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The Problem of the Lower Colovado River

by
C.¥. Grunsky, Consulting Fngineer in the Reclamation Service,

June 30, 1907,
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NTRAL -:STATEIFNT.,

Any comprehensive study of the situation on the Colo
rado River below the Grand -Cuhon, must include a con31deratlon
of the main facts relatlng toca utlllzwulon of the river's
water for irrigation in Lower California, Mexico and in the
Imperial Valley, Cal., as well as of the pnysical- features of
the river country and of other lands which -the river commznds
and threatens, In this presentation of the subject, considera.
tion will, therefore, he 'given to the character of the Colora=-
de River, in the last 400 miles of its course, to the country
through JulCﬂ Piflows toutie dcvclopmeﬁt already accomplished
and prospective in the region comimanded by the river and fin-
&lly to the obligations whlch the .two countries, the United
States and Mexico, should assume in the matter of holding the,
river on a permanéent course with outfall into the Gulf of Cal=-
iforaia.

LTHE LOWER COLORADO RIVFR, -

At the present time (June 1907) the Colorado River
flows to the Gulf of CallPornlw, a8 it has flowed: for more
than 500 years, emcepting theperiod-of a little more than a
yeur (Doccmoer 1905 to February 1907) during wihich it tocok an

anland course. s The river as. it passes Ywa carries the run-
off water from a drainage basin-of about 225,000 square miles,
This drainage basin includes some of the highest portions of
the Rocky llountains. It extends into Wyoming, includes large
portions of Colorado, Utah and Arizona and some parts of Neva=-
da, Culifernis and Tew Hex:oo. Below Yuma some additional
areas fall within the river's watershed no abe the southerly
slope of 'the river's delta cone;, mzinly in Mexicoj;  but these
areas aremot to be classed as water producing because th
rainfall upon them is so light, only 2 to 3 inches per annunm,
that there is practi cal ly nao rvnoff from them..' Al the water
of the Colorado river is therefore to be considered as origi=-
nating in the United States,

The river flows entirely within the United States to
a point at Pilot Knob about 7 miles below Yuma. From that
point, at which the south boundary line of California strikes
off westerly toward the Pucifiec Ocean, the right or west bank
of ‘the river isrin Mexicoy and the left or east ‘bank remains i
the United States.: The river is thus common boundary between
Lower California, Mexico and Arizona for about 18 miles.






THE DISCHARGE OF COLORADO RIVIER,

The spring rise of Colorado River is caused by melt.
ing snows and somer rainfall in the upper portion- of the river!:
drainage basin. It commences usually about April first but
its beginning may be as much as.a month earlier or later.
Ordinarily the rise is gradual with slight fluctuations and
irregularities in the rays of rise until the maximum stage is
reached .  This is genrnerally at or soon after June first but
may be as late as the end of June or beginning of July. - The
river at Yuma freguently .flashes up, sometimes to a maximum
stage in the months of January and February due to a freshet
flow of the Gila River which enters the main stream just above
Yuma . The river also shows frequent lesser disturbances causer
by the Gila in the.fall of the year, but these rarely reach
the maximim stage, though it may happen, as on November 29th
and 30th; 1906, that extreme flood conditions, of short dura-
tion result from these unseasonal freshet stages.

The normal condition of the river is indicated by th
following figures, which are based on the river's discharge
from 1894 to 1905, bhoth inclusive, at Yuma:

The: year, 12,000 sec.ft. 8,930,000 acre ft,.

It should be noted in this connection that if any
weight 'be given to the river discharges indicated by the gage
readings at Yuma between 1876 and 1894, the above normals
would be materially reduced and that if the year 1906, which
was a year of about twice the normal flow and 1907, which
gives promise of being the same, were included in the computa-
tiony,'a'material’ increase of the above filgures would be the re
sult . The maximum: discharge for the vear 1907 (to date) and
probably for the year, occurred on June 23rd. It was estimat-
ed on the basis of a gaging at 112,000 sec.ft. (Probably some-
what in excess of the actual discharge).

THE' LOWIR COLORADO RIVER VALLEYS,

. After the Colcrado River emerges from 1its canons in
which.it is closely confined by the cliffs which rise from its
bed to great heights, it flows through a succession of valleys
encompassed by low ranges of mountains and hills and separated
one from the other by the relatively narrow gorges at the
points where these mountains approach or extend to the river
from opposite sides. It may be noted in passing that these
gorges are the sites that first attract attention as possibly
favorable locations for dams. llany of them have been examined
with a view to ascertaining the depth to bed rock but in no
ecase, with borings to 100 ft. in depth, has bed=-rock been foun
continuous from bank to bank.

The lower river valleys begin a short distance above
Mojave more than 400 miles from the river's mouth and may be
sald to:terminaterwith the Yuma Valley which lies east of th
river below the mesa at Yuma. The Yuma Valley is practically
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also a Dart of the delta cone of the river, This delta cone
spreads out fanshaped from the head of this valley toward the
south and west and finally swinging around toward the north,
sloping far td the northward into Imperial Valley.

The river in its course through the lower valleys is
a broad shallow stream. Its width is generally 600 to 800 ft.
At some points it is much wider. It carries a large anmount
of sediment, much of which is a very fine silicious sand. In
consequence of the muddy condition of the stream at all stages
and the unstable character of the land resulting from the depo.
sition of this sediment, the river has a pronounced tendency
to build bars wherever an ohstruction retards the flow.of wate:
and: to cut new channels into or across its friable banks. Dur.
ing the low water period the river is a shallow stream, its
line of greatest current meandering from side to side of its
broad flat channel, At high stages the flow is in better ac-
cord with the aligmment of its banks and its current is swift
as may be, expected in a stream with a frequent annual maximum
discharge if about 100,000 sec.ft. and a fall of more than one
foot per mile,

At high steges, and particularly at a stage about
bankfull, after the river has been hich for some time, it de=-
velops a strong tendency to attack concave banks. The break-
i'ng away of several hundred feet of bank in a single season,
in faect within a few weeks, is said to be a frequent occurrenc
and much more is known to have been cut away in a season at
certeain points where sharp concave turns subjected the bank to
more than ordinary attack. Where the river has long straight
reaches, its.banks:.acquire.a certain amount of stabitity.  In
suich reaches the swiftest current is off=shore near the center
of the channel, The banks are protected by weeds, by willows
and by occasional patches of reeds (carisa) which overhang the
bank slopes. The roots of plant life mutting near the surface
and the slimy deposit from the river water, add to the stabil-
ity of the material of which the bank is formed. Such a
straight reachimay.be maintzsined until some stvch circumstances
as the lodging of a snag with accumulations of drift disturbs
the regularity of flow and causes one bank or the other to be
attached or until a concave bank from above works its way down
the valley and graduslly invades and destroyes the straight

Throughout its entire lower course, wherever flowing
between alluvial banks of recent formation, the river when at
full flocd ds at'ox above & bankful stage.  This does not mean
that the rivervanks are awash at all points, because there are
always some places where scdimentation has progressed less
rapidly than at others, but that at its hichest stage the wate:
must be at or somewhat above the general level of the high banl
lands. which are the result of sedimentation that could not have
taken place except during occasionul submersion,

It is hardly necessary to add that this river, whose
water is, as stuted, heavily charged with sediment, beloncs to
that tyove of streams whose banks grow by sedimentation more
rapidly than the country back from the stream; that, therefore
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tliere is a slope inland away from the river, which becomes nmore
and more proneunced the longer: thut the river holds to a par-
tieular alignment., The portion of the river under snecial
considergtion, that is the river from Yums to the Gulf of Cali-
fornia, has advanced so far in this direction of ‘building up
high bank lands thet the danger is imminent of a sudden perma-
nent changé of aligmeent ‘such as tthat wirich has recently been
checked under great difficulties and at great expense.

It 'is Yo be noted however, that there is a force op-
posed to thav which would ‘turn the river from-its course and
across country to a new point of outfall, This is the resist-
ance offered, to thelloverhank flow, by the vegetation which
springs up and grows luxuriantly on the well watered lands that
flank 1the river rand the many high water channels in which over-
flow waters accumulate. ‘So it happens that the delta cone of
the wiver, ithe Yume Valley and the country which ‘slopes away,

ansbaped , from near Yums to a southern limit at the Hardy Colc
rado and a western or southwestern limit at the base of the
Cocopa Mountains, is, in its natural condition, well watered ir
parts and densely overgrown with vegetation particularly near
the river and that ‘thus a grass, weed and tree covered barrier
of high ground has been interposed by nature between the Colo-
rado River and the great depression in the northwest toward
whrich ithe rrivernwould like to take vitsicourse if permitted.

IRRIGATION OX COLORADO RIVER.

The wetew of some of the streams whose discharge goe:
tomake up the Cokorade River, is already in part utilized for
irrigation, The exact amount of the area already thus served
is of 1ittle moment rin “the present discussion, because the ex-
cess water over and above that required for this irrigation,
is ithe water yet to be apportioned to lands commanded by the
fiver but ‘not gret virrigatied; i.ec; 'thewater still flowing in
the Lower Colorado.

In order ; however, that it may be understocd that
such irrigation is already established and is of notable ex-
tent theugh 1n many cases with inadequate systems the following
figures are guoted from the Bureau of Census report for the
Pa iR RS0

e

Other lands viiich should be served with water by the
Colorado River and its tributaries, apart from the Gila, which
contributes only irregular freshet flows to the lower river,
may for the purpose of a general discussion be assumed at the
following figures:

- . o
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These figures do not include lands other than in the
Imperial Valley which are alteady under ditch,  They may be
considered to represent the-area served or to be served with
water that under present conditions reaches Yuma and the inter
mationael boundary in-the main channel of the river.

Por the irrigpation of this land 4,000,000 to 5,000,0
acre=-fcet of water per annum will be required. This is about
one-half of the river's normal flow. It is about equal to the
river'!s run=off ina vear of minimum rainfall, But even in
vears of maximum flow, this water could not be mude available
for the land at times and in quantities required by irrigation
without storage. torage is essential for the regulation of

he riverts flow to'meet the needs of the land, to make the
surplus of the spring months available in summer and autumn,
Consequently storage of thre-river's flood waters must be made
a feature of every general Colorgdo River project.- Storage teo
acconsiderable extent is feasible moreover, it being known tha
Yargce reservoir sites exist on some of the tributaries of the
mein rdver ,%and a combination storage and silt trapping res-
ervoir at some point below the Grand Cznon is not ouvt of the
range .éfopossibilities.

Itmey be anticipated, as one projeet after another,
by private enterprise, or under Govermnment aid and supervision
is carried to successfuvl completion that the shortage of water
will in the course of time at certain seasons become a mnatter
of moment and will be nzde a matter for joint action by all
partiesiat dnterest, or possibly congressional approval migh
be secured of a comprehensive project for this river which
would at the outset include this storage feature.

In consideration of an arrangement with llexico, this
feature and the otheriquestion relating to the best point on
the river for a permgnent diversion of water for use in the
Imperial Valley are of minor importance and uncertainties and
unsolved problems relating thereto need not delay action in th
main metter now under consideration. It' should, however, be
nsde Clger to Mexdicosthat thelextensionrofirrigation in the
United States will materially deplete the ordinary flow of the
river below Yums and that ultimately even under such agree-
ments ;s as hereinafter suggsested, the United States would be
compelledat times to furnish, some water from artificial stor
age basins to Mexico to meet deficient river flow.

3 THE RIVER!S DELTA COXE,

There is good reason for assuming that at one time t
Gulf of California extended about 150 miles further toward the
northwest than it does to-day and that the mouth of the Colo-
rado River was then al Yuma .® The discharge must have been at
sea  level as the water. surface of tle river is now at 117 to
130 ft. above sea level, the river was then more than 100 ft,
deeper in the ground than it is to-day. The sediment which it
brought to its outfall upon the easterly shore of the long arn



‘2_ L o ef".. PRS2
- m‘fﬁ& G o akos B
MATES e vrabtr ey TaE
' ‘-é;ﬁag. Ty BLSE 3
‘.h.:'-iaaz*.'a ‘

-

s L R T Wt

5
]
t

e,

V,
.
._7

5
: ¢ TLEw by Friomont Yo
,{pna.‘r RO iRaTaint T Re TS0
e LIon 5 79 ';a crrgon. o
Sl Feedan By Ga Dilrew

A N

#Bt:f-#’an*a oa =
yo . .“'91\ "0 SN R 4 u'-crﬁmh ‘
POly & <o AT I SRR
SR ARt T0: S 1 M ERE'T, L1k s o
barysifd mbqs_a'r ahio Loz zv"rwm; "
BELSEEIaNtaEan o L warl 2udl oo s e
mﬁ? ‘w‘* QiREeall T O S s B a.g% '

3}
LT FS ags=+a m'-s,’_.”'-
i, 4 s = o) ot 4 { i 'l

!

)

% oyt L i o T4 e
by Botadl 0= EaseN I 157 ql o e o G Ha
r,-—wo:#a M&m iored ’trq#% ma. pRSREEED o perids S helTISTNa
Lo Leert *‘mwsx nab doa yaLxell el anlie ot
.Q 3 :;’ P': 'y “.f.c‘q:‘. - :
| g iie: A3y mmx.i g0 - G
g P ; 3 1 . .1—’ JA

332 ‘a"%&% fewmae Boes '8l SENE S
Lt OB L firods Hon o i%o ..LI_&l“"*’.g.&i.‘ jde B o
‘,'.p,_to!) e‘l[d’ To d:m W*ﬂ'ﬂ{& Ditge esH-od By PToaudl Jamdv
pal - 2 £ ‘T S AR TS B ey f‘“’""ﬁ;ﬁ*
: _‘;;w'\o R e

4 M BT s




PrIEIY PR R e

Rl

ef the ocean has in the course of time built up the barrier
which now separates Salton Basin from the Culf of California
and has contributed materially to the filling in of the lowest
portions of the great depression which vefore its recent sub-
mersion was still at about 280 ft. below sea level. It is not
necessary to follow closely the processes by which the delta
was given its final shape but a general reference to its pres-
ent physical features will aid in the study of the recent phen.
omens .

From a point opposite Pilot Knob about 8 miles Telow

Yumz , which may for convenlence be rerarded as the apex of the
river's delta cone, the land falls away toward the south and
southwest. In the direction toward the Gulf of California thi:
fall may be noted at about 110 ft, in 80 miles, toward the
southwest on the shorest line toward the Cocopzh Tlountains the
fall vis 80 «ft. inia distance of about 40 niles, but with a
gradient at points near the river of 3 ft, per mile, the coun-
try flattening out as distance from the river increases;
westerly swinging around the southerly ‘edge of a broad expanse
of 'sandhills the gencral fall of the ground's surface is aboud
3 ft. to themile ‘increasing above this amount northerly towar:
the Salton Sink. . Befidre conditions had been modified by the
construction of drtificial channels, there was a frequent over
Pank flow, from the river to the right and left, The river
banks were ordinarily submerged only to a slight depth and the
gverflowing water did not as a rule concentrate in pronounced
depressions or high water channels until it was at some dist-
ance, generally several #iles from the river. As the overbank
flow was widely distributed and generally of comparatively
short duration, and as the periodical occurrence of this dver-
flow stimulated plant growth, there was small chance of any
such high water channel cutting back to the main stream. Ther
is no doubt, however, that there have in the past been sudden
radical changes in the river's course, and that the river has
swung back anrd forth a number of times from one extreme loca-
tion to another on the delta cone. But from the records of %
early explorers, Diaz and Alarcon, in 1540; Don Juan de Onate

in 1604; Padu Fusibio Francisco XKino in 1701 and 1702; Ugar
in 2721y @ Fernando Corsay in-1744; Padre Garces in 1771 and
176 et et RoW . Hardy of the British Favy in 1826; James
P.Pattie and father in 1827 and from the later records of the
settlement on the river at Yuma by our own people, and the ex-
ploratirons-of Lieut. G.H. Derby in 1850~51 and of Lieut. J.C.
Ives din 4887, it is known that the river has for socme 500 year
until the recent break, held to dits present course, from Yuma
to the Gulf, making only such lesser changes of alignment as
nust be expeeted on any sediment carrying river such as the
Colorado.

Among the high water or overflow channels several
are worthy ofinote.  There is .one far down on the stream on it
easterly side in lexico, Rio Sunta Clara, which is supposedat
one time to liave Dbeen the river's main channel, and which agai
becomes notable on account of & report brought in by an intel-
Tigent Indian that during the prescnt freshet of the river
(Muy and June, 1907) this slough has again become the river's






mein outletitortherGulf i oIt is  stated that practically: the en-
tire river now takes its course through:this slough which is
more than 40 miles long and enters the Gulf upon its easterly
side about 20 miles southeasterly from the present-mouth of the
river.

Santa Clars slough and numerous other smaller inunda-
tion or highn water channels on the east side are however of no
material concern in this discussion, except that if the fact is
as reported and the river is now flowing down the Santa Clara,
it serves as a further illustration of the ease with which the
Colorado River. turns from its present course.

It . isi1to be noted , however, that® on the east side
there are high water channels of similar character though of
lesser capacity and extent than upon the west side and that th
same natural tendency exists to pour water overbank upon. the

east side as upon the west. “As illustrations, there muy be
menticned a low east side depression with upper end only on
shortrdistance below Yuma ;»cand again at! the" big: bend now known
as Nigger Bend, the Americamn slough which tnough breaking out
from tne river , had no great capacity and: is now shut off by
the levee © thc Yuma® Reclamation Project,

One the west! side ofethe river is by far the greater
portion of the delta cone and it is with thls that the problem
ofsheliower: rivers has:speecial concerni. »The drainageisystem
oErebhsie rerion appesrsicomplicated ifran attempt dis.mgde fo
{race out the network of overflow channels and drainwvays, some
of which are yet immature and difficult to follow while others
scatter their waters over wide anreas from which the outflow
mey bein several directions,

Paredones River is reported to have had, in the past,
a direct connection with Colorado River., Tvidence of such
connection still exists in the shape of several shallow de-
pressions or inundation channels of small capacity in the river
bank, « These have been so reduced in size by sedimentation of
thedr Deds and banks that at all points within 'several niles of
the ‘river they aprear as insignificant channels on low flat
liment ridges. But further inland the Paredones, collecting
erflow from & considerable area, part of which was until mod-
ed by artificial works tributary both to this river and to
- Alamo , becomes a channel of considerable width end depth an
is C¢pable of carrying a large volume of 'water, southwesterly
down-wizt may be considered a median line of the delta cone,
During the unusual outpouring of Colorado River water in 1905
and 1906 there was a large run of drift down the Paredones.
This accumulated along a stretch of this channel some 6 to 8
miles abhove Volcano Luke and caused the Paredones to enlarge
some of its inundation channels, particularly some of those
leading off toward thie south. In its condition of a few vears
ago the Paredones like the main Colorado was sometimes bank
full and spilled over in low places, sending sone water south-
erly into feeders of Pescadero ?1ve and some northerly into

'f

<'> - '3 P (

cf- (W]



V3 re’t 'm"m F¥cs “"m 7" i
Vi ok ol BEDRE s_ﬁgm
5, R ..‘A;mc- Tt g
: i A ! -._!“ . !‘;:- ('_.,A A ,th* 2! \}fvf[ba ’ﬂ‘f J
5 Y Bliasn LB ST ati CeTd 59 40m0n
B N SPAR R V—*Iﬁ:ﬁé’-”t%-;'b? ey 63
0 L e s S ..,-43 ) .'\ a.ges.: fﬂ};:'
y ' k] L vw o R

-
-
ot |

: Sk e 5%
da5en 159 CONODEVE, LR TIE, :\b 45
SUZ. 0 ¢
r

: : 17:0 # Whont =08 § ""'"'5*16 ?::;:
XSV I SIEY I -'-”"*)un,gx
: AEST '«:'-’;':}.‘-. i hes W;
S M gl tee L v, i
3Jl£l. ?‘Ci
Satie ¥ ina z‘.f-;-‘n
- B0 L;::*s. a;s: feday - f*?.'c' = ,
u.? R 1AL g LF QeI
=Eyael Dak A5l s,s,e.rﬂ Blo fo,.
f""",ﬁﬁ PRSI0 et Ele o Wo&\
Or . 0n0n SIloB PhE wf.s‘i 4 :
5 a*e; Al madaw o 2
i ,813'2 PSR S
R0 & seor I
m«-ﬂm 8 am,m
| noti',} 10 sfwn ¥
MW 3 ﬂ-v..r,s

a@t#sz;ga T
2o et - - -

TN
i
u.
’

e

¥

i

e

40’&!

AN,




the overflow region between the Poredones and the Alamo from
which through several channels known as CGarzs slough and some
recent unnamed washes it entered New River, or at times in
part flowed into the northerly end of Volcano Ilake.

Alano River as originally known had its gathering
ground at the northerly edge of the delta cone, along the
southerly base of the sans hills already referred to, which
overlap the Internationsnl boundary from the north -extending
westerly from Bilot, Knob for some 30 miles. - The river took a
westerly course spreading out here and there in brouad sheets,
'Tes Lagunas!, and finally, in a well defined channel, emerged
from mosguito thickets somewhere near Seven Wells., It crossed
the International boundary line at a point about 40 miles west
grly from Colorado River and is reporited to have occysionally
carried water as far north as Salton Sink, The overflow water
within lexico from this stream could not flow north on account
of the sand hills, but the stream could spill over to the
southh, At Tas Tagunas there was a channel, Quail River slough
reported to have carried some of the water there accumulating,
to the Paredones,  Lower down the outflow was 'into the low
areas between the Paredones and the Alamo from which with Pare:
dones water its course was westerly into llew River. One of th
main points of outflow from the Alamo was at Beltraun Slough,
wnich may be regarded as a feeder of the low region drained. to
New River by Garza 'Slough, Imn fact, since the recent long
continued outpouring of the river's flood into tihe regions
drained by the Paredones and the Alamo, the two sloughs are
said, to represent practically a continuous waterway.

New River in its upper portion near Volcano Iake may
be a remnant of the overflow channel which led from the an-
cient inland lake of Salton Basin hereafter described, to the
Gulf ofi California . Tor some miles northerly from Volcano
Lake thnis river is located at the base of the Cocopal loun-
tains . * It Holds this position until well within the ares once
covered by the ancient Salton lake then continuing in the sane
general direction and crossing the International boundary et
Calerrio, it followed (before the recent change of regimen) a
gentle depression down the lowest west side portion of the val
ley 1o Salton Sink. At certain points of its course it spread
out in a broad channel 8 to 12 ft., in depth, forming occasiona!
ponds: or” lakes., s Such were the well ‘known Caneron Take ot
Calexico-and Blue Lake:some miles further merth, It is now
in a great burranca from a point about six miles south of
Calexieo: to dits outfall into the Salton Sea.

Pescadero River is on the southerly slope of the
river's delta cone., "It .receives overflow water from the Colo=-
rado and from the Paredones. All of its flow is westerly tow=-
ard Volecano Iake, southwesterly toward the Hordy Colorado and
toward other channels leading ultimately into the Culf of Culi
fornia. The Pescadero and a network of other channels are the
drainways of that part of the delta cone which lies west of
Colorado River and has a slope toward the CGulf,
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Volcano ILake, like Few River, may be a remnant 6f the
d overflow channel from the ancient Salton Sea to the Gulf,

8 o flat basin five or six miles long from northwest to
utlhieast and abvout three miles wide., 'Its bed is about 10 to
15 ft., above sea level gnd dits high water stage is reported at
about 34 ft. The lake receives water from Paredones River,
from the Pescadero system of sloughs und from other overflow
ciiannels thet carry Colorado River flood waters westerly. Its
nosition on the swmit of the low flat divide between the Culf
and the Salton Basin is such thwat its discharge is both toward
the northr and toward the south. By far the greatest discharge
has in the past been toward the south into the Gulf of Culi-
fornia , if the size of outlet channels be accepted as a cri=
teérion, The outlet toward the north is MNew River, which leaves
thertdke alicits most westerly point near its northerly end.
The water leaving the lake at that point is divided almost im-
mediately after it has entered New River, a part flowing south
in Salt Slough, which drops its water into the Hurdy. The rest
remains in New River which has a channel several hundred feet
wide with bank height of 8 to 10 ft. Toward the south the
main outlet is Iardy Colorado, which is-a broad, deep channel
of large cross=secltional area, possibly 500 ft. wide and 20 ft,
deep at maximun stages, but of relatively light gradient, its
total fall dependent uvpon lake stage ranging from 15 to over
30 ft.rin a distance of 45 to 50 miles. Desides the Hardy a
number of smull sloughs lead from the lake toward the south.
During the exceptionazl conditions of gencral inundation which
prevailed between the Alemo .and Paredones rivers in 1905 and
1906, a new broad channel wasceroded from this region into the
northerly extremity of the lake,

—'% 4O
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Some of the channel changes which have recently been
made by the inland flow of Colorado River have already been
referred to. Most pronounced as a result of the great flood
discharge across a region of considerable surface .slope and for
the most part unprotected by wegetation, has been the cutting
out of deep Warranca like channels. Near Colorado River the
cagnges in thecondition of overflow channels except in the
casSe of "tlie Alamo have been few. The gouging out of the great
barrancas commenced far to- tile north, in California, where the
waters of thie 'New and Alamo rivers swept over a flat surface
Having a gradient of 4 to 6 ft. per mile toward the lowest:
points of the basis in which their waters were accumulating.
Both Alamo and New rivers so far as they lie in California were
converted into deep gorges with vertical crumbling banks.
Their water surfaces originally submerging adjacent lands are
now 30 to 80 ft. in the ground. Tie New River barranca from
Calexico to Salton Sea has an average width of abaut one gquar-
ter mile. he head ‘of "this Dbarranca is some 6 miles south of
Calexico in Lower California, toward which point from Calexico
there is a gradual decrease of width and depth, Above this
point there are a number of channels or washes of less depth
in which the flood scattered its energy. These channels mark
on the ground the course which was taken by the Colorado River
waters during the time the river discharged inland. At first
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the excessive volume of water coming down the Alamo spread out
in Ias lagunas, most of it reaching the next lower section of
the Alamo and the remainder going through Quail River Slough
and other depressions to the Paredones. Iater the Alamo be=-

came a deep and well defined channel through Tas Lagunas and
its main overbank discharge was concentruated at and some dist-
ance below Beliran Slough. The result of thiis concentration
was a cut through the river bank at a point near the old sta-
tion, Alamo Xocho, about 2 miles below Beltran Slough from
whiich the water took & .course.southwesterly toward Pink Illoun-
tain.,  This cut from.the Alame is.wide.and deep. . It has been
closed by an earth.dam in drder .that the water coming down the
Alamo for the canals of Imperial Valley may. continue on to
Sharp's Heading.

SALTON SEA.,

Thesmost noteworthy feature, however, wnich has re=-
sulted from the inland discharge of Colorado River is the
Sealton Sea , now & large body of water occupying the lowest
vortions of Salton Basin, having a greatest length of 40
miles from near Mecca  soutlieasterly to a point about 7 mmiles
nertherly from+Brawley.

The average width of this body of water is 10 miles
and 1its surfuce area somewhat more than 400 square miles,
The water surface of Salton Sea 1s av present about 203 ft. ’
below, Sea. levelyand fthe greatest depth-of water is about 75 £t
The water of Colorado River is known to have reached Salton
oink va Jaumber of times insthe pasty; notably -in 1882 and in 189
but until 1905 the inflow-of water from.the Colorado continued
only during tiie flood-stage of the river. It ceased as soon
a6 the. river fell-to a stage avithin nstural banks. It was.-not
unsil June, 1905, that a.channel through the river bank follow-
ing an artifilcial cut, was enlarged to a capaclty and depth
great enough to take the river's low water flow, A few months
later in the same jyear. an unusual and extraordinary freshet
rise, ‘coming down.the Gila River, plowed . .out tiiis new.chunnel
t0 . s8till greater dimensions and made it the main channel of
tae river., Jfor more than a .year thereafter the river poured
its waters across .its west bank in Mexico, inland and most af
the water thus discharged accunulated in Salton Basin,

By January lst, 1906, the water had risen about 30
ft. and the lake covered an area of 247 square miles. It rose
nearly 50 fi. more in the year 1906 and had reached a stage.at
the time water was shut off in February, 1907, about 1 foot
higher than the preseal water surface, or 202 ft. below sca
level,

The water of the lake is muddy near the points where
Alamo and New River discharge and has a slight turbidity at






otiher points, Its salt contents are barely sufficient to give
it a very slight saline taste.

THE ANCIFENT SALTON SFA,

At an elevation of about 30 ft. above sea level on
the west side of Salton Basin and at elevations ranging from
%20 to over 850 ft. on the east side an old beach line is trace-
able’ This marks the limit of an ancient lake. It is prob-
able that the water surface?of this-lake stood for meny cen-
turies at an elevation about 30 ft. above sea level, During
that time the Colorado River was discharging either continu-
ously or periodically inte the southeasterly extremity of the
lake and its overflow was along the line now marked by FNew
River, Volecano Iake and the Hardy.” The fact that east side
beach elevations are reported higher than those on the west
side of the valley (Surveys of W, Carvel Hall, U.S, Geol, Sur=-
vey in 1905) leads fto the assumotion thzt there has been a
slight up 1ift of the east side country subsequent to the dry-
ing up ‘ef-the gneient lake.

The: formation of such a lake is readily accounted
for, The Colorado River pushed its delta formaution southwest-
erly from Pilot Knob across the one time great submarine valle:
and graduzlly built up the divide between lake and gulf and
raised 1t to 30 ft. above 'sea level., The river has since that
time for a long period, probably repeatedly discharged into
this lake and kept it full, thus giving time for the formation
of the"beach, When the river finally for the last time broke
a channel to the south, to a direct outfall into the Gulf of
California, the lake dried up. Its bed is still copiously
strewn with several varieties of fresh water shells, the most’
abundant being a small spiral shell and a fresh water Ttivalve,

e lake when full had a surface area of about 2,000 square
miles and a greatest depthr of over 300 ft., The lowest portion
of the Salton Basin is somewhere in the neighborhood of 280 ft
below sea level. Referring to this ancient lake, Dr. W.P,
Blake, Geologist, who assisted in the explorations and surveys
for a railroad routs from the liississgippi River to the Pucific
Ocean, writing in 1855 says: "The former existence of & fresl
water lake in the northern part of the desert is shown not
only by tie extensive deposit of alluvial or lacustrine clay,
containing Tossils, but by the existence of extended shore-
lines and beaches along the sides of the bordering mountains.,"

Speaking of the possibility of a deluge of Colorado
Desert (Salton Basin) Dr. Blake says: M"The present outflows
though but very slight, are vrobably similar" (referring to
Indian traditions of a great flood) "and yet it is possible
thet the interior of the desert might be deluged at the nres-
ent day, provided no elevation of the land has taken pluce,
and the river should remain at a great height for a long time-
long enough to cause tire excavation of a deep channel for New
River-. "






The Indian tradition relating to the ancient lake is
thus given by Lr. Blake: "The great water (agua grande) cove-
ered the whole valley and was: filled with fine fish. There
were also plenty of ducks and geese. Their fathers lived in
the mountains and used to-come down' to-thie lake to fish and
hunt.  The water gradually subsided 'poco! (little by little)
and their villages were moved down from the mountains into the
valley it had left, They also sauid that the waters once re-
turned very suddenly and overwhelmed many of their people and
drove the rest back into the mountains.,"

This ancient lake hsd a total length. from northwest
to southeast of 100 miles, Its northicrn limit was several
miles avove Indio and its southerly margin was 15 miles south
of the Interrational boundary in Mexico, It had a mean width
of 20 . miles. The evaporation of this great body of water after
inflow ceased, caused tie mineral contentis of the water to be
gradually carried to the lowest portion of the basin where a
crust of salts mainly common salt was left in sufficient quan-
13ty and of sufficient value to justify the establishment of
salt works which were.operated for some yeurs by the lNew Liver-
peol:iSalt. Co.

It is within therarea once covered by tlie ancient
lake that all of tiie improved area of Imperial Valley lies,
Calexico at-the Mexican boundary is at sea level, . Imperial- 12
miles further north is about 60 f£t. below sea level and the
cultivated lands near IBrawley extend from about 100 to 200 f%.
below sea-level.

At the northerly end of the basin is Coachella Vulley

with Indio. farthest noxth about 20 -ft., and Mecca neur the
present lake shore about 190 ft. below sea level,

THE FARLY IRRIGAZION PROJECTS,

Wiat is now universally referred to as Imperial Val-
ley was once generaelly known as the New River country. The
phenomena wiiich attended the periodical over bank flow of Colo-
rado River were fairly well Understood at an early date in the
history of California. It was recognized to be feasible to
lead Colorado River water across lands in llexico to Culifornia
and it was known that much land could be thus covered witlhi.
water. A first idea that the creation of an inland sea by
filling the hasin with water from:the Colorado would be de-
sirable and would prove beneficial to climstic conditions soon
gave way to-the projects for supplying water o' tlie basin lands
for irrigation. . Through the efforts of Dr. 0.ll. Vozencraft
axld associlates the passage of a resolution by the legislature
of California was secured, calling upon Congress to make a
cession vo the Stute of 3,000,000 acres of land for the purpose
of reclamation by irrigation., This land was in a compact body
in the scutheastern part of Culifornia and included all that
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part of Colorado '‘Desert whicn is‘new known as Imperial Valley,

A proposed act for tile cession of this land to Caliw-
ornis met-with the approval of the Public Lands Committee of
he House of Representatives in 1862, but due to the troublous
imes upon which the country had entered and other causes, the
roposed legislation failed, But the feasibility of irrigating
lands''on tee ‘Salton ‘Basin wa's'no ionger a conjecture,. Surveys
by - Fbenezer Hadley, the-County Surveyor of San Diego County,
Pad'established the fact that water from the river would flow
to the land, “Ee reported irrigation to be practicable as
water from the Colorado River "flows there now", The plan
which he suggested was substantially the same as that which
waes uvltimately carried out. He proposed to tap the river at
the point or rocks adjacent to Pilot Knob and Iimmedlately above

e dinternational” boundary line., He called attention to the
faet that The hills zliong the boundary west of the river would
make it necessary to locate the canal for some distance through
SEsrens Tertd borg A HE T proboged. a " Canial 287 f%), "wide and 10 Tt.
deep’

f
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Under ‘direction of Lieut. George }M. Wieeler there was
g examination rade in 1875 and 1876 to defermine whether it
would be feasible to divert water from the Colorado River at
any point below the Grand Canon for the irrigation of lands
MmOt orntg ™ This-exgnination was entrusted to_ Lieut. Bric
Bergland who reported adversely, stating thut a2 canal from sone
point below the poundary would be more practicable and less
expensive. He suggests that one of the branches of New River
(évidently "the ofie Yafer known as the Alamo, or Carters or
Salton River) leaves Coloraco River near Algodon station and
that this natural channel might “be utilized for carrying water
into the depressed area to the northwest. 'He thinks that to
avoic the sand ridge the canal should be as far south as Seven
Wells in Memieo, then turning toward the northwest. Referring
te Ulle amounv of cutdting :required +to construct sueh a canal he
thinks it wolld "be moderate "as the water flows into this area
from the river when it overflows its banks."

IRRIGATION ENTERPRISES,

The necessity for carrying water through llexico to
reach the New River country in California was discouraging to
later promoters of irrigation projects and no schenme entirely
north ‘of the 1ime could he worked out the expense of which was
not dprohibitive.* The enterprise therefore remsined dormany
untiX revived by the Colorado River Irrigation Co, in 1892,
which had plans for the irrigation of lands in the United
States and liexico upon both sides of the river. 32But this en=-
terprise was not z success, e Company went into the hands of
a.recdeiver.,
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When this Company failed, its properties, notably
the surveys which had bPeen made, were acduired by a new corpo=
Tation, the California Development Co,., which khad been organiz-
ed on April 24, 1896, under the laws of lew Jersey.

This Company contending against difficulties that
often seemed insurmountable has succeeded in msking the irri-
gation of land in the Imperial Valley an accomplished fact and
has maintained most of its canal system in operation since
1201. In that vear the delivery of water commenced., It in-
creased raterially in 1602 and by 1903 the demand for water
was in excess of the facilities for diverting and delivering

he same, "Under 'these circumstances the Company thought it
necessary to safepguard its rights to water from the Colorado
River. It requested Congress to recognize its right te divert
water from this river heretofore regarded as navigable, 'Faile
ing to secure favorable action in this direction, Congress was
requested to declare Colorado River non-vavigable, The only
outcome of This-request was a resolution directing thut an
examination and report be mzde bearing upon the matter of nav-
igability, Thereupon the €Canal Company through its affilisted
Mexican corporation sought certain rights in llexico and ob-
tained a concession as hereinafter explained. It constructed
new inlets to its canal and one of these, the one ususlly re-
ferred to as the Lower HNexican Heading, was in consequence of
its unprotected condition and unusual flocds in the river en-
larged bty the flood waters until near the close of 1905 it be-
came theé main channel of the river,

Attempts 1o close this heading and to turn water away
from it failed one after the other until ¥ov. 4, 1906, when
the river was forced back into its proper channel, It was held
nere antil Dee, 7, when it broke through a levee at a point a
short distance south of the original break and resumed its flow
inland, It was zgain checked znd turned to the CGulf glong its
SPdper course on ¥eb, Il, 1907." It is now flowing to' the Gulf
and the defensive works can be reported to have stood the test
of'a high watler reaching 29,2 at Yuma and a maximun discharge
of about 112,000 sec.ft. withoul having shown any signs of
weakness,

.

THEE IFXICAY CONCESSION,

This in'brief is an outline of what has occurred hut
some further explanastion is necessary for a full understanding
of fhesytvation,

It 1s to be noted in the first place that there has
been no agreement entered into between the United States and
Mexico under wnich the latter country grants the former or any
of its eitizens the right to conduct water zeross llexican ter-
ritory. Nelther has there been any direct grant to any United
states cerporation of any such right. The concession which has
been made is to a Mexican corporztion whose onerations so far
a8 conmstruciing works and conducting water ure concerned are






confined entirely to. Mexico. .But the concession permits a
Mexican corporation, la Sociedad de Yrrigacéion y Terrenos de la
Beja California (Sociedad Anononyma), to receive at the inter-
national boundary line or to divert from Colorado River on
Mexican territory water which after flowing through llexico may
be delivered to canals for the irrigation of lands in Califor-
niz .,

This concession is held by a corporation whose capi-
tal stock is owned by the California Development Co., and there-
by the latter retains its control over operations in llexico on
which it is dependent for ifs supply. of water. The matter of
conducting water. thirough llexico was further gimplified ‘by a
purchase for the lexican corporation of a tract of 100,000
acres practically parzlleling the intermational btoundary,
witlin which lie the various artificial channels and structures
that.were necessary for a control of the irrigation water.

By this ownership of land in Mexico canal construction from
the boundary at Hanlon's on the Colorafo to thie Alamo, from Ias
Iggunas to. the Lower Alamo, and from nedr Sharp'!s: Heading to
yarious points on.the . boundary line was made possible as early
as 1901 and 1902,

The concession.above referred to was in the nature of
an agreement between the proper authorities of llexico and e
representetive of she lexican corporation and bears date ¥ay
17,1904, 1% was ratified by the Congress of lMexico the fol-
lowing month. Under it the right to divert 284 cubic meters
per second (10,000 sec,ft.) of water from the Colorzado River

a part of this water as reguired,. not to exceed one half, upon
lands. in Mexico, The right was . also granted to receive this
weter from & canal heading in California north of tiie boun-
darv lihe and to convey ithe same in canals or in natursel chan=
gels through lMexico. The concession is coupled with other. con-
ditions usual in such cases such as the deposit of $10,000 in
Mexican bonds, the monthly payment of 3300 to llexico; the
aporoval of plans and inspection of works. t is also.subject
t0 the condifion that the Mexican company  shall not sell or
mertgage its property to any foreign. govermment or state and
shall not teke any foreign government into partnership. All
stockhiolders in the company may.be foreigners. Relating to

the navigabilitly of the river the concession is coupled with
the condition that the diversion shall be without injury to

the right ofia third pvarty or. to the navigability of the river.

Thie canal companies under this conctession have ac-
quired permission and have apparently assumed an obligation to
irrigete.lands in Lower Culifornda.. It is not known at this
time wlet area of land in Mexico west of Colorado River can
ultimately be brought under irrigation.. It is known however
that vite area commanded by water diverted at or near Pilot Knob
is very large, somewhere in the neighborhood of 800,000 acres
and that under certain agreements of rauther vague tenor, rights
are claimed to water from the Mexican Company's canal system
for nearly 700,000 acres,






IRRIGATION OR NAVIGATION,

Although the navigation-interests on Colorado River
have never been sufficient to justify the expvenditure upon
this river of any funds for the improvement of navigution, it
is nevertheless.a fact that the lower river in its natural con-
dition is navigable.. This was recognized by the two countries
when entering into treaties relating to the International
boundary. Under the provisions of the treaty of 1848 neither
. ecountry is to permit works: throughout the portion of the river
where it is a common boundary, that would interfere with the
navigability of the river. The subsequent ftreaty of 1853 can=-
cels this provision but guarantees to the United States the
free and uwninterrupted passage of vessels and citizens so far
as the river forms the common boundary between the two coun-
iries.

Owing to unusual difficulties, such as lack of depth
on the bars, swift shoal waters and a tidal bore in the river's
mouth , where the range of tide is reported to be upward of 30
ft., there has been practically no commerce on the river below
Yuma since 1876, the time of the completion of the Southern
Pacific Railroad which crosses the river-at this point. Severa:
examinations made by the engineers of the U.S5. Army have re-
sulted in reports unfavorable to any expenditure for the im=
provement of navigation on the river,

Permission hus been given to the Secretary of the
Interior by Congress to divert water from the Lower Colorado
River for irripation purposes. (Act approved Apr., 21, 1904,
entitled "An Act making appropriations fér current and contine-
gent expenses of the Indian Dept", etc.) Under this permission
the Reclamation Service is constructing a diverting dam across
the river et Iaguna about 12 miles above Yuma, This dam as
planned makes no-provision. .for navigation, and tihie proposed
diversion, av this point, of water for the Yuma project will
at times deprive the . river.of the greater portion of . its low
water flow, 1t seems therefore. that the time has come when
Congress .should take some definite gection in the matter of con-
firming a rigat to the use of the.Colorado River water 1o the
lands waich have become.dependent. thereon suchh as Imperial
Valley., 1Action.in fhis matter appears tne more important be-
cause it secms necessary o set a limit upon the amount wiich
should be taken from. the river for this purpose in order that
interests elsewhere on fhe river muy be suitably protected.

The concession made by llexico. to the ilexican corpora=-
tion, 284 cubic meters per second or 10,000 sec,ft., is nearly
three times gs much water as the river carries at an extreme
dow stagé«. A canal of capacity to.carry this amount of water
would be adequate for the irrigation of about 800,000 acres
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of land., It should be assumed preliminarily that about 300,000
acres of land in Imperial Valley can be broucht under profit-
able  cultivation, and That suitable'restriction upon the use

of water in Mexieo should limit the area there to be irrugated
to about 150,000 acres., Over 200,000 acres of land in Imperial
jalley are covered by water stock in one of the other of the
mutual water companies, and therefore have been paying for
water, and probably more than 100,000 acres have Deen under
crop and therefore irrigated in a single season. TFurthermore
the river water, supplied by the canals, is the only water
available for domestie use in Imperial Vealley. The canals
suppYy water to tlhie municivalities. Imperiul Velley is there=-
fore to an excepltionsl degree dependent upon the canal sysiem
from Colorado River for iis prosperity. Without thie service
rendered by the canal system, the country would have to be at
once abandoned.

In view of these facts, some suitable assurance shoulk
be given to Imperial Velley that it will be protected in the
use* of some specdified quantity of Colorado River water. But
heére again action by Congress for the protection of the water
users should be coupled with such conditions that such a con-
firmetion of ‘water rights will'be of real-benefit to the land
irrigeted and will not go solely toward the enrichment of pri-
vate corporations (possibly including a foreign corvoration),

’

TEL LEFACE,

The temporary flow of Colorado River inland to-an
outfall inTo Salton Basin resulted from the making of a rather
PRsTaniTicant-cut through*the river!'s high bank land, It Ts %
ve assumed that without such artificial weakening of the nutur-
2l barrier which flanks the river, there would have been no
chengesof ‘this kind, at this time in the river's course. 3But
the river is, and for many years has been, ready to swing away
from the outfall tTo the Gulf back to a course inland; and it
has by the mighty sculpturing of deep channels during 1905 and
1906, greatly increased the probability that such a change woul
be made and would becorme permanent if large volumes of over=-
bank water are herecafier allowed to rezch the region drained
By thie Alamo and New rivers.

A permenent change of the course of Colorado River
away from the Gulf would bring disaster to large areas in the
United States as well as in Mexico. In this general review of
the situation no attempt will be made %o present the consequenc
of such a change in an exhaustive way but some references to
the chenges which will take place is necessary in order that
the need for permanent river control may be made apparent.
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Such a change would first of all mean the gradual
submersion of Salton Egsin. Bven now some improved lands
southward from Mecca and others northwesterly from Brawley are
already under the water of Salton Sea.: Waters.rising hirher
would cover thie Improved lands of Coachella Valley;  liecca,
Thermal , Coachella and even Indio would be deeply submerged.
The farming lands near IDrawley would ultimately be covered
with water 130 fi. deep,; Imperial . El Centro; Holtville, Calex9
icorand the country o¢far to the east and west would be at the
botiom of the sea. The water would ultimately spread out over
about 1900 'sguzre miles of (lund in California and would cover
apout 100 square miles of “land in Lower California . The in-
dustries of prosperous communities would thus be wiped out
withiout hope ‘of anyrearly restoration of the original condi-
tions because it would first take: the river some forty years to
£il1]l the basin ‘andi should ‘the river then be turned back to the
Gulf it weuld take 50 years more to dry up the inland sea. But
the damwge would by no. means stop with the inundation of abowd
1,250,000 acres of land in California and Lower Culifornia, for
during the f£illing of the bhasin there will be a decpening of
the river channel upstream along some roube of least resist-
ance, nrobably along the present course of lNew River to Pus-
qualito Bend, 6 miles south of the international boundary,

hence along the washouts already scored across the country,
easterly, past Pink lountain to the Alamo;j . up the Alamo to

the Colorado and thence up this river past Yuma an indefinite
distances This deepening of xriver channél wiiich may be X0Q £t.
or more &t Yume would not only deprive the boitom lands in the
valleys of “the Colorado of their water but the strean as it
euts bank to the wight and left would swing from side to side
cutting away the rich alluvion of these valleys. Some 400,000
acres of land dn the United States would thus be nenaced.

Some of these lands are improved, some are now being brought
under irrigation, as at Palo Verde and at Yuma, but the greater
portion. thereof belong to the area which it is hoped will some
day e protected vagainst overflow and supplied with water for
Inrigation.

Tyrtitermorey all of the rivexr's delta conemow to
some extent watered by ithe annual outipouring of the flood waben:
would be deprived of moisture. These delta lunds would be out
of reacinn of the Colorado River water and would quickly assume
the character of a desert. All of the 800,000 ucres of land
on the west side of Colorado River in Lower Culifornia would
become a dry, barren waste and some of it would later be sub-
merged, wnile in Sonora on the eust side of the river additiona-
large areas of land would lose the benefit of the annual inun-
dation walem.

Permgnent maintenance of defensive works such as
those now in service on the west bank of Colorado River below
Pilot Knob, will deprive a large area lying between the Pare=
dones on the south and the sand hills on the north, of the






natural periodical watering.received.in the past. This area
mey be brought under cultivation by irrigation. 3But whether

his be the case or wiether the land be allowed to lie waste,
the naturagl thicket of trees, weeds, brush and grass will dis=-
appear, except close by the canal, and the land's surfuce will
in time become bhare and will fall into a condition most unfave-
orable for r851st1ng the. erosive. force. of any flood which may
break -through the defenses at the river

That these defenses are good has already been siated,
but their permanent safety will.depend upon the foresight and
vigilance of those in control. It may be noted that the menace
most likely to cause concern.and most difficuvlt to guard
against will be an attack: upon the river bank by the swirling
va ers of the river. It ls quite possible thail, under such

ttack, sections of the levee will dron with the caving bank an
that bvea01eo way result therefrom whi ich would reestablish the
inland flow, Such an sttack results often from accidental
causes. -The time and. place.of its occurrence cannot be fore-
gseen and it ecan be permanently guarded aguinst only by holding
the river for a long distance up and down stream to an align-
ment from which it can make no change.,

Teday those: in. control of., The works on the river bank
are thoroughly prepared to conduct defensive operations. They
are alive to the importance of lwolding the river where it is.
BEut as years roll by, as managements change a time may come
witen this vigilance will be relaxed. It may be expected to
drop in the course of time to a minimum, if allowed to remain
i the hands ofiany. orivete corporstion,... This. ks a situation
which , in view of the growing industries and. increasing popu=-
lation in the tihreatened areas of both countries, is intoler-
able, It calls for immediate relief. A relief which should
unhesitatingly and immediately be extended by the governments
of- botly countries.

The United BStates cannot protect. .the interests of
its people in Culifornia and Arizona withoul some arrangement
wits Mexico. because: the danger point lies in lexican territory.
But as above shown, lMexico nerself 1s vitally interested in the
situation and as tlle need is pressing, there will no doubt be
nearty cooperation in this matier. by the two countries.

THE WATFER COMPANIRS,

®we problem of dealing with the situation in Imperigl
Vullcy is not confined to phys;cal features but has been made
more difficult of solution by. the complications resulting from
the inter-relations of various corporations and obligations
assumed by these and by tiie selttlers who have already brought
a Jdarge body of land in the valley under profitable culiiva-
tion,

-19-
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The essential facts relating to the operations an
functions of the principal 'water corporations appear to he as
follows:

The California Development Co. gaveé notice of an
appropriatien of water from Colorado River on Apr. 25th, 1899,
The notice being one'signed and posted by ¥r., C.M, Perry at a
point & short distance north of the international boundary, in
Cglifornia.,

The water as finally diverted 1in. California, was
cdrried in acanal to the boundary, where-it was delivered to an
extension of the canal, built by a llexican corporation Ia
Sociedad de Yrrigacion y Terrenos de la Raja California (S.A.).
Intthis cangl on-Mexican territory“the water flowed to the
upper -Alamo, thence through Ias lagunas and down the lower
Alamo to Sharp's Heading, wiere also upon Mexican territory,
works were constructed for its diversion into camals for spec-
ial districts-loeated in- Czlifornia 'and Kexico, “Some-water
remaining in the Alamo flowed in this channel into California
and was taken out for irrigation at points north of the boun-
dary.

The lexiecan' corporation thus recelved water from the
California Development Co. and conducted it through lMexico,
delivering all but a small portion used on llexican lands to
customers of the California Development: Co. at the noints where
it recrossed the international boundary.

The water was first made available for irrigation in
190X, but did'not come into use to-any considerable extent
until 1902. ‘The development of the resources of Imperial Val-
ley was rapid in that and following years.

After Mexico had granted a concession to the llexican
corporation which carried with it the right to divert water
from the Colorado River in llexico, two openings were cut south
of the international boundary from.the river to the canal, and
for a time some of the water in Imperisal Canal came from this
source as well as from' the canal head in California,

Now both the lower and the upper headings in lexico
are closed-and all of the water in the canal flows through the
Neading 'in California, the inflow being controlled by a con-
crete structure.

The water thus carried thHrough llexico for the Cali-
fornia Development Co. is not delivered by this Company to
individual irrigators but is delivered to a number of sub-
corporations known as mutual water companies. Fach of these
is'a stock company end has assigned to it a fixed territory.
The number of shares of its capital stock corresponds to the
assumed area of irrigable land within its territory.
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A1l of the companies thus organized entered. into
some kind of an arrangement with the parent company for the
construction of their ditch systems. ,Through this arrangement
the California Development Co., :came into possession of the
stock of the sub-companies and fixed the price thereof. Fach
share of stock carried with it the right to water for an acre
of land,

There ore at present six of these mutual water com-
panies each of which has, it is understood, entered into con-
tract with the California Development Co. and the Mexican cor-
poration for water.: Water is ito be furnished to the local
company as demanded, but conditioned upon.a. total delivery not
exceeding 4 acre-ft. for each acre of land covered by water
stock. DPayment is to be made for all water delivered at 50¢
per acre foot, some allowance is to be made for loss by evapo=-
ration and seepage. Annuval payments are to be for not less
tihan one acre-foot of water for each share of stock outstand-
ing.

[

The California Development Co. agreed to construct
a canzl from the international boundary to the laterals of the
stockholders of the local water companies, of sufficient ca=-
pacity to supply 4 acre-=fect of water per annum for each _out-
standing share of stock, and it also agreed to construct a
system of distributing ditches for the delivery of water to a
point on each quarter section of land from which it would be
practicable to irrigate the same by gravity flow. All laterals
and ditches become the property of the local water companies.
These local companies fake complete charge of the distributing
system, the expenses being met by stock assessments.

Whensin 1908 the water could not be shut off at the
nead of the lower intake in llexico, financial assistance cane
to thie canal eompanies at an opportune moment. It is under=
stood that sometime early in that year application had heen
made by representatives of the Cal. Development Co. to the
Southern Pacific Co., for a loan of $200,000, This application
we.s under consideration when in June, 1905, it hecame apparent
that the cangl company was meeting with indifferent success in
its attempt to reduce the inflow of water into Salton Basin,
The railroad company determined to come to the aid of the set-
tlere in the valley and at the same time proteet its own in-
terests, its muin track near Salton being threatened, by ad-
vancing the money as requested and taking a hand in the manage=-
ment of the canal company's affairs. The first loan was
guickly followed by otiers and it is due to the fnstinted fi-
nancial support of the railroad company and to its pluacing
tracks and rolling stock and plant of every character at the
disposal of the men in charge of the work at the river that
the effort to turn the river, which at times appeared well-nigh
nepeless, was made a success., Word was given out that so long
a8 there was a fighting chance every effort would be made to
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accomplish the desired result and this declaration wes fully
i edThp O s B R s notonecessarys 1o describe. in detail. wha

ve.s done. This,will, be:'done in prooer time aza place Dby the
men who have been in charge and from them too there can be ob-
tained as required a statement of mAat the cost has been, The
work was to.a large’ extent mergency work done with facili-
ties within reach. - The cost of some of it was therefore nec-
essarily relatively high What has been acconplished- is not
only the closing oP the break in the river bvank at the Lower
NMexican Heading, but there has been constructed from the con-
crete headgate at Pilot. Knob down siream for 12 mikes-along
the west bank.of Colorado River.and inleand wlong the high land
following the Paredones, & levee generslly about 8 ft. in
height. The levee terminates inlu“d oout S miles distent
from tlle Colorado. 1Its oxtcnsion farther inland possibly en-
tirely down the Median line of the delta.cone:to the vase of
the Cocopah llountains is under cons;aeratlon. By such exten-
sion it ‘is hoped to keep all the overflow of the Colorado on
et soutnerly Slope of the della cone toward the gulf and away
from Balton Basin. '

The lands of Imperial- Valley commanded by the canal
system were and in part still are of pronounced desert type.
They lie in a region whose normal reinfall is only 2 to 3
inches, in which, there was originally great scarcity of vege-
table &nd animal life, and which formed a part of the Colorado
desert. Color#do River is.the only source of water.available
for thegse lands, The lands now covered by canal.were.a part of
e public domaln at the time . thut the canal enterprise.was
underislken and were therefore stbject to.entry under the desert
and homestead laws. .As . title 1o lﬂnd under the desert land act
gannot be secured Wwithout 2 water right from some.rellable
source  thne desert Iand eéntries 17 the Iaperial . Valley. are
t:crc;ore all déépendeént upon the California Developnenu Co.
WRTCR  Controls” tlie "supply of water to this region, O0Of about
280,000 acregs of land-that . have been filed upon.in the Imperial
uhlle“ gpproximately 90% was entered as desert land.

Tne Cal. Development Co,. at the beginaing of its

gperaticns wien money was needed for construction purposes

gl red o tle Price. of .4 sShare of the water.stock .of .a Lutuul com~
pany , Tace valle being £10.00 at &g, 78, .but each of. the firs
80,000 shiares s0ld carried with it a drawback of £3.00 in com
pu“y bonds, receivable for final payments on the stock, thus
reducing ils ucuu¢l cost to 85,75. Tater sales of stock were
mede avove par.. Its selling price to setflers rose to $11.25
for ‘the shar eo of *Le second block of . 50 ,000 shares, $15.00
£or the third-an HNO 00 tne;cafue;. It is understood to be
now obtainable at $12.00 to $20.00 ver share, Over 200,000
shares-of. stock are.at present outstanding. The figures here
noted ate necessarily approximetions which llowever give some
fded of what the Tahd, owner ha§ had {to pay for a right to
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receive water from the canal system. They do not represent
the recc*pts of the-Cal., Dev cTOPmcnt Co. from stock sules,
It 1s krnown tilat this. 'compagny used water stockat a valua-
tion entirely independent of the price at wixich i1t was of-
fered o setiters .in othey traisactions that it used it
in making purchases;. “that it -sold 1g+Ue blocks of stock
at & low figure at times when it was in need of funds, and
Phat It conducted ‘the sale -of “the stock thvo(;h.an agent -
thie Imperial I&end Co.- at a commission of 25%, this com~
mission however covering also expenses of udvcrtising and
leocating settlers and-the like. - The canal company moreover
pluccd itself under oLllgatﬂon to construct the canals and
distributing ditches-in the several water districts, and
tire: ofore required those who bought stock in large blocks
to assume this obligation,

+.

Consequently, access to records wculd be necessary
to maketan estimate of what was.reglized 'hy the Cal. Devel-
opment Co. from the sale ¢f water stock,

THT OUTILOOK,

Notwithstanding various obstacles to progress
thiat arose from time to time, there has been a rapid de-
velopment, of "the resctrces of Imperial Valley., - The set-
tieérs ‘now look "into the' future with confidence. All will
gome out right in the end, is the vrevailing sentiment, and
although there has been misunderstanding between some of
fhe corporations and a lack of harmony of action under try-
ing S&LUdulonS still all are sanguine that a way will be
found to ausare permanent prosperity to this premising re-
gion, No one however seems to have any clear idea as to

what is to be done.

It mey be all® right at the present time and

Ltnder, present mansa fement to have the Imperial Valley de-~
pendent for its wuuer upon t“e opergtions of g liexican com-
panv fNtMexicos " but sailsfaclory service may ceasé when new
difficulties or comp11r TUPnSEEPIiSe The residents of
Dot Imperial and Coachellas Valliey may for the present be
orntent to trust this sume foreign corporation for protec-
tion on" the behks of the Colorado River in Mexico, but the
same persons will not always be in control, the owne policy
will not always prevail, and it must be foreseen that a
period of certainty and unrest will come when control of
these wor ks bv higher authority will be demanded.

From the standpoint of Mexico the situation is
negt much better. The Waﬁer for the irrigation of delta
lands west of Colorado River in:Lower: California is di=-
verted in California by § United: States corporation and






delivered to.the lMexican eorporation for distribution.

Here again it cennot be noped that, satisfactory service
will alwaysbe rendered by a corpcration of a foreign coun-
try operating . in foreign territory, and here too it be-
comes. questionable whether. the work.of more than local ben-
efit the mallacenances ol the river in.its.proper .channel
should bhe peérmanencly entrusted to a private corporation,

THE _RIVIR TITOW TIE TOWER ITEXICAN HIFADING

AT THE HIGH STAGE OF JUNE 1907,

-

During.the hign stage of the river culminating
in the firsi week .of June.with.a gage height aft Yuma of
29.2 £t., there came a period. just preceding the maximum
stage of the river when at a.point about six miles south
oty thie . Lower Mexican Heiding.the,ziver DPegad.to.fall, This
Tall while volume of flow was still increasing and while
the river at.and. above the Lower Heading was still rising,
seemed-to indicate either that there had been material
channel. enlargement, for some. . distance down.stream or that a
sudden cutting through of some.neck of land had shortened
the ziver.or.that. there kad.been g meterial. enlargement of
some high weter escapeway not far below the point where the
fall ofvthe water surface had been noted. :

Personal exploration a few days later. of the re-
gion 1n the vicinity of Volcano Lake disclosed the fact
Piat there nad,been a,.rapid.-rise of this lake, and reports
mere currend &that there was.nore water.in the delta.country
soutiiward from Paredones River than ever before.. Puredones
River was not at that time high.enough to send any water
toward the north, Consequently, this river could not have
been a lerge. contributer to,the.lake. . 1t was known in
tais connection also from personal inspection that the
amount of water which had flowed westerly along the new
deiee.on theswest bank of .the. Colorado -River.-was.small in
amount. .The water had not been of sufificient depth- over
the land to wet the base of the levee tliroughout its entire
gength. -Thisgfael .of &n accumulation of large.wolumes of
wWater at and easgt of Volcano Lake in connection.with the
arop of the water surface as above noted in Colorado River
pointed to .-the vrebatvility that there was-an unusuel over=-
Pank flow westerly within the territory tributary to feecd-
ers of the Paredones and the Pescadero River systems, prob-
ably somewaere near the point where the river ceases to be
thie boundary line between the Unifed States and 1lexico.

(&)}

Or. June 15th and 16th, 1907, an inspection trip
was. . made down the river. fto verify. this fact and to ascertain
wiethier there was any new breach in the river bank at any
point tributary to either the Paredones or the Pescardo,.

The trip was made by steanmer and was extended down stream

“D4w
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about £0 miles from Yuma to-a point over:-20 miles by river
telow the Ardgona ‘boundary.! The rivér was carrying about
94,000 sec.ft, of walter and-its stage was 28 fi, on the
ghget podyat i uma;, orprabouts e 20 ftn tower thanaitrhad-beei
esrlier;in June. (From the gagings made every few days
at Yuma it became apparent that the muximum-discharge of
the river had not been coincident with: its maximum stage
atowhich insthe first week of June the discharge was only
about 80,000 sec.fts)

1t was foundithat. the.river from Yuma down to a
point about 10 miles below Lower Mexican Heasding was less
than bankfuly. It had been:at acbankful siage earlier in-
the month. Below the Lower Mexican Heading on June 1%th
and 15th going down stream the water surface elevation
gradually reached and finglly exceeded bank heightsm there
being a pronounced overbank flow at many points (and at
some points for long stretches), commencing about 4 or 5
miles below the recently made cut-off at Higger Bend.
(Nigger Bend is about 5 miles below the Lower Heauding).

This condition of overbank flow incthe last 15
miles traversed, was almost continuous. The water which
went out. of the channel toward the east returned to the
river at the points where the east side }Mesa breaks off to
the stream at 4iand 12 miles. below the Arizona .boundary.
The water which went out to the west was without doubt
cavght by the feeders of the Pescesdero Slough system and
muen of it reached the country near Volcano Iake through
thés system, Some of it, at the highest stage of the
river, when the river was more than a foot higher: than on
June 15th and 16th, found:its way to the Paredones River
but not enough to: cause this river to send any water into
its nowth side oveérflow.chunnels.: At the highest stage=of
thepriver in: gherearly pary of thismonth,; June, 1907, the
general overbank flow commenced at a point close below the
Bower: Mexican Hesding:and asifarcdownnstream gas thecriver
wa s examined-therechad beentat least one foot greater
depth of water on therbanks than at the time of the in-
spection, The outgoing water was here and there seen con-
centrated in small channels of slight depth. DNone of these
nowever had the appearance of streamgwhich are enlarging
their Peds. Most of the water: in the banks was: flowing in-
laehd , through weeds and between trees, with considerable
velocity.  ‘During the highest stage of therriver the out-
going waiter nust have been a. large proportion of the rivers
fiow.

Itewas plain from this inspection that a series
of changes in altigmment; all of & minor order besides the
material change at lNigger Bend, nad been taking place
within the last year or twa, Tae river had heen shortened
somewhat by these chunges. To this shoriening to gradual
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increase of channel capacity while the river is high and_to
the new regimen resulting from the Nigger Bend cut-off where
the river length was suddenly reduced about 3 miles in

Now. and Decw, 1905, there. shoulds no- doubt, be .ascribed
the lower high water surface elevation, in reference to
bank heights above lNigger. Bend than below it during the
freshet stage,of this year (1907). The summer.high stage
;s come on 80 gradually that the river has had time to
lower its. ved np: stream; from: Nigger Bend, and channel ca=-
pacity bas.herefore beendincreasing. . This increase of
channel capacity is best illustrated by the discharge rec-
ord at -Yumg . . At the highest stage in the first week of
sane 190% watdthe. gagetat 29.2 the discharge was about
80,000 sec.fd. It dncreased to over 90,000 sec.ft, while
gradually felling and upon agein rising to the highest
stage 2%.2 in the last days of June the discharge had in-
creased, to 112,000 sec.ft..or 40% more than for -the same
water elevation early in the montk.. This increase of chan=-
nel capacityias already expleined, kept this season's flood
fairly within natural banks from Yums down to Nigger Dend.
Bunlis were overtopped only here and there in a few low
places, - and praeticadly no water has stood against the
levees. - Under these circumstances the levees have not
turied any water, back inte the river chnannel and hgve had
no. appreciable effect upon the stage of the water, as might
have been the case if there had been a considerauble submer-
sion of the bank lands on which they are built.

The conditions as described have veen favorable
for the, protective works on botn sides of tiie river. 1t
ghould. not e Bsupposed.,  however, that. the seume conditions
will always prevail, The river channel now comparc.tively
free from great serpentine bends, is restoring these as
fFast a8 dthean ecarve awar-dhe foiablel soll dim a.number of
concave banks, The preat width of river at many points
below the Lower Heading resulting from the addition of
long stretches of abandoned channel-to the ordinary water-
way cannot be long maintained, because the bars already
formed in these old chnannels will quickly be covered with
apdense growth oftrees and brush,

It-is, to be noted too, that, owing to the lack
of overbank flow.dn this section of the river during the
¥ear 1906 . wien: the river had abandoned its course to the
Gulf, there was a cessation of plant growth on much of the
ground which is this year under wuater. large areas were
firve swept . - Consequently this.year!s high water found
less obstruction to its flow inland across country than
lad heretofore been interposed and the river did not rise
as high above banks as usual, - Such causes are necessarily
ondy o temporary effect in reducing the elevation of the
Tlood plane at and avove the Lower Mexican Heazding.






They however removed -all.cause-foranxiety.in the matter
of the maintenance of the river in its proper channel dur-

2
g Thig'yeawrs summey high stage, but they must not be

nitely., The 'scoured out channel will be refilled in a
measure by the slackening current of the falling river and
at tihie close of "“the freshet season the rivee channel may
again be reduced to about what it was at tlhie beginning

T the vresent Jtne rise, Wnen it is now considered thuat
thHere was this yvear snow enough on the ground in the high
mountain watersheds of Colorado River fto have sent the
IS EeT e e e T et Bighe *Statee Min ‘The ' first dayst ¢f
tune, if the temperature conditions of ‘this spring had been
formal, it will be seen thiat in subsequent years much
higher water should be expected. ' This year the very early
warn wegther of March brought down some of the lower snow
and reduced “the area of the snow-fields exposed to the suns
raye later inm "the spring. April and lMay were cool months,
yet warm enough to keep some of the snow coming and to keep
tHe river at a high stage and at work cutting its channel
deeper , so that the freshet stage of June found the river
channel below the Lower Mexican Heading fairly well re-
gtored to normal conditions. Most of the new obstructions
were cut out and river was being deepened under the scour-
dhg'mction ‘of tite flood stuge so that a second pronounced
increase of flow with volume about 40% greater than at the
st 'O tire first rise found' thie river capable of “carry-
Ing this water at' Yuna and, in Tact, all the wuy to and be-
oW “the Lower Heading at elevations no greater than those
S e e St T IS e,

On a falling river, and during the long low water
Period wilicn will follow tiidis flood stage, tliere will as
BB ve stagtetl s We ‘dhannel deterioration, ™ The conclusion is
not warranitved that because the river carried 112,000 sec,
Foe on dune 20y 1907 ) Bt a ghge Meight of 29.2 . that it
would do this agein 6 months later, under some sudden ocut-
pouring of ‘a Tlood down the Gilae Velley, nor that it would
rise no nigher if the Colorazdo discharge increased rapidly
HexXt spring . from a low water to a high water stage. In
otiler words, no condition has been found along the river %o
warrant amny belief that the future hizgll 'waters will not -as
2 the past, from time to time, overtop banks along that
porvion O0f the siream wiere the overbank - -flow would be a
GErecT mernace "o Imperial Velley 'and anindirect menace to
gther interests as @lready pointed out. A levee sysiem as
cormieniced by the canal companies is necessary 1o prevent
tiis flow acrosgs country toward the channels which fall
into Sglton Begsim,
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THE HFAD OF TMPERIATL CANAL,

The original intake of the canal of the Cal.

Development Cow was-in California. several huhdred feet
orth of the boundary line. timber 1e¢d{uue cont“olled
the inflow ef.water.  Tater as. described, two openings were
cut.from viver to eanal . in Mexigco. BOuh of these are now
closeds  the upper one-by means of an earth embankment
forming & part. of the river-levee bhrought up from the
Lower Headi ing; the other closed, after having been for a
time-the main channel of the r¢vor by means of the Hind
and the Clarke dams constructed of broyen rock, gravel and
earth.- The head of the canal is now several Au“dred yards
further up stream than originally and its inflow is con=-
trolled by a headgate of reinforced concrete which rests
vyon solid . rock, a small spur-of Pilot Knob having been cut
away to receive it and afford a good foundation and a se=
gure landside abutment. The west side levee above re-
ferred to is connected with the river end of the concrete
mte,  The levee follows the right bank of the river dist-
ant therefrom generally 200 to 300 £+, It is about 1400
ft. from a levee on the-opposite side of the river, the
latter being.one of the features of the Yuma Reclamation
project. At the Lower Heading 4 miles from the concrete
headgate the levee drops away from the river about one-half
mile connecting with-the dams that were constructed by the
canal companies across the first and second breaks in the
river bank. The levee then pushes forward again to near
tlie river holu_ng a position within a few hundred feet of
the bank for about 3 miles then is carried obliquely inland
along . the high grouand built up by the one time upper sec=
tion of Paredones River, It terminates about 10 miles from
thie Lowver Heading. Its lower end is about 3 miles from the
river.  The-fall of the couwntry-along the line of this levee
after it leaves the river bank is about 3 ft. per mile,

Some security-in uddition to its own stability is
given to this levee from the lhead of the canal for 4 miles
down to the Lower Heading by a secondary embankment-along
the canal which is genersglly from a few hundred feet to a
guarter of a mile or more further inland. The secondary
emb@nxmuﬂu is connected with thie main levee near -ithie con=

rete-headgate and aguin atv the northerTy end of the dams
dt the Lower Heading. On-the south side of the wash in
which the river flowed before it was turned back into its
proper course, is another secondary embankment a deflecting
or spur levee over a mile long putting off inland at an ob-
ligque angle, which, in case of any accident to the main de-
fense south of the Lower Heading, would prevent water from
taking a short cut into the Alamo, compelling it to flow
over a long stretch of umbroken ground before it could reach
this channel.

=28
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The mein levee has a height of about 8 ft., is
about 10 fti.wide on top, has side slopes of .1 on 3 and
Has been covered with z layver ofigravel about 1 £1., in
thickness. A deep refilled trench under the levee decreased
the probability of any dangerous scepage of water under the
strueture. A railroad track -on this levee throughout its
length,"dis an excellent provision for safeguarding it,
During the spring rise of the river which has just taken
place, eauipment; material and men were constantly held in
readiness to meet any emergency winich might arise. ZLocomo-
tives, a pile~driver, dredges, cars loaded with piles and
lumber, othersilcaded with rock and gravel, were ready to
be sentoat atmoment'sinotice to any point of the works.
They werel motirequired, The levee has barely been wet.
Neifther has.tle river given any trouble., Along the entire
protected frontd there has been no serious. caving of bank
and no eallivfertemergeney work, ~Itidis not.likely- that the
s

glly alterithis, situation. But it nmust be noted that the
slightly conhcave easterly or Arizona bank of the river op-
posite the lower Eeading is one on which the river may at
any time concentrate its energy,'and if-this occurs there
may-be & rebotnd to the other side with bank caving at some
point below the Heading; the same favorable situation now
prevailing is not therefore assured for succeeding seasons,

DAVAGE FROM DISCHARGE INTO SALTON BASIN,

That some damage has zalready been done by inland
flow of Colorado River and the 'rising waters of Saulton Sea
will gppear from the fTollowing:

The water accumulating in Salton Sea in 1904 and
1905 drowned the sult beds and forced the New Liverpool
Salt Co., out of business. In the spring of 1905 the South-
ern Pacific Railroad Company was forced by the rising
waters to shift 15 miles of its main track near Salton to
higher ground, Later the samesyear 25imilescof.track in=
ellding these 1% miles, were thrown upon still higher
@round;  and.pefore the water flowing to Salton Sea was
Tinally stopped the track had to be apgain moved, the change
of line this time covering about 40 miles of track. Even
thiis track at an elevation approximating 200 f4. below sea
devel was Tinally so near submersion that preparations were
made to make a further muclh more extensive change, a grade
having been thrown up at an elevaetionszbout 50 ft., above
the extreme rezched by the water of Salton Sea., The raile-
road company was also compelled to shift track reneatedly
at ghe ecressing of Alamo River snd along Wew River in the
Imperial Valley near Brawley where the widening barrancas
eut away the land far beyond the limits of the railroad
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raght. of ‘WY "A%.Calexico too and in Lower California the
railroad was damsged. Its stvation building and other im-
provements at Calexico dropped with the caving bank; the
entire station grounds at Mexicals went into.the river, and
miles of track in Mexico 'were destroyed by the.overflow
and subsequent channelling out of new water ways.

The rising waters of Salton Sea not only submerged
thessalt beds of ! the Few Liverpool Salt Co, but at the +tine
that the highest stage of the water was reached at the close
of 1906, covered a few acres of improved land near Mecca,
and covered several hundred acres of land northwesterly
from Brawley on which some work of preparation such as
ditching, clearing of brush, and leveling had heen done.
The flooding and subsequent barranca cutting interfered
with the canal serwicesofrtheulamperisd system causingrloss
of crops and threatening general ruin, Farming operations
were restricted, due to the undertainty of wutier secrvice
and whole districts suchrasalics. ‘6rgndc-8 on the west side
of New River lost their waterosupply and arerat this write
ing still withoutl water, Drinking water is hauled many
miles by the few families who have here held out in the
hope of early restoration of the water service.

Along both the Alamo River and New River, but
mainly along the latter, a large area some 6000 to 10000
acres in great part under cultivation, has been destroyed,
having been gullied out to great depnth and being no longer
available for ordinary farming purposes.

Before the ‘great barranca' of New River had form-
ed, the waters wiiich flooded large areas south ©f the
international boundary threatened to sweep northerly through
the heart of 'the improved lands of Imperial Velley. This
great catastrophe was averted by strenuous effort and at
large expense, the main canal of Disiriet No, 1 having been
made the line of defense. At Calexico und lMexicala, 5
miles of embankment sbout 5 ft. high were required to pre-
vent the flooding of these towns, both of which afterwards
suffered losses wliere tiie water which had dropped intoc a
deep ‘channel undercut the high banks.

TIME RFQUIRED 70 FILL AXD TO DRY UP SALTON BASIN,

Records of the flow of Colorado River since 1894
supplemented by gage heightsvat Yums since 1876, indicate
that the normal annual discharge of this stream past Yuma
is about 9,000,000 acre-feet, On the assumpiion that this
amount would be the inflow each year into Saliton Busin and
on the further assumption that . .thie annual evaporation from
an open siieet of water in the Salton Basin would amount to
a little over 6 ft. in depth, a continuous discharge of the
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river inio Salton Sea for over 40 yeurs would be required
o FilY¥ thevbe-aias

The rate at whichoiwater will-disappear from Sal-
ton Sea depends upon the rate of evaporation.. Not enough
is known of \this to, attempt a close prediction, It is
probable when'z2ll inflow ceases thut the drying uwp will
berat least 6 Tt7 per'year. ! It would atrthatirate take
about 12 years to dry up the present lake, and it would
take approximately 5Q years for all the water to disappear
from the basedn if it were full to the brim,

RIVER WORK R}Q,UT'{PID

What isinecessary to be-done on the Colorado

River-tos keep the river 'permanently on its course to the
Gulf of Culifornis, should be madeé g subject for the care=
ful consideration of a board of competent engineers. It
may berpreliminarily stated however that: this work will
fnclude. the holding of the rlver channel to a selected
alignment from Pilet Knob down to the point where the
river ceases to be on the Doundary line between the two
countries, ‘a distance by river on the probsble final align-
ment of about 18:miles, It will be necessary throughout
this distance and probahly up stream as far as Yuma, 7
miles further, to construct works that will prevent bank
eutting. . These works mey be in the nature of a reliable
bank facing on lines . that will so far as possible prevent
conoeatruulon of flow against either bank. It mauy ve as-
sumed that such works where a change of alignment is nec-
esSary would include the making of a deep trench, having a
sloping landward bank, to be refilled with large rock rest-
ing on a suitable bed of finer muterial all so arranged
that a2t this Trench bank cutting will be halted. The exca-
vaulon from the ftrench may be used for a low embankment on
which there should be-arrailroad track, This embankment
will be an out1y1n~ defense against inundation of bank
Yands. Waere .the selected alignment of the river bank
crosses a concave bend some yezrs may be required to force
the river into its final position. This must be done be-
fore the work can bercompleted. At the present time the
river's alighment is unusuvally favorable for the treaitment
which is required, and this is a reason in addition to
others hereinireferred:to why early action should be had in
the matter of securing government control of this work.

Both banks of the river require treatment, because
ifaeither be left unprotected against undermining the un-
protected bank may be attacked and the current thrown from
bank to bank in such a way as to endanger any protection
works located on one side only.
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The reguired. river bank protection should be
first provided for that stretch of river which extends
downward from the cenal heading at Pilothnob. Here the
work will probably be tihe most expensive, as it should be
so. thowoughly done &s 1o be beyond the peradvehture of

failure. Work of this ”utuve .y cost £50,000 to $150,000
per -mile of river bank and may well be prClelﬂarlly es+1-
mated at an average cosv of about $100,000 for the entire
streten of river whieh requires bvank revetment.

On the lexicaniside ‘of the river it must be sup=
plemented by a levee so high and stirong that it cannot be
overtopped ‘Hor breached. The levee now in-use, as recently
constructed by the chican corporatien, should be extended
down stresm=- at arsuitable distance back from-the river,
and by hydreaulic dred zing of material from the river.a
banquette of earth uhOUld be filled "in upon the levee's
land side tomake the levee so:wide of base thut underflow
thirough eracked soil and through burrows made by cnimals
wildles nade las diearly impossible asipracticable,

As a first forecast, £4,000,000 to $5,000,000
ghowld be wssumed ultimately requisite to hold the river
oh, itstcourse to the Gulf of Culifornia., To itllis:-amount
there siould be added a part of the cost of the work al-
readypedone pon the 'river ,  which ‘amount :is subject to deter-
mifgtiony (The adoxnt witich Mexico showld contribute toward
the cost of holding the river in its proper course may
tentatively belds uumed at $1 500,000 to %2 500,000, leav=
ing possibly $3,000,000 % q4 000 ,000 to be borne by the
dnited Statesy

VALUX OF PROPFRTY REQUIRING PROTECTION.

There has heen no appraisement made of the value
of -the property interests in the United States that would
be preserved and protected by this work. It .can be stated,
%owevcr, that this value will probably lie somewhere be-
tween glO 000,000 and $15,000,000, without including prop =
erty cof aﬂ 1ntonﬂﬂnle nuture SUCJ as the good-will of a
business, or -franchises, or {he losses and expenditures
gonnected with a forced dbundonment of homes by some 6000
v0 8000 people. The potential value of all the property
that would be ultimately destroyed if the river were allow-
ed to take its course into the Salton Buein, lands, im=
provements, rallroads and the like,covering p*ooerty now
proeductive and much more that can oe rmade productive only
in cage the river is kept in its proper channel is many
times greater than these fipgures.

DN
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GOVERMMENT AID AND CONTROL ESSENTIAL.

hasfaet that. it has.fellen.to.an irrigation
company. to . earry out:the protection work on the west bank
of -Colorado River.and that.a failure of. this work would
hgve brought immediate-disaster, to.the Imperial Irrigation
enterprise.and.to one of the U.S5. Government irrigation
projects, at Yuma, on which there has already been expended
about £1,500,000, has created in the minds of many an im-
pression that thie control of the lower river shouvld remain
in the nands of those only who are interested in the irri-
gation of the lands which the river threaztend:to destroy
and that the cost of the work is a legitimate charge against
the lands which are to be protected and preserved for de-
velopments under irrigation. But the problem o holding
the Colorado River in its channel leading to the Gulf of
California 15 one of more general concern; it is one that
giiould be considered and that can be treated as a separate
problem, to be studied and solved apart from the carrying
ety ofy dnrigation enterprises., here are interests to be
protected in botn the United States and Mexico which have
pothing ©o do wilh irrigation, ahd there are lands whose
character and avellability for use by man, will be seri-
QUisly mediflied, 1f the river is Mol Meld in its proper
course, even where irrigation is now only a remote possi-
Dil ity ox entirely out of consideration,

But it must be admitted, on the other hand, that

§ for irrigation to a legitimate extent, involving as
e

s the. storage of a material part of the river's

Redty ) will be s potent factor in simplifying the control
o the river in its lower reaches, and that as nereinbefore
pointed out, the holding of the river in its proper channel
will make possible the continued .irrigation of 100,000
@cres, and. the ultimste ;extension of the irrigated area in
the United States alone by some 600,000 zcres,

Fgdilure by the United States to undertake th
work of niolding Coloradoc River permenently in its proper
gnannel ; would leave the protection of large interests in
the United States, as hereinabive pointeéd out to lMexico or
to. & Mexican corporation, Mexico has so little improved
serritory at stake, compared with that in the United States
that no action by llexico except under cooperation with the
United States can be hoped for. The Mexican corporation,
has entered upon the work of controlling the river appa=-
rently for two reasons; first, becuuse an unprotected cas
nal inl€t constructed by this company. was the immediate
canse of the break din the river's bank, and second,

B
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a

because a continunation of the discharge inlend would have
heen a death blow to the Inperial canal eniterprise includ=-
ing gll irrigation development in Lower Californis.

There s 2 l‘m-v, nowever, to the work of this
character which g p“*xuue corporation in building up and
maintaining what it hopes to make a profitable enterprise,
willVand“cair do, = There 1s a good reason, in fact, to doubt
whiether' the' 'work of “turning the river would haveé heen con-
tinued by this corporation after the break in the defenses
on~Dec, 7th 1906, had it not appeared probable immediate=-
1y bcxeaf*er +%ut the United States would repay the cost
of Turther work. (See corresnondence between the President
apd ¥r SELHSHaTrinen) Dec .Y, 1906,) .

Too" much"is 'at stake and the river iIs {oo treach=-
ercus’ to trust to a“private foreign corporation for its
permgnent” control;,

n the assumption that the United States, with or
without the"asd of Mexico'wlll undertake to hold thie Colo-
radoiRiver-on-a course to- the Gulf of Culifornia, there
will“arise the gquestion of apportloplng expense, first to
thes two ‘countries, second %o the propertles in *he United
Btates, that will "be dlrectlv or indirectly benelited,

The apport onmevt of cost to the two couniries
may be mede according to some agreed basis, possibly to the
apportiomment of the 1rr1pat10n wwter Wh*ch crosses the
invernationgl ‘boundary in-river and canal,'cr as alterna-
Yivey; according to acreage of land that will be benefited,

netngtmatterof the source of "funds fcor_ the

Unrted States? sh&re of-“the' cost the simplest case will bhe
that "in wiiieh this'entire' share ‘is appropriated from the
geéneral fund in‘'the U.85, Treasury, letting henefit fall
wiiere 1t will., A more eguitable case would be one in which
the United "States would undertake the work practically as
an agent of-those whose properties will be benefited., In
this event the appropriation for the work would be a condi-
tional appropriation ‘subject to a '‘guarantee of certain re-
payments, some from private interests, such as railroads,
water companies, and the like; some from municipalities;
some  from YendS privaiely- owned; some. from'lands already
govered by Irrigation projects or that may hereafter be so
included; and some from the unsold Government land whose
price may beiincreased according 'to benefit reccived.  As
an‘offset to indirect benefit the United Stzates should
waive “interest on funds advanced for these works and should
alkow a long time for repayment, 20 or even 40 years.

= o
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A

CONCLUSIONS,

It appears from the foregoing:

Ist.viThatlsunconditioped &id .hyveither: the
PnitediStates or. Mexicooor tbytboth jointlyoin thermatte
of holding the Coloraddo River in'a permanent channel as
far southerly as the socuthrocoundary line of Arizona,
wouldspeofvbenefitotovlarge _areas of land located in ezch
of the two countries, it would be of benefit to many es-
tablished industries, and variocus public service éorpcra=-
tiens, railroads and waler companies and would he of direct
financigl benefit 'to the:Mexican corporation, which backed
by the Cali DevelepméniiCottand the S.P, Co, has carried
the work of protection to its present stage and which would
thereby be'relieved of the work of holding the river in

its proper channel,

T

2nd. ‘The work done, subsequent to some date in
Dec, ;12906 iyet totbe agreed upon,; was done by the llexi-
can corporation operating with funds advanced by the S5,P,
Cowgsat (aibime when thie UsS, uppéared ready to take over
the work, appareiitly under an implied obligution by the
U .S, vthat ‘aoney thereafter advanced by the rdilroad com-
pany ‘and swuitably “expended would he refunded. The return
ofisuclhr money to the railroad company will'release the Mex-
jecan company fromiits obligation to repay unless the trans-
action be coupled 'with suita®le concditions,

drd . The maintenance of the Colorado River in'a
permanent channel “th¥owgliout the -distance in'vwiich it is
thie boundary between the two countries is essential for the
protvection ofiilarge’ interésts tin both countries and ‘is-a
matter for hoint action which should be had speedily.

dfh o) wdeght oftway othrough Mexico for ‘water for
the irrigation of lands in«Culifornia dis necessary. It has
already been granted fo .a Mexiicann corporation controlled
temporarily byt @ U.S i corporation, but the existing arrange-
ment does not and possibly cannot be made to adequately
safeguard the interests thagt ‘are growing up under the canal
system, noxr other property dinterests equully menaced though
in no wise concerned or connected with this enterprise.

5th,. © The gquantity of water to be delivered %o
Mexico in any:‘canal heading in-California or to bhe left in
the Colorado for diversion at points below Pilot Knob
should be defined: by treaty.

6th, Wo diversion should be allowed through the
westerly bank of the Colorado River &t any point where this
river is ‘on the boundary between thie two countries except
watit the 'approval of the ULS.

=35«






7th. Before entering into.a convention with
Hexico for the treatment of the Lower Colorado River,
stitable agreements should be made with the Cal, Develop-
ment Ceo. and with the'lMexican Co, through the former, re-
lating to the terms on witieh all properties and rights
possessed by them and necessary for the irrigaiion of lands
in Culifornia®will, through proper U,.S8. authorities or
otiterwise, be transferred to the landowners who are depend-
ent upon thewater. Repayment of money alrecady expended
and fTuture protcetion are considerations that should make
satisfactory agreements possible,

8th. A convention with lexico as above set forth
must be coupled with authority to expend money to acquire
property and construct works in Mexico or conjointly with
lexico on the TLower Colorazdo.

othit-In the supposed.case, that money expended
on tiie Lower Colorado will be considered as an expenditure
for loecal benefit, that should be recovered from the prop-
erty"which is benefited, it will be necessary to have sat-
isfactory assurance that repayment of money thus expended
will be made, - It is no lenger a question of repairing the
damage done by a Mexican corporation in lMexico, but it is |
the greater problem of giving permanent protection to large
areas of land and diverse industries in California and
Arizona, some of which, such as those in Coachella Valley,
and the Lower Colorado River valleys are in no wise depend-

nt upon the Imperial canal system for their irrigation

water. The cost may be apporticned upon some basis such
a8 cultivable area benefited but its collection from dis-
tricts in which lands are already privately owned will de-
pend in large measure uwpon the will of the people.

10th, -In the. supposed case, that the U.S. will
oin with Mexico ‘in tiie protection of the lands which are
threatened, there should be an ‘equitable apportionment of
cost ‘off construction of works and their maintenance to the
two countries on some agreed bhasis such as areas of lands
benefited or the wpportiomment to the two countries of
irrigation water at the international boundary.

¢ X

1¥th, In the supposed case that the U.S, joins
in the work of protecting a prosperous and promising sec-
tion and of making possivle the development of an addition-
el large section along the Colorado River, without requiring
thet funds thus expended shall be made a charge against
property benefited, this expenditure should be made con-
ditional upon a saetisfactory adjustment of the complica-
tions now existing, relating to the conveying of water
throngh Mexico and dits deldvery to certain water compa-
nies, and to the water users, Service by a llexican corpo-
ration slhiould Pe eliminated, a right of way through lMexico
snould be secured; - the land owner should become the pro-
prietor of the canal system, a district organization

6w
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.3 ne place "of alY the irrigation canal compa-~
o o Ald by the United States before such arrangements
aré'planned and agreed to,; particularly repayment of any
money already advanced, woqu be of such direct help to
the parent canzal compa ijS and would give them such im-

roved ‘facilities for rendering reliable service that they
would be in pesition, if so minded, to use their improved
financigl position as a Pasis for claiming more favorable
terms when asked to withdraw from the field, than they
could otnerwise expect.

should take

~

1 pagits

12€h " Benefits falling upon lands that lie
within a project for reclamation by irrigation can prob-
ably be added to the irrigation charge against these lands,
the protection work being essential for the success and
permanency of the irrigation project. 1In this way or by
an addition to the price at which benefited govermment landé
is hereafter s0ld, sooner or later all the valley lands
along the Lower Colorado River, not in the meanwnile irri-
gated by private enterprise could be made to contribute to
the cost of the work.,

13% A Frrigation distirict organization under
Ca¥rforniz laws is squested as proo“bly the best method of
uniting all interests in the Imper al Valley and making
all property there located that is benefited pay for the
protection, ''Moreover, such district organizatiocn is also
probably “the best suited for taking over the proncrtles
controlled or ‘owned by the various water companies operat-
ing ‘in Imperial Valley,

Y4th.* In such regions as the Coachella Valley,
northward from the Salton Sea, wihere the benefit consisting
as it does only in the removal of a barely recognized men=-
aeeg; 1s somewnat remote, and it may be found impracticable
t0 secure any except voluntary contributions from land -
and other property owners, toward the cost of work on the
Colorado.

IiF UNITFED STATES AND MEXICO SHOULD ACT,

Under ‘thie circumstances as hierein set forth it
appears that the U.S, should, if a way can be found, pro=
v1de the required protection at T river, “this seems
OSSP

&. Under treaty with Mexico, as a U.S. work,
Ro=de 00ﬁstructed and maln tained in fore¢gn
territory, with or without a cost contribu=-
Tion" by Mexicol

b, Under cooperation with Mexico, cost being
equitably apoortioned to the two countries.

37
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There is.good reason,why.iMexieco:shouldé partici-
pate in, this work. .She has large interests thet are men-
aced if the work be not done. YNo arrangement would be
equitable that would relieve ilexico of a- contribution to
the cost of comstruciion and meintenance, lioreover, as a
payty. interested in:holding. the river,.in its proper chan-
nel, Mexico will no.doubl demand a voice in the planning
and.execution of the necessary works.

Finally the troublesome stretch of river bank is
upon Mexican territory and the immediate cause of an in-
crease of the menace was the insufficient protection of
work done on shis.river bank,. by.a Mexicun cooperation,.

I any event fhere sinould be early action by the
U.5. .This may. be prepared for by the enactment of a sult=-
able, treaty with Mexico, which depending upon the policy
determined upon by the two govermments shouldprovide:

In case of construction of protective works by
the U,5:

(1) That the U.S. shall have the right to con-
duct water diverted from Colorado River for the irrigation
of lands in Cszlifornia, through lMexican territory, in a
malin camnel and branches, occupying for this purpose any
necessary pars. of the public domain of llexico and being
empowered in case such course appears desirable to exer-
cise the right of eminent domain in securing any lands re-
guired for canal purposes that are in private ownership.
(Compensation in all condemnation cases to be fixed by ap-
praisers, etc.).

(2) That the U.5. shall have the right to enter
upon the bank lands of Colorado River in llexico along that
portion of the river which lies between the southerly boun-
dary line of Californdia and the southeXly boundary line of
Arizong , for the purpose of constructing and maintaining
works to keep the river from italing a course inland, and
shall have the righv of eminent domain to secure privately
cwned lands, rights of way and easements for such works
(compensation in all condemnation cases to be fixed by ap-
praisers, etc.).

(3)  Thet. Mexico will pay to the U.,S. as a con-
tribution, to the cost of the works. constructed and main-
tained as set forth in the preceding paragraph and of any
works in California and Arizona along Colorado River as an
extension of or for safeguarding the works located in Mexi-
co, (one-third) of the total amount expended thereon and
will contribute (one third) of the total annusl cperating,
repadr and maintenance expenses,

1
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(4) That the U,S5., agrees to deliver to Mexico
(at points to be mutually agreed upon) from any canal en=-
tering lexico from the State of California, or will leave
in the river for diversion into any canal which ilexico or
any of her citizens may teke out from Colorado River below
the California boundary iine, an amount of water as re-
quired by Mexico not to exceed in any year 500,000 acre-T%,
This delivery is not to exceed in any .month the following
amounts: (subject to modification)

e R I N = I e )
B

In thre caseof “the gellvery of any of this water
to Mexico in the river ‘chznnel, no water in the river chan-
nel is to be regarded as a part of the delivery which to-
gether with the water delivered in any canal or canals ex-
ceeds the above named amounts for single months,

(5) " That no cut is td be made in the west bank
of Colorado River, between the Califernia boundary and a
point on the river opposite the southerly boundary of Ariz.
without -the consent of the U,S.

(6) 'That free entry shall be granted to the U,S,
and to citizens of the U.S. “into Mexico of all materials,
supplies, machinery and other articles of whatsoever nature
required for or-in ccnnection with the construction of the
protection and canal works snd their maintenance and opera-
tion or in any wise appertaining thereto.

(7) That U.S, offficigls and employes and citi-
zens ot {ive V.5, shalt-have et 'all times the right of ac~
cess to the works &t the river and to the-canzl system and
Proposed sites of werks for exasmination, survey, construc-
tion; mainteéenance dnd-operation.

(8) That 41l expenditures by La Sociedad de
Yrrigacion (Riegos) y Terrenos de la Baja Culifornia (S.A.)
or by dny othrercorporation or person subsequent to Dec,
“th, 1906, upon works at and near the point known as the
Lower Mexican Heading in MexXico for turning the Colorado
River from a course inlsnd, back into its proper channel
and of holding it there, shall be considered a part of the
cost of river control nereunder contempluted and shall be
repaid to thie parties who have made the expenditures after
exanination and approval of accounts by the proper U.S,
authorities, and that Mexieo will reimburse the U.S. to the
extent of (one third) of the amount thus paid out.

(9) Thet both contracting pdrties recognize the
use of water from the Colorado River for irrigation to be
suverior to its use for ngvigation purposes and that no
clzim shall be made by ¢ither country for injury to naviga-
tion ‘inverests by reason of any diversion of river water
for irrigation,
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(10). That in. the execution of a plan for river
contrel the aliganment of the river from the south boundary
line.of  Califepnia.te the south: boundary.line of Arizona
may be modified- to any extent thought desirable by 1he U.5.
and that the eenter line.of this section of the rectified
channel shall -thereafter Dbe tiie houndary line bhetween the
U o cand-Mexieo.

Gl ~That the.UsS, waives gll rignts which it
or any.of the citizens of, the,U,5. may have a'dlnst Mexico
for any: damage . .thet has resulted, from. the inland flow of
Colorgdo River or any portion of tae waters of Colorado
Rixer during $he years 1903,.1904,,1905, 1906 and in 1907
to and including Feb., 11 of the last nanmed year,

In case that the works for holding the Colorado
River toriis U“oper course are undertaken conjointly by the
Ual . cand; Mexie the treaty provisions should include
cluuses MbsUunbially as.follows:

1. Toat:the,U,S. shall have the right to conduct
water diverted from Colorado River for the irrigation of
lands in Califormia through lMexican territory, in a main
cangl and branches, oceupying for this purpose any necess-
ary part, of the public domain of Mexico and bveing empowered
in casSe.such course aprears desirable 1o exercise the right
of ewinent, domain:in. securing, any.lands. required for canal
purposes that are in private ownersiip (Compensation in all
condemnation cases to be fixed by appraisers, etc.).

8, TFhat the.l.S8. agrees to deliver to.Mexico
(at points to be mutually agreed upon) from any canal en—
tering Mexieo.from the State of California,; or will lea
ds de. &l e xR diiner.slonus T 0 aer capal. which Mexico or
any, of ner citizens may take out from Colorado River below
the Culifornia boundary line, an amount of water as requir-
ed by Mexieco net 6 to.exceed. in-any. year 600,000 acre ft.
This delivery.dis. not to exceed. in,any mont1 tihe following
amounts: (subject to modification),

In the case of.ithe delivery of any of this water
to.Jexico in the river cunannel, no water in the river chan-
nel is to be regarded as a part of the delivery which to-
getiner with the water delivered. in any canal or cahals ex-
ceeds. the above named amounts for single montis,

3. -That both.contracting. parties recogniqe the
use of water from the Colorado River for irrigation to De
superior to its use for navigation purposes ahnd that no
claim shall be made by. cither. country. for injury to navi-
gation interests by reason of any diversion of river water
RPN T eyt 1oy
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4., That in view of the threatened change in the
course-of Colorado River across Mexiean territory into the
depression known as Salton Zasin, by a breaking of the river
pank at some point of the rlver's course wiere the river
is the boundary between the U.S. and Mexico, and in view
of the great damage that would result from such change of
course to lands and other proverties in both countries, the
necessity fortjoint aCthﬂ of the two countries is ﬂereby
recognized and it is agreed thaut works for the correction
of river alignment znd the muking of a permanent riveér chan-
nel iwithisuwchowerks asmgyibeinecessary to‘hold the river
in its proper course to'the Gulf of California, shall at
onnce be undertaken at joint expense.

5. .That this river work shall be placed in charge
of & joint Commission of FEngineers to be composed of two
civil engineers, named by .the President of the U 5., and
two Leivil engineers; named by the President- of Mexico, who
shallibe given full power by their respective governments
toplan the necessary works and to cause the sume to be
constructed and maintained.

6§ BITheE 'salarfles ﬁnd versonal expenses of each
of the membeérs of the Colorado River Commission, constitut-
ed as set forth in the grecealnp parggrapn shall be borne
by their respective countries, and that all other expendi-
tures snall Ve made temporarily from funds set apart for
this purpose by the U.S, upon vouchers approved by the Com=-
ssion.

’2

vy
€3

e
(49}

7.7 That at theend of each Tiscal year (June 30)
the Commission ‘shall make an estimgte of the amount of money
due Lo the U.5, from Mexico as its share of the wear's ex-
penditures on the river work and that such amount shall at
once become_ due and payable by Mexico tc the U,S3

8% .- That “the ‘cost of &ll the work required to bve
done by the Colorado River Commission, fo hold Colorado
River permanently in its proper channel, shall be met joint-
ly by the two ooun ries, each sharing & definite proportion
L“ereof

9. That the proportionate gmount of the cost of
the river work referred to in the 'preceding paragraph, to
be borne by each country shull be determined by the Com-
mission (substantially according uO benefits conferred of
hetter) on the basis of the apportionment to the two coun-
tries of the irrdgation water crossing the California boun-
dary. (This may be assumed preliminarily as 600,000 acre
ft. per annum to Mexico and 1,200,000 acre ft. to the U.S.).

a6 UsSy,

TG That free eniry: skall "be granted to % U
aterials

and to citizens of the U,5., into Mexico of all m 5
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supplies, machinery and other articles of whatsoever na=-
ture required for or in connection with the construction
of the proteection and canal works and their maintenance
and operation or~in any wise appertaining thereto.

Ty - “Phat any work slong the river in Arizona
and Celifornie at points below Yuma, which is considered
necessary oy the Commission as an extension of or to safe-
guard the wofk already done, 'or . to be-'done, in Mexico to
hold the riveren its proper course, shall-be considered a
part of the workvauthorized to he undertaken by the Com-
mission at joint expense of the two countries.

120 . That U.S, officials and employees and citi-
zens of the U.5., shall have at all times the right of ac-
cess, for purposes of examination, survey, construction,
maintenance and operation, to the canal systems and sites
of any proposed works in Mexico which are in any way cone-
nected with the conveying of water for use on lands in the
i

13, That all expenditures by Ta Sociedad de
Yrrigacion (Riegos) y Terrenos dé la DBaja Culifornia (S.A)
eET Y any othewlcorporation or  person subsequent to Dec.

9, 1906, upon works at or near the point known as the Lower
Mexican Heading in Mexiceo. for turning the Colorado River
from a courSe inland, back inteo its proper channel and of
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