn*S])()I)(“IIQ with t-he top
total water (including raj gures gives similar returns per acre-inch (ft
very clear that in e\v(-:rv (Cl,n an('] soil water). These diagrams make 1
v case with a fixed supply of water much greater

I

—
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total returns are obtained by spreading it

Thus with wheat, if we have a total

over the maximum area.
supply of irrigation water of only

50 acre-inches, we shall get nearly four and a half times as great

return if we put 10 inches over 5 acres tha

1 acre.

n if we put 50 inches over

Where water is limited and land and labour are abundant’ and
cheap it will therefore pay to spread the watev as lightly as possible
over the greatest area. Where the land 1is limited and water abundant
a slightly bigger return of wheat will be obtained by giving a deep
application (up to 50 inches). This practice, however, can not be recom-

mended on account of the danger of lea
and, as shown by experiments at this station,

used the less is the protein-content

ash-content. The protein-content is the

the grain, and the ash-content the
soN.

From the bottom row of diagr

inch of water gave total returns of

ching or swamping the land,
the greater the water
of the grain and the greater the
measure of the food value of
measure of the exhaustion of the

ams it will be seen that 1 acre-
from 120 to 820 lb. of grain and

chafi. As an acre-inch of water weighs about 225,000 1b., we see that

every pound of total produce uses from 275 to 1

part of this is Jost by evaporation

875 1b. of water. A
and penetration heyond the reach

of roots, but the greater part actually passes through the plant by

transpiration.

The above experiments were analysed further in an attempt to
find out what was the best way to apply a given quantity of water as

to time and proportion. These results
hefore sowing on account of the good rain-

that no water was applied

are not of great value, seeing

fall. The best returns were given in the following way :—

W heat.—(1) With 31-inch

total application per acre, a late

watering gave more grain than an early one.
(2) With 63 inches. 7% inches, and 10 inches, two
equal wateiings.
(3) With 15 inches, three waterings in the order
3} inches, 3% inches, 7% inches.
Generally, when the grain return was most the
chaff return was least.

Mealies. —With 15 inches,

the best grain return was with

three waterings in the order 7} inches, 5 inches,

921 inches.

For lucerne, experiments were made to determine the much-

discussed question as to whether hett

er returns arve obtained hv watering
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-immediately before or after cutting. A total of 25 inf:hes was applied
in four equal irrigations in both ways with the following results:—

=

v Water applied. Lb. cropped. -
T o ‘ 1st. 2nd. " 3nl. ) ll Total.
Just "efore cutting first and second crop and 15 i 10.198
days after each ... 4144 REE] 2570 )
——— e . - N . PR— .- i' e
Just after cutting first and second crop and 1) ' v
days after each ... L3932 3474 o720 1 19,135

The difference is not very great in the total, though the forme
method gave a bigger first crop, which is held to be the best.

The following interesting results should also be noted:—

00 s rigation

Irrigation by furrows gave a slightly less return than irrigatio

by basin-soakage. 4 i

. . . ea

The proportional weights of leaves, stalks, and heads of Whnti'

were observed at different periods of growth and with different qualeaf
ties of water, with the result that much water tends to produce

S o acas hoth
at the expense of the head. and a small application increases b
Lheads and stalks, but gives less leaf.

; is in
Although the greatest loss from the soil by evaporation 1§

o da
the first two days after applying water, cultivation on the fourt'l’laftei’.
after application conserved more moisture than on the second day

. . fter
application, because the surface puddled, if cultivated too soon &
irrigation.

CHAPTER IX

THE GREAT BASIN AND SALT LAKE

AND

THE TRUCKEE-CARSON SCHEME

THE GREAT BASIN AND SALT LAKE

Froy Logan to the next scheme which I inspected-- the Truck(’t‘-cars‘Z;:
scheme in Nevada—is roughly 400 miles in a straight line slightl-‘: sguof
of west and right across the widest part of the * Great szsm p
America. This Great Basin covers about 200,000 square miles, 81

' . 119
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. . It lies
includes the greater part of the States of Nevalc;a Endag;alzhe Siorra
between the two great mountain ranges, the RoCEY falling withir
Nevadas. It has no outlet to the sea, and all thes“lrt Lake of Utah/is
it drain into inland lakes. of Whic}.1 the Great tha e in loss ‘[ém o
the largest. The mean annual rainfall over 11° at an elevatibn of
10 inches. The surface consists of broad va,lleytS ins, the whole area
about 4000 to 6000 feei and narrow abrupt mﬁ}lfi 2 inl’labited than any
having very little vegetation and being more thinly
other part of America. ) and
) ’Il)‘he Great Salt Lake is crossed by the rallwz}; O;lre;resotflesabout
banks —together ahout 3Ot mile?acloﬁg ab(fltlt 040;5(; Sfeet above sea-level.
2 square miles, and its sur : ears,
Igé)osu;lface-level has varied considerably durm?} t;IGG i:'ljestt iSZV(lelletzyt\Z’enty
rising or falling in wet or dry cycles. 1t fe ince then. As it has
years before 1906, but has risen about 8 fc?et sin | he  salubrity
-;JQ outlet its waters have become exceedingly S? ..to 221 per cent‘.,
varies according to the season from 15 per ity of the ocean. The
which is from four to seven times the salubrl?, hly the same pro-
salts are the same as in the ocean, and have roughly
portion to each other. \ the railway runs
‘ds the western part of the Great Ba81.n e nds in
for a '{‘(?r\l‘;;lg:w in the valley of the Humboldt -Rlve(l;'f \txhlil;d;iveeidvery
Humboldt Lake and Carson Sink. The surroundings the north-west of
much resemble those of the Fish and Za}{ Rwerg lflllns through a flat
Cape Province. It is an intermittent river _?nthi:ﬂ covered by low
several miles wide composed of a clayey SOl Wl}llite alkali pl%ches
bushes very similar to those of the Zak River. ds, is a great barren
show up frequently. Carson Sink, where Eh ° rl‘;‘:’ e;ak’ River. Indeed,
salty flat exactly like the great “vloers” on t‘? o and vegetation the
most of the Great Basin resembles in soil, eleva ;0 , any other part of
north-west of Cape Province more -closely than does any
America. - ' in former geological
The whole of the Great Basin conmsted., in e
; . . i seas called by geologists the Bonneville a
;i:;leosl’ltZil ti;kfsl.eat’lfgiangre&t Salt Lake is a remnagt kof. tl};er:;)rflr]l:;
which occupied the eastern portion, and the Carsi?hn e;iterl; foot/of e
of the latter lake, which was in the west and. at the kh’i h s sibuated
great Sierra Nevada Range. The Carson Rl.VeI',.OU V‘:’h cCarson ik
the next scheme to be described, also drains into the
from the Sierra Nevadas.
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Distributing hopper and shoots at ends. Earthwork

R (a) Plant on left bank. Conveyor-belt on trestles.
of dam in foreground.
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Plate 11.

T
RUCKEE-CARSON SCHEME Lahontan Dam.

¢ Looking up-stream during flood.

d - Looking down-stream.

Earthwork of Dam in foreground.

il, the average rainfall over the irrigated area being only 4
Bk is not more than in the driest part of South Africa, the
A__lf Bushmanland. }

‘,hom the snow of the great mountain range, the peaks of _
10,000 feet in height. The mean annual discharge for: ele )
measured at a point about fifty miles above the lands (draineg 4
,988 square miles), is 414,000 acre-feet, the maximum being 6550(36”“
the minimum 178,000. The highest recorded discharge is 20,
8. The type of monthly discharge is indicated by the followi
be: for 1906 :—
Nt Jsn. Feb. March. April. May. Jupe. July. Aug. Bept. Oct. Nov. Dee.
Dusscs .. 500 840 480 920 1950 2240 1860 420 130 200 320 480
. This gives a total of nearly 600,000 acre-feet for the year, whlch
Aabove the average. It will be seen that the flow is very small in
’ September, and October, and quite insufficient for the du'ect
igation of 200,000 acres—the area proposed for this scheme. Themg
Y also private irrigation schemes higher up the river with older‘:.:f
propriation rights for 32,000 acres. To supplement the flow of tha
x River, the Truckee River has been tapped. This river ruhn
Aly parallel to the Carson River and ends in Pyramid Lake, the ;
» between the two rivers, about fifteen miles above the lake, being’"
ently low to allow of dwersxon (by means of a canal) of part of

L:ke Tahoe, which is at an elevation of 6228 feet and hay
japth . of 1000.feet. - It. draing an. ares of. abtmt 1800, sqpiyes:
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miles above the point of diversion. Its mean annual discharge 18
815,000 acre-feet, its maximum 2,220,000 and minimum 390,000. The
m.aximum observed discharge is 9000 cusecs. The type of monthly
discharge is indicated by the following figures for 1908 : -

Jan. Feb. March. April.  May. June. July. Aug. Sept. oct. \or. Dec.
Cuosecs ... 860 300 1120 2850 3820 3360 2160 730 730 180 910 960

' This gives a total of ahout 1,165,000 acre-feet for the year, which
is above the average. '

. The diversion canal is designed to carry 1200 cusecs from this
river to the Carson River.

. It will be seen that the combined direct flow of the two rivers
18 insufficient in the latter part of the year for 200,000 acres, and
storage is essential. This is being provi(l;d on the Carson River by
the Lahontan dam now in course of construction, and on the Truckee
River by raising Lake Tahoe. |

] "lhe temperature over the irrigable area has varied from _15° to
1.03. F, but is usually between 0° and 100°. The summer is very
similar to parts of our Karroo. Although the days are warm 1B

summer, the nights are usually cool and the atmosphere is generslly
very clear.

Across the Truckee River a diversion-weir has been built and 2
feeder canal, thirty-one niiles long, is constructed to carry 1200 cusecs
from the Truckee to the Carson River. A small uln()un{ of irrigationl
18 done directly from the feeder canal, but most of the water reaches
the Ca.rson River at a level above the spillway  of the Lahontal
reservoir. This reservoir, now in course of construction, will have &
concrc?te-core(l earthen dam 124 feet high, which will give & storage
Capa,cny of 290,000 acre-feet. The um:L interesting features are the
artificial spillways, the core-wall, and the valves.

Below the reservoir the channel of the Carson River is used for
five miles, and then, by means of a pick-up weir, the water 15 diverted
t'hrough tWo main canals and a system of smaller canals along the
ridges of the delta. Lake Tahoe will also be used for storage, 82
very cheap and simple works will give u storage of 750,000 acre-feet-
After contracts had been allotted for this work, legal difficulties arose:
The lake lies partly in California State, and on the complaint of oW
along the lake in California the Californian Court forbade the work.

ners

I — -
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Detailed Works.

The Truckee diversion-weir consists of a series of sixteep gates
between piers across the Truckee River. The gates are 5 feet wide and
10 feet high, in two parts, worked by the same SCrew, the top pa.l:t
coming into action only when the lower half 1is ra}sed. Above the
gates are flashboards giving 5 feet motre discharge. ’I!le.hea(.i gate§ to
the feeder canal are square to the weir gates, and similar in design,
but with only nine openings 5 feet wide. The frst ten miles of the
canal are through difficult country, being in the canyon of the Truckee
River, which is narrow and has steep sides. In consequence, where
the canal is in open cutting, the type-secti.on ad.opted has a very g.rgf,lt
depth in proportion to width. The ruling dimensions are :—bottc;m;w1 (;
20 feet, side slopes 1 on 1 or 1 on 14, full-supply depth 13 feet, an

. ' ion i - 50 feet deep in places.
long. sl 1 8500. The excavation 1S OVer 50
e total length of over 900 yards. The

Of the ten miles, a total length of
about 2} miles is concrete-lined (with steeper side slopes) to 1\';(?02
excavation and to prevent leakage through the porous ?‘ock. o0 q?;
lined, the side slopes are 2 on 1, and the long. slope is 1 in 2400. e
capacity of the canal is 1200 cusecs, but it has not carried more
than 600.

After the first ten miles the line of the c?,nal is in fairly easy
sidelong ground for the remaining twenty-one miles, th'e uSIZf;l 18360:10?
being 14 feet bed-width, side slopes 1 on 1%, full-supply dep ‘ .ged,
and long. slope 1 in 7000. .An escape from the feeder canaldls fmlcéwf et
with radial gates 5 feet by 5 feet. ‘These work under a hea t0 t eet,
and the weight of the gate i3 counterbalanced by weighted troughs.

At its end the feeder canal is 120 feet above the Carson River
bed, and advantage has been taken of this drop to generate power for
construction work on the Lahontan dam.

Three tunnels were required with a
slope in the tunnels is 1 in 1500.

The Lahontan Storage Dam. |

This dam is of very great interest in design and. methods of
construction, and as I saw it at a very favourable .tlme during construc-
tion, I propose to describe it in considerable detail.

The chief features of interest in the design are (1) the artificial
spillways providing stepped falls of reinforf:ed fzoncrete, the .rock at the
site being too soft to drop the water over 1t‘ without protgctlon; (2) the
cut-off wall and method of grouting below it; (3) the drainage system;

The
Truckee
Diversion
Weir.

Feeder -
Canal.-.
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(4) the proportioning of the earth and gravel for the bank; (5)the novel
ring-valves.

In construction the chief features of interest are (1) methods of
grouting below the cut-off wall; (2) method of mixing sand and gravel
for the earthwork of the dam and the method of conveying materials
to the dam; (3) the use of sand-cement; (4) the travelling cables.

The plan and longitudinal section in fig. 35 and the photos on
Plate, 11 give an idea of the nature of the site of the dam. It is not
& very favourable site on account of the softness of the surrounding

formation, practicallv all of which is subject to easy disintegration and

water erosion.

The gorge of the river is nearly a quarter of a mile wide at crest-
level, which is 124 feet above the river bed. The sides are fairly steep
up to crest-level, and from this level gentle slopes climb up to the
higher hills, a couple of miles away. These upper ledges are usually
covered by lavers of silt, sand, and gravel (the remains of the old
Lahontan Lake). which provide the materials for the dam. In the
gorge and helow the bed (as rvevealed by borings) the formation is
softish rock roughly stratified. The strata have a variable dip up to
24 degrees, and are verv much faulted and broken. They vary from
mud-stone, conglomerate, and shale to sandstone, and have clay-lavers
and seams throughout. The whole formation is therefore easily
penctrated by water. On such a heterogeneous, soft, pervious, and dis-
jointed formation a solid concrete dam would be very unsafe, and
consequently an earthen type with concrete core has heen adopted.

The maximum height is 124 feet and the spillway-level is 12 feet
below the crest. The up-stream slope is 1 on 3, protected by 2 feet
of loose pitching over 1 foot of gravel. The down-stream slope is 1
on 2, protected by 1 foot of coarse gravel. The down-stream portion
of the wall is constructed of gravel, which forms the bulk of the upper
benches. Separated from this on the up-stream side by a 1 on 1 slope
is the less pervious mixture of silt and gravel, both obtained from the
upper benches on the left bank in separate layers. The proportioning
of silt to gravel is not a matter which has been decided bv an
experienced eyve, but is the result of most careful experiments carried
out before and continuously during construction. The two qualities
which were desired in the up-stream portion were heaviness and water-
tightness. The latter is determined in a special laboratory by allowing
water to pass, under a constant head of 3 feet, through a 3-foot vertical

column, and thus measuring the percolation.

Locality.

Design.
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The following table shows some results:— ki

,. - F— e o m—

Perenlation.

Mixture., Spectfic Por cent, .
tialions per acte

tiravity. Voids
- i B ] : perday.
Pure Gravel — 400,000 1
85 :
o per cent. Qrmel \ et -
" Silt - hi-2 bz
gg per cent. Gravel) Y
W Sl g e OB Is=0 20,08
p
ure Sile ... 1-:2 924N 14,0400

As a resu . .

equal parts of lit of these tests, it was decided to use a mixture of

pure silt, has Zl anl(ll gravel.  This is considerably heavier than the

pervious. aller percentage of voids, aud is very little more,

very rapidly. i

and putptinL thThe silt and gravel are actually measured before M

it onon t}%e dem on the convevor-belt, and ~amples of the mixture a8
am are regularly (ested for percolation in the laboratory-.

part thtile(uht;;ii [;':31!11011I ls. in the middle of the base of the up-str'eflm
It was originally im( 1[“‘“‘[”“) follows a curved line across the "‘ert.
below the asurfa‘ce El‘i“ 0"1 to carey this down to a maximum of 50 feer
parts near the bg.xd th?\as fmu!(l, however, on excavation in tht" 'IOW‘:'
self-supporting, and ‘1- at the f",‘*“ of the trench were not “'”m('lenti'?
for a length 'c;f 250 z;rg@ quantities (?f water were tapped. Conseduent ())f’
the trench was limit elet' ln' an‘d adjoining the river bed, the depth as
made water-tight b-e( to ti() teo}. and below this depth the rock w;es
(3 feet apart) wﬂ.‘ grouting. Two lines (2 feet apart) of boreho-de
trench to a fm-thP to be sunk from the bottom of the 4-foot ‘vle
Actually, some of 9rh depth of about 30 to 40 feet on the !1\"’r9‘vgas'
carried to a (l(; o tfP holes were hored R0 feet deep, and Of_"‘ ‘tel‘
pipe of ‘2‘1-82;1[1)24i vl 100 feet Before boring a hole. « 5-inch dlamethe
spot where N galvanized iron was placed vertically  over
each hole wax to be bored. The 30-foot tre

‘hwas then
concreted u . . nch i
P round the pipes. The concrete filled up the whole excava

tion in th , -
restrioted ;lowe}: 15 feet, and in the upper half the concrete W.vals
& width of ¢4 feet by forms, the sides being filled with

puddle - . :
later on. The drilling-bit then passed down each Ppipe and

Alarg . . .
ger percentage of gravel wmade the percolation increas®
it
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drilled a 2}-inch hole to a depth which was determined by examination
of the core. Each hole, before being grouted, was tested for leakage for
ten minutes under a water pressure of 127 fect from the Truckee Canal
(just above full-supply level). The rate of disappearance of the water
varied from 10 to 95 gallons per minute in the first holes tested, but
as grouting proceeded the loss did not exceed 25 gallons in any hole.
Generally speaking, the holes that showed the greatest leakage under
this test took the largest amount of grout subsequently.

The first holes to be drilled, tested, and grouted were alternate
ones (i.e. at 6-foot centres) or every fourth one (i.e. at 12-foot centres)
in the front row. The intermediate holes in the front row were then
bored and tested, and the rate of leakage was found to be considerably
reduced. Only a few holes were actually drilled and grouted in the
back row, as the leakage tests in them showed that the grouting in
the upper row had proved very effective in reducing the leakage.

Grouting was done by means of a Canifi compressed-air apparatus
(Tidewater Iron Works of Hoboken, N.J). The air pressure at first

..was only 25 Ib. (as with greater pressure air bubbles and cement
. appeared in the river), but was gradually increased to 100 lb. as the

holes progressed. The best mixture was found to be 1 of neat cement
to 7 or 8 of water. Where the grout got away Very quickly the mixture
was thickened to 1 to 1, and in some Cases sand was added. Altogether,
about 83 holes were drilled to an average depth of 32 feet, and 1174
sacks of cement were used, the average per hole heing 14 sacks. though
one hole took over 100 sacks.

Drainage of the base is provided for in the down-stream portion
of a length of 100 feet in the deepest part of the dam. Five lines of
drain pipes at 25-foot centres and square to the axis of the dam run
into the inspection gallery in the spillway pool. They are tiles of
8-inch diameter, and are laid with open joints in a trench 18 inches
square filled with coarse gravel.

Two spillways are provided, each 250 feel long, one on each side
of the river. 'These are unique in design. On account of the softness
of the formation, natural spillways were impossible, and, consequently,
reinforced-concrete drops have been provided for the whole height from
full-supply level to the bed of the river. Both end in a huge circular
reinforced-concrete pool at the toe of the dam in the bed of the river
in which the discharge pipes of the reservoir also end. The right spill-
way is in a natural saddle, but the left spillway is in a portion of the
dam where the crest-level of the spillway is about 60 feet above the

Spillways.
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(b) Method of timbering for concrele of piers for drops at top of left Spillway.
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natural ground. Fach has an overflow weir and then & shoot With

dr ;
ops to the pool bhelow. The details of these are shown OB fige- »

and . g
37. Below the overflow weir the work is (lropped quickly g0 89 W‘

be i i
in natural ground. The left weir requires six drops (of 10 feet otoh)

to get i
get to ground level. Thereafter curved concrete shoots and dropé.

2‘;§1t<el;t§ “Zt;ll‘at\] groun.d tak.e the water to the pool. The c.urveﬂv‘n?ta
three gUidpe Wallt e outside, like a cycle track, and are prov1ded dmﬁ
are mostly 10 s. The shoot lengths have a gentle slope. and the the

; feet to 11 feet in height, and are placed wheré "

ground-slope is steepe ht
: . ’ st, seven bei , e : caries on the ng
spillway just ahove the pool. wing required in n SOREE

Bo illway wei ; icks
laid on tgesml]“a} weirs have up-stream curtain-walls, 24 inches thi
earth bank and extending 90 feet up-stream at a slope

1 on 10. . . 1
high buil'trhe teft Sp'lllwa,y weir is practically an overflow welh e:l
piers; Spacedas 'a. series of 10-foot drops. The whole 18 suppo i
tion, the gpa(:fd;lf 26 feet apart and resting on the tough clay fou:iw
gravel. ween the piers and under the steps being le be

S .
bank. is aeqptaratn}g thf’ gravel-fill from the less pervious part o
’ steeply sloping curtain-wall 2¢ inches thick. ThI? ia piere

at the he
bottom to allow seepage to be carried in drains througl .

a "h .
gravel ;x:d ﬂchscharged into the shoot below.

e : . . '
but the sid:() . tafld- guide walls of the shoots and drops are remf’o‘anot
rigidly connec:edalmpg walls are of plain concrete. The floof 18 ot
footings, and ;:aq \:;uh th.e guide on side walls, but sim}ﬂ}' T?S.nt 8
made. s kevs with oiled surfaces, so that no rigld jol

Contracti . . 8
aPPIOXimat::i’n::}er\]0;31(1)tsf o, e ided ~in the floor and s‘de b:ﬁ)'
b ; oy ) . . . € 8

the surfaces he"ng‘oiled."et these being in the form of kevs (as

On the d ping
O\Vn-_ N .1 . . . . un
across the shoot stream  side of each joint 1s a4 cut-off wall 00

shoot and extending 2 feet below ‘

Below th
e floor, immedi nt
. immediately above the cut-off walls and co ning

joints, are : n
acros; the Sg?ol:l gravel drainage trenches, 18 inches AQUATE: rl i
- Two drainx of 6-inch npvlr-jnhm'(l tile Jaid 10

square gra .
each Ofgrur:l trenches, run parallel to the length of the shoob 'e‘:'%
.wall of cross gravel drains and discharging through
4 . Dthe drop below. -
"~ . Details . . t
diameter 0:2;(5 the spillwav  pool are «hown ot he 38, lthe rivef
thm\] h feet' and is 30 feet (lpp') 1t disvhi\l’ﬁ“s ! . Tho
Eh an opening 10 feet | ide:

above the floor and 120

¢
the bottom of h“acgioﬂ )
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floor thickness varies from 5 feet at the sides to 2 feet 6 inches in
centre. The floor is divided by contraction joints into slabs about
208 feet square. Drains run under the joints and carry the seepage
water to wells at the ends of the outlet length.

An inspection gallery runs round the pool inside the side wall,
and the five drains under the base of the dam drain into this, so thal
their discharge can be measured. All seepage water drains into wells
at the ends of the outlet length, from which it is pumped into the
river. ° Within the outlet wall part of a syphon is built to carry water
from the Truckee canal across the river.

The design of the outlet valves is unique. They are of the
hollow-cylinder or ring type which eliminates friction due to one-sided
water-pressure. They resemble the ring valves of water turbines. We
have noted a somewhat similar type on the Oakley dam, where the
water enters a tower on opposite sides through two openings, behind
which a circular ring works vertically. We shall also describe a
similar type on the Yuma scheme at the entrance to the Colorado
River syphon. In the latter the entrance end of the syphon forms
& circular rim in a horizontal plane. A hollow cylinder moves
vertically over the rim. When the syphon is closed the bottom of the
cylinder rests on the rim and the open top is above full-supply in
the canal, so that no water can enter the syphon. As soon as the
hollow cylinder is lifted water runs into the syphon evenly from all
sides between the bottom of the cvlinder and the rim. In the case
of the syphon the height of water in the supply-canal is very small.
For a high dam it is impossible to have such a length of movable
hollow cylinder as will reach above full-supply in the reservoir.

To modify the principle for high dams a short length of hollow
ring is made to move up and down inside a fixed cylinder with closed
top, so that no water can get over the top of the ring, which is worked
by a rod passing through a packed opening in the top of the fixed
Covering cylinder. A similar principle is found in the ring regulators
of turbines. Fig. 39 shows the details. There are two of these valves
with 8 feet 6 inches diameter cast-iron rings, each at the bottom of a
separate well in a common tower. The ring is 3 feet 2% inches high,
and works over an opening of 8 feet diameter with cast-iron rim, on
which the tapered end of the ring makes a water-tight joint when the
gate is shut. The covering cylinder is supported and fixed to the
masonry and rim by six stout pillar castings. The ring is worked by
& 4-inch rod passing through a stuffing-box in the centre of the cover.

Outlet
Valves.



Earthwork.

- the left spillway.
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A manhole is also provided in the cover. The masonry approach to
the ring is made bowl-shaped. with a smooth curve all round so as to
admit the water evenly (see photo B, plate 11). Water is admitted t0
the tower above the ring through two sets of openings. These hav®
sliding gates, but will probably be closed only in emergency or when
the 'water pressure is equal on both sides, the ring valves being used
for most of the regulation. A small 3 feet x 3 feet scouring valve
also works below the ring valve, probably to keep the approach to the
ring valve clear. After bassing the ring valve the water drops vertically
into a 12-foot pit, which provides a water cushion. Each valve feeds
& pipe of 9 feet diameter passing through the dam and discharging into
the spillway pool. The details of the pipes and cut-off collars are
shown on fig. 39. All the gates are operated by electrically driven

oil-pressure rams in the house at the top of the tower, a footbridge
connecting the latter with the dam.

Methods and Materials of Construction.

Electric power is supplied by the 125-foot drop from the Truckee
Two Pelton-Francis turbines are directly connected with dynamos,
each of which generates 500 killowatts at 2300 volts, 3-phase, 60 cycles.

canal.

Suitable silt and gravel are found in abundance within a quartei'
of & mile of the dam at a convenient elevation on the bench on the
left bank.

The silt overlies the gravel bed in a thin layer 1 foot to
4 feet thick, and has to be removed first. This is done by a dragline
excavator (56-ton electric Bucyrus, 14 cubic yard bucket, 60-foot boom),
which drags the silt-covering from a great distance into heaps near t}}e
truck line, and from these heaps a Marion steam shovel (35-ton, 11 cubic
yard dipper) loads into 4 cubic yard (Peteler) side -dump trucks. The
gravel is excavated by an electric shovel (Bucyrus, 60-ton, 2 cubicC
yards) and loaded directly into the side-dump trucks. The trucks are
drawn by 12-ton (Porter) locomotives on endless circular tracks to the
mixing plant which is on the bench about 200 yards from the end of
The sand and gravel are tipped separately into two
long hoppers— running parallel to the river and close to each other—
110 feet long and of 1000 cubic yards capacity. The trains run on top
of these hoppers and dump as they run. The two hoppers are each
V-shaped, and combined are W-shaped. To mix {he gravel and silt
in proper proportions (usually half of each), and to convey the materials
either mixed or separately to the dam, the Stephens-Adamson system
of belt conveyors has been adopted. Twelve horizontal sliding doors

> o

»
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doors
work under openings in the bottom of the long hop}::s. op"ig::g er
release the materials by oscillations caused by ca Jiustable, so that
eccentrics on a common shaft. The eccentrics are adjus y

. th
. the length of stroke can be regulated. After passing the doors the

. tween
material drops to a 36-inch conveyor-belt running the full length betwe

o recipro-
the silt and gravel hoppers. By adjusting the t;tr(t))l;?t (ifl talfy des?red
cating doors the gravel and silt can be put on fethe hoppers on to a
ratio. This 36-inch belt delivers.at the end o | 995 feet on high
30-inch conveyor-belt which carries the matename dam. (photos 12
trestles to the distributing hoppers well ~over motor. From the
and 11, A). This belt is driven by & loq-horseiowtel‘ deposi.t the earth
distributing hopper two inclined metallined SH005 1} ocubic yard),
into horse-drawn bottom-dump Wagons (.Stude aIt, i’s then spread by
“which dump it on the dam where reqm-redi d by hose from a pipe
harrows and Fresnos into thin layers, sprinkle d yrolled by a 10-ton
system deriving water from Truckee cana 111 f the dam is conveyed
traction engine. The unmixed gravel for Fhe bact ° other days. The
in the same way as the mixed material, but on

capacity of the belt is 300 cubic yards per hotllllr- ks to a 30-foot
The gravel for concrete is dumped from : en einch. conveyor-
long extension of the long hoppers, from whie ?eening plant, which
belt (35-horsepower) carries it 400 feet fo_the ’S(Sr) into three separate
separates it by rotaries (3} feet by 3 feet diame f two sizes—j inch
i ini d under s inch and graw{el _— d8 to
bins con-taxmnng.an these bins proper proportions are measured on
igd 128%ir$l(1‘h.belt 1(;15?) feet long, which, after receiving the measured

cement, discharges into the mixer. ) ‘on
The excavation for the spillways was dOI(lie 337 t::‘z 35’;‘(1312s3{ 8Jvl&‘rere
revolving traction steam shovels wieh 1%-3’31' frlcgn tile top step to
very effective and worked their own way dowh ,
ne boéfril;-cement is used on this scheme .WitI} a Pla’I;t Sltlﬁlla; .t;)trz};ii
used at Arrowrock. The same fine silt WhIIChu;Sntl;ts}efdofchemeent pér,nd the
pqrtion O.f the da;n ti: g;i:dsajjlgiear:llezguaTge silt is of an exceedingly
mixture is groun . nature, and consists of about 70 per cent. of fine
ﬁ.n.e ' almost flow e(;) 2;0 per (’:ent. of a clayey material composed Ir.lost,.ly
s1hc%o.us sax:id illlmina compounds. About 9 to 15 p.er cent. of t.hls s.11t
(i)Ifl E;ltlslczzlaizrala state passes a 200-sieve, and the mlxture of. this vsrrlltlh
cement is ground so fine that 83 per cent. passes a 200-sieve. e

Concrete.
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usual concrete : . “
latter consistingmﬁu:::x Bl 1 sand-cement to 2} sand to 6} gravel. b
sizes. As most of thegc y equal quantities of the }-inch and 2}-inch
is found that the sand-c M .work is in narrow_reinforced walls it
at Arrowrock (where th ement mixture does not work quite so easily 8
being rather “ dead.” th e concrete work was in big masses), its handling
One 1} cubic yar;l Sx(x)ll'lftil on the ?vhole it is successful and economical-
mixer the concrete is ;h tm.lxer is used (30-horsepower). From the
on & truck which is d ot into a bottom-opening bucket (2% yards)
the cable the bucket (;‘awn un der the cableway by a horse. From
movable tower, and fron;m:? into a hopper (3 yards) carried by &
}‘equired (see photos A and is open shoots deposit the concrete where
in the high walls is ‘sho , I}’ plate 12). The timber for the concrete
8 inch x 2 inch board wn in photo B. Next the concrete horizon
uprights, spaced 2 feet S So.f Oregon pine are used; 6 inch x 2 inch
wires hold the uprights t inches, are outside these on opposite gides;
inside hold them ag rt ogether and temporary 6 inch x 2 inch struts
Horizontal wallin pa N T_he wires are embedded in the concrete.
with }-inch bolts;gtlll);eceb 6 inches x 4 inches are at 4 feet intervals
cement, the top corn(c)alrlsg " fthe concrete. It is found that, With sand-
and to avoid this the -O the concrete tend to chip off on setting,
depositing concrete Owlres have to be cut about twelve hours after
concrete work is s.prea,dn tlmcoum of the great space over which the
to have a cableway ca ilong the length of the river it was decided
cableway (Lidgerwood) D;: e of movement up and down stream. The
movable towers 100 feet fﬁ a span of 1600 feet, and is supported bY
to the river for a dista igh. The towers move on wide rails parallel
The cable is operated n;:)e of 800 feet, and are very heavily balanced.
spfaed of 250 feet per miguta 300-horsepower motor having & lifting
minute, and the fall ro e and.a travelling speed of 1200 feet per
10 tons, and actuall 1'pe is carried by patent carriers. It can Lift
y lifted the parts of the Marion shovel from the

river bed. It also li
place. ifts the concrete distributing towers from place to

The total esti :
which 57,000 are iriuizt:ds qﬁantltv of conerete is 75,000 cubic yards Of
pillways. The total is only about one-seventh

of that at Arr
owrock, so that . .
so great as on that dam. the saving in using sand-cement is not

The whole i
quantity of earthwork and gravel in the dam is

730,000 cubic
’ yards. The wh . )
which over half is for the spicl)ll:;rai);cavatmn is 330,000 cubic yards of

. TRUCKEE-CARSON SCHEME

The cost is estimated at one and a half

The pick-up weir across the Carson River is

Lahontan dam, and in general arrangement roughly T
Two main canals start from

diversion-weir on the Truckee
the weir, one on each side of
movable-weir type, ie. in order

below sill-level on the up-stream gside of an overflow
the gates. Each gate is 17 feet wide by 5 feet

flowipg over the top of

River.
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million dollars.
five miles belo

esembles the

the river. The head-gates aIeé of the
to open the canal the gates sink down

high and has rollers. It is operated by two screws and

from above.

The main canal on the south

the main canal on the north has a capacity of 400 cusecs.
an the fall along radial lines of the delta

the high ridges
le is too steep & slope for

seen from the contoured pl

is roughly 6 feet per mile. The main canals Tun along

near the old river channels. Si
main canals, and consequently
south main canal a drop of 26

x feet per mi

has a capacity of 1600

.weir, the water

worm-gearing

As will be

many drops are necessary. On the
feet has been given at one place near

the head, and this is used for power purposes. The dist

minors follow small radial ridges throughout t

for velocities of 1% to 2 feet per gecond for cap
The larger gtructures are of
d, which is cheap and stands

to 100 cusecs respectively.

the smaller ones are of Californian redwoo

water well.

About one-third of the whole area is

physical texture, as the following analysis will show :—

Fine Coarse Medium
Gravel. fand. Sand.
2-1 11-2 9-4

About one-third of the whole area is a

more compact soil, containing over 50 per cen
ndy, being composed mostly

remaining third is very sa

sand, in some places forming dunes.
overing of sand 1s found over

prevailing winds a thin ¢
whole area. The surface is,

where the soils are heavier, but in the sandy

frequent and require levelling.

Alkali is present

heavier low-lying soils. On half o

alkali is less than 0.2, on guar

and on the remaining quarter
3a

Fine Very fine :
Sand. Sand. Silt.
36-1 18-1 13-3

In fact, on account

ributaries and

he area, and are designed
acities from 15 cusecs

concrete, but

a sandy loam of excellent

Clay.

9-6

very much heavier and
t. of silt and clay. The

of very fine
of the strong
much of the

to the eye, generally even, especially

f the whole area the

parts hummocks are

in most of the soils, being strongest in the

percentage of

ter of the area it is between .2 and 4,

it is above 4 per cent.

The alkali is

w the Pick-up
Weir.

cusecs, and Canals.

Soils, Slopes,
and
Drainage.
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\tlsiusalgmtllgsti\;:nte varietv, black alkali not being very noticeable. In
the position ot l‘lffr.ltlllon.“should be made of the remarkable Soda Lake, .
an o o ) nct is shO\?'n on the plan. It occupies the cup of
the surreop t(;:: er, the rim of which rises nearly 100 feet above
bolon Surrfu[,d" ) ’fli’he \\'ate‘r s‘urf:wo in the crater is about 60 feet
waler is 8y grent 11.15 at or 160 feet T).elo\\' the rim, and the depth of
o To oo as 159 feet. There is no surface inlet or outlet to
sun-ound’ing - lrungmg completelv r(_mn(l the lake high abov¢ the
hete, bt t‘hg Sur‘;.. .l_..oda .fo‘r cqnum-rcml purposes was manufactur.ed
O feet 1n ton o ounding irrigation caused the water surface to TiS€
vears and drowned out the works.

roughlzhz gfilelf ! SlII‘f.ace SIOI.)Q OY"P the greater part of the delta is
Conse(iuentlv Wﬁ):rr rtr;lle, which is very flat for irrigation purposess
irrigation isy iar el '9 ) 'SO]IS are hea.vy, the basin-soakage methOd.Of
is not doné veg’.‘thpractlsed (as at Minidoka). Here, too, the levelling
as deep as 1 fo}t oroughly, and in one field I saw water standing
the. fod s Maon} at. one end to ('0\:9;- high patches in other parts.of
water directly f.mr;iismsf are not Dm"ldf‘d'with ates nor supplied with
one after thé otheri urrow, and a string of basins is often wetted
water. T from the same gate-a method very wasteful of
Stmctiz:eozva;:;ﬁ?hl;() ha:\: been gradually rising in spite of the con-
between the ﬁd s m}l(’.s of “hal_l"“'. open drains in the hollows
drains haVe‘not é:u‘(-(-onl “h.wh the ‘dlsh‘lhutarios run.  These shallow
hete on mccount Aof te}f( e(l‘ln removing the danger. which is very great
in the east and ” the mev.ale.nce of alkali. At present a large a.rea
risen to erithin 4kfel;t -(;a:ltq is in great danger, the water-table having
tile drains 8 feet de ) | s.urfa(-p, Consequently: about six miles'of
are of 10-inch to 15 oP }ilre. being constructed in this area. The drains
into an open cut Oo-;ncintéﬂzq at aslope of 1 in 1000, discharging either
electrically (as at Minidoka). sump. from which the water s pumped
grasses, the latter o \\a? OCC‘_ID“‘(‘ bv lucerne and pasture of native
and small areas aCCUD_\mg.la’o()o acres. Cereals are next in importance.
gardens. A suh arref occupied by potatoes, sugar heets, orchards, and
area und s .&Ctory has !’99—“ opened on {he scheme, and the
nder beets will probably increase.

oty tl;I;hi z;.verage lucerne return was 2% tons per acre for three crops.
alue was $7 per ton in the stack. Considerable difficulty is
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often experienced in starting lucerne on account of the fine sand which
%s blown about by the strong prevalent spring winds. For this reason
itis often sown with wheat as a nurse Crop.

This was one of the first schemes undertaken under the Reclama-
tion Act passed in 1902. Work began in 1903, and in 1906 the first
irrigation was given under this scheme. The whole area contemplated
by the scheme is 206,000 acres, of which 65500 acres were in private
OWne,rship at the inception.

The area thrown open to entry of settlers has been limited until
sufficient storage is provided on completion of the Lahontan dam. At
present onlvy 21,000 acres have been thrown open, which is mostly
taken up. The area under water-richt and rental contracts is now
sbout 45,000 acres, more than half of which was privately owned. The
maximum size of farm unit for settlers is 80 acres.

The building charge to settlers is $30 per acre
from $22. The whole cost up to date, excluding Lahontan dam, has
heen over four million dollars, of which the Truckee River diversion
cost one and a half million. The Lahontan damn is estimated to
cost one and a half million dollars, and further extension of distribu-
taries, etc., to complete the scheme another two and a half million
dollars, so that the whole cost will he over eight million dollars, or
about $40 per acre.

The maintenance charge was at first 60 cents per acre, but this
has been raised to 75 cents. The actual cost in 1912 was $1} per acre
irrigated, very little of which was for betterments. Gophirs (small
burrowing animals) cause a great deal of trouble by making their holes
through the canal bhanks and causing breaches.

The following extract from the Government brochur
the scheme is worth quoting :—

“ Do not make the mistake of thinking that you can come to
the Truckee-Carson project without any capital or equip-
ment, settle on a homestead, and make a success. Every
new settler will need capital. You will need a house
to live in, fences, a barn, provisions for family, and feed
for stock for at least one year, farm machinery, tools,
and seed. You will be unable to secure credit at the
local stores as vou are unknown and you have nothing
to mortgage on a homestead. Consequently your capital
should be sufficient to enable you to bring your farm to
a paying basis, and this will require at least a year.”

. raised, I believe,

e advertising

Settlement
and Cost.
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For the distribution of water three superintendents, eight ditch

riders, and two head-gate watchers are required. A seven-day rotation
» half the laterals being kept dry in alternate weelfs.
The irrigating streams ip the basin-soakage method are larger than 1n
the surface-flow or furrow methods—4 cusecs being a common stream
and in some large basins as much as 15 cusecs is sometimes used. q

For the irrigation of the 36,620 acres (apart from water returne
to river) 169,267 acre-feet were diverted ip 1912. This is 4% feet ‘ovel‘
the irrigated ares About 21 feet were delivered to the fields. 'The

losses were: observed in four canals to be 1.30, 1.51, and 0.52 cubic feet
per day per Square foot of wetted area of the canals.

CHAPTER X

CALIFORNIAN IRRIGATION

———

General Outline.

From the Truckee-Carson scheme to San Francisco is 300 miles by rail.
The high Sierra Nevada Range is first crossed af such a height that the
railway track has t 3 )

sheds in the form of tunnels. On the west the
steep slope with pine forests and along valleys 1n
the foot-hills dotted with beautiful Californian oak. The line then
traverses the great central plains through the low-lving Sacramento
valley to the great Bay of San Francisco,

The State of California (fig. 41,
coast for a length of 80 miles
a total area of abouyt 160,000 sq
area as the Orange Free State

of the Cape Province s
Elizabeth.

descent is op a Iong

page 144) extends along the P'&Clﬂc
with an average bhreadth of 200 miles—
uare miles, which is nearly as great an
and Transvaal combined, or of that part
outh of the Orange River and west of Port

From an Irrigation point of view

» the most remarkable feature of
the geography of the State is the gr

eat central basin formed by the
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i Ri This low-lying
valleys of the Sacramento and San Joaquin I:eror:t:y miles, extends
fertile basin, with an average width of abou

i d from it by
* for some 400 miles parallel to the coast and is separate

. by the combined
the long continuous coastal range o nly ple;::(()i thr);ugh the famous
drainage of the great central basin at San Fra%lc ;,nd curving round to
Golden Gate. All along the east of the basin, nclose the basin with
join the coastal range so as to completelyee This great range, with
mountains, runs the great Sierra Nevada Range. tly to the value of the
an altitude of 6000 feet to 14,000 feet, acds z%)rfe aLsf;ieams with perennial
fertile basin by supplving a large number iver systems run down the
water from the melting snows. Two great ri isco Bay--the Sacramento
major axis of the valley, meeting at San .FI‘&II.Cler from the south. Both
River from the north and the San Joaquin RIY - down from the Sierra
“have g large number of strong tl’.ib:w::;ss c;):tlllolrgﬂy supplying water :;:r

Q ‘ inter ’ . e
il\iiiv;i?:natb\[rn 0(;.freocrt l?isosw,reil:lli rgiving wonderful opportunities for

development of electrical power.

The fertile basin is so flat and level that at 15Q.mlleiss l;z:;ht;tzi
150 miles south from San Francisco Bay the ° Ievggt)onfeet the basin
300 feet above sea-level. If the sea were .to rise d 40 miles wide,
Would become a great inland sea over 300 .m.lles IOIZg g;lu Francisco, by
surrounded, except where the ocean is joined iear the edge of the
®normously high mountains rising steeply from
S6a on the east and capped by snow.

tion
It would be difficult to imagine a more favou?bgal??cﬂi’?:rzwes
of country than this for irrigation develOpmenlt’ aj?angement. Nearly
its brosperity largely to this wonderful natura ble valley lands of the
two-thirds (or ten million acres) of the total arable { the total irrigated
State and also about two-thirds (or two m_lulon acres) Oth reater part of
area of the State lies in this great basin. By fl';mr ineigi; in the San
the ‘irrigation is in the southern hall of the .?S arts of the Sacra-
Joaquin valley, the rainfall being gre,a:ter o mo.‘z 'friaation. North of
mento valley .and sufficient for cultivation w1_t.hou‘ IIT1g
the basin the country is exceedingly mountainous.

The coastal range continues southwards beyondne;hre Lﬁg:**;;;i?
rising to great heights in the San Bernardino R?nifrens and  partioular
Irrigation is practised here on the coasta‘.l streal ’tion which is of
reference will be made to the Santa Ana River lflgg-erra Nevadas in
& very high class. Behind the coastal range and the Si
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CHAPTER XI

THE MODESTO-TURLOCK SCHEME

TH18 scheme derives its water from the Tuolumne River, a tributary Water
of the San Joaquin River, rising in the snow-capped Sierra Nevadas. Supply.
The drainage area above the point of diversion is about 1500 square
miles, and includes the famous Hetch Hetchy Valley which it is pro-
posed to use for San Francisco’s water supply.

= The following is the mean discharge of the river at the point of
diversion : —

Jan. Feb. March. April. May. June. July. Amg.  BSept. Oct. Nov, Dec.
Cusecs ... 1674 1795 2400 4039 7402 7179 2607 1028 439 364 702 705

The average yearly mean is 2526 cusecs. »
The maximum flood was 59,800, and the minimum flow 69 cusecs.

L ]

- Jan.  Feb. March. April. May. June. July. Aug. BSept. Oct. Nov. Dec.
Inches ... 2:32 1-82 2-06 0-8 0-57 0:08 0-01 0-07 0:26 0-66 1-52 2-19

'é As the whole area to be irrigated by the scheme is over 200,000

= acres, it is obvious that storage is required for the latter part of the

-: Year.

L s The mean rainfall is as follows:— Rainfall.
z

Total ... ... 12+42 inches.

From this it will be seen that most of the rain falls in winter,
and the months June to September are practically rainless.

The temperature varies from about 30° F. to 110° F.

La Grange weir is built across the Tuolumne River, where it still Qutline -~
runs in a deep narrow canyon in fairly high hills. Two canals start of Scheme.
from the weir, one on each side of the river, for the Modesto district .
on the right bank and the Turlock district on the left bank. Both
canals run close to the river for some twenty miles through rolling
country of low hills. Storage reservoirs are provided on both canals in
this upper reach. After passing through the rolling foothills, the San
Joaquin plain is reached, and most of the irrigable lands are in this
great level stretch of country. The assessed area in the Modesto district
18 81,000 acres, and in the Turlock district 176,000 acres, and of this
total éabout 225,000 acres are irrigable.
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Engineering Works. , lie below the level of the reservoir, and the main canal is carrllled r(;)m;n
ir | . the reservoir in a series of low drops. Some of these drops have e
La Grange The La Grange weir is a very high overflow-weir built across _ § D and thus ero de the canal to &
Weir. the stream. The river is very narrow here, and at crest-level the width broken dOWD. to increase the grace .
is only 280 feet. The weir has therefore been built in the form of 8B - grfaater capacity.

arch with a radius of 300 feet. The maximum section is shown 'on
fig. 40 (see also photos, plate 13). The maximum height, in a huge
pot-hole in the bed, is about 127 feet. It is built on a very hard
stratified quartzite. The strata are very broad and dip up-stream at &
very steep angle. A short distance doxifn-stream the formation changes,
and, instead of the hard rock, a finely-stratified slate is found with

almos.t vertical dip. The pond above the weir was very quickly filled Sketch of Automatic Reguial ihg Radial
up with sand by the river. The weir was completed in 1903, and it
cost about $343,000. ° Gale ot Drof

Canals. ' .The Turlock district is about twice as large as the Modesto ) v 1~'”‘r’”"_:r
district, and the water is divided at the weir for the two districts iB P

the ratio 2:1. The capacity of the Modesto canal is 750 cusecs, and of
the Turlock canal 1200 cusecs, though both will be enlarged to a combined
capacity of 3100 cusecs. The first five miles of both canals are through
very difficult steep rocky formation. The Turlock canal starts in a long
tunnel, and the Modesto canal, for several miles, is of concrete OT
concrete-lined, and about 16 feet wide and 8 feet deep with almost
vertical sides. In the first thirtcen miles the rolling hilly country is
passed close to the river, and several deep valleys have to™Ue crossed. - —

= — e
Wood ﬂpmes were at first used, but these are now being replaced .by X 77 —’)/‘;’//Z/;/// ’7//,////
hydraulic-fill banks, over 50 feet high, with culverts below and carrying - 2; % OHLL, W ///////////// :
the concrete-lined canal above. The manner of building these banks i8 Al 4 Lue ////
.as follows: The culvert for passing the side drainage is first built in | -

the bed of the valley and the outside faces of the bank, with slopes of

- 3 54
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e —

—e— | —

1 on 2, are carried up above the rest of the work so as to form & . | rle- 4%
settling pond into which the sediment-charged water is conveyed. The |
clear water is drawn off through a central vertical pipe coming UP When the irrigable flat is reached, the main canals run along the

* from the roof of the completed culvert. The pipe is raised in 1-foot ' contours, and the distributaries down the SIopes R above. the
sections as the work progresses. Where suitable soil lies at a sufficient necessary on the latter, and the minors usually take off above the
height, it is sluiced by a nozzle-discharge under pressure, and runs drops. Wood was very largely used. but concrete stl:uctures are now .
direct to the bank pond. Where the soil is low but close, it is drawn being built. The radial gate 1is very generally used in bot\l.l districts. Ié:ztl:l
by means of a dragline grader working on an endless rope to a dump It is often counterbalanced, and its working is th.en eIy SR e |
over a flume carrying a stream which takes it up and transports it to many of the drops on the Turlock system, the radial balancadgate 0
the bank pond where it settles. been ingeniously adapted to give automatically a constant head above

About the thirteenth mile on the south, 30,000 acre-feet of storage the drop. Suc}i an arrangement is needed on these canals because, af

are provided in a valley by an earth dam 30 feet high. All the lands we ghall see later, the irrigating stream applied to the fields is often as
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e

great as 12 cusecs, and the sudden shutting down of one or more of
such streams would endanger the distributary. The device is very
simple, and is illustrated in fig. 42. The radial gate (a) works across
the main canal at the drop. Tt is counterbalanced by lever (b) and
weight (w). The lever (b) is operated by another lever (c), to the other
extremity of which is attached a weighted galvanized tank (m) of 3-foot
diameter floating in another tank (k) which is built into the ground.
This outer tank is filled by a 4-inch pipe from the water above the
drop, and is emptied by a 2-inch pipe to the level below the drop.
To the upper end of the 4-inch pipe is attached an adjustable length
of pipe. This is set so that its mouth is slightly below the level to
which it is desired to keep the water above the drop. If the water
rises above this level, the 4-inch pipe fills the tank (k) quicker than
the 2-inch pipe can drain it, and consequently the float (m) rises, and,
by means of the levers (¢) and (b), lifts the gate (a) and allows more
water to pass the gate, thus lowering the level above the gate. When
the level sinks below the mouth of the pipe (d), no water enters tank
(h); the 2-inch pipe drains it; (m) sinks, (@) is then lowered, and the
level above the drop rises again. The arrangement has been found t_O
work very effectively. The radial type of gate lends itself to this
automatic device because the friction is not so great or so uncertain as
in other types of gate, the chief forces being the hydrostatic pressure
and the weight of the gate, which are definite and easili=.zalculated.
The device is worth considering as an automatic escape on a big canal
which is liable to catch much hill-side drainage.

Two important characteristics of most of the soils in the whole
San Joaquin Valley should first be noted. They are generally of &

distinctly sandy nature, and very often have a hard-pan layer within
6 feet of the surface.

Very large areas, especially on the Turlock side, have a sandy
appearance somewhat like our Cape Flats. To indicate the very sandy
nature of the soil it should be mentioned that good clcan sand is often
taken direct from the beds of the canals for concrete.

The following is the physical analysis of this great type :—
Fine Gravel. Coarse Sand. Medium Sand. Fine Sand. Very Fine Band. 8ilt, Clay.

1.0 12.7 19.9 41.1 15.9 7.4 1.7

Next to this sandy type in area is a finer sandy loam with the
following physical analysis:—

Fine Gravel.  Coarse Sand.  Medium Sand. Fine Sand.  Very Fine Sand. 8ilt. Clay.

1.7 11.9 11.0 26.8 10.7 32.7 5.3
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The heavier loams and clays, such as were desqube(: msrrf:l?
“gumbo ” soil of the Bellefourche scheme, are ‘only fouanamui‘III 1;:}Irla.nnel.
areas and especially in the low lands close to the Samf ;Jhg light sandy
Alkali is not very prevalent. Over the .greater part o ntities only in
soil it is less than .1 per cent., and is in dangerous qua .
the heavy soils close to the river.

Hard-pan is commonly found under most of the ariea ;to ;S C}:I;ZI;
of ahout 1 to 4 feet. It is usually a hard-cemented caﬂ(;a. e as they
several inches in thickness. It is remarkable that crops rl"i‘l;is hard-
do in the shallow soils overlying the impenetr_able hlx';l'd-PZI;-d o surface
Pan is common throughout the San Joaquin Va efy’t of a series of
indication is the “hog-wallow” formation which 001118bl~°’i rfches high and
hollows and squat rounded mounds only about * enormous areas.
spaced with great regularity about every 30 feet over

i has

The water-table, which was 30 feet. to 40 feet de;ep 1ne gsacisl,ld ait

risen to within 10 feet of the surface in lf:ss than ':ﬁ yin 1;he low-
has been found necessary to construct drains, especlally

lying parts near the San Joaquin River.

The general surface of the irrigable ared le}ﬁf g\?agigf ?so“;g
towards the San Joaquin River (see contour plan')-t .bis the surf’ace.
the eye, extraordinarily level, scarcely any hll!s dls- o ﬁlvg about 6 feet
The averaﬁgg slope of the lands towards th.e river 1s 0 . largely
pPer mile. With such a flat slope the basin-soakage Z}(I)S eamrds square.
used for irrigation, the basins being usually about‘, 217 > callel to
It should be mentioned that at first long basms: were mahe b‘;sins was
the contours, thus forming terraces. The lev(?nmg of suc . rﬁade It
easy, as in the course of levelling the bordering walls were ot s‘atis—
was found, however, that the irrigation of such begs -\Vaf?o Iil;he next
factory, as the water had to he dropped from one }?smlo o locally:
and this system has now been abandoned. Wherever t e; P ethod of
increased, as from natural ridges towards hollows, the bm- made
surface-flow between borders is usually adopted’. the beds T}?'mgr efl?od
about 60 feet wide and up to a quarter of a mile long. § o el
is adopted wherever possible, being naturally cheaper and easier.

A feature of the irrigation is that larger irrigating strgams.bage
applied to the fields than on any of the schemes p rev_lousl_v eSeribed.
Streams of 12 cusecs are commonly applied, and sometimes sj(.reams as
great as 20 cusecs. This practice necessitates very large ml.nors ap;i
large gates leading to each bed. Nearly all the beds are provided with
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large vgooden gates. As a rule, a block-gate crosses the minor, and the field-
gates are placed on opposite sides of the stream. The field-gates are mostly
of wood, and the opening is usually about 6 feet wide and is closed
by two 38-foot gates alongside each other. The sides of the cutting
through the furrow-bank are retained by wood, and a wooden floor
usually extends through the bank about 6 feei beyond the gates.

In 1913 about 48,000 acres were irrigated in the Modesto district,
and 85,000 acres in the Turlock district, or a total of 133,000 acres out
of 225,000 acres included in the districts. Lucerne is the great crop,
and covers about 75 per cent. of the area. Orchards and vines cover
over 10 per cent. Cereals and vegetables occupy the rest. Cereals do
well without irrigatien in the rolling country at the foot of the
mountains, and this partly accounts for the small area devoted to them
under irrigation, but in California it is more fully realized that for the
pest- results more profitable crops than cereals must be grown under
irrigation. Lucerne gives four to five crops annually with a total yield
of about 5 tons per acre, which sells at about $7 to %10 per ton in the
stack, and at 810 to $15 baled. Much of the lucerne is, however, fed
to cattle, and a large dairyv industry depends on it.

The history and organization of this scheme 1is interesting, 88
the conditions are somewhat similar to those which are likely to be
met with in co-operative work without Government assistancg.in South
Africa. Unlike most of the schemes we have previously considered,
?he land to be irrigated was at the outset in private ownership, usually
in very large areas, and was cultivated with cereals without irrigation.
The first efforts towards forming an irrigation district were made in
1887, shortly after the Wright Law was passed by the California State,
which provided for the constitution of irrigatioﬁ districts. Many of
the larger landowners were opposed to the scheme, as they were satisfied
vv.fith the returns from cereals and feared the added exi)ense of irriga-
tl.on. So bitter was their opposition that thev formed an * Anti-Irriga-
thI.l League” and held up the scheme for thirteen years. Their
resistance led to expensive litigation, and when the board of supervisors
was elected they contrived to get a majority on the board who refused
to levy the necessary taxes to raise funds for construction.

. The Wright Law was amended hy the Irrigation Act of 1897,
thlch provided means of forcing a resisting minority into a co-opera
tive scheme in a manner similar to the South Afric;m Irrigation Acts
of 1906 and 1912. A majority of the owners under the proposed
scheme, whose property valuation is also a majority, is sufficient for
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the preliminary formation, which has to be ratified later by ?,. t.wo-
thirds majority. The whole area is then divided into five divisions
roughly equal in size. Each division subsequently elects a representa-
tiv,e as a member of a board of five SUpervisors, each owner having
one vote irrespective of the area he owns. To raise funds for construc-
tion a majority representing a majority of the assessed values 1s
necessary.

_Recently a State Board has been constituted, consisting o? the
Attorney-General, the Superintendent of Banks, and the State Engineer,
who must approve of the scheme before funds are raised. Thi.s i§ a
wholesome check on wild-cat schemes. Funds are raised by issuing
bonds on the market, the State providing that none be sold below par.
This proviso is sometimes overcome by paying contractors in bonds,
with an understanding that their value is below par. The bonds bear
b per cent. interest and must be paid off within thirty years, cqm-
mencing with the twentv-first vear. In order to meet these capl.ta,l
payments as well as annual maintenance charges a uniform tax is levied
on the assessed value of all land in the district. Even town lots are
assessed, and usually at a much higher rate than the country lots.
Thus, in the Modesto district. of the total assessment of seven million
dollars the city propertv is assessed at one and a half million dollar:q.
The assessment is made annuallv, and in making it the quality of soil
and the p-c;.?l't‘ion as to towns or stations are taken into acfcount. In
1913 the following were average assessed values :—For outlving country
areas $40 per acre, for areas closer to the towns $90, and for town
areas about $1000 per acre. It will thus be seen that the towns, which
owe their existence to the irrigation scheme, contribute largely to the
cost. In fact the irrigation tax on town property is actually equal to
all the other taxes, such as water, streets, schools, etc., put together.
As the number of property owners is greater in the towns, the latter,
practically control the voting of funds, though not the election of the
five supervisors, as the towns do not lie in each of the five divisions.

In the Modesto district the tax for 1912 was 21 per cent. of the
assessed values, and in 1913 3% per cent. (the increase being due to
betterments carried out). In the Turlock district the corresponding
figures were 24 per cent. and 3.55 per cent. The average assessment
of the irrigable lands is about %60 per acre, and 3 per cent. on this
gives $1.8 per assessed acre. About half of this is for capital charges,
one-quarter for betterments, and one-quarter for maintenance. Between
the twentieth and thirtieth vears the bonds have to be paid off, and
only maintenance and betterment charges will be made thereafter.

h}
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breaki'lll‘:eu;h?l‘lgee lon the assessed value of areas has had the effect of
Act to the area a;%" h°1d11_128~. 'There is no limit as in the Carey
whole irrigabale arW ;Ch an individual can hold, but the tax on the
and sell it tha orces the owner either to work it or to sub-divifie
1000 to 2000 acres rga? several owners held individual tracts of from
five or six in the Lio(c)lre the_sct}eme was started, now not more than
Turlock district on esto dlstmc.t own more than 640 acres. In the
more than twent e ovr two hold individually over 2000 acres, anq not
cost, but the coqty oW over 640 acres. I have no actual figures of
$20 per il'l'igable; a'up to date of the Modesto scheme is approximately
" Irrigation Wcre, and of thf? Turlock scheme approxinfately $10.

of the total irri as commenced in 1903, and in 1913 about 80 per cent.

ALl di trrigable area was actually irrigated. .
s distibution s by rotation in both districts, this svstem b
of the season each anee irrigating streams are used. At the beginning
and the rotation i ltli'll'lgatol- declares the area he is going to irrigate,
ceeding down eal}? ' fm worked out. The rotation is by turns, Pro-
comes round oncg 'mltrlllor from top to hottom, and each man’ tur®
the stream sup lie(;n- ree weeks or & month. On the Modesto side
period calculateg t tli between 15 and 20 cusecs, and is run for &
applicati ¢ at the rate of 20 minutes per acre. This allows an

on of about 5 inches to 8 inches to the fields.

-z

On : .
the Turlock side, where the soil is more sandy, the maximum

rate is N

fiop. :s ls2ostlllsec stream for one hour, which gives a 12-inch applicd-

the next user tis sach man has finished his whole area he must notify

e.g. at cutting of 16 readv. If a turn falls at an inconvenient time,

the storage gro(:r'du;el:ne’ an exchange can be mutually arranged. As

end of the sI:aas ided is too small the flow is insufficient towards the

each keepin thon’ and th? number of irrigating streams is cut down,

end of thegsea;:amet uniform strength, and those who suffer at the

SeaSOm. get the first turn at the beginning of the next
Th i i

of the aie:bo"; Ol: the iw;tiem for lucerne, which covers three-quarters
. ) vegetables a = . ]

rotation period is shorter. smaller stream is supplied. and the
N ; .

annualz df'ﬁntl-te ﬁgures exist for duty, but it is estimated that the

at the ﬁ(ﬁg . Ilon is 4 feet. measured at the weir, and 3 feet measured

stora, S t shou!d be 1}0ted, however, that the river-flow and the
ge provided are insufficient for all needs towards the end of the

season, and larger volume :
water were greater. s would probably be used if the supply of

~ 4power from~ihe streams coming
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CHAPTER XII

' THE FRESNO SCHEMES

AND

THE REDLANDS SCHEME

FRESNO SCHEMES

o

From the Modesto-Turlock scheme to Fresno, about

way travels through the great

the Sierra Nevada Range, crossing the Merced and San J oaquin Rivers and

many sandy creeks. The country is very gimilar to that described at
Modesto. Cereals grown without irrigation cover a considerable area
and large areas are not cultivated, the © hog-wallow ” formation being
conspicuous over the enormous plain. On the way irrigation is pra,cti§ed
on a large scale close to the foothills, among other large schemes being
the Crocker-Huffman scheme from the Merced River, but the most
remarkable development is the irrigation by pumping from undergrPund
supplies. Numerous electric lines (raverse the great plain, deriving
down from the Sierra Nevadas. At
- intervals along the transmission lines transformers are seen on the
poles, and immediately below each is a pump over & well serving a
«.fine area of levelled and cultivated land in pleasing contrast to the
surrounding undeveloped land. On the left bank of the San Joaquin
River a large canal takes out just where the river makes a sharp bend
after joining the Fresno Slough from Tulare Lake. This furrow, con-
structed by a company which owns large areas of land, runs for
70 miles down the left side of the river, and commands 340,000 acres,
of which only one-third is irrigated and a large part is simply flooded
pasturage.
The Fresno schemes derive their water from the King’s River.
From this river over 600,000 acres are at present irrigated. The water
is diverted on both sides of the river by numerous furrows, but the
Fresno schemes lie entirely on the right bank and irrigate about 360,000
" acres between the King’s River and the San Joaquin River.
The King's River derives its water from the exceedingly high
peaks of the Sierra Nevadas, and has a drainage area of about

70 miles, the rail- Modesto to
basin and parallel to :ts axis and to Fresmo.

Water
Supply.
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1750 square miles above the highest canals. Its mean monthly discharge
o for thirteen years is as follows: —
e A Y- AW , ,
s { = & ( ~ -~ Jan, Feb, March. April. May, Jume, July.,  Aug. Sept. Oct. Nov. Dec.
0 — J/ J -5 /-' //_' ‘ Cusecs ... 1175 1133 2246 3889 7714 8207 3715 1145 436 471 509 535
2 p . ' - The yearly mean is 2598 cusecs, the maximum flood 44,000, and
o L L .’12 1 / ' the minimum flow 130 cusecs. From this it will be seen that the
N 29 o ",, Scale Milcq / supply is not nearly enough for the 600,000 acres under existing schemes,
\ ) 7 . / and some of these with inferior water-rights get water only in the
\ \ \ ! A >~ early part of summer. No storage is provided, but continual irrigation
\ \s \p \,, \ K i has 50 raised the water-table that now less irrigation is necessary than
\ v % \'é \'% \,, \ \ (" Nt f ; & formerly, and an enormous number of pumps utilize the underground
) ¢\ \, VY. ( supply.
\/5\ ' \ | ) * ® A O
v ’ \ N\§ % A ¢ ’ The rainfall is similar to that at Modesto, though the total annual Rainfalland
\ e -’) L \ b s R4 qi’_ '\1‘”“ fall is only 11} inches. June, July, and August are practically rainless Soil. |
\ ¥ I ll L )Fﬁfség\ . \\ ~ months. The soil, also, is similar to that at Modesto, being generally
\ ‘3"\ | | NG \ tal ‘1 \ /‘-]\ 2 \ of a sandy nature, and very often overlying a hard-pan layer at no
& . , B @SR Y U R ) great depth.
\NO / i o ) Q ,’%4
\ \J ) 5 | | \ 7 The numerous canals call for no special remarks from an Werks.

f >l / R\ 19‘ water is easily turned out by low simple weirs, and the canals run in

> =7 easy excavation—at first along the contours and then down the gentle
slope, whieh is about 6 feet per mile towards the axis of the great
basin.

3\ S | | /
\\ i \ 3 f | / l / [ o = engineering point of view. The river-channel is very shallow, and the

—
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Fresno is the heart of the raisin and wine industries of California. Crops.

It is possible to motor for a day through miles of unending vineyards.
About 100,000 acres are covered with vineyards, mostly for raisins.
The chief varieties of raisin-grapes are the Thompson Seedless and the
Muscat. The dry, rainless summers favour the production of raisins,
and stacks of trays with drying grapes are seen over the whole country.
It is claimed that 1 acre will give 1 ton of raisins, which sells at $70,
and the whole cost of cultivation, irrigation, picking, packing, etc.,
amounts to $30.

The wine output is over six million gallons annually. Enormous
wineries are dotted over the district, and train-loads with open trucks
full of grapes are often to be seen. The price paid for the grapes in
trucks is about $10 per ton, and the yield is about 4 tons to the acre.
: Table grapes are also grown in large quantities and sent away packed
e . in sawdust. Malaga, Emperor, and Flame Tokay are the chief varieties—
Emperor being the best for packing. The hest table grapes are, however,
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grown in the foothills above the big irrigation schemes. As & rule

~ very little water is required by old vinevards, and about two waterings

suffice for new vinevards.

Fruit trees are also largely grown, and dried and canned apricotg.

- figs, peaches, and prunes form a considerable industry. Often, on

Manage- _

ment and

South of

Fresno.

account of the hard-pan formation. holes have to be blasted through
the cement-hard laver to enable the roots to penetrate the soil deeply.-
Lucerne is also grown extensively for fodder, but usually in smaller
beds than at Modesto. In several large areas it is obvious that the

lucerne is suffering from seepage and alkali due to the rise of water-
level.

The Fresno irrigation system is one of the oldest of the large
schemes in California, having been constructed in the early seventies
Practically all the canals are now under the control of one company—
tht Fresno Canal and Irrigation Company. The three large canals—
the Enterprise, the Fresno. and the Gould—have the oldest and best
water-rights and a total capacity of over 1000 cusecs. They therefore

absorb all the later summer flow, and the other canals get water only
in early summer.

The Fresno Canal and Irrigation Company owns the canals.
It is a private company and the actual irrigators have very little say
in the management. Those who wish to irrigate lands commanded
by the canals have bought from the company water-rights‘ﬁf $5 to $10

Jper acre, and are entitled to water at the rate of 1 cusec per 160 acres

while the canal is running at the maximum flow to which it is entitled.
All who have bought rights have, in addition, to pay to the company
an annual water-rate of from 624 to 75 cents per acre for the whole
area under water-right, whether they use the water or not. The
company constructed only the main canals, the irrigators constructing

and maintaining the minors and arranging their own methods of dis-
tribution.

The lower irrigators on the minors often do not get as much a8
the upper owners, and a svstem of rotation is now under consideration
which will allow a 5-inch watering while the canals are full, but when
the supply falls a 24-inch watering in eighteen-day periods. Details
of the actual use of water are lacking, and the whole management being
under a private company, details of cost and duty are naturally not
available.

.From the Fresno scheme southwards to the end of the great San
Joaquin basin near Bakersfield the central part of the valley presents
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on the whole a very barren appearance, and the hog-wallow formg,tion
is noticeable. The greatest development is close up ‘?o. th/e Sierra
Nevada foothills, where oranges are grown in great quantities and very
successfully, especially between Exeter and Terra Bella.

Shortly after Bakersfield (the famous oil centre) we leave the
great fertile basin, climb up a steep slope, and enter the desert region
on the way to Los Angeles and Redlands. N

Mention should be made of the famous Los Angeles Agueduct,
now nearing completion, which is to carry 400 cusecs across -thls desert
(some 230 miles) to the City of Los Angeles from Owe.ns l.hver above
Owens Lake. For nearly 100 miles the water is carried in a closed

concrete conduit, and for most of the remaining distance 1n concrete-

fined channels, syphons, or aqueducts. This gigantic work is to cost
over twenty million dollars. ¢

THE REDLANDS SCHEME

This is the first big scheme on the Santa Ana River after it
emerges from its canyon in the mountains. It is remarkable-—as z?,re
most of the schemes on the Santa Ana River—for the great pains
taken to prevent undue waste of water in its passage from the river
to the fields.

ABove=the point of diversion of the Santa Ana canal the drainage
area is only 182 square miles. On one of the tributaries in this area
is situated the famous Bear Valley arched-dam which ha,s. recently been
enlarged to a capacity of 65,000 acre-feet, which is co.ns1de.rably above
the mean average run-off. At the Santa Ana canal—dlve.rsmn the run-
off is about 57,000 acre-feet. The storage dam naturally interferes with
the run-off figures at the above point, but the following figures are
given as an average of twelve vears:—

Jan, Feb. March. April.  May. June July. Aug.  Sept. Oct. Nov. Dec.
Cusecs ... 60 93 160 147 96 69 59 52 48 46 48 38

Mean annual flow 78 cusecs. The maximum observed flood is

4900 cusecs, and the minimum flow 17 cusecs.

The source of the river is in the heart of the San Bernardino
Range, which is a well-timbered granite formation, with peaks 10,000
to 12,000 feet high and therefore snow-covered.

The average annual rainfall at Redlands is 13 inches, by far
the larger portion falling in winter, the months of June, July, and
August being practicallv rainless.

Los Angeles
Aqueduct.

Water
Supply.
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The temperature ranges from 112° F. to 24° F., but is seldom
" below freezing point and not often above 100° F. The mean annual

REDLANDS temperature is 63° F.

SCHEME . After emerging from the canyon above Redlands the river spreads
out over a sandy bed in the Santa Ana Wash. The irrigated. lands
— under this scheme lie on each side of the wash at an elevation of from
) e 1100 to 1600 feet, and are about 8 miles wide. The lower and flatter
o lands, nearer the river are very sandy, but the steeper red soi%s
S nearer the hills are heavier. The greater part of the area Iis
N\ given to citrus cultivation. Most of the water is controlled by
N\ the Bear Valley Mutual Water Co., which supplies water to 15,000 acres
. N N with a duty of 1 cusec to 250 acres. Shares are bought from the
ey TR T Mutual Water Company, which entitle the holders to water at the
o " above duty-rate. Thus a farmer with 25 acres would buy a share,
ST ] which entitles him to % cusec continuous flow. As a matter of fact
the water is distributed in monthly rotations with bigger streams. The
R - 25-acre holder would get, say, a 13 cusec stream for two days a month
5 instead of a continuous flow of Y5 cusec for thirty days.

”7,, To come out with the high duty of 250 acres per cusec on sandy Orch
F s iene 2 soil very economical methods of distributing the water must be practised, Irrigation.
s TR S ~8nd it is proposed to describe some of the methods adopted here and
' ‘ in other parig of the Santa Ana Valley. It is very rarely that the
water, after leaving the river, is seen touching bare soil, except in the
o orchards where actually irrigating the soil.  The open canals are
N concrete-lined, and all the distributaries and minors, even the smallest,
are either pipes or open furrows lined with masonry or concrete. The
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; slope of the ground between Redlands and the Wash is about 70 to
b 100 feet per mile parallel to the river, and in the sloping ground
Lo between Redlands and the hills it is much steeper. The furrow method
;,' % of irrigating the orchards is the most general. Orange trees are planted
7 20 to 25 feet apart. Usually two irrigating furrows run down each

% side of a row of trees. making four furrows between each row. The
trees are generally planted in such a way that the furrows can be run
at a proper slope, not so steep as to scour the ground. The length
of these furrows depends on the size of field, but on large farms is
usually over 100 yards, 200 yards being not an uncommon length where
g the soil is not too sandv. In the flatter lands each will carry a stream
3 up to ¢, cusec, but in the steeper and heavier soils a much smaller
S %, stream is used. The furrows are made by special shears attached to
Y harrows. Immediately after irrigating they are harrowed over to
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South California—Orchard Irrigation.
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Plate 14.

South California Orchard Irrigation.

F¥R CLR R ARG B A TR S R R I AT B v e e
& 35 - ¥ )
b “and new furrows are Mikde beld

rnsr of. fig. 45 They are made of thin galvanized sheet-metal.
be, which is built into the concrete, is either round (K.T. type)
.ngated (diamond type) The mner end pa.sses through a vertical

: rdll-spnnga for pressing the sliding gate against the end of the
which is ground to a true face. The gate is held by the springs
any position, and when closed is water-tight. Common sizes are
jnd 3 square inches. The cost of a 2}-inch diameter K.T. gate with
noh tube is 6 cents (3d.), and the cost of the diamond gate shown

_cents.

‘Two methods of getting the water from the mains to the small
gating furrows are practlsed——the open-furrow method and the pipe ¥

pl&nting the former (see photos A and B, pla.te 14). The open
Frows. aye made in various ways. Wooden troughs are still seen in
Rjilare or V-shaped sections. Galvanized iron is also used in V-shaped
tions, ,but the commonest open furrows are made of brick coated
th cement, of cobbles in cement, or of concrete. They vary in width
Mn 4 inches up to 15 inches. A typical large open furrow is shown
oto A. The water is headed up at frequent intervals (as in photo)

placed at a level below the floor and fed by slots running across
bottom.

Tha pipe method of dlstnbutlon has many advantages over the
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can be done freely without interference from the pipes, whereas
monry furrows obstruct these operafions. The pipe method is illus-
; on plate 14 and fig. 45. From the company’s distributing pipe
;343 owner’s private main runs along the upper edge of the field parallel
e u'rlgatmg furrows. In the plan the furrows have been made

(c) Where trees are further apart (Olives and Walnuts), an additional stand-pipe is placed between the rows.

‘Yovwr of treas. The stand-nine has fonr holes. emh with a amall -
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furrow-gate through which each of the irrigating furrows gets ii8 j

supply. Typical sections of the arrangement of these stand-pipes are

shown on fig. 45. The two methods in the upper sections are suitable

for comparatively level ground with a gentle slope (as at Redlands).

In the first method the vertical stand-pipes are enlarged at the surface e

and a check-gate and overflow are provided in the branch pipe at

regular intervals where the level is dropped 1 or 2 feet. The third and
fourth methods are suitable for uneven or steep ground. " In the third,
the tops of the vertical pipes are closed and bye-pass valves divide the
!)ranch into sections. In the fourth method a control-valve is provided
in each stand-pipe before the water reaches the furrow-gates. A gection
of.this type is shown in the right corner at the bottom of fig. 45. In
this case the check-gate dividing the branch into sections has to fgce
up—.strea.m. The K.T. control-valve for an 8-inch pipe (56-inch opening)
weighs 5 lb. and costs 75 cents. The Kellar-Thomason Co., of 108
Angeles, make a special feature of this system.

The distributing or main pipes are of glazed tile, or more
commonly of cement, in 2-foot or 8-foot lengths. Stand-pipes aro
at.tached to them by knocking out a hole to fit the bottom of the stand-
pipe and cementing up the joint.

- I was not able to get figures of the cost of the scheme, but Was
informed that, when water is sold to non-stockholders, a charge 18
made at the rate of about $124 per acre-foot, so that it would cost
about 83 per acre for each 3-inch watering.

.Oranges are by far the largest product of the irrigated land.
Washington Navel and Late Valencias are the chief varieties gTOWD-
They sell at $1 to $2 per box, which contains 70-200, according to size.
A rough and ready rule gives a return per tree of one box for every

year of age. Land, with groves in full bearing, sells at $1500 to $2500
per acre.

Here, and in South California generally, co-operation among
orange growers has reached a higher state of development and success
than in any other part of America. Co-operative enterprise had at the
outset to fight its way against many obstacles—first. the traditionsl
independence of individual farmers, then the opposition of local traders.
la.ck. of business training of farmers, suspicion of the integrity and
efficiency of officers, legal defects in rules of organizations, etc. These
have been gradually fought down, and now co-operation is established
on a firm and business-like basis.
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The individual associations are numerous and not too big. They
are grouped, as far as possible, according to similarity of soil and
product. A central Californian Fruit Growers’ Association handles over
60 per cent. of the citrus crop of California. As a rule each association
makes rigid contracts with the growers for three or five years for the
whole crop, with penalties for sale outside the association and for
breach of rules for picking, grading, packing, etc. Often all the latter
processes are done by trained gangs organized by the association, who
deal ‘'with all the orchards, the fruit being pooled and sold under the
association brand. The association also deals with the purchase of
fertilizers, boxes, nails, wrapping paper, etc.; and with the provision of
spray and fumigating outfits, frost protectors, etc. Each association gets
dgily bulletins of the markets and sells to wholesale dealers in the
most favourable markets. There are fourteen co-operative packing-
houses in Redlands.

Although Redlands absorbs most of the visible flow of the river
after emerging from the canyon, yet irrigation is practised extensively
all along its lower course, the water lost by percolation being raised
to the surface over and over again, either naturally by rocky reefs
crossinig the river or by pumping. The number of pumps working in
wells in the sand and gravel is extraordinary. Close to Redlands
I saw oge being sunk about 300 feet. The diameter of the hole was
about 15 inches, and it was lined with pipes which were pierced by a
special tool at the depth at which the water was found. A supply as
great as 2 cusecs is obtained from the hole. Similar wells are numerous
all down the Santa Ana River and in the neighbourhood of Los
Angeles, though it should be noted that not all are successful, as often
the underground supply is pumped out and diminishes in a short time.
Most of the small schemes distribute the precious water in the same
economical way as described above. Oranges are usually grown in this
area, but large orchards of olives and walnuts are also seen—the latter
spaced in rows further apart than the oranges.

Between Redlands and Los Angeles, vineyards are numerous, and
in one place I saw one continuous vineyard of about 4000 acres grown
on white sandy soil without irrigation.
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CHAPTER XIII

"THE IMPERIAL VALLEY SCHEME

From Redlands to the Imperial Valley scheme on the Mexican border
i3 some 200 miles, mostly through desert country. The conditions oR
this scheme, in many respects, resemble those of the Punjab schemes
in India, and the soil, climate., and muddiness of the water are some-
what similar to those of the Zak and Fish Rivers in the north-west of
the Cape Province of South Africa. The scheme is the largest i'n
America, and presents many unique features. The irrigable lands lie
mostly below sea-level, and the main canal and part of the lands lie
over the border in Mexican territory. From the map on plate 15, the
pec_ulia,r position of the irrigable lands can be seen. The Colorado
River, in the last 75 miles of its length before ending in the Gulf of
California, runs in a south-westerly direction through a delta along the
edge of a huge depression of alluvial soil extending nearly 100 miles
towards the north-west. This depression is almost entirely surrounded
by high mountains, and its lowest point in the Salton Sea is actually
280 feet below sea-level. It is reasonable to suppose that the Gulf of
California formerly extended over the whole of this area, but that the
Colorado River, which, as we shall see, carries enormous quantities of
silt,’ gradually pushed out a delta right across the gulf and chose its
main course along the southern edge of the delta, leaving the enormous
) d.epressmn to the north to dry out and receive water only when the
- river breaks out in that direction in high flood. .

The lowest point in the divide separaling the slope towards the

Gulf of California from the slope towards the Salton depression is in
the neighbourhood of Volcano Lake, and about 30 feet above sea-level,
and t.he area of the depression below this level is 1950 square miles.
Of this area 1750 square miles, or over one million acres, lie below sea-
level, and include the greater part of the area at present irrigated. A8
the mean annual discharge of the Colorado River is about 16} million
acre-feet, and the evaporation is about 6 feet in a year, it is obvious
that if the river were to break through into the depression it would
eventually drown out the whole areg, This is a constant source of
d.anger, and millions of dollars have already been spent to keep the
Tiver out of the depression, and probably millions will still have to be
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spent to render the depression safe from inundation. In Novembgr,
1905, the river broke through and threatened the Whgle valley with
disaster, the water filling up the depression to a maximum depth o;
76 feet in less than two years. The river was then successfully turne
again towards the Gulf of California, and the water has fallen to a
depth of about 50 feet and mow covers an ared of about 300 square
miles.

The Colorado River drains a total area of about 26'5,000 square
miles, the furthest waters coming from the Rocky Mountains near the
Yellowstone Park in Wyoming (see inset map).. The branches mf the
northern part of the drainage area derive their waters mostly ror;
melting snows, and behave therefore in the. regular mgnner of sgc
rivers as the Shoshone or Yellowstone previously descrlbed,. reach.mg
their maximum discharge about the month of June and being fairly
clear and free from silt. The branches in the southern part'of the
drainage area have quite a different character, and are more like our
South African rivers. They are often dry and come down in enormogs
floods after heavy rainfall. These floods occur in all mo_nths (;Ifl :he
year except May, June, and July, 80 that they rarely coincide wi e
maximum flow from the northern branches.

The average annual rainfall over the entire drainage area is
about 13 inches.

The maximum annual run-off at Yuma is 25,900,000 acre-feet, an}i
the minimum 7,960,000 acre-feet. The mean from 1902 to 1911 is
16,500,000 acre-feet. -

The maximum discharge observed is 149,500 cusecs, and the
minimum 2400 cusecs.

Water
Supply.

The mean monthly discharge from 1903 to 1912 is approximately

as follows :—

3 i ay. une. July. Aug. Sept. Oct. Nov.  Dec,

Ousecs... 8148 9515 ﬁs“ic;‘z 2‘\2‘,’?33'7 4?,05'07 7J1,7ezl 44768 20,562 14,009 12,112 8802 7304
This enormous river differs from those previously described chiefly

in the amount of silt carried in suspension. In the former schemes fio
the north the waters are comparatively clear, and little trouble is
experienced from silt deposits. In the Colorado RiYer, however, the
water is usually coloured by reason of silt in. suspension, and we have
the difficult problems of silt clearance familiar to 1rr1gat01.‘s in tt‘le
Punjab and South Africa. Careful observations of the proportlon. of silt
have been made. Generally, the percentage of silt increases with the

Silt.



Tempera.
ture.

Vegetation.

. of dry alluvial soil 1 foot d
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discharge and reaches its maximum in a 4'ﬂood from the .southern
drainage area. Thus, in 1900 the percentage by volume van.ed from
082 per cent. during the low-water period to .374 per cent. in June,

and reached a maximum of 207 per cent. during autumn floods from
Arizona.

- Silt observations at Yuma from 1909 to 1912 showed that about

0.75 per cent. by wei
roughly,
discharge, which is given abo
the river brings down annuall
if it were all abstracted, to m

ght of the whole flow in this period was silt, or,

ve as 164 million acre-feet, we see thzt
y about 140 million tons of silt, enough,
ake about 125 square miles or 80,000 acres

eep every year. This vast amount of silt
will have to be seriously considered when reservoirs are constructed,
whether for storage or control of the floods.

The rainfall over the irrigable area is only about 2} inches,

irregularly distributed over the area and throughout the year, though

the main fall is ip winter. With such a small rainfall, cultivation 18
quite impossible without irrigation.

This region is notorious as onme of the hottest in America.
Temperatures as high as 125° F. have been observed, and for eight
months of tne year maximum temperatures of over 100° may be
expected. The climate is dry, however, and the sky is usually clear,
80 that the nights are often much cooler than the days. The temperature

rarely falls below freezing point, and the minimum observed tempersa-
ture is 22° F.

Natural vegetation is very scanty except near the river, where it

grows thickly within reach of the water, and some of the growths

Perhaps the most abundant growth is. N
which grows very densely in bushes

resemble those of South Africa.
the arrow weed (Pluchea sericea),

3 to 6 feet high. Each bush consists of a number of straight stems
radiating from the ground, and the leaves are almond-shaped, about
4 inches long by 1 inch wide. The South African “tontelbosch” Bom‘:;
what resembles it in appearance. The dry, straight stems are use
extensively for thatch roofs and shelters from the sun. Willows also
grow along the water edge, and young plants spring up thickly, a8
along our Orange River. Further back from the water edge thorn
trees like our mimosa are very common, and the chief types are the
mesquite (Prosopis fuliflora) and screwbean (Prosopis pubescens) trees.
The - former bears big beans about 6 inches long, which are very
pleasant and sweet to taste, and are greedily eaten by stock, and are

RN ?
o e w e

8% tons per acre-foot. Applying this result to the mean annual’
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. cellent fire-

much like our kareedoorn trees, and, like these, are a{: fe;'med under

wood. They give a poor shade, but-many a ca?;pr our karreedoorns

them. for slight shelter from the great hea.t, as u’?h em tree with beans

in’the north-west. The screwbean is Sa Slmﬂa:vx be(:ms were introduced
crew

i iral with many turns. Some 8 i success-
f:tr: ego;;lha :fli-lil;a. some years ago, and are now gr:w1:§rsve:$; ey
fully at Van Wijks Vlei. Other ngths. similar to rowing salt bush;
busfl,“ which grows taller than our flat vaartlli‘/ﬁ}’l;i];’;3 t:grg I also saw the

f wild tobacco trees exa,c_y learnt that

?;:;(:erl ::‘th Lz‘cfdesto-Turlock and Salt Blver schemes, and
i cent growth in America. nder
Hey aTrJe <;l I;Itfo:m;ewaterghas not been found at rea.sona,lble tieep?o;estic
the are: ngcept in one or two spots, and conseq.uerrlt );nd tho canals

supply (iepends entirely on the water from the river,
hout the year. ) . . _ This
ot bTehemirlit:{{lzo?sg at Pilot Knob, just inside ﬁ?eni::n?rﬁltﬁzz The
he river within 8.

i lv rocky bank to t . eir across
:{lic;tl){e-lsatt:se h(:\lrg been ybuilt on the rock, and tmere}lllﬁ :I(l) :;719 plan, a
the rivger For the first four miles, as shown ro&g 1,e}e;fter the natural
canal wa:s excavated parallel to the .nver, and ?n it in the upper
Alamo Branch was used for forty mﬂeshbye dl?:gf: tg overflow in the

; i ks wher

i k trengthening its ban eved very
f&?&?ﬁsaﬁﬁdl&’;‘i llgengthS- In this way Fhetwat‘?énlaifci’ﬁ;’ boundary
cheaply through Mexican territory to within we built to divert water
li d };I the first check across the cha,nn.el ® ican soil, spreads
tt)net.h erin eastern canal, which, on reaching Ame:lllc Alamo Branch.
. i k, and 8 A

About a mile below this check, Branch ends.
Anfetican border, the canaliz.ed 1engthth(;f K?:m*:l&aig the main western
ting-weir is built across _ ! . running to
&?ﬁegt;itgsulzbl:\i it, surplus water passing hthe :flir v?:s(tlern canzfl is
waste through the Alamo to Salton See. ‘The mcanals running down
divided after a short distance (af Sclilax)’mionliei\vers and a large main
tween the New an 8 T the lands

f:l;,?laclezf‘lc;:lsiz;eihzeNew River in the Encina flume to irrigate

west of New River.

e s sppsrs o b ons of the sl megiatl D
its historey ssch(:aws what enormous difficulties have to be overcome,

Outline
of Scheme.
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chief of these being to prevent the Colorado River iiuu. vreakKing into
the Salton depression. Several times since the commencement of the
scheme the river has actually broken through, and, in spite of enormous
expenditure already incurred in preventive measures, the problem 18
not yet completely solved, as is proved by the inroads of the river and

the actual breaking of the levee near Volcano Lake in June of this
year (1914). *

The confinement of the river is by far the greatest engineerng . '
feature of the scheme, and it is proposed briefly to describe the methods
adopted and the difficulties encountered. At the outset it ghould be
mentioned that the difficulties were greatly increased by the fact that
practically the whole of the delta and the main canal lie across the
border in foreign territory (Mexican) and consequently all work d'one
there was hampered by international complications. At the same time
it must be confessed that mistakes and short-cuts in design, espe(tl&“)'
of the head-works, and failure to appreciate at the outset the magnitude
of the danger, are largely responsible for almost disastrous results. It
should be noted, too, that once irrigation was started and settlers h.&d _"
arrived, it was absolutely essential that water should be supplied o
continuously through the system, as there is no other supply of water
for domestic purposes. This fact should be remembered in reading the
history of the river-control, as it aggravated the difficulties.

B s>

The delta of the Colorado begins shortly below Yuma and forrs
roughly an equilateral triangle with each side about 60 miles in length-
The international boundary forms roughly one side, and the most
eastern channel of the Colorado runs close to the other side, and the
third side rests against the mountains of the west.

Previous to 1900, when work was started on the schemné. Fhe
main channel had always been the most easterly branch. Only in high
floods did the water leave this channel, and then it usually spread 8%
a sheet over the delta, and only occasionally found its way through
Alamo or New River into Salton Sea in small volumes. The numerous
branches now existing did not extend as very definite channels up to
the edge of the main channel, but were only hollow depressions tthkl}i
covered with vegetation. It is really remarkable that the main chann®
should have continued so long on the eastern edge of the delta wher:
the much greater slope towards Salton Sea, which is more than 270 fee
below sea-level, is considered. The longitudinal slope of the river 31f)ng
the main channel is only about 11 foot per mile, and, as the nvir a
builds up its banks and bed with the deposits of silt, it i8 patural 10 .

\ * Fig. 46.

IMPERIAL VaLLEY SCHEME.
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1_‘\ o : expect it eventually to seek the easier slope of about 4 feet per mile
- : down towards Salton Sea, and this is the present tendency and the.
) great danger. But at the time of comstruction, the main channel wa$

still on the east, and no great danger appears to have been anticipated
then.

The original head-gate was constructed in 1900 just inside the
Aierican border. It was a wooden structure and was built on the .
silf banks. Unfortunately, the sill was placed too high to get a@? ‘
sufficient supply during low water. Within two years water was * .
supplied for irrigation, and settlement proceeded so rapidly that,
although the area was a desert in 1900, by 1905 the population was
over 12,000, all depending for even their drinking water on the canals.
During the first few years after construction, it was found that the silt-
deposit in the upper miles of the main canal was so great during the
flood period that it was very difficult to clear away the vast quantities
of silt fast enough to enable the low-water flow to pass in sufficient
volume. After the summer floods of 1904 the silting had become so
great in the first four miles of the canal that it was impossible to clean
it out sufficiently to supply the settlers with water when the water-/ -
level in the river subsided.

At the end of the four miles, the canal bed was lower, and, being
close to ¢he river there, it was decided to make a temporary cut from.
the river to this point and to supply the canal through it instead of
through the head-gate. This was done in September, 1904, and, as &
result, the valley was supplied with water successfully that year. No
regulating-gate was placed in the cut, as it was intended to close the
cut as soon as the summer floods of 1905 rose high enough to pass
enough through the upper original gate and the silted four miles.
Unfortunately, the floods of 1905 came earlier than usual, and before
the gap could be closed. The gap was rapidly widened and deepened,
and, in spite of many attempts to close it, within a short time the
whole flood of the Colorado was passing through the gap, leaving the
main eastern channel high and dry. The water ran down the Alamo
Branch, overflowing its banks and spreading over the flat country, most
of it reaching New River through Beltran and Garza sluits and
eventually falling into Salton Sea. Alamo Branch, however, always
carried enough water to the weir near the boundary, and, consequently,
the canals got sufficient water all the fime. Nothing could be done to
stop the gap during the summer flood of 1905, but, when the flood

subsided in autumn, attempts were made to close the gap by means
6a

©




t;ﬁof closing the gap was

breach into the
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e,

; . b
of piles and brush and soil dams. A sudden flood in November reac

; to
ing 115,000 cusecs carried the work away and widened the gap
800 feet. )

Financial and other difficulties prevented the closing of the gbail;
during .the remainder of that low-water period, and the very

- 1d
- summer flood of 1808 also passed through the gap instead of the 0

eastern main channel. During this time, however, the following PI::
being carried out. A huge wooder} heac.l-ga o'E
- 200 feet wide, was constructed alongside the gap with the intention .
cutting a bye-pass through it so as to reduce the flow through the. dg (f
during closure. In October, 1908, after the summer flood had subsi es(;
the wide gap was closed by dumping rock on fascine mattresses,

that all the water went through the new wooden gate, but this W::
very soon carried away and the whole flow soon ran through the new
gap. This was closed in November by dumping rock, and a small ﬂO1
was obtained through the old four miles of canal which had been p&f?t”
cleaned out and provided with a new head-gate on the rock of Pilo

., Knob. The following month, however, the water cut through round the

‘#ide of the dams closin
towards Salton Sea.

1807, at a cost of one
in two parallel lines f§
reached the valley thr

g the gap, and the whole flow again went
This gap was successfully closed in Febmfgly '
million dollars, by dumping rock very rap! 3;
rom tirestles, and thereafter water hag alway

r
ough the gate at Pilot Knob, and no furthe
Alamo River has occurred.

We thus see w
cutting from the riv
For two years, 190
practically the who
most of it eventuall

hat serious results followed the apparently simple
er to the canal at four miles below the head-gatZ'
5 and 1908, both with very heavy flood seasond-
le flow of the river passed through the gap 8B

a
y reached Salton Sea by way of Beltran and Garz
sluits and New River,

The sluiting which resulted was extraordinary:
Previous to the overflow, New River was an insignificant dep.reSSIIOIi‘t"
The enormous flow running down the steep slope started a t_“fl sute
near the Salton Sea, and this crept back at an almost incredible mat
past Imperial and finally for several miles beyond the boundary o
Calexico. At the head of the advancing sluit the water fell S(l,'n
30 feet over a width of about a quarter of a mile, the soil crumble%
away and the fall retreating at a rate, at times, as great as 1 fool fpre
- minute (see photo A, plate 15). Fortunately, the gap was cloged be ?ht;
the sluiting had cut back through Beltran and Garza sluits to vo
Alamo River. If this had happened, the Alamo River would ha
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i ischarged
taken this course, and the whole Colorado Rllvlel‘ ]WI?;;d h::eii:i was, %he
into the Salton depression and submerged the Ja ‘t, e inflow.
1Sn lct’, Sea was raised by 76 feet as the result of the two }(’i o the
T?]em(l:losing of the gap cost over two minlhon doga.gg,i nznof b valley
pfasent the work has succeeded in ;.)revent{l}g ttlllle ri(ir or ayain down the
by way of the Alamo channel and in turning the
ol¢ main channel on the east.

; cadero, o

. The other channels, such as the Paredones, Aﬂl/')zi::,n :Diall){zs Aowed
discharged mostly into Volcano Lallie, a;Jd tg:nivestern mountains. It
i through a channel close to . verflow the
1:;2 tt:)essi%‘llclaf hol;veger, tor summer flood Wate:ﬁ, ;Vhﬁcfzo vgards Salton
ounlr)i traversed by these channels, to break roteg trom New River
gm. especially from Volcano Lake, Whch(; 13;?1’1::9‘ this possibility, an
, low neck. To guar . of confining
:Ztegsilge :ysZee;ly of levees was designed with the hP;TeP‘;)S:e 1 built close
the flow to the old main eastern channel. Leveeshead_gate own.stroam

to the old main channel and extending from the

i - shown on the
for nearly 40 miles. A curving levee was also built, as 8
0 .

; ilure of the
Lake in case of fal
ater towards Volcano fo prevent
glras?’litx(l)e U;llil ttil;o;;er levee was built noztlzhof 01;18‘;11{1;:17 Otl)(;a;:?(o to Volcano
’ iver, which would cu e diture, but
iV‘:{TﬂOWAﬁ) glzwlelfr:a‘;s were constructed at enormfo o e?rflflrlldation. In
h:v:. not succeeded in making the valley .seculz nlr'lzrln and, in spite of
1910 the river broke through into the Abejas ¢ a'ﬁow’has continued to
extensive attempts to close the breach, the mi‘ nke and thence by the
be through the Abejas channel to Volcanold ?:nain channel from the
western foothill channel to the sea. the oh loves morth of Volcano
Abejas head to the sea remaining dry. The sent, but in June, 1914,
Laki has therefore to preserve the Vall(:}};_ atbgal:cl;ed’ During the same
; 140,000 cusecs, this . canal was
dumngha ?OOd °§e§rv “the old gap at the fourth mile Ofthtr};tened with
ﬁEOd It;e:;rlye vsfashed away, and the valley was agaii
very ;W . ‘
inundation by way of the Alamo channel

i under
It will be seen therefore that the Colorado 18 I:Ottoygbdue 4
" ont ] 5 d enormous sums will have to pe.spal wren. Tt is
proper 'CO.ntro, ?l? danger of flooding out the irrigable sui)stantial
andb f;)lllml&!!:: sﬁci.ess will be achieved only Wher;():; Z:rZhe old main
ﬁ;?e: ise built {continuons’y fi‘xoml thewlt:,::;i -gloarr]lelcare lined with stone
s of the low- - dopted

S:;?;;Eilér at?l(: :.?&f?: lzzclined to meander. This is the method adop



~and very fine silf.
"ph .
photo C, plate 15). While wet, the silt expands and closes the cracks,

Head-Gate.

Other
Works.
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;}:lethe Yuma scheme with success, but the cost is very great, as the
. r :onstantly tends to shift its course, and, at flood times, pools
gainst the banks are often scoured out to a depth of 30 feet or more.

condit;rhe method of.cqnstructing the levees is interesting, as the 8qil
s ations 3ir9 very similar to those encountered in building basins for
gation along the Zak River. The soil consists of layers of sandy

The latter, on drying, crack very extensively (8ee

::111(; (:;11:1 I:s%)ilthe low-water periods the water retreats from the levees
flood, risin aca.n then dry out sufficiently to cause cracks. The first
the (’:racksg ﬁg:;mSt the levee before the silt has time to swell and close
many yar(,ls Eels 8 way along a crack and begins bubbling out, often
causes a breachow the le‘vee, enlarges the crack, and, unless checked,
practice to exca v:ery rapidly. To prevent this it is now the common
bottom, which vate a trench at the up-stream toe, 6 feet wide oD the
to a.b01’1t 5 feet li ;larned below the dangerous cracked layers, usually
in the tremck elow the surface. The excavated material is repla:ced
of the levee -and the lovee constructed thereon. The average height
top and slopes 8 feot, top-width 10 feet, and side-slopes 1 on 3. The
Slopes are usually covered with 15 inches of gravel.

N genir;;)lther 1mp9rtant problem is the location of the borrow-pits. ?t
bad practige recognized that to place them on the down-stream side 18
up-strears 01,. as leak.age is encouraged. They are usually placed on !;he
a channel th nve; side. Here there is a danger of the stream scouring
least 40 feet rvovl'lgth the borrow-pits. To avoid this a berm is left of at
from each 'oth1 by and the borrow-pits are a series of holes separated
borrow-pits u:;a.lly Z%dlstturbed natural soil of the same widlt % thz
holes to silt up. Yy about 30 yards. The tendency then 18 for thes

The head-gate was at first a wooden structure built on the soi:

_This, a8 we have seen, was built with sill too high, and was replaced

:31 dawfi}:;elsi?imll concrete structure built on the granite of Pilot Knob
radial gates Ov;er than thc? old level. It at first consisted of eleven
well in this,v:atc 10 feet high by 12 feet wide. These do not WOIE
the gates to ater on account of the abundance of débris, which causes
Stonev sluj jam. Recer.ltly. two of the gates were removed and &
yThmce.g-ate was built in their place with sill 5 feet lower

remark, :sdrféif (;f ttl?e canals and structures does not call for much
the Alamo Ri of the latter are of timber, and, for the main qanf{l’

Iver i1s used. The biggest wooden structures are the weir

IMPERIAL VALLEY SCHEME 173

across the Alamo, the check (with a drop of 15 feet) where the
Western canals branch off, and the huge flume carrying the main
Western canal over New River. The East-side main canal tears down
the country at a steep slope. A branch goes off to Holtville, where the
Water is dropped through a power-house to the Alamo channel. Lower
down, this water (augmented by the water escaping through the welr
higher up) has been dammed up since the closure of the gap in 1907,
and two canals are supplied on the west, the excess water being passe-d
over an escape with 28-foot drop back to the Alamo channel. This
drop is one of the few reinforced concrete structures in the scheme,
and shortly before my visit it had partially given way. All the struf:-
tures except the head-gates are founded on soil, as there is no rock in
the whole area.

Ready-made concrete head-gates for small irrigating strear.ns are
extensively used, and are very simple and cheap structures and different
from those described in other schemes. Fig. 47 shows two common
types. They are made of plain cement concrete in sizes from 4 inches
to 24 inches diameter by several cement works on the scheme. Each
head-gate consists of a vertical face built in one piece with a 2-foob

~length of pipe usually of 1}-inch thickness.

The gate itself is a plain piece of thin galvanized iron, which
slides ober the end of the pipe in a slight recess in the face. The
slide is held against the face by some sort of spring built into the
face. The simplest form of spring is shown in the top of the figure,
and consists of a y%-inch wire bent so as to press the slide against the face
of the concrete. Two thin rolled galvanized sheets sometimes take the
place of the wire. For fixing to the concrete at the site, a more
elaborate form of spring (shown in the sketch on the right at the
bottom of the figure) consists of a galvanized sheet with ends rolled
in the same way as for the small gates for furrow-irrigation shown in
figure 45, and described in the Redlands scheme. This galvanized sheet
is soldered to a short length of pipe or, as shown in the sketch, is
bolted to a small cast-iron flange which in turn is embedded in the
concrete face either in the shops or at the site.

The first type, with wire spring, is the cheapest, and the price
of a complete gate (with the cement face and 2-foot concrete pipe) is
for 6-inch $1.15 (weight 65 1b.), and for 12-inch $1.75 (weight 180 Ib.).
The price of the K.T. typé of gate (made by Kellar Thomason Co., Los
Angeles) without rconcrete is for 6-inch  $1.00, and for 12-inch $1.50.

Head-Gates
for Small

Streams.
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The pressure of the springs keeps the slide in any position and allows
of regulation. .

A method of making and maintaining country roads is worth
mentioning. Like our Zak River soil, the natural surface makes a very
good road for a short time after flooding, but then it breaks up into
“chuck-holes ” (our Dutch *“slag-gate”). The roads are therefore made
in duplicate, running parallel and separated by a ridge. While the
one road is in use' the other used-up road is flooded with water. This
levels and hardens it up, making it a good road by the time the other
is worn out and ready to be flooded and renewed in its turn.

On account of the silty nature of the water and the warm climate
(which encourages the growth of weeds) cleaning of canals is a much

Road
Making.

Cleaning
of Canals.

greater task here than on any of the previously described schemes. ‘

As in India, the process of cleaning is divided into two separate opera-
tions, namely, silt-clearance, chiefly from the bottom, and berm-cutting
of the sides. The heaviest silt-clearance is at the head of the main
canal, and the berm-cutting is a big work on all the canals, especially
the smaller, or where, as in the. Western main canal, the slope is very
slight or the original capacity is greater than the demand. Small
willows, tules, and other weeds grow rapidly and thickly along the
berm, and often, as in India, have to be cut twice a year. The
Western main canal was originally constructed with a width of 75 feet,
and has now silted up to a width of only 80 feet. The silt-clearance
at the head is done by huge suction dredges, and along the larger
canals by floating dipper dredges. The berm-cutting is done in a
variety of ways. All clearing, except for the smallest canals, must be
done while the water is running, as the supply can never be shut off
entirely. A common instrument used is a huge excavator which travels
along the bank with a clamshell dropping bucket. A specially designed
instrument, known as a “V,” is also used and is pulled along like a
plough by traction engines on the bank.

Agricultural Conditions.

The soil conditions are entirely different from those of other
Californian schemes, where, as we have seen, a sandy type predominates.
Here the bulk of the soil consists of clay and fine silt. It has been
pointed out that the irrigated area was formerly part of the Gulf of
California, which has been cut off and partially filled with silt from
the Colorado River. Boreholes have been put down to 600 feet without
getting to the botiom of this alluvial soil. As most of the deposit was

Soil.
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made in a quiet sea, it is naturally found that the bulk of the under-
lying soil is a compact clay. At intervals throughout the depth hori-

zontal sandy layers are found, which must have been deposited in
shallow running water.

The process of soil formation can be seen at the present daly
after a flood. Wherever silt is deposited from running water a coarser
and more sandy soil is found. Thus, close to the main channels where
overflow begins, the sandy type is common, and this is physically the
best soil possible. Wherever the silt has been deposited in hollows or
in sluggish streams the result is a very fine clay which, on drying,
contracts enormously and cracks into large slabs. Such a deposit is
shown in photo B, plate 15, and those who are familiar with the silt-
deposits of the Zak River in South Africa might imagine that this
photo was taken on that river, where exactly similar formations are
found. The soil conditions, in fact, on this scheme resemble those on
the Zak River very closely indeed. Chemically the soils are very rich
and suitable, except for a lack of humus. Alkali is present in the
heavy compact soil, but has not caused much damage. The under-
ground water-table is extremely deep, and no great trouble is likely to
arise from seepage. Physically the greater area consists of a clayey
loam. The underlying soil, which appears aj the surface over much
of the central area, is very compact and fine and contains about 29 per
cent. of clay and 63 per cent. of fine silt. Such soil is not easily
penetrated by water, but retains its water long, and deep waterings are
necessary. A better soil—containing 14 per cent. clay, 15 per cent. fine
silt, and the rest medium and coarse silt with a little sand—covers large
areas near the rim, and close to the recent overflow channels a more
open soil consisting of coarse silt and fine sand is found in the top

three feet, overlying the clay loams, and this is physically the best soil
of the valley.

The surface slope over the irrigated area is very slight and
varies from 5 or 6 feet per mile in the hollow parts to about 25 feet
per mile near the side. It is generally steep enough for irrigation by
surface-flow between borders, which is the usual method adopted. The
beds are usually about 60 feet wide and very long, sometimes half a
mile in length. The irrigating stream for such beds is about 4 to 5
cusecs, and the ready-made concrete gate is also used for admitting
the water. We might expect that with such gentle slopes irrigation
by basin soakage would be more generally practised, as the cost of
levelling would be slight, and deeper wetting could ve obtained in this

way. It is said, however, that there are two objections to tl.us m'eth:ﬁl’
namely, that water standing on the surface for a long time in c;
extreme heat of summer is harmful, and silt deposited on the leaves o
young plants is damaging.

' The scheme is at present able to irrigate about 300,000 acres, of
which about three-quarters was irrigated in 1912. The proportionate
greas under the various crops are roughly as follows:—

Lucerne X ... 40 per cent.
Cereals {;2 ”»
Cotton . . ”»

Maize, Mealies, Fruit, and Vegetables ... 16 " .

Lucerne occupies the biggest area and does very well. 1F1vcz oIrl
sfx cuttings are obtained per year, giving an ‘average annlug ;e t}11‘is
of about 5 tons per acre. It realizes about $9 per tog ba ed. ubest
largely used locally for feeding stock. Autumn sow1li1.gh gwelslsoﬁced
results. A peculiar feature of the growth of lucerpe, which is I ioec
here and in other hot climates, as on the Salt River scheme, is tha
at the hottest time of the year—in August—the lucerne passes ?hrough
a relatively dormant period, when the growth is mucl.l less‘ rapid than
in the early or late summer. Of cereals, barley 18 chiefly 1grown.
Cotton is extensively grown, and the area under this ‘proﬁtab: ;rqp
is increasing very rapidly. It is an annual here, being p}an 1e t1g
April and picked from September to the gnd of th'e year. It is p ax;l ed
in rows about 4 feet apart and is irrigated by the fu?row met od.
The usual variety is “Mebane Triumph,” thoggh Egyptian cotﬁ))n 1:
also grown successfully. The average return 1s one bale (500 ..).0
ginned cotton per acre, which sells at about '2.0 cents per lb.,. g1v1gg
a gross return of $100 per acre, and in addition the seed brings in
about $8, being used for oil and fodder.

The melon crop deserves particular mention, as about 3.000 acr(?s
are given to it annually. The reason for the success of this crop is
that owing to the warm climate melons ripel} much sooner here th.am
in other parts of America, and, being the earliest on the market, reghze
high prices. Both water-melons and musk-melons are -growxi, but chiefly
the latter (known as cantaloupes), and the. “Rocky Ford” cantaloupe
is famous throughout America. The seed is planteq towards the end
of February, and the harvest lasts for eight weeks in May and ‘J“Pe'
About 4000 truck loads are sent off in this short period by co-operative
associations. The average return per acre is about 100 crates
(1foot x 1 foot x ? feet, weighing about 60 1b.). A crate sells at about

Crops.



Settlement
and Cost,

178 IMPERIAL VALLEBY SCHEME

el
$2.50 in distant markets, and, after deducting cost of freight, sefrigerating,
commission, and co-operative costs, brings the grower about $1 gross

return, i.e. $100 per acre. Good co-operative organization and promptness

on the part of the railways are essential for the success of this crop
on such a large scale.

It should be noted that the trees which have been founa to
thrive best under the conditions here are Eucalyptus tereticornis
(narrow-leaved variety) and Eucalyptus rostrata. The latter has been
Proved by experiments in California to be the most successful eucalyptus
in alkali soil, making good growth in soil with a percentage of carbonate
of soda as high as .07 in the top 3 feet. In addition it is a good frost-
resister and a valuable timber tree. This. variety has therefore recently
been planted in an experimental plot at Van Wyks Vlei (Cape Pro-

vince), where the alkali percentage is high, and it appears to be doing
very well.

Like the Fresno scheme, this scheme was financed and constructed
by a company who sell water-rights at a price per acre, and also make
an annual charge for water supplied. In the Fresno area, however,
all the land was privately owned long before the inception of the
scheme. Here, on the other hand, practically none of the land was
occupied, and, indeed, settlement was all but impossible without the
scheme. The area was in fact a desert and open to “desert entry,”
which allows any citizen for a merely nominal payment to settle on &
maximum area of 320 acres of land, which, after conditions of residence
have been fulfilled, becomes his property. It was in this way that
the land was taken up. Unlike the Government Reclamation or Carey
Act schemes, there was no obligation on the part of the settler to buy
water-rights, nor did the act of settling within the area commanded
by the scheme entitle him to any share of the water without payment.
As a matter of fact, residence was impossible without a supply of
water, and therefore practically all settlers were obliged to buy water-
rights from the company. There was no Government control to protect

the interests of the settlers and to see that a proper scheme was
constructed.

The developing company owned no land in America; they merely
constructed the scheme. The intake being in America, right of diversion
was simply obtained by appropriation. The right to pass through
Mexico was obtained with some difficulty, and on condition that portion
of the water be supplied to Mexican land and a separate Mexican
company be formed for operating in Mexico. Consiruction was begun
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in 1000, and settlers soon flocked to the scheme. All w‘ent.weﬂ until
the river broke through in 1905, and this was the begl.nmng of the
disaster which ended in the bankruptcy of the developing compa.nly.
The operations involved in keeping out the river proved eno.rmfousd{;
expensive, and after the developing company had exhausted thesu' t:ﬁnm
subscriptions from the settlers were collected. Then th.e 01; e .
Pacific Railway came to their assistance with men and equipment, aln
expended some three million dollars, the Federal Governfnent also
advanced a million dollars, and now, in 1914, after. the.nver broke
through near Volcano Lake, the Federal Government 1.s.bemg .appeale(i
to again for further funds to save the valley. In addition, & ]udgmfm
for half a million dollars was given against the company for flooding
out certain salt works which existed on Salton Sea befo%'e the floods
of 1905-07. All these claims against the original developing company
forced them to become insolvent, and since 1909 the. management (?f
the whole scheme has been in the hands of the Recglver. In 1911 it
was decided to form an irrigation district, which will eventually buy
out the scheme and run it in the same way as Fhe Mod?sto-Turlgck
scheme, but there will probably be considerable dl.tﬁculty in asses.stm.g
the capital to be covered by bonds and in marketing these,_andf 1thfs
hard to see what will be the final method of contro%. In spite o is
terrible confusion in management the settlers cogtmue to grow.theu'
crops successfully and the cultivated area is continually expanding.

The original developing company const.ructed. anc} mﬁmtzm?id
only the main system, the smaller d.istributane's beu}g in ;he a,xze r?
of the settlers, arranged in eight districts of various sizes. ef wa o
rights were sold as shares per acre, at first for $8.75-and later o(;' $ t,
and at an average of $12 per acre. Each share entitles thethol er bo
an annual supply not exceeding 4 feet per acre, but he has cf> ptay y
volume for all water used at the rate of 50 cents per acre-ioot, ana
for at least 1 acre-foot per share annually whether he uses the Wa:ter
or not. In addition to this the annual maintenance and operation
charges in each district have to be paid, and thesq amount to about

$1.60 per acre.

The settler's total payments for water per acre are therefore : —
To the developing company about $12 f01_- Water-x:lght and an annutal
payment in proportion to water used (thth. a minimum of .50 cents,
even if no water be used), and to the district in which he is located
an annual operation and maintenance charge of about $1.50 per acre.

Assuming that ths average application is about 3 feet per acre, the

!
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total annual payments of the set{e‘gr will be $3 per acre. The measure-
ments of water for payment are made at the farm, but the developing
company supplies to the diricts at their boundaries and allows an
average loss of 10 per cent. in reaching the fields, which is less than
the"actual loss. The above method is still in use under the manage-
ment of the Receiver, who acts for the insolvent developing company.
Measurements of canal-flow are made by careful current-meter observa-
tions and of delivery to farmers chiefly by submerged  orifices. An
electrically-operated rating trough 200 feet long. is used for checking tl.le
current-meters, which are liable to rapid wear on account of the si’}t n

the wz;?r.

® average annual application at the fields is about 8 feet, and
at the headworks about 4 feet,

“«

CHAPTER X1V

THE YUMA SCHEME

(United States Reclamation Service)

Tris scheme also derives its water from the Colorado River. The head-
works are about 20 miles higher up the river than the Imperial intake.
The lands irrigated are the low alluvial lands bordering the river; they
extend on the right bank to near the Imperial intake, and on the left
bank from Yuma down to the borders of Mexico, The elevation of the
irrigable river lands is from 90 to 140 feet above sea-level. The lands
on the right bank are bordered by high rocky mountains, and on the
left bank by a bench about 80 feet higher, part of which is to be

irrigated by a pumping plant. The climatic features are similar to
those of the Imperial scheme.

The headworks consist of an overflow-weir of the Indian type
built right across the sandy bed at a place where the river is confined
by rocky banks on both sides. Most of the irrigable land is on the
left bank below Yuma, but, as the large and meandering Gila River
would have to be crossed on this side, it was decided to carry the
main canal down the right bank for nine miles to Yuma and then
cross the Colorado River by means of g syphon. Most of the land,
being very low, was liable to ‘inundation in high fipods, and the river

«”
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i in th
tended to change its course in the~Ea:me *way a.; deszx;‘:)sdb;?lt 1—,2
previous scheme. Consequently, expensive levegs a.tve. o s and
keep the river within a defined chdnne!® The mols LI;
expensive works are the weir, the syphon, and the levees.

"The bed of the river consists of sand and gravel in f(h:o %:::E
channel and silt towards the sides, the W.ho!e lengthhfr:m'r;(i)lcar to that
being about 1600 yards. The type of welr 18 Sqme‘:;l ; I‘illdian Punjab,
commonly constructed across the big rivers 1n the The cssential
which also run in wide channels without rocky bottomsl; on the down-
featute of this design is a long flat payed slope of 1‘0&3 oncre® walls.
stream side of a crest-wall with other parallel cut-off ¢ '

, In India the upper cut-off wall is usually founded on a continuous line

i -inch
of’ masonry wells sunk deeply into the soft bed. hIn ;Iﬁs v;;zrlf)u(iilt on
sheet-piling was driven 12 to 32 feet deep, and the Zer the other two
this. Sheet-piling was also driven In w:eak places un v 1 on 15 in
cut-off walls. The down-stream slope is 1 on 12 (Itlsua13yfeet Down-
the Punjab weirs) and the drop from crest-.level to 062 . e'of large
stream is a 40-foot apron and up-stream. is a 1 O'Dh ' 3pfeet below
rock. The level of the down-stream toe is 138, whic blfl level outside
low-water level and about 5 feet below the generalt eli;:l making a
the main channel. The toe-wall was carried down to t 'd’e the main
7-foot wall with bottom 12 feet below the bed-level_ 0111 Slxce t in the
channel. The other two walls were only 10 feet hlflgg’feet lrl)igh but,
main channel, where the up-stream wall was to .beum ofe 40 feeis. In
owing to scouring before closure, reached a mmlﬁ n stream. Rock
this part much more rock was dumped up and o0 with an 18-inch
was dumped between the concrete walls and covgged Wn the crost as
concrete pavement. No falling shutters are provided o0
in the Punjab weirs.

The canal-intakes are on the rock at the .ends of tttl)(lao;':iarllz Tlll(;
are designed in such a way as to prevent S.ll.t fr?lf;ll silt difficulty
entrance or entering the canal in excessive quantities. t t(;l whole lake
18 a great one, as may be gathered from t'he f?,ct tl}i;l' tGhe first year
above the weir was practically filled up with s1lt.w1t f1n e e
after completion of the weir. The head-gates consist o da sogthat only
of 7-foot 6-inch openings closed by horizontal ﬁashbf;s:r s,ter (i canal
the top waters, which are comparatively free from si » on and a clear
The line of the openings runs nearly parallel to the rlvelf', e b,
deep channel is maintained along the face l?y mean’srho Sillspof these
gates placed just below the lower end of the intake. ©

Head-
works (the

Laguna
Weir).

Head
Regula-
tars.
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sluice-gates are 13 feet below crest-level. They are of the Stoney type,
18 feet high and 35 feet wide, and are operated by ®electric motors.
There are three of these gates on the right bank separated by 8-foot
piers, and one on the left bank. The general arrangement of the sluice
and intake on the left bank is shown in photo B, plate 16.

The cost of the weir was $1,673,000, and of the intakes and
sluices $352,000, or a total of over two million dollars for the headworks,
The .work was commenced in 1905, and took nearly four years to
complete. It was commenced by contract, but after the failure of the
contractors was completed by Government. -

The canal on the left bank is small and serves an ared up_ to
the Gila River. '

" The main canal on the right bank has a bed-width of 84 feet
and full-supply depth of 7 feet, with a slope of 1 in 5700 to the end
of 1} mile (where a large branch takes out for irrigation) and there-
after a slope of 1 in 10,000. A 12-foot drop is given in one place. The
canal is badly silted on the sides, chiefly because it has usually carried
very much less than its full capacity, the proportion of the whole area
developed being very small. Several very sharp bends are given in the
canal, and the silting on the inner side of the bend is usually very
heavy. A check and escape to the river are provided shortly before
the syphen.

The syphon under the Colorado River crosses at Yuma, where the
river is fairly narrow with high ground on the left bank. It has to
Pass a full-supply of 1400 cusecs through 410 yards of pipe, with a loss
of head of 2 feet. Details of this great structure are given on fig. 49.
The pipe had to be placed very deep under the river because the bed
is liable to great changes, being scoured out to a depth of as much as
30 or 40 feet during floods and silted up again in low-water periods.
It was originally intended to carry the pipe so low as to be in a soft
sandstone (located by borings) in the hope of being able to carry on
the work without compressed air. It was found during construction
that this was impossible, and the pipe was actually carried through at
& higher level. The syphon has two vertical wells at the ends,
the intake-well having a diameter of 17 feet, and the outlet-well of
23 feet, the tunnel connecting them having a diameter of 14 feet and
& drop of 2 feet from both ends towards the centre. The vertical wells
were built on a steel cutting-edge. As the latter descended, the well
was built up in sections 3 feet 6 inches high. At first the excavation
Inside the -well was done by hand, but when water was encountered,

Canals.

Colorado
Syphon.
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Soils, The soil on the high bench 0 be irrigated by pumping, is a more . and pumps before the scheme was commenged. 8500 acres of .the lands
m of Open sandy soil. In the alluvial soil near the river, owing to the former on the right bank were in an Indian Reservation Whl(?h was thrown opzn
Irrigation  OVerflow of the river, the grofind is fairly hummocky like the overflow to settlement in 1910 in 20 and 40 acre farms and quickly ta.ken up. As
and . lands along the Orange River in South Africa, and considerable the syphon was completed only in 1912, the area develf)pefl is at preser}t
Drainage.  Jovelling is necessary. The slope of the alluvial soil is roughly 8 feet.: 37¥ery small, and the area under water-right application or, rental
per mile and parallel to the river. In spite of this slight slope, thé o contracts in that year was only 16,000 acres. The limiting area on the
long narrow beds are chiefly adopted, so that the irrigation is by slow . " .ptivate lands is 160 acres, and on the Government lands 40 acres. The
surface-flow between borders instead of by basin-soakage. Probably the: - huildjng-charges are $55 and $66 per acre, but at present the bulk of
amount of silt in the water is against the basin method, and, ever “* the settlers are being supplied on a rental basis, as tpelr areas have
with the long beds, I noticed a fairly thick crust of silt on most fields not been officially declared open. The water rental is 50 cents per
after irrigation, which, on drying, cracked into flakes with curled-up acre-foot used. In addition, an annual operation and maintenance
- edges. The length of the beds is about 300 yards, and the width 60 to ~ charge of $1 per acre is made. The actual cost in 1912 was $7.30 per
" 120 feet. The scheme is still young, and it may be found later thPt \ acre irrigated, but this should be considerably refiuced as the irrigated
shorter beds forming basins are more economical of water. Such long area increases, silt-clearing and berm-cutting being very costly when
beds, when the slope is so small, are only possible with large irrigating . the canals run at less than full supply. The whole cost of Fhe scheme
streams, and on this scheme 12 cusecs is the standard stream supplied to date is ahout six million dollars, and the qOSt of t‘he pumping schem-e
to an irrigator at his farm, though he sometimes divides this into two for the high bench-lands (not yet started) is not included. There is
or three streams. Seepage has already begun to appear, especially on apparently no great rush of settlers to take up new lands.
the right bank, and the construction of a drain has been started which In order to run the minor canals full and to irrigate with the
w1ll. run right dowp tl}e irrigable area on this side, partly in open large streams used, a system of rotation is essential. The present
cutting and partly in pipes at a slope of 1 in 1000 discharging into & system is a 7-day rotation. The stream supplied to each irrigator
sump emptied by pumps. ] is 12 cusecs for such time as will allow a 6-inch watering to the area
Amculw.} - The scheme is too young to give any results of crops, the bulk ) - 1o be irrigated. The rotation usually begins at the bqttom and Workg‘ k
Conditions; *of the lands on the left bank below Yuma having been irrigated from up the minor, one reason for this being that breaks in the bank are
the main canal for the first time in 1912-13. The total area cropped-’ - - fairly frequent on account of burrowing animals, etc.-, al}d by starting
g 1912 was only 10,000 acres. More than two-thirds of the area was. - from the bottom there is usually land requiring irrigation above the ;
. ‘ Fgiven to lucerne. Barley occupied a fair area, and other crops were: = . break on to which the water can be turned without loss or s.huttmg :
"7+ ‘maize, mealies, sugar-cane, vegetables, fruit, and cotton. Oranges Will . -, down the mipor. Two waterings per month are usually given to
“. probably do well in the more open soil of the upper bench. A few:: - -Jucerne. Nominally, the settlers are limited to an annual application
farmers run ostriches on their lucerne as a business proposition. Thé ‘ of 5} feet. In 1912 the average application at the fields was nearly
breed is not good compared with the best South African birds. Abosth 'z " -®ffeet, and, measured at the intake, nearly 15 feet. These figures are
8ix birds are run to an acre, and I saw about thirty birds camped off™ véry high compared ‘with the Imperial Valley scheme, but will Rropably
in breeding camps about 30 yards by 60 yards. Usually two hens, but be reduced, as much of the land has received only a rough preliminary
% sometimes three, were placed with one cock. The first eggs of the levelling. '

season hatch out well, but later in the season many failures resuit.

- Chicks were selling at about $100 each at six months old.

The whole area proposed to be irrigated by the scheme is

181,000 acres, of which 46,000 are high lands to be irrigated by pump-
- ing. - Of the. total area, about 57,000 acres were in private ownership,
. and part.of these lands were irrigated in a rough way by flood furrows

!
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CHAPTER XV

o THE SALT RIVER SCHEME

(United States Reclamation Seri)ice, Arizona)

- Ta1s wcheme is situated on the Salt River, just above its junction with

the Gila River, which, as we have seen, enters the Colorado River at
Yuma. The irrigable lands are at an elevation of between 1000 and
1300 feet and on both banks of the Salt River, beginning where the
river emerges in a more open plain after passing from Roosevelt dam
tj_hfou&h fitty miles of mountainous country in a gorge.

The annual rainfall over the irrigable area is about 8 inches, and
over the catchment area above the Roosevelt dam about twice as great.
The rain falls both in summer and winter, the summer rains being
sharp and heavy showers. The temperature ranges from 22° to 117° F.
The climatic conditions are therefore very similar to the dry parts of
South Africa, and, indeed, in the surrounding mountainous formation
and the vegetation this area very closely resembles portions of the
Kenhardt district bordering on the Orange River. Skirting the area on
the north, and cropping out throughout the lands, are masses of old
granite with little vegetation and very like the granite hills near
. Kakamas (South Africa). The vegetation, too (see plate 174), is strangely Vegetation.
like that of Kenhardt district. One conspicuous bush, the Paola verdi
(evergreen), is exactly like the lemoendoorn boom of Kenhardt. It grows _
.%o a height of about 20 feet, and has green bark and thorns and very .
“little leaf. Another thorn tree, the “catsclaw,” has short thorns bent’
back like our “haakdoorn.” Cacti, taking the place of our “kooker-
booms,” are also common, the most abundant and remarkable being the
- glant cactus, which grows to a height of 40 feet either in a single
straight stem or with several branches like a candelabrum. Other
forms of cacti are the “cholla,” growing up to 7 feet high, with many
branches covered with numerous glittering needles, and a low barrel-
shaped cactus. Other growths familiar to South Africa are the American
u aloe with a long stem flowering at intervals of several years, prickly
: - pear, and wild tobacco. A very common bush is “greasewood” (or
Fle. s0. T ~ creosote bush), which grows from 2 feet to 8 feet high, and is dotted
' ' fairly regularly over the area. It is a straggling bush, like some South
African bushes, having many long slender twisted stems springing from

L _RIVER SeHeEM
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S — | The Roosevelt” storage dam is sitﬁitadjﬂé;t below the junction of Outline
the ground. It has very amall narrow leaves. S6veral of these types

Water

Supply.

are shown in photo A, plate 17. Close to the river arrowweed, willow,
and cottonwood are common. ’

12,250
the Salt River.

reserved against grazing.
preserved, and the run-off

Verde River, the catchment of which has been tramped out by stock;

The drainage area reaches s height of 10,000 feet, and snow f‘n&

on it, but melts early in summer. The greatest run-off is therefore

during winter and generally earlier in the year than on other scheme;
further north. ) |

At Roosevelt the maximum annual run-off in 22 years was
3,260,000, the minimum 154,000, and the mean 808,000 acre-feet.

For the Verde, the maximum and minimum are 1,850,000 and '

117,000, and the mean 582,000 acre-feet. The great variation between
maximum and minimum run-off is more like our South African rivers,
Wwhich depend chiefly on rainfall and not on melting snow. The average
distribution of the flow throughout the year is roughly as follows:—

Jan.  Feb. March. April. May. June. July. Aug. Bept. Oct. “Nov. Dec.

o Perecemt. ... 10 19 2 12 5 2 3 5 4 3 6. 9

At times the flow at Roosevelt is below 250 cusecs, and during
high floods has reached 97,710 cusecs, so that storage is essential for

_.irrigating the whole area of 280,000 acres proposed for the scheme. No
. storage has yet been provided on the Verde River, but on the Salt

River the Roosevelt dam was completed in 1911 with a capacity of over
13 million acre-feet, or 50 per cent. more than the average annual rub-
off. It was the need for expensive storage works that brought the
<Reclamation Service to this area. Irrigation was begun here some forty

The drainage area above the diversion-dam at Granite Reef is .
Square miles—68000 square miles of the Verde River and 6250 g.
. Above Roosevelt reservoir, 45 miles higher up the rivef,
the drainage area is 5760 square miles. The latter area is mostly
Its vegetation is, in consequence, fairly, W‘“m
is not so heavily charged with silt as the’

*:

' main canal from the weir on the right bank,

. ! p
the Tonto Creek with the Salt River, where the river enters a deep ©f Schemie

gorge. A diversion-weir higher up the Salt River feeds a furrcl))w ;vhircig
runs for 19 miles above reservoir full-supply level on the leff1 an ;he
.dtops its water through turbines below the Roosevelt dam.

ﬁ%rdinary discharge from the dam can also’ be put through turbines in

B S
4

& power-house immediately below the dam. Tlfe electricity g:nerat:;i
here is sent all over the scheme for commercial and irriga ;on k:l h _
~Below the dam the river continues in & gorge surrounded by g
mountains for 45 miles down to Granite Reef weir. The natural I;'fver
channel is used to convey the water in this le.ngth. .The Verde 1\17:(1)'
*enters the channel about five miles above the weir and its W;lt:r; are fgos
picked up by the weir. The Granite Reef weir was com;l)1 o ; 111; 008
pnd takes the place of several other older 1ntake§, some higher 113 e
"river and others lower down. A large proportion of. the ca(lila sTh
present used are those of the old schemes enlarged .a,ndemfpr‘;)Zﬁ' 'is th:
Arizona canal, which formerly took out above Grzﬁg‘e h e::ow fe;ds the
canals, which formerly took out lower down, by crqss-cut (;:ana-ltz
Similarly, on the left bank, the main eastern canal starts fl‘lo.Iélt ;a.md
Reef weir, and, though recently constructed, feeds the Conso 111 ate bg;
“other older canals. Most of the older canal = systems aveh 1?
purchaséd by the Reclamation Department and now form '(ﬁle 8C ef;;a,
but some canals, such as the Tempe and Utah, are sti 'lprn(rla. f); l:
operated. Drops in the main canals and cross-cuts are ;111;1 1:9 mi:e
generating power, and several pumps are operated el_ectrlca 13{7 0 rels
the sub-soil water for irrigating large areas and also to work a pump

“which raises the water from the neck at the east point of the Salt

River Mountains to irrigate the higher ground round about these

mountains.

The Roosevelt Dam.

The Roosevelt dam is built just inside the gorge belc')w.the,]iunpg_i;w
tion of Tonto Creek with Salt River, and when the reservoir is fut tb&*;’
water will stand back about sixteen miles up each river, with a width,
of between one and two miles. .

Jyears ago, and furrow after furrow was taken out until the ares
.,Sibraced by all the schemes was far in excess of the water available
*Without storage, the later furrows obtaining water only during the short
‘plgriods of high flow. The Roosevelt dam was undertaken chiefly to
remedy this state of affairs. Owing to the older rights of those who
“have not joined in the scheme, the whole flow of the Salt River cannot
be impounded in the Roosevelt dam, and it is necessary to pass round
* thé reservoir as much of the flow as, together with the Verde flow, will
_ Sitisty these early rights.
My N

- .

The storage capacity to spillway-level (220 feet above bed-level)
is 1,284,000 acre-feet. As the mean annual run-c.>ﬁ is only 808,000 acre-
foot, it will be seen that the reservoir is not likely to be filled oft_bn.
The greatest height yet reached is 179} feet above bed-level, which
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(a) Typical Vegetation. Four “Giant Cacti” on left. “Paola Verdi"” between two central “Giants.” “Greasewood”
Bush in centre of picture in front of right “ Giant.” *“Cholla™ Cactus on right.

(b) Roosevelt Dam from left bank.
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SALT RIVER SCHEME-—-Roosevelt Dam.

represents a storage of 703,000 acre-feet. Since the completion of the
dam, in only one year (1911) did the inflow reach the average. A very
dry year was 1913, and, at the time of my visit (in October, 1913), the
storage was only about 100,000 acre-feet, the water-level having sunk
below the outlet-valves on the right bank which are at 115 feet above
bed-level. The gorge, 45 miles long, between Roosevelt dam and Granite
Reef weir somewhat resembles the Grand Canyon on a small scale.
Near the lower end granite and dolerite are seen, but further up the
gorge ‘we pass the typical Grand Canyon formation of highly-coloured
coarse sandstones or shales in horizontal layers. Nearer the dam site,
quartzite and dolomite predominate, and the dam itself is built on this
formation—the broadly-stratified layers dipping up-stream at a gentle
slopg (see photo C, plate 17). A few hot springs emerge from the rock
just below the dam.
The plan and section of the dam are shown on fig. 51. The dam pDegign.

has been built in the form of an arch with radius of 410 feet (to c.l.
of crest) and subtending an angle of 90 degrees at the centre. Spill-
ways are provided on both sides, each 200 feet long and tangential to
the curve. They have been formed by huge excavation, and the rock
excavated has been used in the wall. Along the crest is a roadway
which crosses over the spillways on bridges. The maximum height of
the crest above foundations is 280 feet, of which 40 feet is below the
original gravel river-bed. On the secfion is the analysis of stress as
published by the Reclamation Department. The maximum vertical stress
is 267 1b. per square inch, or a little over 17 tons per square foot. The
up-stream face is vertical for 60 feet, and then has a slope of 20 on 1.
The down-stream face is stepped and has a curve of 140 feet radius to
773 feet below crest, and then a slope of 1.5 on 1 to 250 feet below
crest.
! The dam was built of cyclopean masonry bedded in concrete, the Construc-
‘ faces being of dressed masonry. On account of the great distance from tion.

railways, and the mountainous nature of the road, which had to be
. Specially constructed for this work, it was decided to erect a cement

plant and manufacture the cement for the work at the site. Suitable
| limestone and clay were found close to the site, and these were used
in the proportion of 3 to 1. The complete plant cost $218,000, and its
capacity was 350 barrels per day at a cost of about $2 per barrel.
Crude oil, costing $3.50 per barrel at the site, was used for fuel. The
contents of the dam were 342,000 cubic yards, and the cost was $3,800,000,
including §152,000 for submerged lands, but excluding power-plant.

Construction was started in 1905 and finished in 1910. It took much
7 .

(¢) Bed-rock near left bank
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£ SALT RIVER SCHEME Roosevelt Dam.
longer to build and cost much more than was estimated on account of

* exceptional floods. It was started by contract, and probably t'he i y
difficulties with contractors on this and other works (e.g. Shoshone dﬂ-ﬂ)
8 have led Government to do recent large works, such as the 1\1'1'0V¢'l"0_‘Sk
and Elephante Butte dams, themselves. The crest of the spillWBY-Wen's

% was at first built 20 feet below dam-crest, but they have recently beeml
: raised by about 5 feet.

. Plate 18.

w AT

Outlets. Several outlets are provided through the dam. The lowest 18 b |

below bed-level, and consists of a tunnel, 13 feet by 10 feet, driven
through the rock of the left bank. This was used for passing water |
during construction. It is controlled by six Stoney gates, 10 feet bY
5 feet, operated by hydraulic rams in a chamber in the dam over them
and at the bottom of the valve-tower visible in photos on plate 190 It
was found to be dangerous to work these gates with much water in the
dam, the velocity being so great that part of the thick steel lining t0
the tunnel was torn out. Another outlet was therefore provided at &
level of 115 feet above river-bed. This is on the right bank, and consists
of three 58-inch balanced “ Ensign” valves of the same type as descri.bed
on the Bellefourche dam (see photo A, plate 18). Each discharges into
separate tunnels, which meet after some distance and continue as Omn® _
tunnel of 9 feet diameter through the rock, discharging over a weir ab g
the mouth of the tunnel and over the rocky clifft on the right bank
The tunnels are lined with cast-iton which has become deeply pitted:
Another outlet for power purpose was provided at 65 feet above the
‘”! river bed. This consists of a 10-foot diameter steel pipe at a slope
through the dam. This is controlled by an enclosed ring-valve near
\ the down-stream end. In addition to the above, a 7-foot diameter
*5‘, tunnel passes through the rock on the left bank to convey the water
i
3
|
:

-

e e —

from the end of the high-level furrow to the power-house. At the intake |

‘ to this tunnel are settling basins and scouring sluices (visible HECIECTSEE

! photo C, plate 16) and a rotary screen for removing débris.

i

; ll . Electric
1 Power.

: ’Fhe power-house is built into the ‘rock on the left bank
immediately below the dam. Provision is made for six turbines, three
to work from the high-level canal and three from the dam. The forme_l'-
q and‘two of the latter, have been erected. They are vertical-aX18
‘ turb¥nes, direct-connected to dynamos above. The former have wa.t,e;
b bea.rmgs, but the latter have roller bearings which are found to be mor
: ' satisfactory. The power of each is 1200 to 2000 kilowatts. They Ope,rate
e e and produce 3-phase, 25-cycle, 2300-volt current. - - | ' a) Three “Ensign” Valves near right bank
‘ transformer-house is lower down the stream, and the current 18 here ;
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6. Roosevelt Dam during construction

rc) Granite Reef Weir during construction

looking up-stream

from right bank.
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raised to 45,000 volts and sent down to the valley, Phoenix being sixty-
five- miles off. The transmission-line is supported on high steel towers,
originally at intervals of 120 yards, and with insulators upwards.
Recently the towers have been brought closer together, and the
insulators have heen replaced by the hanging type.

The high-level furrow passes round the reservoir for 19 lmles
through fairly difficult country. It has a capacity of 225 cusecs, and,

\ together with its diversion-weir, cost nearly 14 million dollars.

The water passing Roosevelt dam is measured over an overflow
weir and then runs down the 45 miles of gorge to the Granite Reef
weir which also catches the water from the Verde River. This weir is
1000 feet long, and has a maximum height above original river-bed of
18 Yeet. A ‘granite foundation was found for only part of the length.

"Where rock was easily reached, the peculiar section shown at top of

lower right corner of fig. 50 was adopted, the weir resting like a bndge
on piers with cut-off wall on up-stream side. Where rock could. not
be easily reached, the section at bottom of fig. 50 was adopted, ,Ii"’ll:e
cut-off walls being carried to compact sand, gravel, and bouldc.ars. | ey
concrete apron was laid in squares of about 10 ffaet Wlt_h open
joints. The pond above the weir has now been practically silted 2};
(the Verde River being heavily charged), and open flow is maintain
in front ef the canal- intakes by scouring channels and sluices as at the
Laguna weir. :

The Arizona canal on the right bank has a capacity of 2000
cusecs, and the main canal on the left 1600 cusecs. Drops in the larger
canals are utilized for power purposes. Two of the:%e are where water
is dropped to the older canals which formerly haq intakes lower down
the river. One (No. 3) on the cross-cut ca,nal- was in course of construc-
tion during my visit, and another (No. 4) is c(?mpleted_at a drop on
the Arizona canal. An interesting feature of this plant is the syphon-
spillway, which automatically keeps a constant head above the plant.

The large amount of power available on this scheme is utilized

' extensively for pumping water from underground supplies for quite a

large area. These pumps serve the double purpose of keeping down ?he
water-plain and irrigating high-lying patches of land. There are nine
of these in operation, each pumping about 10 cusecs. 'I-‘he undgrlqug
formation is gravel and sand charged with water. A 16-inch California
casing is sunk, as described on the Redlands scheme, to a depth 9f
about 200 feet. Around this a concrete caisson of 9-foot diameter is
sunk, the water being removed during excavation by a 12-cusec pump

.

Granite
Reef: Weir.

;igy'"

-

Canals.

s
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e

and sinking of the caisson being stopped when the pump fails 0 keep
the pit dry, which is found to be roughly at about 30 feet. A permanent

centrifugal pump is then placed at the bottom of the caisson with 8%i8
vertical and driven by a mator at the top.

‘,wi"l‘he. power is also used to operate a pump which raises Water

- from a furrow for irrigating the high slopes at the foot of the
Salt River Mountains. Considerable seepage water returns to the river,
fmd at.the Joint-head dam 45-60 cusecs are picked up when noO Sl
18 passing over Granite Reef weir. |

¢ The 8011 is generally a sandy loam, and a hard-pan layer i8
requently found from 2 feet to 9 feet below the surface. Sand and
gravel underly a large area. In the flatter areas a more comp*"Ct‘,E’oll

<

18 found. y The surface slope over the greater part of the area 18

. between 10 feet and 20 feet per mile. The flattest land is in the

Crops.

Z’:}}ll‘{b‘)ul‘h%dof the neck between the Salt River Mountains and t:he
St‘::s rOf 1M888- ‘and Chandler, where the slope is about 5 feet per mile.
1inep:ou§doptis up to 100 feet per mile are obtained under the P‘“gp;
risen and s e foot of the Salt River Mountains. The water-tab!e t;e
neighbo 8eepage and alkali have appeared in the flatter lands 1D
;;g urhood of the neck, where I noticed several lucerne fields
gét;;ioned and overgrown with salt-bush or partly spoilt by bare alka
p es. Several of the well-pumps operated by motors are situate

Zﬁ- .thls area, and thev serve to reduce the water-table. NO other
alnage works have vet bheen constructed.

surfaci?iiv;ui?;ne and cereals the general method of irrigati.o n is fb }:'
s oW b we;en borders_, the slope being usually very suitable Qd
only to a2 Z places I noticed that the long borders were conﬁtmcwf
ho. ot }:;nths;)me distance f.rom the cross borders at the bottom;’
bottom ‘could s? sny bed which brought a surplus of water to t 2
osom o thepteia‘ it out on the bottom of neighbouring beds. Whe:’;r
mile the beds ypical sandy loam and the slope is about 20 .f““t pd
e the vardar(; usually about 300 vards long and 50 feet wide, :mt
oout nearv - $ long on sandy soil. On the flatter and more (‘ompta.ct
iy e 1'11?;131{ the befls are usually 400 vards long and abo”
o experi.m e usual irrigating stream is from 1 to 3 cusee
even wetti tents t‘{nd to show that less water is required and mon
o Ing 1s obtained with the larger stream, say 2} cusecs. and
orter beds, say 100 vards. | -
30 500The total area ?ultivatod in 1912 was 159,000 acres, including
, acres wmnder private canal systems.  Lucerne occ¢ upied nearly
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50 per cent. of the area, and cereals—chiefly barley—about 30 per cent.
About 12 per cent. was irrigated pasture of natural grasses, such as
Bermuda grass (Cynodon dactylon). The remaining area was given to
sugar beets, vegetables, fruit (melons, citrus, and olives), kaffir corn,
milo maize, sorghum, and cotton, the.latter increasing rapidly in area.
Lucerne gives an average return of 5 tons-from five cuttings. As on
the Imperial Valley scheme, during the hottest months of July and
August the growth of lucerne seems to be retarded, and many irrigators
do mot apply water during these months. Lucerne is sold at about
$12 per ton baled, but is largely fed to stock. Ostriches are more
abundant here than in any other part of America. A census taken
by the United States Reclamation Department shortly before my visit
gave the total on this scheme as 4119, valued at $540,000, or $131 each.
I visited several ostrich farms (for result see South African Agricultural
Journal, March, 1914, p. 424) and found the quality of feathers poor,
but still it was claimed that a return of $15 per bird was obtained.
On one farm four birds were running to 1 acre, but usually they are
run more closely and are hand-fed.

The history of this scheme is interesting, as it illustrates, like
the Boise scheme, the work of the Reclamation Department in per-
fecting the irrigation of an area already highly developed, as contrasted

‘with the usual work of reclaiming previously unirrigated ground. The

following is extracted from the ninth annual report of the Reclamation
Service : —

Scattered throughout the Salt River Valley are remains of numerous canals end irrigation
works, giving evidence that the country was inhabited in earlier times by people versed in the
practice of irrigation. The lines of at least eleven of the old main canals, aggregating about 135
miles in length, and which must have watered more than 100,000 acres of land, have been traced.

Modern irrigation in the Salt River Valley dates from the beginning of construction, in
1867, of what was known as the Swilling ditch and its distributing system. A part of this system
was later known as the Maricopa canal, another part as the Salt River Valley canal, and the first
mile and a half of the original main canal as the Joint-head canal. From 1870 to 1894 various
other canals were built, the principal canals on the north side of the river being the Grand canal,
the Arizona canal, and the Crosscut canal connecting these two. Some of the principal canals
constructed on the south side of the river were the Tempe canal, the Utah canal, and the
Consolidated canal.

The diversion for the Arizona canal was made by means of a timber-crib rock-filled dam
covered with heavy planking. The other dams on the river were temporary affairs of brush and
rock, that were usually swept away more or less completely by the periodic floods that occur in
the river with great regularity. After the floods these dams could not be repaired until the river
had reached a comparatively low stage, with little water available for irrigation, and as a result the
valley was generally in a state of water famine.

In about 1884 or 1385 it hecame evident that the development of agriculture in the valley
had reached the point where the low-water flow of the river was insufficient for satisfactorily

Settlement
and Cost.
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:;:t;’e:;ngﬂt:;llands then' in cnltiv'a}ion, and it was realized that storage reservoirs were desirable, 80
batt e waters might be utilized. During the period from 1890 to 1899 the shortage of water
ery pronounced and some of the cultivated land reverted to desert.

invest‘ln ' 1900 the citiz?ns of Pheenix organized a water storage committee for * promoting

of th;g;:;n.s and developing some project for the storage of water,”and requested the Departmen"

benefit of ul: or to o dertake the investigation of the feasibility of storing water for the use and
of the existing canal systems in the Salt River Valley.

Cent i’flhix:m;vas’rgrevious to the formation of the Reclamation Depart-
in 1903, and, ftee scheme was worked up by Government and a.ppr'ov.ed
tion of’ thOS’ea hr terms of contracts had been settled with an associa-
soon made for who wete to benefit by the water, arrangements were
with GOVeerCOIZSt;ucuon' Most of the irrigators entered into contracts
being chiefl oen or the use of stored water, those who stood oub
as they ha}:i Zvner§ of l.and under the older canals, such as the Tempe:
sufficient at all [tm - nght, to the ordinary flow, which was usually
to each parcel fmlles W.lth.out storage. As water-rights are attached
CODStructiI; of land irrigated, and do not belong to the company
to have thg :il’htzwmng the canal, Government considered it necessary
and order of gns o f each parcel of land defined by Court in quantity
collection of p}'(lionty. As there were some 5000 separate owners the
in 1910 Whicl;,m-,1 en(l:e took 3b0u? 2L years, and a judgment Was given
law of priorit 18 \;Vel worth_ rgadmg as illustrating the application of the
of 1 cusec to V}; oh appropnamon_ The amount was fixed with 2 duty
the intake 1 ea,c 133 acres measured at the field, and if measured 8t
rights were Il) ' :Sn L. to be adde(.l for each mile from the intake. Early
proved to ha.\xfle b;s W:av eStébhshed over 151,000 acres, which were
further 29,000 acr enh.m continuous cultivation prior to the case. A
were give’n ri hte ‘S ‘1” ich were once irrigated but subsequently abandoned
any rights ofg I;.ndater tba“ Lh_Ose of the former lands, but priof to
Government further ioWhmh might subscquently be irrigated. T.he
and now suppli ught out PraCtically all the old canal companies,

pplies water on a uniform basis to all in the system, but !*

obliged
o tﬁ: Sct;: pass as much of the natural flow as the older canals not
eme (e.g. the Tempe) are entitled to.

effect :::Z Illl;dtglﬁ)zgt\fsmi priorities does not therefore seem to have much
pay for all water usedoonave made contracts with Government, as they
without storage would b a uniform basis, even when the ordinary {loW
priorities. It might be sufficient to supply them according to the™
priorities would ogt' expected that those higher on the list .Of
the water-user ain Dl'eferent.lal. treatment. The arrangements W’{th

s are somewhat similar to those described on the Boise
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scheme. No building charge is made and water is supplied on a
rental basis. In 1912 the charge was 60 cents per acre-foot supplied
during four months in summer (1st June-30th September), and $1 per
acre-foot supplied during the remaining eight months (1st October-31st
May). With a view to encourage econoiny in the use of water the
following rates are now proposed :— : '
$1.10 for 2 acre-feet (minimum charge whether used or not).
40 for third acre-foot.
° 50 for fourth acre-foot.
60 for all additional acre-feet used.
The above rates apparently include annual cost of operation and
maintenance, which was actually $1.67 per acre irrigated in 1912.
~ In 1912 the area irrigated in the scheme (apart from private
canals) was 127,700 acres, and the average application measured at the
diversion-weir was nearly 6 feet. and measured at the fields about
4 feet. The proportion used during the eight months at $1 is about
60 per cent., and the average rental payment would therefore be about
$3} per acre. The whole area proposed to be irrigated is 230,000 acres,
of which 40,000 acres are under pumping schemes.

It is doubtful whether the water supply is sufficient for all this
area, and a commission has recently been appointed by Government to
determine exactly what limit will be put to the area capable of irriga-
tion. The whole cost to date, including purchase of old canal systems,
is about ten million dollars. The area under rental contracts is 160,000
acres. The average size of farm is 49 acres, though over half of the
settlers own less than 20 acres. Twenty-five ditch-riders attend to
the distribution of water under superintendents.

CHAPTER XVI

THE RIO GRANDE SCHEME

(United States Reclamation Service, New Mezico)

Tae Salt River scheme was the last which I investigated on the western
side of the great divide. The Rio Grande River drains the eastern
side of the great mountain axis and discharges into the Gulf of Mexico.
The river in its lower reaches is the boundary between Mexico and
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the United States, and as the former country has irrigable lands along
the right bank international treaties have been necessary to regulate
the use in America. The Rio Grande, like our Orange River, has cut
a deep channel considerably lower than the surrounding country, and

the irrigable lands extend as long narrow strips along the valley,

seldom reaching a width as great as five miles. Thus the whole area

of 180,000 acres embraced in the scheme is spread along the river for
a distance of 160 miles.

The average elevation of the irrigable lands is 3700 feet, the
range of temperature 0° to 100° F., and the rainfall over the irrigable
area 9% inches (chiefly in mid-summer), about one-third of the whole falling
in July and August. This is the only scheme of those I investigated
which has its chief rainfall in summer, and in this and other climatic
features the conditions are somewhat similar to the Karroo and the

eastern part of the Cape Province. The annual evaporation is about
7 feet per year.

The drainage area above the storage dam is 87,000 square miles.
The maximum run-off is 2,420,000 acre-feet, the minimum 201,000, and
the mean for sixteen years 1,150,000 acre-feet. Part of the flow, especially
from the high mountains in the north, is derived from melting snows
which produce regular floods in April, May, and June, but this water
is largeil)y used by schemes higher up. At times the flow dwindles to
practically nothing and after heavy rains has risen to over 30,000
cusecs. Under these conditions the graph of flow for each year shows
great differences. In fig. 52 are given two graphs (for 1898 and 1906),

and also a diagram showing how the reservoir would have acted if
constructed in 1895.

The water, like that of the Colorado ond our South African
rivers, is usually coloured bv silt, and this has to be taken into account
in estimating the storage of the reservoir, an allowance for silt being
made of 1.8 per cent. of the inflow.

The chief work on this scheme is the Elephante Butte Storage
Reservoir which is now in course of construction. Several pick-up
weirs and canals are provided for to irrigate 180,000 acres stretching
for 160 miles down from the age dam, less than half of which is
at present irrigated. By 2 e Mexican Government 60,000

a:

acre-feet of the storag st be s nnually over the border for
the irrigation of 25,0 cres in Mexi Q,

Water
Supply.

Outline
of Scheme.
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THE ELEPHANTE BUTTE DAM.

This dam is now being built. across the Rio Grande River. It Design.

will have a maximum height of 264 feet above the foundations and
200 feet above the river bed. The storage will be 2,600,000 acre-feet,
and the stored water will stretch back 40.miles and flood 41,000 acres.
Although this dam is not nearly so high as the Arrowrock dam, it
requires the same volume of masonry (about 500,000 cubic yards) on
accqunt of its greater length. The length of the crest will be 400 yards,
and consequently the dam is being built in a straight line, and not
curved like the high masonry dams previously described.

The foundation rock is not nearly so satisfactory as that of the
dams previously described. The Shoshone and Arrowrock dams were
built on sound granite, the La Grange and Roosevelt dams on a compact
quartzite. Here, however, the formation of the surrounding country
consists of layers of sandstone, quartzite, shale, and dolerite, all con-
siderably folded. On the line of the dam the strata dip steeply up-
stream. On the bottom fairlv hard and compact rock has been found,
but on the right bank the strata appear to be very soft, and trial
tunnels were being driven for long distances to locate sound hard rock.
On account of the inferior foundations the section of the wall is heavier
than that of Arrowrock, especiallv on the down-stream side below bed-
level. Greater provision is made for drainage, and, in excavating the
cut-off trench, as an extra precaution to avoid disturbing the strata,
“channelers ” are used to separate the rock before blasting.

In considering .the design of the section it should be noted that
the future raising of the crest by 40 feet has been kept in mind, because
silt will gradually reduce the capacity.

Contraction-joints are provided as shown on the elevation (fig. 53),
gaps along the length of the dam being left during summer and filled
up in midwinter, as in the Arrowrock dam. The grouted holes below
the cut-off trench and the vertical drainage holes are also somewhat
similar to those of Arrowrock, and their position is shown on the
sections.

All outlets are to be on the right bank. They are at four levels,
the upper two sets discharging into channels through a projecting
nose of rock, and the lower two (one for power) discharging into the
flume built for diversion of the river during construction. Each of
the lower gates has a separate tunnel 60 inches x 47 inches. The gates
in the two sluicing tunnels and in the six penstock tunnels are identical
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the. left bank, employing" alternating cuirent (3-phase, 60-cycle, 2200--
volt) and designed for loads of -10 to 15 tons. Most of the plapt is on
the left bank on a ledge at about the level of- full-supply,‘*"giid the
general lay-out is shown in fig. 53. - The -mixing plant is just up-
stream of the upper cable, and consists f three 80 cubic feet Milwau-
kee mixers. These discharge the concrete into skips on trucks which_
run on rails on a short platform under the three cableways, each of
which can pick up the skip and carry the concrete to the work. The
medsuring hoppers, screens, *and water-tank are all above the mixers
in the same building, the mixing®being controlled by ingenious levers
which make most of the operations almost automatic. -

The sand-cement is raised from the storage-house to the bins at

" the top of the building by an enclosed inclined belt-conveyor (Stepherns-

Adamson). The sand and stone ‘are also raised to the screens from
pits close to the mixer bv inclined and vertical bucket-ladder elevators.
Immediately over the pits are gvratory crushers which crysh the rock.
The rock and sand are supplied to these by inclined shéots, fed by
side-tipping from the railway which runs alongside at a higher eleva-
tion. This railway passes under the cableways, which also supply
sand and stone from the excavation in the bed of the river. The sand
and gravel in the bed are drawn under the cables by dragline excava-
tors working on endless ropes in the bed. Plums are handled by
derricks on the dam.

| An interesting machine called & ~ Channeler” (Sullivan Machinery
Co., Chicago) is used for excavating the cut-off trench without shattering

or opening up the foundation rock by blasting. It is like an enormous

vertical drilling-machine. It is mounted on rails and travels along the
line of the cut-off wall, separating from the sides the central wall of
rock, which can then easily be removed without disturbing the surrounding
strata. Similar machines were used on the Panama Canal for cutting
trenches under locks on similar foundations.

For diverting the 1iver during construction a concrete flume
40 feet x 14 feet was constructed on the right bank and carried down

to solid foundation so that it can be built into the dam. The sluicing
and power channels will discharge into it eventually.

The whole work is being done by Government, and not by
contractors.

It is too early to give figures of cost or settlement, and I did
not visit the lands irrigcated. The total area under the scheme is

>

Lands, etc.
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180,000 acres, 25,000 acres in Mexico and: 155,000 acres in the States,
nearly all of which is already in private ownership, but less than half
under existing irrigation schemes. ' The agricultural conditions appear
to be somewhat similar to those of the Salt River scheme, and lucerne
will probably occupy half of ‘the.area. As indicating the monthly
demand for water, the followhm table is extracted from the agreement
between Mexico and the United States, limiting the monthly rate at

which water is to bhe released for Mexico from Elephante Butte
dam :—

+

|
|
I
f |

! P | o
Month. . Ll oSBT el E s e, e g
(BE2FF) 800 2iglel:
| ] : i \ |
: | ; y ¢
Percentage of whole volume (approx.) | 0 'I 21 912012 20 14 7 1 5 l 2{ 1 0
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CHAPTER XVII

SETTLEMENT
How ' the Federal and State Governments Help.

1. Settlement under the Reclamation Act.

THE original Reclamation Act of 1902 and the important amendments
and additions since then are given in Appendix A to this Chapter.
Before dealing with this it is necessary to explain what is meant by

“entry of land” and “entry under the homestead laws,” as these
expressions occur in the Act.

The two principal wavs of acquiring land from Government in
America are by homestead entry and by desert-land entry. Except in
a very few instances Government does not sell land. Nearly all public
land that is not already taken up or reserved for forests, minerals, or
other purposes is open to entrv by one or other of the above methods.
Naturally most of the land in the East, and the more favourably

situated land in the West, is already taken up, but there are still huge
areas unoccupied.

Under the “desert-land entry” any citizen of the United States
over twenty-one years of age can settle on unoccupied desert land up

SETTLEMENT UNDER THE RECLAMATION ACT 207

to a maximum area of 320 acres, and, if he proves that he has brought
water on to it and cultivated one-eighth of the area and expended $3
per acre within four years, he obtains possession on paying $1.25 per
acre to Government. Desert lands are defined as those which without
irrigation will not produce a crop, and lands bordering streams are
excluded. :

As we shall see. under section 3 of the Reclamation Act no
desert-land entries are allowed on areas included in proposed Federal
Reclamation schemes after notice of the scheme has been given. If
a desert-land entry was made on such land previous to the notice, then
the entryman cannot retain more than 160 acres. An example of
desert-land entry will be found on the Imperial Valley scheme.

o

Homestead entry is the usual method of taking up better lands;
it is the chief method of entering public lands embraced in the
Reclamation schemes, and the only method after such lands have been
publicly withdrawn from other forms of entry under section 3 of the
Reclamation Act.

There are no limitations as to the nature of homestead lands
such as apply to the desert-land entry. Any unoccupied public lands
can be entered except those reserved for forests, minerals, etc. The
limit as to area is 160 acres (enlarged in 1912 to 320 acres on non-
irrigabfe ground). Anv citizen of the United States who is over
twenty-one years of age, and who does not already own 160 acres, can
make a homestead-entry filing. Within six months after filing he
must establish residence on the land, and he must remain in continuous
residence for five vears (recently altered to three years) for seven
months of each yes;r. He must cultivate a reasonable proportion of
the land (recently fixed as—during the second year one-sixteenth, and
during the third year one-eighth of the whole area), apq he must have
a proper house built on it. If he fulfils these conditions and makfas
the necessary payments within seven years (recently five) he can obtam‘
title. The pavments vary slightly, but $1.25 is usually charged per
acre, and in addition filing fees amount to a total (for 160 acres) of
$16 at entrv and $6 at final proof of title. In this liberal way the
Government~ obtains settlement and development of its unoccupied lands
and receives about $1.25 for every acre disposed of.

Homestead
Entry.

The next step was to devote the money received in this way to The
the development by means of irrigation of large areas which would Reclama-
otherwise not be taken up bv homesteaders. This policy was sanctioned tion Act.
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by the Federal Government in the Reclamation Act of 1902. Siqce
that date the development of such werks has been extraordinarily rapid,
and most of the works I inspected- were carried out by the Reclama-
tion Service. The histogy of the Reclamation Act and its modifications
is very instructive as showing ‘what unexpected difficulties have to be

encountered in such work. The provisions of the original Act of 1902
were roughly as follows:—

(1) The funds for such work are all sums obtained from ‘the
disposal of public lands by homestead entry or otherwise.

(2) The Reclamation Department investigates likely schemes,

and reports cost, area etc., to Government, whose approval
1S necessarv.

(3) On approval by Government all public lands to be served
by the scheme are withdrawn from entry by all other
methods than homestead entry, and such entries are
thereafter on condition that all charges which will be
made for the works must be paid by the entryman, and
Government fixes the limits to the area that can be
entered as between 40 and 160 acres.

(4) Construction is then commenced, and as each unit is
completed public notice is given stating the limiting farm-
area and the charges to be made per acre to cover the

cost of construction, payable in ten annual instalments
without interest.

(6) An entryman is subject to the homestead laws, but he
must cultivate a larger area (half of whole) and make
all payments due before he can obtain title. Failure to

make two annual payments is cause for cancellation of
entry.

Private owners of land falling in the area of the proposed
scheme may obtain water-rights on similar conditions of
payment, but not for a larger area than 160 acres.

(6) When the payments for the major portion of the lands
are made, then the management and operation shall be
handed over to the owners to be run under methods

approved by Government, but reservoirs will remain under
Government control.

(7) All such works are liable, like any other private works,
to the ordinarv Federal and State water laws.
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Shortly after the passage of this Act in 1?02 a nu.m.ber of (sicheu:;s
were started in various parts of the West. Slight addl.tlons an (rino 11
fications were made in 1906, which ptovided for town sites and ;e tuct:f1
the minimum area for occupation from in. acres to 10 acres;Alz \ s
movst important modifications were ma.de in 1910 after 'thih' c enid
been in operation eight vears. The chief lessons learnt in o is p nod
were that settlers are not attracted to these...scheme.s as' rapﬁ 3f7 fis s
expected, and that difficulty is experienced in getting in the full pay
menfs from a large proportion of the settlers.

These lessons are important, as similar conditiops are 1.11.{e1y t<;
be found in South Africa. It is probable that .the strlc.t condltlonts 0
residence necessary to exclude purely speculative e.ntrlesl.iccounlaru;
pars for the slowness of entry. The average Amel.‘lcan, 1 eba i%d
proportion of South Africans. does not care to be tl(’jd' (:L{ownf y :tign
conditions of residence, and likes to see some poss1p111ty (;) &a verg
with his holding at a profit within a short tlme: .It is no dou 1 e};
Wiée to exclude this speculative element. even if 1t results in slow t
settlement, but all the consequences of a slow rate {)f settlergent muuse
be allowed for, especially in estimating the expendltgre an areI:flz?lts
and the capacity of canals, etc. The difficulty of getting 1nbpe Izr foun(i
especially during the first few xyez:rs.t lzasdqsc :‘«-;:Zfrglleszl;iriesang .
reat, and it is important to discov :
?l(‘)h: eclriz'gycaguses are.probably the lack of experience and of caplt;a,l ar(rilorilg
the entrymen. Both of these conditions are hk.el5.7 t(? be' Ouﬁ. .
South Africa. It is gradually being realized that 1rr1gat1(?n is a 11%{ 1y
scientific form of intensive cultivation, and lack of experience is 111 e);
to lead to needless waste of capital and to poor re?urns, especially lz:
the outset. The average entryman seldom has sufficient cap1§al ilort the
proper development of the area he takes_up. One y'rleiason bllse thiam tg
usually takes up an area greater than his means will ena o him 1o
develop sufficiently to pay the charges on the whole area. n e 1.yh
man has a natural tendency to over-estlm.ate what he can accomp 15:,t
in the hope of greater profit, but the evil consequences are So %*ea
that in later schemes the maximum area of entry-allowed has been
reduced to 80 or even 40 acres, and Warnipgs are 1ssu§d on somei of
the schemes (see Truckee-Carson scheme) against entry without sufficient
capital. .
’ In consequence of these lessons, learnt' as the 'result of eight
years’ experience of the Reclamation Act, certain alterations were mac}e
in the Act in 1910. Slowness in settlement and repayments, and in

Modifica-
tion found
necessary.
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several cases under-estimates of cost, had caused serious financial
difficulties. ~Anticipating that there would be a rush of settlers to the
numerous schemes started after 1902, and that repayments would be
made regularly, it was naturally expected that the money available for
reclamation, as provided under section 1, would be regularly returned
and could be used over and over again on other works. We have
seen that these expectations were not fulfilled, and in 1910 Government
had to provide for lending to the Reclamation Department a sum up
to twenty million dollars (apart from sources provided under sectioa 1)
in order to complete and maintain works already sanctioned and under
construction. And in 1911. to make it easier for settlers in the first
few years (and also to raise under-estimated charges per acre), provision
was made for altering previously published charges per acre, and,
instead of equal annual instalments, a graduated system was introduced
with very low charges in the first few vears. At the time of my visit
a further relief was being considered by spreading the repayment over
twenty years instead of ten, and it is likely that this will shortly be
made law. This will be a very generous concession, as no interest is
charged to the settlers. It is worthy of note that Government has not
yet adopted the policy of loan advances (in cash or stock) to settlers
to help them over the iirst few vears.

Other changes made in 1910 allowed a settler to transfer his
holding after five years, if the conditions of residence and cuitivation
were fulfilled, and provision was made for withdrawing land even from
homestead entry until the works were sufficiently advanced, as it was
found that after the inception of a scheme a number of the settlers
who had taken up land suffered hardships before the works were
sufficiently completed to suppiv water.

The most important .ecent addition to the Act was the * Warren
Act” in 1911, which extended the scope of the work of the Reclama-
tion Department to the perfection of the irrigation of areas already
highly developed. The Warren Act allowed contracts to be made with
owners of other works on a rental basis instead of (as provided in
section 4 of the original Act) ten annual repavments of building
charges. Such work chiefly takes the form of expensive storage reservoirs,
and examples of this are to be found in the Boise and Salt River
schemes. This class of work is interetsing, as similar work may be
required of Government in South Africa in areas, such as Oudtshoorn,
where irrigation is already far advanced and large storage reservoirs
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are necessary for more extensive and more profitable use of the whole
flow of a river.

The results achieved in the fen years from 1902 to 1912 are
roughly as follows:—Twenty-eight schemes have been initiated. The
estimated total area to be irrigated by these schemes on completion is
about three million acres, and the estimated cost about $120,000,000.
Actually the net expenditure in the ten years was $72,000,000, and the
works were completed so far as to be able to irrigate about 17,000
farms, totalling 1,170,000 acres. Of this area about half is actuauy
irrigated, though about three-quarters is under contract to take water.
Of the latter area a large portion was previously irrigated by private
works (as we have seen on the Boise and Salt River schemes) and is
now supplied under the rental-contract system, instead of by the system
proposed in the original Act of paying off the building charges by
instalments. We thus see that of the three million acres to be irrigated
only a little over half a million acres were actually irrigated in 1912.
These results all confirm what was previously pointed out, namely, that
extremely rapid development and settlement must not be expected, and
a considerable time must be allowed for the whole contemplated area
to become fully developed and settled. —How long it will take to
achieve this remains to be seen.

The estimated cost of developing the whole area works out at
roughlys $40 per acre, which is higher than most of the older private
schemes. It should be pointed out, however, that the older develop-
ment naturally followed the easier lines, and the Reclamation Depart-
ment—coming comparatively late into the field of development—had to
take up the more difficult and expensive schemes, often requiring
storage or pumping. Moreover, in thoroughness of construction and
reliability of figures as to water supply, area, and cost, the Reclamation
schemes generally surpass the private schemes. The distribution system
of furrows, for example, is constructed in far more detail under the
reclamation schemes, and usually brings the water to the edge of each
settler’s farm, whereas most private schemes leave the minor distri-
butaries to be constructed by the settlers. In Federal schemes the
area to be irrigated and given out to settlement is always carefully
kept within the limits of the available water supply, whereas failure
to do this has led to disastrous results in many private schemes. The
Federal method of accounting is acknowledged as one of the most
perfect in America, and by proper allocation of every item of expendi-
ture throughout the service allows of a complete study of cost from
any point of view.

Results

achieved.
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The Federal organization of maintenance and operation is also
very thorough and sympathetic. All the schemes are still run by the
Reclamation Department, and none have yet been handed over to the
settlers, as provided in section 6 of the Act of 1902, On some of the
schemes the settlers are urging the Government to hand over tlre
management, but it is doubtful if this would result in any ultimate
economy, as the settlers have not the wide experience and business

organization of the Reclamation Department, and can never have a
system so free from suspicion of partiality. ’

2. Settlement under the Carey Act and other
Methods of Irrigation Settlement.

While, under the Reclamation Act, the Federal Government beth
prov%des the land and carries out the work, under the Carev Act .it
provides only the land on condition that private capital shall construct
the works. In this way, without expending any public money, the
Government secures the settlement of vast areas which would Dot
ordinarily be occupied under homestead entry. The area of land
embraced in schemes under this Act actually eiceeds the area proposed
und.er the Reclamation Act, and this method of turning the private
capital of a country to the successful development and settlement of
the !and is well worth studying. The original Act was passed in 1894,
or eight years before the Reclamation Act, but very little development
took place during these eight vears owing to conditivns in the original
Act which discouraged investors. These defects in the Act were finally
remedied in 1902, and thereafter development under this Act was
extremely rapid. Practically, then, the revised Carev Act and the
Reclamation Act started in the same vear, 1902. .,

T.he original Act and the three chief amendments are given in
Appendix B to this Chapter. The substance of these is as follows :—

Any State in which are public desert lands may submit to the
Federal Government plans for irrigation works to reclaim portions of
these desert lands. If these plans are approved as being “sufficient to
thoroughly irrigate and reclaim the said land,” the Federal Govern-
ment will reserve these lands for that purpose, and on completion of

the works within ten to fifteen vears will hand over the lands to the
State free of cost.

The maximum total area to be granted in this way to any one
State was fixed as one million acres, but in two States (Idaho and
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Wyoming) development was so rapid and successful under this Act
that the maximum was raised to three million acres for Idaho and
two million for Wyoming.

As in the Reclamation Act, the maximum individual holding is
limited—in this case to 160 acres—and no individual in a Carey Act
scheme can hold a greater area than 160 acres. The condition of
desert-land entry that one-eighth of the area must be cultivated before
title is given also holds. Previous to construction one year is allowed
for working up the details of the scheme, and during this period the
Federal Government grants a temporary withdrawal from ordinary
entry, which is made final if the scheme is approved.

. It will be seen from the above that the Federal Government
only lays down the broad lines of development and hands over the
lands and the supervision of works to the States, with whom the
responsibility for the proper carrving out of the works and settlement
rests. A Carey Act scheme is therefore controlled chiefly by the legis-
lature of the State in which it lies. and each State has framed its own
laws to govern such schemes.

Carey Act schemes are not initiated or constructed by the State
Government or with State funds, but by private companies as a
commejcial venture.  These companies, seeing an opportunity to
develop desert lands in any State by means of an irrigation scheme,
apply to the State for the right to construct the scheme. In their
application thev have to state for what area they propose to sell water-
rights and at what price. The State makes an investigation to see
that the water supply and proposed works are sufficient for the area
declared, and that the price of sale proposed does not represent an
unreasonable profit to the constructing company. If satisfied on these
points the State in turn applies to the Federal Government to have
the lands embraced in the proposed scheme reserved for this purpose.
If approved the lands are handed over to the State, who sell them at
a nominal price (usually 50 cents per acre) on condition that the settler
undertakes to pay to the constructing company the fixed charges for
water-rights. The constructing company does not get possession of
the land. All they can sell is the water-right, and that at a price
fixed by the State beforehand, so that their maximum profit is the
difference between the return from the immediate sale of water-rights
at a fixed price over a limited area and the cost of construction. As
a matter of fact the profits are usually considerably reduced by the

1
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slowness with which the lands are taken up and the payments are
made. When the works are nearing completion a date is fixed for
throwing open the lands at a fixed price per acre for water-rights.
Applications are received before this date, often in excess of the area
available, and ownership is usually settled by drawing lots. The State
laws, which provide methods for limiting the total area over which
water-rights are sold by ‘the constructing company, and the price
per acre, are designed to protect the interests of the settler against a
company who may wish to make too great a profit or unscrupulously
sell rights for a larger area than the available water supply or works
are capable of irrigating. These provisions were found to be very
necessary as the result of past experience of development by private
companies for profit. ¢

The settler obtains title to his land from the State after fulfilling
the conditions of residence and cultivation required, and he obtains his
water-right from the constructing companv when he has fullvy paid for
it, usually in instalments over ten vears with 6 per cent. interest, the

constructing company holding a first bond on the land till full payment
is made.

The Idaho State law requires that the management of the scheme
be handed over to the settlers when 35 per cent. of the sums due has
been paid by the settlers. The Federal and State Governments take
no financial responsibility whatever in these schemes, and the whole
risk falls on the constructing company. Several of these have learnt
to their cost the same lessons as pointed out in the Reclamation
schemes—chiefly, that settlement does not proceed as rapidly as antici-
pated, that the settler finds difficulty in making the first few payments,
and also that actual cost has usuallv exceeded estimates.

The great feature of the Carey Act is that both the settler and
the constructing company enjoy State supervision. Tor the former, the
State sees that the water supply and works are adequate, that the
charges are not unreasonable, and that the works he eventually handed
over to them; and for the latter it obliges the settler to make an

undertaking to pay the water-right charges secured by a first bond on
his farm.

Under the Carev Act over six million acres have been withdrawn
from entry for proposed works. and over one million acres have been
actually sold to settlers. By far the greatest development under this
Act is in the State of Idaho. and the Twin Falls South, Twin Falls
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North, Oaklev, and Salmon River schemes, previously described in
detail, are good examples. At least one of these has not yet been a

. complete success, the constructing company having failed chiefly on

account of an insufficient water supply; but, generally speaking, Car.ey
Act schemes have proved very successful and, on account of the easier
conditions of residence and cultivation, have attracted settlers more
rapidly than Reclamation schemes. g
The two Acts—the Reclamation and the Carey Act—are t.he !;wo

Way.s in which the Federal Government assists settlement by irrigation,
in both cases making practically a gift of the land-—in. the forr.ner
carrying out works itself, and in the latter encouraging prlvate.c.apltal
to carry out the works under the supervision of State authorities.

« Though many settlement schemes have developed quite indepen-
dently of State assistance, there is a tendency now for the State to
exercise some sort of control in all cases.

Large irrigation schemes for settlement have been carried Qut by
private capital and without anv assistance from Government in the
way of land, except such as is given in the ordinary homestead or
desert entrv laws. . -

Thus, in States where the Carev Act has not been applied, as in
California, we find a scheme, such as the Imperial Valley scheme,
constructed by a private company to irrigate land open to desert entry
and thgrefore not owned bv the companv. Neither the settler nor the
company enjovs State protection. In this case the company takes the
risk not only that the settlers will not come, but also that those who
do come will not buv water-rights, as there is no law to force them
to buy. On the other hand, there was no State authority to protect
the Séttlers by investigating the soundness of the scheme at the ogtset.

In the Fresno scheme private capital has been emploved in a
similar wav, but the lands were occupied long before the works were
carried out; It is significant, however, that in both of these schemes,
where the settlers have verv little sav in the construction or manage-
ment of the works. the recently constituted Railroad or Public Service
Commission, which has the right to regulate the charges and methods
of working of commercial enterprises, has been called in.

Irrigation districts are also formed under State laws, and very
great development has taken place in this way in California, Idaho,
and Colorado States. These districts naturally occur in areas already
occupied and not open to entrv, and means are usually provided to
enable the majority who are in favour of a scheme to force into the

Private
Schemes
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scheme an obstructing minority whose lands are included. A descrip-
tion of the details of organization of these districts would require too
much space, but in the Modesto-Turlock scheme the general methods.
have been indicated.

APPENDIX A

First Reclamation Act of 1902

AN ACT appropriating the receipts from the sale and disposal of public lands in certain

States and Territories to the construction of irrigation works for the reclamation of
arid lands.

Be it enacted by the Senate and House of Representatives of the U nited Statzs of
America in Congress assembled. That all moneys received from the sale and disposal of public
lands in Arizona, California, Colorado, Idaho, Kunsas, Montana, Nebraska, Nevada, New
Mexico, North Dakota, Oklaboma, Oregon, South Dakota, TUtah, Washington, and Wyoming,*
beginning with the fiscal vear ending June thirtieth, nineteen hundred and one, including
the surplus of fees and commissions in excess of allowances to registers and receivers, and
excepting the five per centum of the proceeds of the sales of public lands in the above States
set aside by law for educational and other purposes, shall be, and the same are hereby,
reserved, set aside, and appropriated as a special fund in the Treasury to be known as fhe
“reclamation fund,” to be used in the examination and survey for and the construction
and maintenance of irrigation works for the storage, diversion, and development of waters
for the reclamation of arid and semiarid lands in the said States and Territories, ad for the
payment of all other expenditures provided for in this Aet.

SEc. 2. That the Secretary of the Interior is hereby authorized and directed to m:fke
examinations and surveys for, and to locate and construct, as herein provided, irrigation
works for the storage, diversion, and development of waters, including artesian wells, and
to report to Congress at the beginning of each regular session as to the results of sﬂ.l‘h
examinations and surveys, giving estimates of cost of all contemplated works, the quantity
and location of the lands which can be irrigated therefrom, and all facts relative to the
practicability of each irrigation project: also the cost of works in process of construction as
well as of those which have been completed. ]

Sec. 3. That the Secretary of the Interior shall. before giving the public notice
provided for in section four ot this Act, withdraw from public entry the lands required f(')l'
any irrigation works contemplated under the provisions of this Act, and shall restore to public
entry any of the lands so withdrawn when, in his judgment. such lands are not required fO.I‘
the purposes of this Act; and the Secretary of the Interior is hereby authorized, at or immedi-
ately prior to the time of beginning the surveys for any contemplated irrigation works. to
withdraw from entry, except under the homestead laws, any public lands believed to be
susceptible of irrigation from said works: Provided, that all lunds entered and entries made
under the homestead laws within areas so withdrawn during such withdrawal shall be suP-
Ject to all the provisions, limitations, charges, terms, and conditions of this Act; that aatd

* Texas included 1906.
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surveys shall be prosecuted diligently to completion, and upon the completion thez:eof, and
of the necessary maps, plans, and estimates of cost, the Secretary of the Interior shall
determine whether or not said project is practicable and advisable, and if determined to be
impracticable or unadvisable he shall thereupon restore said land to entry; that public. lands
which it is proposed to irrigate by means of any contemplated works shall bg subject to
entry only under the provisions of the homestead laws in tracts of not.les's tl.lan forty nor
more than one hundred and sixty acres, and shall be subject to the limitations, charges,
terms, and conditions herein provided: Provided that the commutation provisions of the
homestead laws shall not apply to entries made under this Act. . S
Bec. 4. That upon the determination by the Secretary of the Interior .that any 1rr1gat1(?n
project is practicable, he may cause to be let contracts for the construction of the same in
such portions or sections as it may be practicable to constrl}ct and com‘plete as part.s of tl.le
whole project, providing the necessary funds for such portions or sections are available in

the reclamation fund, and thereupon he shall give public notice of the lands irrigible under Ch

such project, and limit of area per entry, which limit. shall represent the ac.reag;e W.hich, in
the opinion of the Secretury, may be reasonably required for the support of a fall}lly upon
th:: lands in question; also of the charges which shall b(? n%ade per acre upon the said entnf:(;
and upon lands in private ownership which may be irrigated by ’fhe Water.s of 'the sal
irx.'igation project, and the number of annual instalments, not exceeding ten, in “{hmllll such
charges shall be paid and the time when such payments shall .commence. Thfa said charges
shall be determined with a view of returning to the reclamation fund Fhe eStlmﬂ‘.ted cost of
construction of the project, and shall be apportioned equitably : Provxd‘ed that in all co;)l-
struction work eight hours shall constitute a day’s work, and no Mongolian labour shall be
g ereon. ‘ N

emplgif‘? (t)h ';:)at the entryman upon lands to be irrigated by such works shal.l, in addition
to compfiunce with the homestead laws, reclaim at lea?t.one-half of' the total 1rr1gavble;r§ar
of his entry for agricultural purposes, and before receiving paten't for the lands covere y ()1
his entry shall pay to the Government the charges app.ortlo.ned agalnst sgch tra(;ti) as plx('lo;x e
in section 4. No right to the use of water for land in private ownership shalh ?lso d lcirba
tract exceeding one hundred and sixty acres to any onfa land(')wner, and nl;) 1sucd sale sha i
made to any lundowner unless he be an actual bona fide resident on sue f:,nn, or occupat;lv
thereof residing in the neighbourbood of said land, and no such right slil " pen.l:la):ent;
attach until all payments therefor are made. The annual 1nsta.lme.nts shall be pai  to the
receiver of the local land office of the district in which the lan('l is situated, am.:‘l a fal}\;lre lto
wmake any two payments when due shall render the entry subject to cuncel‘latllcl)n,‘ wit zlﬁ
forfeitur;- of all rights under this Act, as well as of. ax?y moneys already" paid fl elei){n. .
moneys received from the above sources shall be paid into the reclamutl?n fun . egisters
and receivers shall be allowed the usual commissions on all moneys paid for lands entered
u“d(.l\‘l-ll'“b(iéflfl'mt the Secretary of the Interior is hereby authorized. and dil'_ect-ed t.o use the
‘ and maintenance of all reservoirs and irrigation works

relamati und tor the operation ‘
reclumation fund for b Provided that when the payments required by

constructed under the provisions of this Act: e : , Ny
this Act are made for the major portion of the lands irrigated from the waters of any of the

works herein provided for, then the management and operation of such irrigfttion works shall
pass to the owners of the lands irrigated thereby, to be maintained at their expense under
such form of organization and under such rules and regulations as may be acceptable to the
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Secretary of the Interior: Provided that the title to and the management and operation of
the reservoirs and the works necessary for their protection and operation shall remain in the
Government until otherwise provided by Congress.

Sec. 7. That where in carrying out the provisions of this Act it becomes necessary to
acquire any rights or property, the Secretary of the Interior is hereby authorized to acquire
the same for the United States by purchase or by condemnation under judicial process, and
to pay from the reclamation fund the sums which may be needed for that purpose, and it
shall be the duty of the Attorney-General of the United States upon every application of the
Secretary of the Interior under this Act to cause proceedings to be commenced for condemna-
tion within thirty days from the receipt of the application at the Department of Justice.

Sec. 8. That nothing in this Act shall be construed as affecting or intended to affect
or to in any way interfere with the laws of any State or Territory relating to the control,
appropriation, use, or distribution of water used in irrigation, or any vested right acquired
thereunder, and the Secretary of the Interior, in carrying out the provisions of this A_gt,
shall proceed in conformity with such laws, and nothing therein shall in any way affect any
right of any State or of the Federal Government or of any landowner, appropriator, or usr
of water in, to, or from any interstate stream or the waters thereof : Provided that the right
to the use of water acquired under the provisions of this Act shall be appurtenant to the land
irrigated, and beneficial use shall be the basis, the measure, and the limit of the right.

Sec. 9.* That it is hereby declared to be the duty of the Secretary of the Interior in
carrying out the provisions of this Act, so far as the same may be practicable, and subject
to the existence of feasible irrigation projects, to expend the major portion of the funds
arising from the sale of public lands within each State und Territory herein before named
for the benefit of arid and semiarid lands within the limits of such State or Territory:
Provided that the Secretary may temporarily use such portion of said funds for th. benefit
of arid or semiarid lands in any particulur State or Territory herein before named as he may
deem advisable, but when so used the excess shall be restored to the fund as soon as practic-
able, to the end that ultimately, and in any event, within each ten-year period after the

- passage of this Act, the expenditures for the henefit of the said States and Territories shall

be equalized according to the proportions and subject to the conditions as to practicability and
feasibility aforesaid.

Sec. 10. That the Secretary of the Interior is hereby authorized to perform any and
all acts and to make such rules and regulations as may be necessary and proper for the purpose
of carrying the provisions of this Act into full force and effect.

Approved June 17, 1902. (32 Stat., 388.)

ADDITION IN 1906.
TOWN SITES AND LEASING POWER,

AN ACT providing for the withdrawal from public entry of lands needed for town-site
purposes in connection with irrigation projects under the Reclamation Act of June
seventeenth, nineteen hundred and two, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States of

America in Congress assembled, That the Secretary of the Interior may withdraw from public

* Bec. 9 of the Reclamation Act is repealed by sec. 6 of the Act of Congress approved June 25, 1910 (36 Stat. L., 835).
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entry any lands needed for town-site purposes in connection with irrigation projects.under
the Reclamation Act of June seventeenth, nineteen hundred and two, not exceeding one

. hundred and sixty acres in each case, and suivey and subdivide the same into town lots,

with appropriate reservations for public purposes.

. Sec. 2. That the lots so surveyed shall be appraised under the direction of the Secre-
tary of the Interior and sold under his direction at not less than their appraised value at
public auction to the highest bidders, from time to time, for cash, and the lots offered for
sale and not disposed of may afterwards be sold at not less than the appraised value under
such regulations as the Secretary of the Interior may prescribe. Reclamation funds may be
used to defray the necessary expenses of appraisement and sale, and the proceeds of such
sales shall be covered into the reclamation fund.

Sec. 3. That the public reservations in such town sites shall be improved and main-
tained by the town authorities at the expense of the town; and upon the organization thereof
as municipal corporations the said reservations shall be conveyed to such corporations by
the Secretary of the Interior, subject to the condition that they will be used forever for public
purposes.

Sec. 4. That the Secretary of the Interior shall, in accordance with the provisions of
the Reclamation Act, provide for water rights in amount he may deem necessary for the
towns established as herein provided, and way enter into contract with the proper authorities
of such towns, and other towns or cities on or in the immediate vicinity of irrigation projects,
which shall have a water right from the same source as that of said project for the delivery
of such water supply to some convenient point, and for the payment into the reclamation
fund of charges for the same to be paid by such towns or cities, which charges shall not be
less nor upon terms more favourable than those fixed by the Secretary of the Interior for the
irrigatioy project from which the water is taken.

Sec. 5.* That whenever a development of power is necessary for the irrigation of lands
under any project undertaken under the said Reclamation Act, or an opportunity is afforded
for the development of power under any such project, the Secretary of the Interior is autho-
rized to lease for a period not exceeding ten years, giving preference to municipal purposes,
any surplus power or power privilege, and the moneys derived from such leases shall be
covered into the reclamation fund and be placed to the credit of the project from which
such power is derived: Provided that no lease shall be made of such surplus power or power
privilege as will impair the efliciency of the irrigation project.

Approved April 16, 1906. (34 Stat., 116.)

AMENDMENT 1906.
MINIMUM AREA REDGCED TO 10 ACRES AND DESERT LAND ENTRYMEN.

Be it enacted by the Senate and House of Representatives of the United States of
America in Congress assembled, That whenever in the opinion of the Secretary of the Interior,
by reason of market conditions und the special fitness of the soil and climate for the growth
of fruit and garden produce, a lesser area than forty acres may be sufficient for the support
of a family on lands to be irrigated under the provisions of the Act of June seventeenth,

" “Rection b amended by Act of February 24, 1911,
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nineteen hundred and two, known as the Reclamation Act, he may fix a lesser area than forty
acres as the minimum entry and may establish farm units of not less than ten nor more
than one hundred and sixty acres.

Parr Sec. 3. If the reclamation project is carried to completion so as to make avail-
able a water supply for the land embraced in any such desert-land entry, the entryman shall
thereupon comply with all the provisions of the aforesaid Act of June seventeenth, nineteen
hundred and two, and shall relinquish all land embraced within his desert land entry in
excess of one hundred and sixty acres, and as to such one hundred and sixty acres retained,
he shall be entitled to make final proot and obtain patent upon compliance with the terms of
payment prescribed in said Act of June seventeenth, nineteen hundred and two, and not
otherwise. But notbing herein contained shall be held to require a desert-land entryman
who owns a water-right and reclaims the land embraced in his entry to accept the conditions
of said Reclamation Act.

Approved June 27, 1906. (34 Stat., 519.)

—

ASSIGNMENT OF RECLAMATION HOMESTEAD ENTRIES.

AN ACT providing that entrymen for homesteads within reclamation projects may assign
their entries upon satistactory proof of residence, improvement, and cultivation for

five years the same as though said entry had been made under the original Homestead
Act.

Be it enacted by the Senate and House of Representatives of the United States of
America in Congress assembled, That from and after the filing with the Commissioner of the
General Land Office of satistactory proof of residence, improvement, and cultivation for the
ﬁ_ve years required by law, persons who have or shall make homestead entries within .eclama-
tion projects under the provisions of the Act of June seventeenth, nineteen hundred and two,
may assign such entries, or any part thereof, to other persons, and such assignees, upon
submitting proof of the reclamation of the lands and upon paywment of the charges apportioned
against the same as provided in the said Act of June seventeenth, nineteen hundred and two,
may receive from the United States u patent for the lands: Provided that all assignments
made under the provisions of this Act shall be subject to the limitations, charges, terms, and
conditions of the Reclamation Act.

Approved June 23, 1910. (36 Stat. L., 592.)

ADVANCES TO THE RECLAMATION FUND.

AN ACT to authorize advances to the ** reclamation fund,”’ and for the issue and disposal

of certificates of indebtedness in reimbursement therefor, and for other purposes.

Be it enacted by the Senate and House of Representatives of the ( nited States of
America in Congress assembled, That to enable the Secretary of the Interior to complete
Government reclamation projects heretofore begun, the Secretary of the Treasury is autho-

rizeq, upon request of the Secretary of the Interior, to transfer from time to time to the
credit of the reclamation fund created by the Act entitled ““ An Act appropriating the

receipts from the sale and disposal of public lands in certain States and Territories to the
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construction of irrigation works for the reclamation of arid lands,”” approved June seven-
teenth, nineteen hundred and two, such sum or sums, not exceeding in the aggregate twenty
million dollars, as the Secretary of the Interior may deem necessary to complete the said
reclamation projects, and such extensions thereof ag he may deem proper and necessary to
the successful and profitable operation and maintenance thereof or to protect water rights
pertaining thereto claimed by the United States, provided the same shall be approved by
the President of the United States; and such sum or.sums as may be required to comply

with the foregoing authority are hereby appropriated out of any money in the Treasury not

_otherwise appropriated: Provided that the sums hereby authorized to be transferred to the

reclamation fund shall be so transferred only as such sums shall be actually needed to meet
payments for work performed under existing law: And provided further, that all sums so
transferred shall be reimbursed to the Treasury from the reclamation fund, as herein after
provided: And provided further, that no part of this appropriation shall be expended upon
any existing project until it shall have been examined and reported upon by a board of
engineer officers of the Army designated by the President of the United States, and until it
shall be approved by the President as feasible and practicable and worthy of such expendi-
ture; nor shall any portion of this appropriation be expended upon any new project.

Sec. 2. That for the purpose of providing the Treasury with funds for such advances
to the reclamation fund, the Secretary of the Treasury is authorized to issue certificates of
indebtedness of the United States in such form as he may prescribe and in denominations of
fifty dollars, or multiples of that sum; said certificates to be redeemable at the option of
the United States at any time after three years from the date of their issue and to be payable
five years after such date, and to bear interest, payable semiannually, and not exceeding
three per centum per annum; the principal and interest to be payable in gold coin of the
United States. The certificates of indebtedness herein authorized may be disposed of by
the Secretary of the Treasury at not less than par, under such rules and regulations as he
may prescribe, giving all citizens of the United States an equal opportunity to subscribe
therefor, but no commission shall be allowed and the aggregate issue of such certificates
shall not exceed the amount of all advances made to said reclamation fund, and in no
event shall the same exceed the sum of twenty million dollars. The certificates of indetedness
herein authorized shall be exempt trom taxes or duties of the United States as well as from
taxation in any form by or under state, municipal. or local authority; and a sum not exceed-
ing one-tenth of one per centum of the amount of the certificates of indebtedness issued under
this Act is hereby appropriated, out of any money in the Treasury not otherwise appropriated,
to pay the expense of preparing, advertising, and issuing the same.

Skc. 3. That beginning five years after the date of the first advance to the reclamation
fund under this Act, ﬁt‘ty per centum of the annual receipts of the reclamation fund shall
be paid into the general fund of the Treasury of the United States until payment so made
shall equal the aggregate amount of advances made by the Treasury to the said reclamation
fund, together with interest paid on the certificates of indebtedness issued under this Act
and any expense incident to preparing, advertising, and issuing the same.

Skc. 4. That all money placed to the credit of the reclamation fund in pursuance of
this Act shall be devoted exclusively to the completion of work on reclamation projects
heretofore begun as herein before provided, and the same shall be included with all other
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expenses in future estimates of construction, operation, or maintenance, and hereafter no
irrigation project contemplated by said Act of June seventeenth, nineteen hundred and two,
shall be begun unless and until the same shall have been recommended by the Secretary of
the Interior and approved by the direct order of the President of the United States.

Sec 5.* That no entry shall be hereafter made and no entryman shall be permitted
to go upon lands reserved for irrigafion purposes until the Secretary of the Interior shall
have established the unit of acreage and fixed the water charges and the date when the water
can be applied and made public announcement of the same.

Sec. 6. That section nine of said Act of Congress, approved June seventeenth, nine-
teen hundred and two, entitled ‘‘ An Act appropriating the receipts from the sale and disposal
of public lands in certain States and Territories to the construction of irrigation works for
the reclamation of arid lands,”” is hereby repealed.

Approved June 25, 1910. (36 Stat. L., 835.)

AN ACT to authorize the Secretary of the Interior to withdraw public notices issued undaer
section four of the Reclamation Act, and for other purposes,

Be it enacted by the Senate and House of Represe\nmtires of the United States of
America in Congress assembled, That the Secretary of the Interior may, in his discretion,
withdraw any public notice heretofore issued under section four of the Reclamation Act of
June seventeenth, nineteen hundred and two, and he may agree to such modification of water-
right applications heretofore duly filed or contracts with water users’ associations and others,
entered into prior to the passage of this Act, as he may deem advisable, or he may consent to
the abrogation of such water-right applications and contracts, and proceed in all respects as
if no such notice had been given. b

Approved February 13, 1911. (36 Stat. L., 902.)

AN ACT to amend section five of the Act of Congress of June twenty-fifth, nineteen hundred
and ten, entitled ‘“ An Act to authorize advances to the ‘reclamation fund,” and
for the issue and disposal of certificates of indebtedness in reimbursement therefor,
and for other purposes.”

Be it enacted by the Senate and House of Representatives of the United Ntates 'of
America in Congress assembled, That section five of an Act entitled ** An Act to nuthor?ze
advances to the ‘reclamation fund,’ and for the issue and disposal of certificates of 1n-
debtedness in reimbursement therefor, and for other purposes,” approved June twenty-fifth,
nineteen hundred and ten (Thirty-sixth Statutes at Large, page eight bundred and thirty-
five), be, and the same hereby is, amended as follows :

““Sec. 5. That no entry shall be hereafter made and no entryman shall be permitted
to go upon lands reserved for irrigation purposes until the Secretary of the Interior shall have
established the unit of acreage and fixed the water charges und the date when the water can
be applied and make public announcement of the same: Provided that where entries mm'ie
prior to June twenty-fifth, nineteen hundred and ten, have been or may be relinquished 1n
whole or in part, the lands so relinquished shall be subject to settlement and entry under the

— e

* Amended by Act of Congross approved Februnary 18, 1911,
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homestead law as amended by an Act entitled ‘ An Act appropx:iati'ng the receipts fro¥n the
sale and disposal of the public lands in certain States and Territories to the construc.tlon of
irrigation works for the reclamation of arid lands,” approved June seventfeenth, .nlnet?:en
bundred and two (Thirty-second Statutes at Large, page three hundred and eighty-eight).

Approved February 18, 1911. (36 Stat. L. 91?.)

RISPOSITION OF SURPLUS WATERS AND CO-OPERATION IN CONSTRUCTION.
[Warren Act.]
AN .ACT to authorize the Government to contract for impounding, storing and carriage of
water, and to co-operate in the construction and use of reservoirs and canals under
reclamation projects, and for other purposes.

Be it enacted by the Senate and House of Representatives of ?h.e United States of
America in Congress assembled, That whenever in carrying out t‘he pf0v1s10ns of the reclallna-
tion law, storage or carrying capacity has been or may be provided in excess ?f the requl're-
ments of the lands to be irrigated under any project, thfe Secretary of th.e Interior, preserving
a first right to lands and entrymen under the project, is hereby aut.horlzed,‘upon such term;
as he may determine to be just and equitable, to contract for tllfe 1mp'oum'11n.g, s'torage, an
carriage of water to an extent not exceeding su‘ch excess capacity Wxt.h irrigation systems
operating under the Act of August eighteenth, elglfte.en hundrefl zfnd .mnet:v-f(zur, knowr} a;
the Carey Act, and individuals, corporations, associations, .an'd u@g‘atlon dlStI‘le:S organ(llz«:l
for or engaged in furnishing or in distributing water for 1rr1gat19n.~ \Yate.r 50 nflp(;).ux.xde i
stored, or carried under any such contract shall be fo.r the purpose of. distribution to individua
water users by the party with whom the contract 1s mad.e: Provided, hov.vever, tl;at water
so imponnded, stored, or carried shall not be used otherwise thz?n as pI:escrlbed by aw ast}to
lands held in private ownership within Gov«T,rnment .reclamatlon .pro_]ects. fIn ﬁxn'lg.. e
charges under any such contract for impou'ndlng, .StO?lrlg, or carrying wa‘cer‘do(r1 a;y 1gr1ga-
tion system, corporation, association, district, or 1nd.1\'1dual, as.herem prov1ﬂ:} , 1(? chl')e-
tary shall take into consideration the cost of construction and mamt‘enafxcia of be resefv(;nr (3;
which such water is to be impounded or stored and the canal by which it is to be cm:rxe , a;
such charges shall be just and equitable as to water usershun‘de.r the Governmen.t project. o
N strict, association, corporation, or individual so contracting shall make

irrigation system, di f such water in excess of the charge paTd

age, carriage, or delivery o
:: )t,hzhgift;;rstzfezu;iﬁ;t to Sugl exten; al? may b;z reasonably necessary to cover cost of
iage ¢ iverv of such water through their works.

ca"mggz‘:iée’ll‘ll::tr}iyn carrying out the provisions of said Reclamf’ltio.n Acthanfl A‘zcts amenda};
tory thereof or supplementary thereto, the Se‘cret‘ar'y of. the 'Int(‘arlor 18 ;lut OI'IZ(,E , up?:tig,:llcs
terms as may be agreed upon. to co-operate with 1rr1gat1(?n districts, water users‘ vaésoc 1‘,
o trymen, or water users for the construction or use o.f s'ueh'resel_\ oirs, eanals,
cortll)?tr‘;)twl?s’ x:\y)be a(ivantageously used by the Government and irrigation dls'trlch, water
:ersl’casesso;iations, corporations, entrymen, or water users fo.r impounding, delivering, and
. for irrigation purposes: Provided that the tx'tle t(? and m'anagement of.the
::::lf;r;i Z)Zt::ructed shall be subject to the provisions of sectlon. six of S:'ild Act: Provided
further that water shall not be furnished from any such reservoir or delivered through any

I 1 or ditch to any one landowner in excess of an amount sufficient to irrigate one
such cana

.
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hundred and sixty acres: Provided that nothing contained in this Act shall be held or con-
strued as enlarging or attempting to enlarge the right of the United States, under existing
law, to control the waters of any stream in ané State.

Sec. 3. That the moneys received in pursuance of such contracts shall be covered
into the reolamation fund and be available for use under the terms of the Reclamation Act
and the Acts amendatory thereof or suplementary thereto.

Approved February 21, 1911. . (36 Stat. L., 925.)

AN ACT FOR THE RELIEF OF HOMESTEAD ENTRYMEN UNDER THE
RECLAMATION PROJECTS IN THE UNITED STATES.

Be it enacted by the Senate and House of Representatives of the I nited States of
America in Congress assembled, That no qualified entryman who prior to June twenty-fifth,
nineteen hundred and ten, made bona fide entry upon lands proposed to be irrigated under, the
provisions of the Act of June seventeenth, nineteen hundred and two, the national reclama-
tion law, and who established residence in good faith upon the lands entered by him, shall
be subject to contest for failure to maintain residence or make improvements upon his land
prior to the time when water is available for the irrigation of the lands embraced in his entry,
but all such entrymen shall, within ninety days after the issuance of the public notice
required by section four of the Reclamation Act, fixing the date when water will be avail-
able for irrigation, file in the local land office a water-right application for the irrigable lands
embraced in his entry, in conformity with the public notice and approved tarm-unit plat for
the township in which his entry lies, and shall also file an affidavit that he has re-established
his residence on the land with the intention of maintaining the same for a period sufficient
to enable him to muke final proof: Provided that no such entryman shall be entitled to have
counted as part of the required period of residence any period of time during which he was
not actually upon the said land prior to the date of the notice aforesaid. and no application
for the entry of said lands shall be received until after the expiration of the ninety days after
the issuance of notice within which the entryman is hereby required to re-establish bis resi-
dence and apply for water-right.

Approved April 30, 1912, (37 Stat., 105.)

AN ACT PROVIDING FOR PATENTS ON RECLAMATION ENTRIES, AND FOR
OTHER PURPOSES.

Be it enacted by the Senate and House of Representatives of the United States of
America in Congress assembled, That any homestead entryman under the Act of June seven-
teenth, nineteen hundred and two, known us the Reclamation Act, including enirymen on
ceded Indian lands, may, at any time after having complied with the provisions of law
applicable to such lands as to residence, reclamation, and cultivation, submit proof of sueb
residence, reclamation, and cultivation, which proof, if found regular and satisfactory, shall
entitle the entryman to a patent, and all purchasers of water-right certificates on reclamation
projects shall be entitled to a final water-right certificate upon proof of the cultivation and
reclamation of the land to which the certificate applies, to the extent required by the Reclama-
tion Aect for homestead entrymen: Provided that no such patent or certificate shall 1ssue
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until all sums due the United States on account of such land or water-right at the time of
issuance of patent or certificate have been paid.

Sec 2. That every patent and water-right certificate issued under this Aect shall

expressly reserve to the United States a prior lien on the land patented or for which water-right
is certified, together with all water-rights appurtenant or belonging thereto, superior to all
other liens, claims, or demands whatsoever for the payment of all sums due or to become due
to the United States or its successors in control of the irrigation project in connection with
such lands and water-rights.
. Upon default of payment of any amount so due title to the land shall pass to the
United States free of all encumbrance, subject to the right of the defaulting debtor or any
mortgagee, lien holder, judgment debtor, or subsequent purchaser to redeem the land within
one year after the notice of such default shall have been given by payment of all moneys due,
with eight per centum interest and cost. And the United States, at its option, acting through
theoSecretary of the Interior, may cause land to be sold at any time after such failure to
redeem, and from the proceeds of the sale there shall be paid into the reclamation fund all
moneys due, with interest as herein provided, and costs. The balance of the proceeds, if
any, shall be the property of the defaulting debtor or his assignee: Provided that in case of
sale after failure to redeem under this section the United States shall be authorized to bid
in such land at not more than the amount in default, including interest and costs.

Sec. 3. That upon full and final payment being made of all amounts due on account
of the building and betterment charges to the United States or its successors in control of the
project, the United States or its successors, as the case may be, shall issue upon request a
certificate certifying that payment of the building and betterment charges in full has been
made, and that the lien upon the land has been so far satisfied and is no longer of any force
or effect’except the lien for annual charges for operation and maintenance: Provided that
no person shall at any one time or in any manner, except as herein after otherwise provided,
acquire, own, or hold irrigable land for which entry or water-right application shall havs
been made under the said Reclamation Act of June seventeenth, nineteen hundred and two,
and Acts supplementary thereto and amendatory thereof, before final payment in full of all
instalments of building and betterment charges shall have been made on account of such
land in excess of one farm unit as fixed by the Secretary of the Interior as the limit of area
per entry of public land or per single ownership of private land for which a water-right may
be purchased respectively. nor in any case in excess of one hundred and sixty acres, nor shall
water be furnished under said Acts nor a water-right sold or recognized for such excess; but
any such excess land acquired at any time in good faith by descent, by will, or by fore-
closure of any lien may be held for two years and no longer after its acquisition; and every
excess holding prohibited as aforesaid shall be forfeited to the United States by proceedings
instituted by the Attorney-General for that purpose in any court of competent jurisdiction;
and this proviso shall be recited in every patent and water-right certificate issued by the
United States under the provisions of this Act.

Sec. 4. That the Secretury of the Interior is hereby authorized to designate such
bonded fiscal agents or officers of the Reclamation Service as he may deem advisable on each
reclamation project, to whom shall be paid all sums due on reclamation entries or water-
rights, and the officials so designated shall keep a record for the information of the public

8
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of the sums paid and the amount due at any time on account of any entry made or water-right
purchased under the Reclamation Act; and the Secretary of the Interior shall make pro-
vision for furnishing copies of duly authenticated records of entries upon payment of reason-
able fees, which copies shall be admissible in evidence, as are copies authenticated under
section eight hundred and eighty-eight of the Revised Statutes.

Sec 5. That jurisdiction of suits by the United States for the enforcement of the
provisions of this Act is hereby conferred on the United States district courts of the districts
in which the lands are situated.

Approved August 9, 1912. (37 Stat., 265.)

AN ACT making appropriations to supply deficiencies in appropriations for the fiscal year
nineteen hundred and twelve and for prior years, and for other purposes.

3 . » . . . . . . b

That any desert-land entryman whose desert-land entry has been embraced within the
exterior limits of any land withdrawal or irrigation project under the Act of June seven-
teenth, nineteen hundred and two, known as the Reclamation Act, and who may have
obtained a water supply for the land embraced in any such desert-land entry from .the
reclamation project by the purchase of a water-right certificate, may at any time after having
complied with the provisions of the law applicable to such lands and upon proof of the
cultivation and reclamation of the land to the extent required by the Reclamation Act for
homestead entrymen, submit proof of such compliance, which proof, if found regular and
satisfactory, shall entitle the entryman to a patent and a final water-right certificate under
the same terms and conditions as required of homestead entrymen under the Act entitled
“An Act providing for Patents on Reclamation Entries and for other purposes, approved
August ninth, nineteen hundred and twelve.”’

- L - L L] L L .

Approved August 26, 1912. (37 Stat., 610.)

APPENDIX B

The Carey Act.

THE original Carey Act of 1894 is as follows: —

““ That to aid the public-land States in the reclamation of the desert lands therein, and
the settlement, cultivation. and sale thereof in small tracts to actual settlers, the Secretary
of the Interior, with the approval of the President, be, and hereby is, authorized i-‘nd
empowered, upon proper application of the State, to contract and agree from time to timeé
with each of the States in which there may be situated desert lands as defined by the ,Act
entitled * An Act to provide for the Sule of Desert Land in certain States and Territories,
approved March third, eighteen hundred and seventy-seven, und the Act amendatory thereof,
approved March third, eighteen hundred and ninety-one, binding the United States to donate,
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grant, and patent to the State, free of cost for survey or price, such desert lands, not exceed-
ing one million acres in each State, as the State may cause to be irrigated, reclaimed,
_occupied', and not less than twenty acres of each one hundred and sixty acre tract cultivated
by actual settlers, within ten years next after the passage of this Act, as thoroughly as is
required of citizens who may enter under the said desert-land law. Before the application
of any State is allowed or any contract or agreement is.executed or any segregation of any
of the land from the public domain is ordered by the Secretary of the Interior, the State shall
file @ map of the said land proposed to be irrigated, which shall exhibit a plan showing the
mode gf the contemplated irrigation, and which plan shall be sufficient to thoroughly irrigate
and reclaim said land and prepare it to raise ordinary agricultural crops, and shall also show
the source of the water to be used for irrigation and reclamation, and the Secretary of the
Interior may make necessary regulations for the reservation of the lands applied for by the
States to date from the date of the filing of the map and plan of irrigation; but such reserva-
tion shall be of no force whatever if such map and plan of irrigation shall not be approved.
That any State contracting under this section is hereby authorized to make all necessary
contracts to cause the said lands to be reclaimed and to induce their settlement and cultivation
in accordance with and subject to the provisions of this section; but the State shall not be
authorized to lease any of said lands or to use or dispose of the same in any way whatever,
except to secure their reclamation, cultivation, and settlement. As fast as any State may
furnish satisfactory proof, according to such rules and regulations as may be prescribed by
the Secretary of the Interior, that any of said lands are irrigated, reclaimed, and occupied
by actual settlers, patents shall be issued to the State or its assigns for said lands so reclaimed
and settled : Provided that said States shall not sell or dispose of more than one hundred and
sixty acres of said lands to any one person, and any surplus of money derived by any State
from the sale of said lands in excess of the cost of their reclamation shall be held as a trust
fund for and be applied to the reclamation of other desert lands in such State. That to
enable the Secretary of the Interior to examine any of the lands that may be selected under
the provisions of this section there is hereby appropriated out of any money in the Treasury
not otherwise appropriated, one thousand dollars.”

Little development took place under this Act as it stood, because the lands were not
handed over to the State until partially cultivated. This was remedied in 1896 by the
following Act:—

‘“ A lien or liens is hereby authorized to be created by the State to which such lands
are granted and by no other authority whatever, and when created shall be valid on and
against the separate legal sub-divisions of land reclaimed, for the actual cost and necessary
expenses of reclamation and reasonable interest thereon from the date of reclamation until
disposed of to actual settlers; and when an ample supply of water is actually furnished in a
substantial ditch or canal, or by artesian wells or reservoirs, to reclaim a particular tract or
tracts of such lands, then patents shall issue for the same to such State without regard to
settlement or cultivation: Provided that in no event, in no contingency, and under no
circumstances shall the United States be in any manner directly or indirectly liable for any
amount of any such lien or liability in whole or in part.”

A further defect of the original Act kept back development, and this was the limita-
tion of ten years from the date of passage, i.e., from 1894-1904. This was remedied in

1902 as follows:—
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‘ That section four of the Act, eighteen hundred and ninety-four, is hereby amended
so that the ten years’ period within which any State shall cause the lands applied for under
said Act to be irrigated and reclaimed, as provided in said section, as amended by the Act
of June 11, 1896, shall begin to run from the date of approval by the Secretary of the Interior
of the State’s application for the segregation of such lands: and if the State fails within
said ten years to cause the whole or any part of the lands so segregated to be so irrigated and
reclaimed, the Secretary of the Interior may, in his discretion, continue said segregation for
a period of not exceeding five years, or may, in his discretion, restore such lands to the public
domain.”

After this alteration development was rapid. It was found, however, that big schemes
required considerable time to be worked up, and, to prevent other speculators from cutting
in during the making of investigations and plans, an amendment was passed in 1910 allow-
ing the withdrawal *‘ temporarily from settlement or entry areas embracing lands for which
the State or Territory proposes to make application pending the investigation and survey
preliminary to the filing of maps and plats and application for the segregation’'; it being
provided * that if the State or Territory shall not present its application for segregation and
maps and plats within one year after such temporary withdrawal, the lands so withdrawn
shall be restored to entry as though such withdrawal had not been made.”

The above are the chief Federal Acts dealing with Carey Act Settlement. The details
of actual working are left to the various State Legislutures. The following are abstracts
from the laws of Idaho State, which illustrate the relution of the State to the constructing
company and settler: —

" CONTRACT BETWEEN STATE AND ProrosED (ONTRACTOR.

“Sec. 1621. Upon the withdrawal of the land by the (Federal) Departmeat of the
Interior, it shall be the duty of the (State) Board to enter into a contract with the parties
submitting the proposal, which contract shall contain complete specifications of the location,
dimensions, character, and estimated cost of the proposed ditch. canal, or other irrigation
works; the price and terms per acre at which such works and perpetual water-rights shall
be sold to settlers; and the price and terms upon which the State is to dispose of the lands
to settlers. This contract shall not be entered into on the part of the State until the with-
drawal of the lands by the Department of the Interior and the filing of a satisfactory bond
on the part of the proposed contractor for irrigation works, which bond shall be in a penal
sum equal to five per cent. of the estimated cost of the works, and shall be conditioned for
the faithful performance of the provisions of the contract with the State.

““SEc. 1622. No contract shall be made by the Board which requires a greater time
than five years for the construction of the works, and all contracts shall state that the work
shall begin within six months from date of contract; that at least one-tenth of the construc-
tion work shall be completed within two years from the date of said contract; that con-
struction shall be prosecuted diligently and continuously to completion, and that a cessation
of work under the contruct with the State for a period of six months after the second year,
without the sanction of the Board, will forfeit to the State all rights under said contract.

““Sec. 1623. Upon the failure of any parties having contracts with the State for the
construction of irrigation works to begin the same within the time specified by the contract,
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or to complete the same within the time or in accordance with the specifications of the con-
tgact with the State, to the satisfaction of the State Engineer, it shall be the duty of the
Register to give such parties written notice of such failure; and if, after a period of sixty

" days from the sending of such notice, they shall have failed to proceed with the work or to

conform to the specifications of their contract with the State, the bond and contract of such
parties and all works constructed thereunder shall be at once and thereby forfeited to the
State; and it shall be the duty of the Board at once to declare and to give notice once each
week for a period of four weeks in some newspaper of general circulation in the country in
which the work is situated, und in one newspaper at the State capital in like manner and for
a like period of the forfeiture of said contract, and that upon a fixed day proposals will be
received at the office of the Board in the Capitol at Boise City for the purchase of the in-
completed works and for the completion of said contract, the time for receiving said bids to
be at least sixty days subsequent to the issuing of the last notice of forfeiture. The money
received by the Board from the sale of partially completed works under the provisions of this
secti®n shall first be applied to the expenses incurred by the State in their forfeiture and dis-
posal, and to satisfying the bond; and the surplus, if any exists, shall be paid to the original
contractors with the State.”

. STATE NOT To BE RESPONSIBLE FOrR WORK,

‘““ SEc. 1624. Nothing in this chapter shall be construed as authorizing the Board to
obligate the State to pay for any work constructed under any contract, or to hold the State
in any way responsible to settlers for the failure of contractors to complete the work accord-
ing to the terms of their contracts with the State.”

It is required of the settler in applying to the State for land that *‘ such application
must be accompanied by a certified copy-of a contract for a perpetual water-right made and
entered into by the party making application with the person, company, or association who
has been authorized by the Board to furnish water for the reclamation of such lands.”’

Proor oF RECLAMATION BY SETTLERS,

“ Sec. 1628. Within one year after any person, company of persons, association or in-
corporated company, authorized to construct irrigation works under the provisions of this
chapter shall have notified the settlers under such works that they are prepared to furnish
water under the terms of their contract with the State, the said settler shall cultivate and
reclaim not less than one-sixteenth part of the land filed upon, and within two years after
the said notice the settler shall have actually irrigated and cultivated not less than one-eighth
of the land filed upon, and within three years from the date of said notice the settler shall
make final proof of reclamation, settlement, and occupation, which proof shall embrace
evidence that he is the owner of shares in the works which entitle him to a water-right for
his entire tract of lund sufficient in volume for the complete irrigation and reclamation
thereof ; that he has been an actual settler thereon, and has cultivated and irrigated not less
than one-eighth part of said tract.”

WaTER CoNTRACTS A LIEN oN LaAND: FORECLOSURES.

“Sgc. 1629. . . . The water-rights to all lands acquired under the provisions
of this chapter shall attach to and become appurtenant to the land as soon as title passes from
the United States to the State. Any person, company, or association furnishing water for
any tract of land, shall have a first and prior lien on said water-right and land upon which

K}
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such water is used for all deferred Payments for said water-right, said lien to be in all
respects prior to any and all other liens created or attempted to be created by the owner and
possessor of said land; said lien to remain in full force and effect until the last deferred

payment for the water-right is fully paid and satisfied according to the terms of the contract
under which said water-right was acquired.”’

——

CHAPTER XVIII

IRRIGATION LAW

The Law of Prior Appropriation.

THERE is no general Irrigation Act such as we have in South Africa .

which would apply throughout the whole of the United States. All
State law is subject to the Federal law, but the Federal Government
has scarcely touched irrigation law, and the Federal courts consequently
only deal with irrigation disputes when the matter concerns more than
one State. Apart from inter-State difficulties, therefore, each State
frames its own irrigation laws quite independently of any Federal control.

It is natural to suppose that in consequence there would be
considerable differences in the irrigation laws of the various States. AS
a matter of fact, if we exclude California and two or three other States,
there is a remarkable resemblance in the general principles of irrigation
law in the majority of Western States, especially in the fundamental
doctrine of prior appropriation. Idaho and Colorado will be taken as
examples in the following description of this doctrine because storage
questions are beginning to be of importance in these States, in both of
which I visited the State Engineers’ offices.

The fundamental principle of the law of prior appropriation may
be gathered from the following extract from the Constitutions of these
two States. The Colorado Constitution lays it down that “the right to
divert the unappropriated waters of any natural stream to beneficial
uses shall never be denied. Priority of appropriation shall give the
better right as between those using the water for the same purposes,”

and domestic use has preference over agricultural and the latter over
manufacturing use.

In the Idaho Constitution we find the same words, with the

addition that “ priority in time shall give superiority of right in the
numerical order of settlement and improvement.”
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We should first note that use of the water is not restricted- to
,owners of riparian land, i.e. to those whose land is actually bordering

on the stream.

The above law makes it clear that the first man, A, to decide to
ise the waters of a stream for irrigation _establishes a right to e?s-muc.h
water as he can beneficially use, and any othe.r person, B, deciding to
carry out a scheme at a later date, whether hlgher up or lower down
the stream, can in the same way establish a right to as much water

_as he can beneficially use, but only after A’s prior right has been

satisfied. Similarly, C, D, etc, can establish rights. to what remaigs
after A and B have been satisfied, and if A then decides to enlarge h.1s
work, he gets an additional right, but only after B, C, D, etc., who in
the meantime obsained rights, have received the flow which they have
appropriated.

. So long as the conditions fixed by the State for determining
beneficial use are fulfilled, there is no limi!; to the amount of the
appropriation. Thus, if the first man, A, decides to carry out a quk
capable of utilizing the whole flow of the stream anq actually carries
out such scheme and proves beneficial use, then that is an end.to Fhe
possible development from that stream. No one, not even a riparian
owner, can then disturb A’s right to the whole flow.

.The great advantages of this priqciple are .tha,t the .pioneers in
development have their reward in definite water-rights which can not
be upset by later developments above them, and thgt the establishment
of rights along a stream becomes ah'nost. automatic. As a matter of
fact, the State now provides an organization for recording ?he times of
appropriation in order, for seeing that .the works are carrled. out and
beneficial use made within specified times, a}nd for s}lperv131ng the
actual distribution of water according to the rights obtained by appro-
priation. This organization will be dealt with after seeing how the

principle works in a few typical cases.

We shall first consider direct irrigation without storage. It is
only recently that the need for storfzge has become apparent. The early
laws contemplated only direct leading by furrows. In the early stages
of development there was usually enough water for cons1d-erable
development by direct irrigation, and th.e need for great economy in use
was not pressing. Consequently, in fixing some measure qf reasonable
use, the only limit set to the amount of water appropriated was a
maximum rate of flow proportioned to the area. In Idaho this was
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fixed as 1-50th cusec per acre, and practically all rights have been
Qetermined in amount on this basis,

Consider first an imaginary stream with a constant flow of 1000
cusecs throughout the year, neglecting- losses or gains en route by
seepage or tributaries.

The graph of such a river Would be represented by the full
horizontal line of fig. 1.

° The first to appropriate water is A in 1901, and he proves
beneficial use for 10,000 acres and establishes a right to 200 cusecs. B
then comes along in 1902 with a scheme for 20,000 acres, and by
beneficial use establishes a right to 400 cusecs. C comes later, in 1903,
with a scheme for 15,000 acres and establishes a right to 300 cusecs.
In’1904, D wishes to irrigate as large an area as possible, but, as A, B,
and C have established rights to a total of 900, there are only 100
cusecs left, and he can therefore claim this for 5000 acres. The possible
development for this stream being now complete, no one else has a
right to use the water of the stream for direct irrigation. As this
imaginary river has a constant flow, A has no advantage over B or C,
all enjoying equal security against others who wish to use the water.
But suppose that the constant flow suddenly falls to 800 cusecs, the
result will be that D gets no water at all, and C, even if he is situated
above B and A, must let 600 cusecs pass down to them and can only
use the balance of 200 cusecs.

We have assumed that all the irrigators require the water
throughout the vear, as they do in the South. In Idaho and Colorado,
and generally in the North, irrigation is practised only for a part of
the year—in summer—and no water is required for direct irrigation
during winter. By limiting the period of the year during which the
right to direct flow can be exercised, it is therefore feasible to extend
the possibilities of the imaginary stream by storage works which will
conserve the winter flow. Suppose we take the storage period (as fixed
in Colorado) to be from 1st October to 15th April, the rights of A, B,
C, and D will then be restricted by the vertical dotted lines shown in
fig. 2, and the areas to right and left will be available for storage.

The principle of priority of appropriation is held to apply to
storage as well as to direct irrigation. In the case of storage, instead
of the rate of flow, the total volume that can be stored is limited by
a maximum proportioned to the area to be irrigated. In Idaho this
maximum is fixed at 5 acre-feet per acre, and each reservoir is allowed
to take out this maximum once a year during the storage period and in

8a .
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oi(c)ier of priority. It is necessary to distinguish between two types of
storage work, one across the stream and the other away from th3
stream and fed by a furrow of limited capacity.

Suppose, then, in 1905, F is the first to propose a reservoir acrogs
the stream to irrigate 12,000 acres. He acquires a right to 60.000 acre-
ieet by bepeﬁcial use and fills his reservoir by taking the whole flow
f::tapp:‘);lm‘:gﬂy one month (assuming 1 cusec as equivalent to 60 acre-
stor'u?ge hasont ).b The date at which the first appropriator is to beginl
Cotons, ? e fixed, but 1st January appears to be the (.jat.e m

olorado. By the end of January, then, E has stored his limit of
60,000 acre-feet (as represented by arca E, fig. 2) and thereafter must
allow to flow out of his reservoir as much ashmmos in.

[ 4
12,000 In 1906, F builds a reservoir away from the stream to irrigate
cu,se atCWS, anq constructs a furrow with a maximum capacity of 99
¢s to feed it. It will take him roughly two months to fill his

;'lesetl)'VO}r to the ‘maximum capacity allowed, viz. 60,000 acre-feet, and
© begins after E has filled his reservoir.

i In 1907, G situated above all the other irrigators, construct!? a
In across the stream to store 180,000 acre-feet for 36,000 acres. pDuring
gf,nuary he must pass the whole flow down to E. during February 8‘“‘1
thzzght,vt;(e) must pass 500 cusecs to F and can store the balance d“""lg
fom. B III:(t)}I:ths, and from 1Ist to 15th April he can take th(‘.“'h(’hz

eri(.)d fy - ‘f\‘p.“l bp has‘not vet filled his reservoir, but now t
P of direct irrigation begins, and, after 15th April, he cannot store
ani of the ﬂo“.', He .n.m'\"t pass the whole down for A, B, C. and D,
?,n. P.I'Obabl.y, In addition, passes down most of his stored water for
;Tlf(ligatlng his own lands. On 1st Oclober he continues storing water,
can take the balance of the 180,000 acre-feet which he could not

%et before the irrigating season, and he will have exhausted his right
y about the middle of November.

ey s xt
This water he holds over for ne
year.

feet f " 1908 H appr(?l)riat.GS, for about 4600 acres, about 22,500 acre:
‘0T an outside reservoir to be fed by a furrow of 250 cusee
capacity, and, in 1909, I takes for about 14,6()0 acres all that is left bY
;Icl’:ar;zxtzf Z reservo}r across the stream. Both H and 1 hold ?he wa:i:
el gener)alar. 'flhxs imaginary stream with a constant flow 111115t!"".t{1
o & met OFIS of the law of prior appropriation, thougb b
gar to storage it should be noted that in both States there 1S still
considerable uncertainty as to the law.
From this imaginary riv

" an
. er we can pass lo the conditions 0D
actual river. pass to tl

Instead of the straight line of constant flow the graph
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of flow will be a curve with several peaks, and the curve for each year
%ill be different. The curves giving. the average flow for a number of

- years for snow-fed rivers of the North will have the same general

characteristics as given in fig. 14 for the Boise River wi‘th a pronounced
maximum in early summer when the snows melt rapidly. The curve
for each year \\"ill, of course, have more peaks. than one, bu? for
simplicity we shall keep to a curve with a single 'peak. Fig. 3
represents the graph of such a river for an average, a high, and a 10\.N
year. The advantage of priority is now more apparent. A gets his
full supply throughout the irrigating period in good and bad years. B
and C get their full supplies for shorter periods, and D runs the risk,
in a low year, of getting no water at all.

Suppose D is the last who will take‘ the risk of carrying oult1 a
work depending only on direct leading. .I<urth§r development 1:“;i t in
by storage, and the principle of priority 1s again followed. E (fig. 4),
who follows, will appropriate a certain volume at the rate of 5 acre-
feet per acre, and probably. at the same time, a direct flow at the ratg
of 1-50th cusec per acre, but his total in both ways must ngt excee
5 acre-feet in the year. He will probably not fill his reservoir to full
capacity before the irrigating season, but will stop short by as much
as he estimates he will take by direct flow at a much slow.er rate
during the irrigating period. Even if those who follow cotI;ltmue tﬁ
appropriate most of the flow outside the 1rr1ga.t1ng period, ere.\v1t
still be left a volume—at the peak of the flood—In excess of the direct-
flow appropriations, and this would run to waste unle.ss some arrange-
ment were made for appropriating it by storage. This excess “appears
to have been classed separately as ” flood flow,” as opposed 'to normaf,l
flow,” in the latest Idaho Regulations (1913) (see Appendix), and 1s
liable to storage in the same way as winter ﬂ(?W, the.person Or persons
whose turn it is to fill up their reservoirs taklpg.the'lr water from.th1s
excess instead of waiting till the close of the irrigating period. ' Elg. 4
illustrates a possible arrangement for complete use of the water in an
average year. ‘

If another person. sav X, decides to constru?t a furrow .solel._\
for direct irrigation after G's but before H's reservolr apprppnatpn, .1t
is not clear whether he has the right to begin irrigating while G is still
filling up, or whether he has to wait till G is filled 'up. -

The horizontal lines separating the users (lurlr.lg‘the irrigating
period have been drawn straight, indicating that each 1r1'1gat9r uses the
maximum flow he is entitled to throughout the whole period. As a
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matter of fact, there will be periods when less than the maximum flow

will be used. The lines will then be curved downwards to the
advantage of later appropriators.

Much of the preceding discussion of storage is based on rules
only recently framed. In aetual practice there has been considerable
lack of. method in regulating storage appropriations. In Idaho the first
regule?tlons for storage as distinct from direct irrigation were publisheéd
only in .N‘Iarch, 1913, and as yet there is no example of the adjustment
of priorities of storage for a number of reservoirs along one stream Of
of the more complicated problem where appropriations for direct flow
onl.y are made after storage appropriations. Where streams such as the
Boise, Salmon River, and Cottonwood Creek have been almost fully
developed, the problem has been simplified by the construction of &

single huge. reservoir on each stream, and the question of dividing
water for different storage works does not arise.

In Colorado there is an example on the Cache La Poudre River
where very high development has been reached by a number of storage
reservoirs. But these are mostly situated away from the river and are
fed by'furrows; the problem is therefore an easier one than where the
Teservoirs are across the stream with no limit to the capacity of intake.

On this river an interestin
. . g system of exch . has been developed
which will be referred to later. ange has been p

From the above outline of the
appropriation, it will he
development have their

principles of the law of prior
seen that its great merits are that pioneers in

that 11 reward in a superior and unassailable right;
at rights are almost automatically acquired; that a limit to the

devel.opme.nt of a stream is also automatically demonstrated; and that
the right is quite. independent of the position of a scheme along a river,
the upper propr.letors having no advantage by reason of their more
faYourable position. It may be urged against this method that the
ex1st.er.10.e of earlier and, possibly, less favourable schemes excludes the
pos§1b111ty‘ of carrying out the most favourable scheme that could be
devised fc_>r th.e whole use of the river. But what other methods would
secure this WltlilOllt hampering development while waiting for the ideal
scheme? Nor is any provision made for apportioning water among &
numbeI: of people who may decide to carry out schemes at about the
sam(? time. _The first to appropriate, even if he is first by only a day,
obtains a prior right, and, so long as he proves beneficial use, he can
appropriate as much of the water as is not already appropriated. .This
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would appear to allow of large monopolies in water, but all the yvater-
rights are attached to the land irrigated, and, as we have seen in tl.le
chapter on Settlement, land can be acquired from Government only in
limited areas, usually less than 320 acres.

It should also be noted that proportional division of the whole
flow has been carefully avoided, ie. no decrees take the forrg of allow-
ing a scheme one-sixth or one-tenth or any other fraction of the
whole flow of the river at all times. The disadvax}tage of the latter
method, which at first sight appears Vvery simple, is that every new
scheme subsequent to division (especiall.y.a:bove the olde.r works) v;mtltlld
destroy the practical working of the division, and read]us.tment of the
whole division would have to take place at frequent intervals. A
further disadvantage is that the limits of dgvelopment are not at}tomatf;l-
cally demonstrated. The prior appropriation qlethod of deﬁnn}g thLe
l‘i:ght by a definite measure of water, irrespectn.fe of the flow in e
river and to be taken only after previous appropriators have ta.xken. their
ri’ghtful measure, allows of more methodical and final determination of
rights. o .

A great difficulty in the case of dirgct 1r?1gat10n 1s to fix 1ntha
simple way the rate at which the water-right 1s _propOI:tloned to ﬁ
area. Some figure must be used for the flow Wth-h. will serve eac
acre. What will suffice for each acre is a very variable quantity at
differetit times and in different parts even of the same scheme, depend-
ing on rainfall, soil, slope, ¢rop. method of irrigating. etc. To adopt 1a,
variable figure depending on all these circumstances woqld be extre.ame y
difficult, and the policy adopted has been to fix a u.mform maximum
rate of flow to be allotted per acre, and this figure 1s usually on the
liberal side. In Idaho it is J,th cusec, and in Wyoming 7,th cusec.

This gives the means which have generally' been adopted ioxl'
defining a right by some absolute measure. It is a very wastefu
method, however, and as streams are becoming more fully developed,
it is being realized that some further limit is necessary. If the supply-
curve of any canal for direct irrigation be studied, 1t w1¥l be found tfhat
it is never a straight horizontal line as represented 1n .the previous
diagrams, that is to say, that the canal does not run at its maximum
capacity throughout the irrigating period. If, for example, a canal were
to run at its maximum at the rate of ;\,th cusec per acre throughout the
168 days, the application to the land would amount to nearly 63 feet,
and, if allowed throughout the whole year, to over 14} feet——.absgrdly
high figures. Some other limit must be fixed Dbesides this single

>
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et e e e e+ e e i e

maxi
by ﬁz‘llll; frgmn?)?)ziv?t)ip roach to economy of water would be obtained
of use throughout the ons on a 'nunlbe}' of canals, an average curve
month. This was doneyear, “:lth a maximum varying from month to
ment between the Unite(’l gi t“'e have seetl, in the international agrev”
but it is very nearly im ates and Mexico on the Rio Grande scheme,
which the use depen"ds pO'S?lble because O.f the variable features OV
slope of land, methodq’oafs" o e.xamplt‘, rainfall, nature of crop, soil,
the Shoshone, where t‘he lfl‘lfgau?n, etc. Even on a scheme such &
uniform, we have motice lram all is !0\\: and the conditions are ffnrly
month as indicated by 1( goat Val‘la,tlon in the demand even IR &
seems reasonable and pr llC‘erI;e p'eaks,“ The only further limit which
& maximum to the totpalac?l(ia Jle is to fix, as is now done for storage
per acre). The maxinmn ‘-U 1u o an"ua}l.\' abstracted (say, in acre-feet
flow, would determine ttho ume, combined with the maximum rate of
would require continuous emrlg.ht. in absolute measure. This meth®d
increase the area that éoul lea}:ul_e’ﬁem of every canal. It would 1.10t
if the maximum of demand( e irrigated during the low-water period
(.)ther times a far greater \'o({iEe at that time, but it would relesse &
Increase the possibilities of ‘ ,for Sto}‘age, and would in this Way
a stream. No such method has yet been

adopted, but it probab i
e out, I gowa ly will be shortly, as the fact that a maximum

always be used. Bengf(i)?:ibaln0t~- n?QeSsarily mean that this maximum can
the Courts can reduce the use is always the measure of a right, That
by action taken on the Bl;S.e be.lo“' the maximum allowed is indicated
the Court sanctioned 3 ;) se River }"hel‘e, during one very low year,

unitorm reduction of rights from Jth to Jyrd cusec

per acre to give :
great demanfl Thit;l ) rlg?te-r. Appropriators a chance during a period of
praclice is a tendency towards proportional division

of the whole flow )
’ and, lf .
of water more economic generally adopted, would certainly make use

1 it w )
old rights. al, but it would tend to destroy the security of

- One of the chief difficulties where

O separate the storage period from t
and. to fix the date at which the
begin, as the first day .

storage has become necessary
: he period of direct irrigation
. of the ves f'u-st reservoir al’PPOpriation should
time to begin filling. In th} dr.ls not ,al“'ﬂ)’s the most favourable
Colorado, irrigation cannot 1 e, 1191t11e1~n States, such as Idaho and
States difficulty is experi o carried out in winter, but even in these
of the period of dire:clt) ill.(;imeq in fixing the seasons, especially the end
and in Colorado th gation, as the use dwindles down in autumb.

e practice of irrigating in late autumn for early

14
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spring crops is fairly common. In the extreme south of America, as

irrigation is practised throughout the year, it is impossible to define a

separate irrigation period, and storage must be allowed throughout the

year after prior direct leading appropriations are satisfied.

be no limit set to the rate at which storage
water can be taken, the only limit being to the capacity of the reservoir,
so that an appropriation to direct flow following an approprigtion fo.r a
jarge reservoir across the stream would be in a very uncertain position.
1 °could not find an example of allocation to a large number of
reservoirs and to direct irrigation furrows in mixed order of time on
an intermittant stream, which are conditions likely to be met with in
South Africa. The two rivers serving the Salt River and Rio Grande
schemes are the nearest approaches to our conditions, but on each river
the problem has been simplified by the construction of one huge
veservoir capable of holding more than the whole average flow of the
river and by combining in the scheme or buying out most of the older

rights.

Mention was previously made of the system of exchange as
practised with reservoirs on the Cache La Poudre River in Colora(.lo
and sanctioned by law. On this river the earlier development was 1D
the lower reaches of the river where the appropriation by direct flow
had reached a limit. At a later date the owners of the upper reaches
wished to develop their lands, but reservoir sites were lacking above
their’ lands, <o that theyv were prevented from using the direct flow by
prior appropriations lower down and from carrying out storage works
by lack of suitable storage sites above. DBelween the lands of the upper
and lower owners, however, there were several storage sites, and the
upper owners constructed reservoirs here, obtaining rights to flood
water, and (by arrangement with lower proprietors enjoying direct-flow
appropriations) they are allowed during the irrigating period to take out
water for their lands directly from the stream in exchange for the same
flow returned to the river from the reservolrs.
water-rights becomes more nearly
appropriation than by any other

. There appears 1o

Although the acquisition of

automatic by the method of prior
method, yet it was ecarly realized in most of the States that some form

of State control was necessary for systematic recording of the dates of
appropriation, for proving the extent of beneficial use, and for super-
vising the actual distribution of water according to priorities. For this
purpose the office of State Ingineer has been created in most States.
In some States (e.g. Wyoming) the State Engineer aund a number of

State
Super-
vision

Water
Courts.
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superintendents also constitute a Water Court, but in Idaho and
f)olorado, l?eyond giving evidence, the State Engineer does not take part,
in .the.a.d]udication of legal rights or in the settlement of disputes,
which is dqne by the ordinary State Courts. It is worth noting, how-
ever, that in the last report of the State Engineer of Colorado, he
?ecommends that a Water Court be established consisting of three
;udges:, t1§e State Engineer to be one, and the other two lawyers learned
In irrigation law. Our South African Water Court, established by the
.Act of 1912, .consisting of a lawyer, an engineer, and a private assessor,
is therefore in keeping with, if not an improvement on, the very latest

.rec.omr'nendation of the State Engineer of one of the leading States in
irrigation development.

] At present, however, in these two States the functions of the State
Englpe.se.r are not to adjudicate water-rights, but only to supervise the
acqulsltlop and adl.ninistration of these rights. But these functions aré
now carried out with such systematic thoroughness and detail that the
records of thfa State Engineer’s office will always be the chief factor in
the actual adjudication of rights. The office of State Engineer is, how-
ever, of comparatively recent date, and irrigation development had pro-
ceeded for some time before the modern methods of control had been

introduced, and to adjudicate the earlier ri i
’ >t r rights i lly a
matter of greater difficulty. ghts is therefore usually

. All t.hat was formerly required before construction was a public
notice of .mtentlon to appropriate a certain flow. ‘This was often
measured in variable and uncertain units, and there was no supervision
to see that works were diligently carried out or that beneficial use of
thf" v.vhole appropriation was proved within a reasonable time. A person
wishing to appropriate a part of the flow later on, would therefore be
In great uncertainty as to the extent of previous appropriations on &
strez.zm with a large number of old appropriations. To put matters
straight he would have to bring a case before the Water Court against
each of the old users for definition of rights, and the Court would then
have to determine these from evidence as to date of appropriation and
exte_nt of beneficial use. The State has not the right through its State
Engmef?r' to request a Court to define the rights along a stream; such
a definition can originate only from one of the aggrigved parties, who
must name all other users as defendants. This state of affairs existed
on 'the Boise River when the United States Reclamation Department
d.emded to build the Arrowrock dam, and in order to define all the old
rights along the river, the Reclamation Department have applied to the
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Court for a definition of rights along the Boise River, naming over
.thirty irrigation companies and nearly eighty individual appropriators
as defendants. A similar case is referrgd to under the Salt River
scheme in Arizona State. If the modern methods of recording and
supervising rights had been in force from the outset, such difficulties
would not have been so great. It is therefore advisable to start some
method of systematic record of appropriations as early as possible, and
the following is an outline of the methods adopted in Idaho State.

The person who wishes to carry out & work must first make an
application to the State Engineer on a printed form (for this and regu-
lations, see Appendix). In this form he must give a map showing the
location of the works and lands to be irrigated, a statement of the area
to.be irrigated, and the nature and cost of the works. If the work is
a large one (requiring over 25 cusecs direct flow or 6250 acre-feet of
storage), the map must be prepared by an engineer. This application
must be accompanied by fees in proportion to the appropriation—for
direct flow $1 for the first cusec and 10 cents for each additional cusec,
and for storage $1 for the first 250 acre-feet and 10 cents for each
additional 250 acre-feet.

The State Engineer does not inspect the proposed works, but
merely examines the application form to see that it is correctly filled in,
and if it is in order he records it and issues a permit to the applicant
to comstruct the proposed work. Before a final “licence” is issued, the
applicant has to prove diligent construction and beneficial use by
fulfilling the following conditions :—

(1) Construction must actually begin within sixty days of the
issue of permit, and must be continued diligently and
uninterruptedly till completion. For the larger works a
bond is required as security.

(2) A time not exceeding five years is fixed by the State
Engineer for completion of works, and one-fifth of the
work must be completed within half the time allowed.

(3) After completion of the works another six years are
allowed as a maximum for proving beneficial use by
actual cultivation of the land. Only four years were
formerly allowed for this, but it has been found necessary
to extend the time to six years.

Thus a maximum of eleven years is allowed an applicant in
which to perfect his right and obtain his “licence.” During this period
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t:‘; ?:::;sEggflneer sees.that the conditions are fulfilled. Thus at least
hold; efore the tlmg fixed for completion of works the person,
olding a permut must notify the State Engineer that he is prepared to
‘p;l;\l;e f:ompletlon, and public notice of this must be given for four
demasn (lincz.rémlz:tl. newspaper. The State Engineer may, for larger workss
the canal topf ﬁm proﬁ.les and crqss-sections and an actual running of
works and ifuh caf'ipamt}t. In this way he tests the capacity of the
substitutes the sxg llnds it less than declared in the application, e
In a similar wa a.tel:‘. cap amt.y for the original figures in the permit.
public notice thys\fl n th.e time ﬁxed for proof of beneficial use, after
used at the o] e : ate Engineer satisfies himself that the water is being
that the areg aizeb named and.fOr the purpose originally intended, and
final * licence” | properly cultivated and irrigated. He then issues &
one clse oan o in laccordance with his finding. The applicant or any
of issue or ré)fil)leal tofth('3 Fourts against his finding within sixty days
measure of the S'ah 0 hce-nce’ This *licence” then determines the
dates from the dmt,g tl'f and if all the conditions have been fulfilled it
years involves la,‘e N hlq first ?ppllcation for permit. Non-use for five
works has 1o oss of “licence. Any subsequent enlargement of the
" licence ” is obt Qasz through the same process, and an additional
attor all auols atr‘le separate from th former and in priority ranking
These i pplications between the original and the new application.
: 1cences are not actual decrees, but they will have all the force
;)m zu;:h tunle'ass upset by Court, and they will always be the * most
lp rtant evidence when any dispute is brought into Court. In Idaho,
aone, during 1912, the State Engineer received 3512 applications for
P erm1t§, proof of completion of works was offered for 664 cases, and
ﬁnal. licences were issued for 497 cases. This work alone occupies &
considerable staff in the State Engineer's Office, where most elaborate
and r_nodern card-indexed filing systems are emploved, arranged
according to names of applicants, rivers, and districts. )

Other work of the State Engineer is the supervision of Carey
Ac? schemes and also the distribution of water according to priorities.
This latter ‘is one of the most important functions of the §tate EngineeT,
and for this purpose an enormous field force of assistants is required.
The whole is controlled by a board consisting of the State Engineer
and three Water Commissioners each in charge of a division of the
State. .Each division is divided into separate river districts which make
cc?ananlent units. There are over forty of these districts in Idaho. Each
district appoints its own water master and as many assistants as
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required by vote, every } cusec right carrying one vote. These officials
are only called out when there is scarcity of water, and when two or
more appropriators apply for them. Their pay is pro-rated among the

users according to the volume of water supplied to each.

The law makes it compulsory for every user to have a permanent
head-gate and measuring weir or flume to his work; all the head-gates
must be provided with locks and keys, which are held by the water
master.

Some such control is absolutely essential on the more fully
developed rivers, as the problem of proper distribution according to
priorities is then usually a most complicated one. Not only has every
canal flow to be measured, but the river flow has to be measured
at numerous points to determine seepage losses and gains, and
telephonic communication along the river is almost essential. The
problem is especially difficult where storage works are numerous and
where the stream itself is used to convey storage as well as
direct-flow water. An example of this was given on the Snake
River where a storage work is constructed near the head of the
river for lands some 250 miles lower down. The storage water has to
be passed down this length, and at the same time the prior rights of
some fifty users have to be satisfied as if the storage waters were not
mingled with the ordinary flow, and seepage losses and gains, which
are «onsiderable along the whole length, have to be allowed for.

It is provided by law that the State Engineer should also collect
hydrographic data on all the streams of the State, but sufficient funds
have never been provided for this necessary and useful work.

The above outline of the modern development of the doctrine of
prior appropriation has been given in some detail, as it is one of the
few original schemes worked out by a country which, like South Africa,
has a water supply insufficient for the whole irrigable land. In
California the old riparian-right doctrine still has considerable force,
but so modified and uncertain that it is impossible to deal with it
briefly.
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APPENDIX.

Giving Rul 0
ules and Regulations of Appropriation and Specimens of Application Form and
Catd-indc_x for Idaho State.

Effective March 19, 1913.

STATE ENGINEER'S OFFICE.

RuLes axp R
b EGULATION . :
ONS RELATIVE To APPLICATION ForR PERMIT To APPROPRIATE THE

PrsLic Waters.

(34

The laws of the i
say sataal State authorize the appropriation for beneficial use of the waters of
stream, springs or seepage waters, lakes

intending to a.ppropriate water must file with the State
accordance with the following iustructions

The applicati .
I it i foungpthai 1:;:; l:lalng ;1_1ust l_)e filled in legibly with ink, or preferably on typewrit:r.
ed lines 1n any paragraph of the blank are insuflicient the space

e u.ﬂe\, proper refereDCQ thel‘eto 1 g
g! p p emark . ,’ vt S l d l’k \A‘( . 2!, .
a h bV the expression See I{ ]\ (V] l ee l ema ) et('

or other public waters. Any person
Engineer an application for perwmit in

ds to Application Blank.

Each of the followin ; :
. g instruction ‘ . . .
which the application blank s divided. refers to one of the nine main paragraphs into

1. Insert na : :
me of applicant, his post office address, und county of residence. Sub-

divisions ‘‘ I’ GTT
: and ““ IT " are only to be filled in when applicant is a corporation.

2. State the i . .
second, the equi‘-aleﬁ‘:ag}tl}g Of. Wate.r claimed in cubic feet per second, one cubic foot per
ol miners inches measured under a 4-inch pressure, being a enaxi-

mum d b N y B
g 5 ) Cep 1n er unus \
all()we fOX t]le 1Tl atl()n ()1 ” acres, ex 1 AY “(‘ll Cases

If flood or winte
r i : .
claimed, not to exceed 5 a(c)': ‘;’atera.are claimed for storage, specify in acre-feet the quantity
flow and flood and winter fi ericet of water ber acre of land to be irrigated. If both normal
exceed the equivalont of o ow ?ater are claimed the total amount of water claimed must not
cubic foot per second for eaccoli1 ;3“0113 flow, during the irrigation season, of more than one
acres of land to be irrigat f
. ated or 1 5 ncre-feet ©
stored water for each acre of land to be irrigated ¢ wore than § e

3. Give the na . .
of supply is a springl:: O:e:)tredm or lake constituting the source of supply. 1If the source
T . seepage water, give legal descripti ' . act i icl
1t 18 situated; if an unnamed stream or lake ccription of the 40-acre tract b LA

. _ )
named lake.” , insert the words ** unnamed stream’’ or * UB-

Where tw
oormu SOUTCes : lai 1
and specify th 10n.e sources are claimed, name or describe each Sel‘amtely
¥ the amount of water claimed from each

4. When the : lai
feet and point of die am.oun.t claimed does not exceed 25 cubic feet per second or 6250 acre-
version 1s on surveyed land, locate same by giving the legal description of

the 40-acre tract in which it is i .
which it is situated.  If upon unsurveyed land, give approximate distance

to the mou 1 1 i

oo Sttrl;:;fl si:'e:;lr: i::;:irhwb“f:ater 13 clu{med, or to the mouth of some creek Howing

and describe each separately 5:1. 1 1.\el'e there 1> more than one point of diversion, “umbel..

ring on teon P ¥, nd place such diversion numbers on the maps. In case of
yed land, tie to some permanent and prominent landmark.

>
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Where the water claimed exceeds 25 cubic feet per second, or 6250 acre-feet, the above
- instruction is sufficient for temporary filing. At the time of filing completed application,
point of diversion is to be located as follows: If upon or near surveyed land, tie point of

diversion by course and distance to section or qu

arter section corner and insert such tie in

paragraph 4 of the blank, or if there is not spfficient room in said paragraph tie should be

as required for the location of diversion-point given in the instruction under

If point of diversion is more than two miles from a corner of a public survey,

paragraph 4.
the tie may be

‘made to the mouth of the stream from which the water is claimed or to the mouth of some

creek flowing into said stream.
manent and prominent landmark.
5. State purpose for which water is to be used and fill
referring to such use. If water ist
locate the point of return to stream. if there be such,
asgequired for the location of diversion point given i1

In cases of springs tie by course and distance to some per-

in the particular sub-divisions
o be used for other than irrigation or domestic purposes,
and the point of use in the same manner
1 the instruction under paragraph 4.

6. Give estimated cost of all construction work necessary to conduct water to place of

ise, including dams, ditches, flumes, ete.

7. In sub-division I’ state generally what diversion works
$ub-division * II ’ give the dimensions of the works as indicated by
give legal descriptions of the quarter sections crossed by conduit.
used for irrigation, legal descriptions must be given of all quarter sections
wmain ditch and laterals designed to deliver water within
the lands to be irrigated. Route of main ditch should be
each lateral.

8. State time necessary to complete diversion works
lengtk of time will not be allowed where it appears th
tion the work could be completed in less time.

required under ordinary circumstances is asked for,
setting forth particular reasons why the time asked for should be allowed.

not exceeding fi

9. State the time necessary to p
- works, not exceeding six additional years.

As to Maps.
A. Before permit will be granted applicant must file with the applic

showing the following details:—

1. If for irrigation and domestic use:

(a) Name of applicant.

(b) Section, town. and range numbers where public su

(¢) Source or sources of supply.

(d) Point or points of diversion.

(¢) Reservoirs, if any.

(f) Route of ditch or ditches, including laterals delivering water
of each 160-acre tract of the lands to be irrigated.

(9) Lands to be irrigated to be shown by check mark, thus g
tract. any part of which is to be irrigated.

.

This should not include installation of machipery.
will be constructed. In
the various blanks and
Where water is to be

to be crossed by

one mile of each 160-acre tract of
described first, followed in turn by

ve years. Full

at by diligent prosecution of construc-
If more time than could be reasonably
submit with the application a letter

ut water to beneficial use after the completion of the
The same rule as above applies to this paragraph.

ation two maps,

rvey has been made.

within one mile

in each 40-acre
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NOuwrersreersens
2. If for other than irrigation and domestic purposes: ' '
(a) Name of applicant.

(b) Section, town, and range numbers where public survey has been made.

APPLICATION FOR PERMIT.
(c) Source or sources of supply.

To APPROPRIATE THE PUBLIC WATERS OF THE STATE OF IDAtO.
(d) Point or points of diversion. . )
(e) Route of ditch or ditches.

(f) Point or points of use. *

o L. Name 0f APPUCANY i cvrvwrr e st
(g) Point or points of return to streamm after use. e e v A AdPESE ¢ e e
) . : 0z i H d lre's L R R LR LA L
B. If application is for more than 25 cubic feet per second, or more than 6250 acre-. Post Office Addres \ o
ieet, the maps must be prepared from actual survey and must he certified to hy engineer m County :.....oooovmmeerme et Bate s e
charge of survey in the following form:— I. It applicant is a corporation, give:
. R L3 b
i : 8 . ared fr an i SUTVeY » by me . TSP OTOUPUR PP
I hereby certify that this map was prepared from un M\u."?‘ rurvey .m“df d'. ted } (a) Date and place of IRCOTPOTAtION 1. oo
................................................... 191...and correctly shows position of points mdicad ‘ i
thereon. (b) The amount of capital StOCK t. oo
........................................................... M (C‘) The amo“nt pald mn: .....
Engineer . (d) Names and addresses 0f AIFECHOTS & . ooocrinrrrmrrr s
P T e
Date.....ooooo 191

(reneral.

I. At the time of filing the application with the State Engineer, the following fees
must be paid : —

(@) Cash O BAD t oo
For a normal flow right, $1.00 for the first second toot and 10 cents ;.dditionrnl for () Troasury SOek s wooorrsoororioon e
T ar o food and winer o st ' (¢) Bonds to be FGSUBA £+ eneee e e et
For a ﬂOO(l and Winter ﬁow rig)lt t()l \tox‘“g() l)‘lrl)“he\‘ $1.(N' f(‘l tl“. ﬁl\t 2:)‘) u"re-ieet e L
claimed and 10 cents additional for each additioual 250 ucre-teet or fraction thereof. (d) Other TesOUICeS:.........o.iw
. Application b accepted ten‘pomr“y PTO"ide(l ﬂppli(‘l\ti("l blank. “N.n‘“pnlno{] ................................................................................ .......
by fees, be filed containing the information required in paragraphs 1 to 4 im-lusi.\-e, und.:; ) - et i oo,
statement under paragraph 5 as to the purpose for which water is cluimed. Applicant “'All 2. The guantity of water claimed fv.oonmmm
then have sixty days from the date application is mailed to him by the State Engineer for 3. Source of Water SUPPLY fooocmmirrm
completion, within which to run surveys, where required, prepare maps. and return ('(.)!ll' 4. Location of point of QIVETETON £ 4o oenoeeeenes e et
pleted application, together with maps. However, it ix best to submit maps when apphica-

i ° 5 B 6 et e
fon i : . . : Jaimed Count
tion is filed, in all cases where a survey is not required, that is, where the amount cl

. 2 ic r GO FOT £ eveer onne e
1s not more than 25 cubic feet per second or 6250 acre-feet. { 5 To be used for
> . . - : face area
ITI. Where the waters of a spring or lake, not excecding 5 acrves in surface are

. : ; : in
high-water mark, are sought to be appropriated and sueh spring or lake 1~ upont land

S T R T RERETR R acres.
m : to be FrTigated ...
' I ' : a) Amount of land ’
Government or State ownership or owned by the applicant, a statement to {hat effect <hoult (
be made under the head of Remarks.

1. Irrigation and domestic use:

tatem | | he applicant (hy In the following legal suh-divisions s oo
It such land i~ owned by another than the app? ion i to be irigated may bo appended axa past of this application.)
. . . . I 881 v - . ands to be " !
a statement should be made to the eficct that he has given the applicant written permiss . it o the
18l : : . covanc
and that such permission hax been executed and acknowledged as required for the copves

of real estate.

ictly g
IV. The space under the head of Remarks is to be nsed for matters strictls pertaining
to the application. It must not be used for letter-writing.
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II. Mining, milling power, manufacturing, transportation or other purposes:
(@) At what Point ... e

(b) Amount of power to be generated............... H.P. under............... ft. head.
(c) Is water to be returned to any stream:

...................................................

() 1f so, name stream and locate point of Teturn :.........ovoeviveeeireeieeeneeranneees .

.................................................................................................

7. Description of works for diversion :

I. Kind of works:

.....................................................................................................

II. Dimensions of work :

€
(a) Height of dam............... feet, length of dam at top............... feet, length Qf
(If beight of dam will exceed 10 feet, send to State Engineer’s Office for Regulations.)
dam at bottom............... feet. Material used in construction...............eeee -
(State whether wood, earth, stone, or concrete).
(b) Capacity of reservoir................................. acre-feet.
(c) Size of headgate: Width............... feet, height............... feet
(d) Conduit........................ , width at bottom.................. feet, width at water
(Btate whether ditch, flume, or pipe.)
line........ov..... feet, depth of water............... feet; diameter of pipe...........:
inches; average grade per mileis..................... feet. Length of conduit is
............ miles, and it crosses the following quarter sections:..........cccoooeees
8. The time required for the completion of the construction of such work is............... years.

9. Time required for the complete application of the water to the proposed use is............---
additional years.

Be it known that the undersigned hereby makes application for a permit to appropriate
the public waters of the State of Idaho as herein set forth.
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APPROVAL OF STATE ENGINEER:

.The number of this permit is........cc.oovvee ‘
Recorded in Book......c.ooovereennn. Page............ A.pproved.................................. ...............
This is to certify that I have examined the within application for a permit to appro-

priate the public waters of the State of Idaho, and hereby approve the same, subject to the
following limitations and conditions: .

Bond in the sum of §......c.ccoinennen to be filed on or before.........cooeeieriiiinniiniiiiine

Work to begin on or before............cc.... s , ' e
uninterruptedly to completion, unless temporarily interrupted by circumstances over whi

permit holder bas no control.

One-fifth of the work above specified to be completed on or before.......c.cccoooiiiieniins
s The whole of the said work to be completed on or BEEOTE. cveverevrnerrenernniesineraareeneens
Beneficial use of water appropriated in accordance herewith to be made on or before
’ Witness my band this......oooooiimi daY OFccvvieiinrrieenin e
State Engineer.
= ——

Specimen of (. ard-index for State of Appropriation of @ Stream.

....................................... County.
SEreQm.......coonenvienisnnssssrs s e - e ’
T - 77 V:D:C!zu . APPLICATION| PERMIT. LICENCE. PRIORITY.
{ ' : 0. | TSec. Ft.| No. |8ec. Ft.| Mo. | Pay. | Year.
NAME. | Vol | Fol. ;Sec. Ft. No. |3ec Fr..l No \’ ‘t
- }
o o |
: i ! i I {1
! T ,
¢ '
‘ P 1 !
f ) i | i ]
1‘ b i o
i | [ | |
L | Lo
. ; |
‘ \
; ! | | ‘
, | | o
1‘ { ll $ \‘
TOTAL ... ‘ ) | | | ]
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CHAPTER XIX
SUMMARY OF IMPORTANT POINTS

Situation, Climate, and Water Supply.

THE schemes described are all in the west of America, and extend from
latitude 46 degrees to latitude 31 degrees, or over a total distance fron_l
north to south exceeding 1000 miles. The elevation of the lands
irrigated varies from below sea-level to 5000 feet above sea-level. In
the north the winter is extremely cold, and temperatures as low as
—35° F. are experienced, the summer is short and hot, and the irrigating
period extends from about 15th April to 1st October. In the extréme
south frosts are uncommon, temperatures up to 125° F. are experienced,
and irrigation is practised throughout the year.

The mean annual rainfall varies from 2} inches to 15 inches.
On three schemes the rainfall is below 5 inches, on three others it is

between 5 inches and 10 inches, and on the majority it is between
10 inches and 15 inches.

On most of the schemes the rain falls regularly in winter or
spring. Towards the south-east, however, summer rains are usual, e.g.

on the Rio Grande scheme. The Salt River scheme enjoys both winter
and summer rains. h

Most of the streams derive the major portion of their waters
from melting snows, and in consequence the flood season is very
definite, and the variations in total run-off from year to year are very
small.  This is more noticeable in the rivers of the North, where
during periods of over ten vears the maximum annual run-off seldom
exceeds three times the minimum. In the South, where melting snow
plays a smaller part, the variation is greater. Thus on the Salt and

Rio Grande Rivers the maximum annual run-off is more than twenty
times the minimum.

The mean annual run-off per square mile of drainage depends
of course on the catchment area. It is greatest in the smaller areas
and close up to the steep snow-capped ranges. Thus on the Shoshone
and Tuolumne Rivers, each with a drainage area of 1500 square miles,
it is as high as 700 and 1200 acre-feet per square mile. Even on the
Snake, with a drainage area of 16,000 square miles, it is 400 acre-feet.
On the rivers in the South, however, it is generally much less, especially
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on the larger rivers, such as the Colorado anq Rio Qrande, where it

. does not exceed 60 acre-feet; and, on an intermittent river suf:h as the
Humbolt in the Great Basin, it is only 13 acre-feet, which is roughly
the value at Van Wyks Vlei in the Cape Province.

The maximum intensity of flood is reached in the rivers of Cali-
fornia, which come down from the steep and bare granite slopes of the
.Sierra Nevadas. On these rivers a maximum intensity of from 25 to

40 cusecs per square mile has been recorded, whereas the ma.x1m;m
" intensity for the larger and flatter rivers, such as the Colorado and Rio

Grande, does not exceed 1 cusec per square mile.

Engineering Works.
° RESERVOIRS

. (a)—Earthen Dams

Of the earthen reservoirs three have a greater height tha.n 100 f(.aet,
sand one of these is built without a core-wall. The most interesting
is the Lahontan dam on the Truckee-Carson scheme. Very great care
is taken in the selection and mixing of materials ff)r. the bank. .The
belt-system has been used for both conveying and mixing the materials.
Drainage is usually provided in the down-stream portion of the base.

(b)—Masonry Dams
<  The arched type of dam appears to be favoured even where t;le
width of the gorge at crest-level is as great as 985.feet, a‘nd where the
section is designed to be strong enmough as a gravity-section. .

A stress of 23 tons per square foot on horizopta?l plane§ in the
masonry is allowed, and this greatly exceeds the hml_ts set in other
countries.

In the latest dams a very extensive system of drfa,ins is provided
near the up-stream face both in the foundations and in the masonry.
Large inspection galleries also run through the length of the dam near
the up-stream face. . .

A good example of modern methods of f:onstructlon will be foun.d
in the Arrowrock dam. The outstanding pomts'are:—Sand-cement is
widely used; cobbles are passed through .the mixers; overhead cable-
transport is usually provided; concrete 1s depos%ted through 1sh00ts
wherever possible; cement is blown through pipes; conveyor-belts,
bucket-ladders, and dragline excavators or graders are also freely used
for transporting materials.
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The designs adopted for spillways in unfavourable situations are
also interesting. A semi-circular weir is adopted at Bellefourche, a
tunnel at Shoshone, a deep channel behind a weir at Arrowrock and
Oakley, and a lined shoot with drops at Lahontan.

In valve-design there is a tendency to provide each valve with
a separate tunnel through the dam. The lowest sluicing-valves are
often of the usual sliding-gate type worked by hydraulic rams situated
in chambers above the gates and directly connected with them. The
most interesting regulating type is the © Ensign” needle-valve. The
“ring” type adopted at Oakley and Lahontan is also of great interest.

Headworks and Regulators.

Examples of overflow masonry weirs will be found in the Lagrange
weir (Modesto-Turlock scheme), 127 feet high, and in the Bellefourche,
Boise, and Granite Reef (Salt River scheme) weirs which are of con- -
siderable height and built on poor foundations. The Corbett weir
(Shoshone scheme) is an example of a reinforced concrete structure on «
a poor foundation. The Minidoka and Milner types illustrate the
method of blocking the ordinary channel of the river by means of
high rock-fill dams and turning the water over weirs constructed on
the flat banks or on islands. The Laguna weir (Yuma scheme) is of
a type common in India and suitable for very wide rivers with poor
foundations.

Regulators for weirs and canals do not present many new featu?us.
The radial gate is very common and is sometimes balanced, and, on
the Modesto-Turlock scheme, is provided with an automatic adjusting
device. The rolling gate on the Boise weir is an interesting example
of a type common in Germany. In the muddy waters of the Colorado,
Stoney sluice-gates are adopted, and horizontal stop-planks at the
entrance to the canals allow only the upper and clearer water to enter.

The ring-gate at the entrance to the siphon on the Yuma scheme is
interesting.

Canals and Structures.

The main canal is usually designed with a capacity at the head
at the rate of 1 cusec for between 50 and 100 acres. The ratio of
width to depth is usuallv smaller than is found in India. The highest
ratio is 12, on the Yuma canal, where the slope is small and the waters
muddy. It is 10 on the big Twin Falls canal, but is generally less
than 5 for canals of smaller capacitv than 1000 cusecs. The losses in
canals are usually expressed in cubic feet per day per square foot of
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ini eme

wetted surface in the canal. This figure was for thehl\ill?(:::; ?)(??2 to

 between 0.20 and 2.06, and for the_ Truckee-.Carson 8¢C (:3 tor sandy soils

1.561. It varies from about 0.20 for c}ay sc?lls to 5 Olr Several " anals
as in California, and an average value is about 1.

“have been lined with concrete to prevegt. loss.

Most of the recent structures are of reinforced dco;rf;egz' chiz)l:
“flumes, the Maginnis or Hess type is very generallyf usr(:d necessary on
Bhecks, often of a temporary nature, have been cl)llelgr area than that
" canals which, owing to slow settlement, serve a imato farmers’ streams
for which they were designed. For small head-,q&tis pbank; perhaps the
a common type has the gate set at the slope.olf Va?ley sc}’leme. |
cheapest type is that described on the lmperia

Soils. ruckee-

Physical analyses have been ,qiv.en for the Beﬁzflc:;rd;idT i
.Carson, Modesto-Turlock, and Imperial Valley sc ﬁnd,several types
experimental soil at Logan. On every scheme 1erurche o Impé rial
of soils. The most compact soils are on the Bel.e Oformation Drovides
Valley schemes, and in both cases the underlymlglemes such as the
poor drainage. The heavier soils on other fstcn of ,no great depth
Huntley, Shoshone, and Salt River, are very. ° eB llefourche contains
and hav’e a gravel sub-soil. The Qumbo, soil f{t th: heavy soil of the
36<Per cent. of clay and 43 per cent. of sill, an d 63 per .cent. of silt.
Imperial Valley contains 29 per cent. of clay a(;l A common soil on
The California soils, on the other hand, are sandy. cent. of clay and
the Modesto-Turlock scheme contains only 1.7 perver (.)ften underlies
7.4 per cent. of silt, the rest being sand. Hard-fan ] og clay and sand
the sandy soils. Between these two extreme type sents a very good
are many excellent soils. The soil at Logan re.]zl)l'e.n varying quanti-
type. Alkali is usually found in most -of the soils 1 s Cer cont,
ties. In the more open type of soil 1t seldom oxce doeé it exceed
Only in the heavier tvpes and in flat depressions

4 per cent. and become dangerous.

Surface-Slope and Methods of Irrigating. \finidoka scheme

The flattest lands are on the north of thef 6 1fr<laletoor less pel"
where the slope is but 1 foot per mile. Slopes oth MedestoTurlok
mile predominate on the Truckee-Carson scheme, onY : a and Imperial
and Fresno schemes in California, and on the Yum

Valley schemes. Medium slopes of about 20 feet per mile prevail on
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the Shoshone, Huntley, and Salt River schemes, and the steepest slopes
of from 70 to 100 feet or more per mile are found on the Twin Falls

and Redlands schemes and on large parts of the Bellefourche and Boise
schemes.

By far the commonest method’ of applying the water to the land

is “surface-flow between borders.”
long and narrow. Some beds are as
size adopted is about 300 yards long and 20 yards wide.
involves the least expense in laying o
the land and of constructing furrow
smaller application, and therefore a
probably be obtained if the beds wer
soakage ” method were adopted.
the flattest lands where the slope i
less than 6 feet per mile). as on the Truckee-Carson and Modesto-
Turlock schemes. Other methods, such as
terracing, are being gradually abandoned. The “corrugation” method
is very common for orchards and for such crops as vegetables, sugar
beets, and cotton, but the most interesting use of this method is on
light soils which have too steep a slope to stand “surface flow between
borders ” without scouring. Very large areas of lucerne are irrigated
in this way on the Twin Falls and Boise schemes. In connection with
the corrugation method, the system of pipe-distribution described~on
the Redlands scheme is instructive as showing to what lengths it is
possible to go in preventing loss of water. The size of the irngating
stream employed for surface flow between borders is usually between
3 and 3 cusecs. On slopes of 6 feet or less per mile there is a tendency
to use much larger streams. On the Yuma, Modesto-Turlock, and
Truckee-Carson schemes the streams applied are as great as 12, 15,
and even 20 cusecs. With such big streams a rotation system of
distribution is necessary. and even where smaller streams are used
rotation is being gradually introduced.

The difficulties experienced in working out a satisfactory rotation
scheme are very great, especially where there is a large area of vege-
tables or where there are “ peaks” of demand, such as were noticed on
the Shoshone scheme. The settlers generally object to rotation, and
particularly to long-period rotation. On the Yuma and Truckee-Carson
schemes the period is seven days, on the Huntley four days, and on

the Shoshone five days. The longest period is three weeks or one
month on the Modesto-Turlock scheme,

The beds are usually made very

This systern
ut a farm, as the cost of levelling
8 is reduced to a minimum. A
greater economy, of water wanld
e made shorter or if the “basin-
The latter method is found only oh

long as half a mile, but a common-

s insufficient for surface flow (usually

simple surface flow” and

LS
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i ion have been adopted :—
The (i())ngtz)lll)llgyirieﬂ:l)ldSm(i)floiz,tafbut only half the users on each,
during one period, as at‘ I.rIuntley. . e
(2) Supplying half of the minors during En:_cgmn'
keeping the remainder dry, as at Truc (;. o n.umber
(3) Where big irrigating streams are use.d, Z;, 1mbe A
of users on each minor is supphed. in turn, ai; moing
the bottom of the minor and Workln.g 1.1p,. as. ) I,ns
here the supply is limited and big irrigating s real
@) e d. as on the Modesto-Turlock scheme, roqtation
ore ufle ‘from the top of the system and from.the top of
Pach 'Snor a fixed size of stream being supplied to each
fl&s(é? fI(I)l; a i)eriod proportional to his area and t<t) ?Eeu;?;z
users as the whole available volume of flow a
will allow at this fixed rate per user.

Drainage.

From A R
become necessary on some por 10t
often where least expected. On a

i have
i experience we learn that drainage works ;
e om of the area of most schemes, an

least seven of the schemes which we

i i s have already been carried out,
have consideredhexpe: S;:: gt?lmfaa%:l;v ;f)lfmg. Shallow open drains h?ve
o e e o mplete remedy, and the common practice
d to afford a SoU7 r the slope is sufficient and to pla9e

low the surface, and preferably in
these a.t . dell))“sloi(;f 12;;: 835120181 f:: tg_z:‘):::vel. The Shoshone a,I'ld fHur(litleZZ
e ord od examples of such drainage. jl‘he cost 1is (;)H}Ill Lt
schemes afford gofoot length of drain. If the drains are place : 31 -
be‘ et hpercost will therefore amount to $25 per acre, er
lon 'apart t fnaller feeder drains which will probably be. ITGCGSS& y-
allowu;g :;)11‘ (S)riginél estimate of expenditure for a scgleme it 1s.11ths;'§cf)(l)gz

» ; i ortion of the area wi

advisable to ar}ﬁicigatleiriha;r:i If:;gal?vogi(;p costing at least §25 Peé aml'e
seePed " e tivz measures should be adopted e‘mt the outset. anai
dr}?'l n}fdl.'unpifv::rv pervioﬁs materials should be lined, and extravagan
whic y pe

use of water by the settlers should be prevented.

enzrally faile ;
ﬁow is to use pipe-drains whereve

Crops. .
PL cerne occupies by far the largest portion of the whole area
u .

irricated. In some of the northern schemes cereals occupy a larger
irrigated.



256 SUMMARY OF IMPORTANT POINTS

area than lucerne. In California orchards are of greater importance.

Near sugar factories, as at Huntley, sugar beets occupy the greatest -

area. But lucerne is found on all’ schemes, and on some, such as the

Truckee-Carson and Modesto-Turlock schemes, occupies nearly three-

quarters of the area irrigated. Im the more northern schemes it does -

not give more than three cuftings a vear, with a total average weight
of from 2 to 4 tons. Tt sefls at from $5 to $7 per ton in the stack
and about $3 more baled at the rajl. In the most southerly schemes
it gives about twice as many cuttings and about twice the weight, and
realizes from $7 to $10 per ton at the stack. It generally requires two
waterings per cutting in the hotter months, but we have noticed that
in the South there is a period during the hottest months when it
makes very little growth, and water is often withheld during this
period. On some of the northern schemes, where lucerne occupies the
largest area and spring rains start all the lucerne growing simultaneously,
we get a series of “peak-loads” in the supply-curve between the times

of cutting. Tt is difficult to meet the simultaneous demand, even with
a system of rotation, and the distributing canals must be made of large
capacity.

Other crops even more profitable than lucerne are vegetables,
fruits, cotton, and sugar beets. Vegetables bring in very high returns,

but generally the area occupied by them is a small portion of any
scheme on account of the limited market. ~.r
Fruits occupy the greater area in many Californian schemes.
Grape and other fruit cultivation is described on the Fresno scheme.
Oranges occupy most of the area om the Redlands scheme, and the
melon crop of the Imperial Valley scheme is worthy of note. In the
North, apples are the chief orchard crop, and the wvarieties “ Rome
Beauty” and “Jonathan” thrive very well in the colder climates.

Cotton cultivation is extending rapidly in the South, and is
described in the Imperial Valley scheme. Sugar beets seem to thrive
best in the colder climates of the North, but are also grown in the
warmer climates. The methods of cultivating sugar beets are described
in the Huntley scheme. It appears to be necessary to have a sugar
factory close to the fields, and usually within 30 miles of them.

Settlement.

This has been dealt with in a separate chapter. One of the
most important lessons is that the supply of settlers with sufﬁcier.lt
experience and capital is limited. The result is that settlement 18
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1 and considerable difficulty 1is generally experienced during 1the
slow, rs in getting instalments of the cost from the. settlers.
Bt or yefal lesson is that whete private capital is invegtedf in settle-
AnOt'h erhuse " there is a tendency for the State to exercise Some s.ort
ment = e;meSPerha,ps nothing has kept back progress in irrigation
v re than the manv failures of uncontrolled scl.1emes- of
:;t:(ljlﬁ?;g:s nxla:ho either deliberately or through lack of proper investiga-

" ti have over-estimated the possibilipies of a limited supply of wa\.teré
' ?23 of the settlement schemes are more than ten years old. Most o

are still in process of development, and it 18 therefor-e too early
ttf,helfl(l)rm a fair judgment as to the results that can be achieved.
Q )

L i 1 » Ny

| [t is remarkable on how many irrigation works the actua.llcotbt

xceeded the estimate. Drainage, as we have seen, adds gregt y to

ilk?s expense of a scheme. On large reservoirs failures of contractors or
e e

" untimely floods have very often added considerably to the cost. The

mber of necessary minor structures, such as bridges, culvertlsi, eslci.,
b also often under-estimated. The cheapest schemes are usually the
is : are - .
oldest, which irrigate the easier lands and do not require storage
£

The cost of the Reclamation Service schemes varies ftl'o;;O&SOT ltlz
$70 per acre, and an average cost per acre woulfl be aboq‘%% t.o by
cost to the settler of the Carey Act schemes varies f'rom $ o ui
y ; The distributing system of these schemes is not carried o
i a‘(Jll;e.deta.il as for the Reclamation schemes. In both cases, however,
;? ssklll(fuld be remembered that the settler makes practically no payments
for the land.

ivate schemes at first sight appear to. be .much
h elllan}éuif tghioglrpare them with the above figures certain clrcum-
. eal‘) ' ust be considered. Thus, although the Modesto anfi ’ljurlc.)ck
s o t only $20 and $10 per acre respectively, the minor dlstnbutn.lg
O hae to b}; constructed by the settlers, expensive works are S.tlll
Sysw'mdhags enlarge the capacit'y of the canals and storage reservoirs,
rec}im:ie lan is not obtained free of cost. On the Fresno scheme,
:fthough the charge for water-rights is only $5 to ‘$10 %er ac;'e,thae
erpetual annual charge of about 70 cents. per acre 1s made an .
i - distributing system has to be constructed by the settlers.. n
?Illtanollmperial Valley scheme, although the mean charge for Water-nghts
is only $12 per acre, the settler has, in addition, to pay fotrl a,ll.wa:?ﬁ
used at the rate of 50 cents per acre-foot, and a large outlay is sti
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.

necessary to complete the scheme. Qn the Reclamation schemes, for
which a building charge has not vet been fixed, water. is sold in b\}lk
at rates varying from 40 cents to $1 ‘per acre-foot. The most expensive
scheme is at Redlands, where thé charge for water appears to reach
the high figure of $12} per acre-foot. The annual maintenance and
operation charge or-all the schemes appears to vary from 35 cents to.
$1.80 per acre included in the whole scheme—$1 per acre would,
+ probably be a fair average. During the early years, before the whole -
area is taken up by settlers, the cost of maintenance per acre actua'Hy )
irrigated is very much higher, and in one case reached $7 per acre.




