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miles below. Probably 600 cords or thereabouts pery
up by the steamers from that point,
few days Quring the summer months. s
boats above Camp Mojave, or Hardyville, so called.

there is 80 little prospect now of anything
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ear are brought
and this work can all be done in a
There is little else to take the

~ e s above Ehrenberg,
As he improv low Camp Mojave and above it
ot e Iproienionad i but, greatly diminished trafiic

: 4 s railway eastward from
in the river since the practica-l completion of the railway eastwar

ol instified in recommending
‘uma to Marie Vells. that I do not feel justified In ! :
Haia to M etonn it them, nor indeed for those

any expenditure under the plan submitted for
higher up. : s

Sine - i ra8 WIi - attention has been called to an

S Fhe ﬂ)regomg N WUtFenﬂ )m‘}( f)lt.t-qmtt Enterprise,” which ap-
extract from an Arizona paper, the = .trTestbr b )
peared in a San Francisco paper of this date, as follows: :

In all probability the last hoat which will bll‘ing 1’1‘s\scntl-t 1lmlg!lz"ﬁ]":-lv];:1-.15111]:];:'.-2_-0
Ehrenberg has concluded its mission, and hereafter ._stv:uuf-r..a ﬂln_t“u” :;“ U‘l"lL'L: T}l"l’t-
which have been plowing through its waters successfully for 17 years, ot g
stream only semi-occasionally. : :

There will be forwarded to-morrow by express four sheets, as follows,
viz:

1 Tracinoe—Sketeh of Colorada River between El.Domglo Cafion :u}d Pest House
Rapid, &e. General scale, 1 inch to 2,000 feet ; speeial, 1 inch to 200 feet. 1

1 Tr’a,(:ing--Sketuhcs of obstructions in Colorado River below Camp Mojave. BScale,
1 inch to 200 feet. ; : i ApEE R LR

1 Tracing—Sketch of construction for improving the Colorado River. Scale, 2inches
to 2 feet. 3 A : e

1 Sheet (profile paper)—Curve showing oscillations of water's Filfrﬂf‘f‘ of (_n_ﬂm ado
Riverat Yuma, from observations made daily by agents of Colorado Steam Navigation
Company, from March 31, 1878, to March 31, 1879.

L ]

Very respectfully, your obedient servant, ‘
C. SEAFORTH STEWART,
Tieutenant-Colonel of Engineers.
The CHIEF oF ENGINEERS, U. 8. A.

REPORT OF LIEUTENANT A. H. PAYSON, CORPS OF ENGINEERS.

Sax Fraxcisco, CAL., April 10, 1879,

CoroxEL: T have the honor to submit the following report of my examination of
the Colorado River, made by your directions in December and January last. Having
secured the services of Mr. ). W. Taylor, transitnan, and two rodmen, the party lett
San Francisco December 4, and reached Yuma on the morning of the 6th. The day
was spent in engaging a pilot, cook, and boatman, and buying the necessary pro-
vision and camping outfit.. We left Yuma on the steamer Cocopah at noon of the
7th, and after a very good passage, considering the stage of the river, reached Camp
Mojave on the 18th, Here, with the assistance of the commanding officer, Major
Van Horn, I secured the services of six Mojave Indians, and having gotten our skiffs
in order and left all supplies, provisions, luggage, &e., at the post, we made our first
camp at Hardyville the same night. The next morning we started our instrulm-ur_:\.l
line north. For the first four days we were greatly delayed and suffered intense dis-
comfort by reason of a violent northerly gale, which blew incessantly, and af times
reached such foree that tracking the hoats upstream became impossible, and we were
obliged to make camp where we found ourselves. After this the weather remained
fine till we reached the mill at El Dorado Cafion, on the afternoon of the 26th. The
97th was spent in making a survey of the bad obstruetions found in the river just
below this place. Thongh Ll Dorado was the northern limit of the examination I
was to make, the river seemed so good beyond, that on the 28th I started north again,
and camped the same evening above Roaring Rapid (so named by Ives), in the
lower part of the Black Cafion. During the night a violent storm of rain and sleeb
set in, for which, being without any tents, we were totally uupm}lzlrc‘fl. The In-
dians, moreover, declined to go any farther. As what I had seen of the river the day
before had convinced me that El Dorado was practically the head of possible low-
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water navigation, there was no valid reason for going farthe
with some reluctance and reached the mill the same :lﬁ-u.pmm;{
uing. -

On the mu_rnii!f_'._ni‘ the 30th we started down for Camp Mojave, where we arrived
on the morning of the 4th of January, having been obliged to stmi) at many places to
make F]Il‘l‘!:ll examinations of bad parts of the river. My Indians left me here. but I
succeeded in getting four others, and started again on the 5th, reachine ]‘Jhreub’vrtr on
the 10th and Yuma on the 15th, where the party was broken up & s

The following work was accomplished: ~ :

1st. A transit, stadia, and rough level line was run from below Pe
to El Dorado Cafion, and the river sketched. i

2d. Two lines of aceurate levels were carried; the one to inelnde several of the
swiftest rapids, the other in the comparatively slack water of Cottonwood Island Val-
ley, to get some idea of the maximum and minimum fall. .

3d. Special surveys were made of 25 places, the shore-lines being put in by stadia
and soundings taken where it was necessary and possible. Quite a number of these
surveys have not been plotted, for the reason that I did not think any improvement
at such places needed or practicable, 5 =

There are snbmitted with this report four sheets of drawings, showing the river from
Pest-House Rapid to El Dorado Canon on a scale of 1 inch to 2,000 fuc?, and on the en-
larged scale of 1 inch to 200 feet, those points between the caiion and Yuma where it
is thought that some change for the better might be effected.

r up, so I turned back
, the storm still contin-

st-House Rapid

PHYSICAL CHARACTERISTICS.

The Colorado River proper is formed by the junction of the Grand and Green, lati-
tude 39° 17" N.. longitude 109° 50’ W., approximate. {

Its length, following the windings of its course, from this point to the Gulf of Cali-
fornia is about 900 miles, of which the first 400 Lie in the Grand Cation and its exten-
sions, the so-called Black and Bowlder Cafions. Through its tributaries and the
Green and Grand Rivers it drains an enormous area of over 240,000 square miles, in-
cluding the southwestern part of the Wyoming, nearly half of Utah and Colorado,
almost the whole of Arizona, and considerable portions of Nevada, California, and
New Mexico. From the foot of the Grand Cafion to the sea its only tributary atlow
stages is the Gila, which enters at Yuma; but 200 miles above the last-named poing
a large quantity of water is received in times of flood through ‘ Bill Williams's Fork.”

Shortly hefore its issue from the wonderful trough it has cut for itself in the great
tableland west of the Rocky Mountains, the river's course from southwesterly bends
to nearly due south; and thence to Yuma, preserving the same general direction, it
flows throngh a succession of desert valleys, gradually enlarging as we go down, and
inclosed by a network of monntain ranges of small elevation and voleanic origin. Be-
low Yuma the country is a broad sand and gravel plain, from which rise here and there
low rocky hills.

The valleys above mentioned, which once formed the beds of ancient lakes, are
level gravel *‘mesas,” from 50 to 150 feet higher than the present water-surface ; join-
ing the mountains in long slopes of eroded material and composed of rounded frag-
ments of erupted matter in endless variety. $

As the waters of these lakes, falling over the lowest parts of their separating bar-
riers, gradually cut a deeper channel for themselves, the submerged portions decreased
in size until finally they were fully drained, and we see now a narrow and rapid river;
alternately in cafions where the mountains or ““mesa” come directly to the banks, or
else bordered by slender strips of fertile bottom, formed from the sediment it has car-
ried, and limited laterally to those areas in which at various times it has found its
course. ; a

In the cafions the banks are permanent, the conrse almost invariable, and the water
usnally confined to a single channel; the obstruetions consist generally of rocks or
gravel. -

In the valleys, the river at high stages forces its way af will through the u‘r‘ls_.‘[_a_hlo
material of the soil, and as it falls shrinks into a maze of shallow and ever-shifting
channels, separated by broad bars of clay and sand. ik

Changes are incessantly going on and are of surprising m.lnﬂl_ty and extent. !

The river is now in some places 6 miles away from its position when explored in
1857-58 ; it sometimes shifts from 2 fo 3 miles in a single flood; while even in the
lowest stages large tracts are being swept bodily away and reformed elsewhere. >

Going down the river in January, I saw a pl where a sand bar, irom 100 to 200
feet in width and 6 inches out of water, was preeisely where we had found tn.(_;st-ﬁmpur
*channel coming up a month before; while, day or night, one 1s never out of hearing
of the splash of caving banks. 2 !

High-water of the Colorado takes place some time In June; it then gradually, but
continually, falls till December, and is at about its lowest stage through that month
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and a part of January. The surface at any point is hardly ﬂ\djl :'llT.l :I:'Irllrlill:jl:rl'ﬁlll\'\i]ll.
or 24 5 of f 3 inches in that time being almost ¢ sl
for 24 honrs; changes of 1!'01n]1 to 3 |11;]1|L:i1:{1:1||.u itlllntl:] gh\:'(]:ls:l'th:- S e
8 i 5 i H ary e MSeE e X ce i By & p

rouress,  After some time inJanuary } /4 { : BIAL S 9 ELvel
:‘.)llr:\ﬁlv but surely improves until the spring melting of the snow in”the mountains,
usually during the last of May, causes again tlw_ annual 11(){{:1. e

The extreme range at Yuma is from 12 to 14 feet, above, 1t UI cours |nuilil.‘ .lil"ﬂ.'b

v ; s | - of the Black Canb saw enor s

ecially i s GOrees in the foot of the Black Canon, 1 8 orn .
podaliy 1 o i l-“m]’ r -+ while Lieutenant Ives mentioned similar marks
lodged over 30 feet above the w :livtl, [\_\ ltll( o ApL

s indicating a rise of it a little further to the north. ; ;
A ey > th of the river to various points along

The following are the distances from the month of the ) Y Kool St 1
it. The information on which they are based is imperfect and conflicting, a1 3

r reaarded "oh approximations
ean only be regarded as probable approxiu : : A hagie i bl i
“From the Gulf to Yuma is by river 150 miles, though in a straight line only 75 miles.
Miles.

uR

Ehrenberg .. .-ceocvunn .-

Camp Colorado (Indian agen

Aubrey (Bill Williams’ Fork)

Camp Mojave

Hardyville

11 Dorado Mill '
Although it is diffieult to make the distinction exact, of the 207 miles between Yu-

ma and Hardyville, about 100 miles may be considered cafion, the rest as having the

valley characteristics before described.

They succeed each other as follows: T

P L
Picache Cafion ..c.eu.cueea- 199
Great Colorado Valley. .. .........--. : e 3o st
Aubrey Canon. 7 ; Skl e A
Chin-e-hue-vis Yalley .....-cocc cccvvucn .-
Mojave Canon SeBRE 5
Mojame Valley: - oo ooc . oot casia iy Sia s mam e et e

From Camp Mojave to E1 Dorado is eafion with the exception of the little valley of
Cottonwood Island, 5 miles long and from a % to 3 a mile in width.

LEVELS AND DISCHARGE.

By the railway surveys the heicht of low-water surface at Yuma is 117 feet above
the sea; the distance being by river 150 miles, we find for the corresponding low-water
slope .78 feet per mile. It was determined at Yuma by actual levelingin March, 1876,
by party under Lieutenant Bergland, as 1.2 feet per mile. - :

A second railway survey crosses the river 6 miles above the sedles” in Majave
Catnion, and 245 miles above Yuma. By leveling from a beneh-mark of this survey,
we fornd the strface of the water January 8, 1379, fo be ab reference 423.4, which
gives the average slope from this point to Yuma as 1.25 feet per mile.

This seems very probable, the fall per mile at Camp Mojave having been also deter-
mined by the levels of Lientenant Bereland’s parfy as 1.2 feet.

From the railway crossing to Camp Mojave is 40 miles; calling the slope 1.3 feet per
mile, Jow-water surface at Camp Mojave would be 52 feet above that at the Needles,
or reference 477 above sea.

By careful and long-continued barometric observations in 1876, Lieutenant Bergland
found the surface of the river, then nearly at its lowest stage, at Camp Mojave, to be
ab reference 533. This is a grave discrepancy for which it s difficult to acecou 1t It
seems hardly possible that the railway survey could be so much in error; while taking
the barometric dztermination as correct, we E_l;n? the average low-water slops beiween
Yuma and Camp Mojave, 2,06 feet per mile, which is nearly double what it was fonnd
to be by actual levels at both those places, and larger than the average slope deter-
mined by my own levels, from Camp Mojave north, for more than 50 miles ; thongh
this latter stretch of river, flowing as it does in a cafion and over frequent rapids, has
visibly a greater fall than that below.

It is to be nobed also that Camp Mojave being one of the stations used by Colonel
Williamson, its attitude is given in his work on the barometer aud is about 100 feeb
lg:ss than that found for it by Lientenant Bergland’s party. The post beinxgon & level
‘““mesa,” there could nob have been any considerable difference in the position of the
instruments in the two cases, .

The level line of my party began at the foot of Pest House R apid, a few miles
above Camp Mojave, and continued to E1 Dorado Canon, the distance being 50.5 miles
and the mean slope 2.03 feet per mile, :
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Two carefully run lines, each about 3 miles in lene
wood Island, the other over some of the swiftest 1';411H
respectively for minimum and maximum fal

It will thus be seen that the fall is ver

_Hl—mm in the valley of Cotton-
¢ wpids—rave 1.4 and 3.7 feet por mile
Lin this portion of the river.

\ U y unequally distributed, the pr wing
a series of slack-water pools, separated by rapids, d, the profile showing

This point can be further illustrated as follows:

The fall from El Dorado Cafon to foot of Cottonwood Island Valley is 56.08 feet
the ‘l\\-_i:n'.\}'e'_ being 27 miles. Separate levelings were made at the 'i);'lillt“i]l}‘.li .1‘;1]_:}..:1;;

v 1 ] | + 0 3 raa Q wr > i 5 4 i o

i:-ig\zilr1l.lll ]_'.t]:f'ljililll-!:i;: “-I:‘al[u was shown that nearly half of the total fall oceurred in

At the swiftest place the river fell 5.155 feet in 2,100, corres i 0 12 et
& mile, notwithstanding the fact that the water’s .‘:ui'l’:ac-nS\';ll.is'(nnl\]!o\}lid:':;\}&tz?tl‘rﬂfzf:;ﬁ:llr]‘.
limits of the special survey made here, and that the distance ineludes Cf)'}\'("tfi‘l‘t’llt?i\'-
not only the rapid proper, where most of the fall probably took place bl;.f- 'ﬁac; con-
giderable reaches of slacker water above and below it. ; 2 7 kil

Takine the 1':1151\\':1_\' reference of low-water at the ““Needles,” the followine is the
approximate height of low-water at El Dorado Cafion, the northern limit of my exam-
ination: i
Rise from sea to Yuma .. F?lt'?
Rise from Yuma to ““Needles” - 308
Rise from ‘‘Needles” to Pest House Rapid = 65
Rise from Pest House Rapid to E1 Dorado -c..iu iciuesioioos oot ol iii 212103

Total cieicv s odeirotloin 2

DISCHARGE.

It is quite difficult to form any idea of the discharge of a river like the Colorado,

here so much of the water must of necessity flow beneath its bed, and where the
fluctuations of the latter are so extreme and uncertain. A gauging at any place affords
no certainty that the river's discharge there will be the same at some future time
when the v tands at an identical level; not, having a discharge and water-level
for any par AT case, can we even approximately predict the discharge for some other
level from the consequent enlargement of the water-way.

Either a rise or fall in the river may be attended by a scouring or filling of the bed,
and althongh it is probable that the hydraulic radius in a section may be a funetion
of the reference of the water surface in it, it does not seem as if it wonld ever be pos-
sible, in material of such unstable character, to deduce the one from the other.

Lieutenant Bergland found the discharge of the Colorado, in September, 13
Camp Mojave, to be 11,610 cubie feet per second, the river being nearly at its lowest
level. Thougch the river may not aetnally fall considerably after this, it is certain that
the discharge decreases very materially.

In Jannary, 1879, in a straight and uniform portion of the river just above Camp
Mojave, I measured a section only 1,600 square feet in area, with a hydraulic radios of
2.0 feet.

A discharge, such as Lientenant Bergland found, not far from the same point, conld
only take place throngh this section as the result of 2 mean velocity of over 7 feet per
second,

I estimated the actual mean velocity as something less than 2 feet, and even con-
siderine the water which must flow beneath the sandy bed, do not think it safe torput
the extreme low-water discharee here as more than 3,000 cubic feet per s cond.

At Yuma, in March, 1876, below the mouth of the Gila, Lientenant Bt nd found
a discharee of 7,658.7 eubic feet per second, with a cross-section of* 2,726 square feet,
and hydranlio radius of 5.8 the river being then about at its lowest stage. Licufenant
Michler. while on the Mexican Boundary Commission in 185455, estimated the low-
water discharee at the same point as 6,200 cubic ﬂ?(‘.t‘ per Sf’.liimlfll- ; 5

y company have carefully measured sections !‘I'mtl time to time, in :l].i\:lﬂ.‘;‘f:

e position as one of Lieutenant Bergland’s, to aid ‘lena in designing their

Dbridge. I have found the largest one of these to be that of June 8, 1877, with an area

of 8412.5 square feet, and hydraulic radius of 15.3 feet, which, without any increase
over the low-water velocity “would discharge nearly 2 1,000 cnbic ﬂ:n:t_pur H:*‘l:'_mltji.

Althouch the Colorado receives no tributary between the nmuth.:: of the Virgin and
the Gila, 1t does not perceptibly decrease in size between those points as we go down,
even in its extreme low stage. , y

The rainfall in the basin throngh which it flows is small and uncerfain, varying
different places from 4 an ineh to 10 inches, and it is therefore }1;‘01);11)11_% that ‘th1- rive
stores up for itself, in the sand and gravel which it overflows in fimes of !lnf‘n_l. 1311;‘-'.“1
quantities of water, which are afterward received gradually by infiltration asit falls.

J12 B
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COMMERCE AND NAVIGATION.
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Before the railway reached the Colorado River at Yuma, all supplies sent ‘11::111_»‘*‘]”1.
Trancisco to the inferior of Arizona went by sea-going steamers to the I““"" o 1 1%
Gulf of California, and were there transferred to the rive : boats ot the ('.““-ﬂ-:]l['h]i‘ h,',].’fl
Navigation Company, to be lett at various points along the river and tlv.q,‘_'_. Eie L QTOk
land %o their destination. The most considerable portion of 1!![1_:‘ transportation <\]\ ..t.%
between the gulf and Yuma, which was the gtarting point for Tuesonj and of 1 I\E{-

o L - T miver the oreater par ra.Q and from Iihrcnlml‘:f, from whence there
on the upper river, the greater part was to and 1¢ LS :
was the most econvenient road to Prescott, and the important (f!)"l'illlil'.\' :uh::il-vn‘l. -

Above Ehrenberg we find only the Indian agency at Camp Colorado, the so-calle
towns of Aubrey and Hardyville, the military post of Camp Mojave, and the little min-
ing camp at El Dorado Canon. e : i, PR

Aubrey and Hardyville are each small adobe buildings, o(:cu_puﬂ‘ as stores, at W hich
sﬂpp}ie:;:n‘u landed for a few mining eamps in the interior, of which the mostimpor-
tant are Signal, Hackberry, and Mineral Park. : L

The mine at El Dorado is said to be a good one but the company is supposed to be
in financial difficulty, and its abandonment in the near future is, to say the least, not
impossible. f X ;

As soon as the railway erossed at Yuma, the best part of the river business was
stopped at once; the steamers passed into the hands of the railway company ; the "‘1'[
establishiment at the mouth of the river was abandoned and all trips from thence to
Yuma discontinued. : g

During the past winter the Southern Pacific road has been rapidly pushed info
Arizona, and, when operations are discontinued for the hot weather of the coming
summer, its terminus is expected to be at Maricopa Wells, 190 miles east from Yuma
When this happens, freight for Prescott and its tributary districts will no lo
by boat to Ehrenberg but by rail to Maricopa Wells; 1 with this change
pears at once not only the greater porfion of the remaining need for river 1
portation, but also the chief reason for the existence of the town of Ehrenbery f.

We are, therefure, confronted with the fact that our estimate of the necessity for in-
creased communication facilities by the river must be based on the needs of the
country above Ehrenberg, dependent on it for supply.

It is of course not improbable that new mines may be discovered in the very imper-
feetly lknown country adjoining the Colorado’s course, but such a consideration is
altogether too uncertain a one to be entertained at present; while with reference to
future agricultural development in the very limited areas of fertile land thro which
the river Hows, it may simply be said that none will be possible, unless preceded by
such works of reclamation and control as would in themselves definitely settle the
question of navigation, :

Roughly stating the extent of these arable lands as 500 square miles, by the ordinary
methods of estimating the quantity of water needed for their irrigation, it will be seen
that more than one-half of the low-water discharge would have to be diverted for that
purpose. ;

By the railway company I have been furnished with statistics of the river trafii
since it came under their management; they cover a period of 19 months from May 21,
1877, to January 1, 1879, : R

Before the first-named time there are no data which can be obtained,

I have tried fo separate these statistics for the different sections, in the following
table: :

FREIGHT CARRIED,

Tons of 2,000 1bs.

1. Between Yuma and Ehrenberg w5 3 3
7¥ Efzi.\\'ueu Yuma or Ehrenberg, and points between Ehrenberg and Har(

e e s et o ek N e S T

5. Between Camp Mojave and poi above. .

Total freight business for 19 months - - v veceae e ... 2
Probably the greater part of the item in the 4th line of the table was for Hardyyille
The 5th Ime contains a large item which I believe consists mainly, if not whollv. of

fire-wood, towed up from Cottonwood Island, 26 miles, for the supply f the quart
e e o : y supply of the quartz
mill at E1 Dorado Cafion.
L have not been able to get statistics of the passenger traffic in a v

kel ; ; i \ ery intelligible
form, but the following numbers will give some idea of its amount: o
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PASSENGERS CARRIED—
From Yuma
Ehrenberg
Aubrey

| From Drift Desert ..........
[ Swan Lagoon
ubr Quien Sabe
Castle l]un.n', Indian Agency .
(I)I_mum-_\' Pe . f Empire Flat ..
Picache Mill oL i Chin-e-Liue-vis. .. 2 3
Camp Mojave ... e e T
Hardyville ...__....
Cottonwood Island ... __.
El Dorado

Road’s Ranch..._..__
Camp California
(Gaston’s

Taylor's ..

a-
DR (219 )

9
-

Total Dassenparats. s lnv USRS Rl L kelyge B Bugbe Soeogn

It remains to show what facilities for
lmn'r-(l condition.

The head of high-water navigation was put by Lieutenant Ives in the lower
the Black Cafion, and a steamer has actually a . :
of Colville, 25 miles above the mill )
this upper portion of the river
there, have made the ]
the stream.

To this point the boats in use on the Colorado can go at any time from the Sp
rise till the latter part of August or fore part of September, without other obstac
than those interposed by the swiftness of the current.

After that, Hardyville becomes the low-water head of navigation, and can generally
be reached, with more or less diffienlty, at all times; though occasionally, in extremely
low stages, { t for this place has to be landed at the foot of Pest House ltal‘iii-\i,

4 miles below.
It may be safely said, therefore, thatif there is freight enough to pay for the trouble.
ioot of Pest House Rapid in all seasons, and to Kl Dorado Caficn

commerce the river affordsin its present unim-

part of
scended to the now abandoned town
at El Dorado, but the difficulties and dangers of
, combined with the lack of any presentreason for going
atter place the practical upper limit of the navigable portion of

» sent to the f
for from 3 to 4 months in each year.

The chief obstacles to the low-water navigation are encountered in the valleys,

thich may be said to form an almost continnous obstruetion, over 200 miles in length,
while in the cafions there are comparatively few. 3

‘amp Mojave there is probably quite as much water as below ; but the
al character of the bars changes from yielding and semi-fluid sand to cobble of ¢
{ i sing size, and steamers are unable to force their way over or thro
1em, as t are continually obliged to do in the river below.

The hoats in use on the Colorado are from 150 to 170 feet long, 30 to 37 feet heam,
and draw slightly more than 2 feet. Theirload is carried on board in high stages; but
during low water it is placed on a barge and the latter towed astern by a long line,
which reaches to a tow-post set amidships in the steamer’s hall.

Previous knowledge of the channel is of no avail. and the pilot judges the course of
the river at each moment by the appearance of the water surface, shape of- the bars,

irection of the drift, and other slight indications signifieant alone to his experienced

. A sounding pole is kept going eonstantly, and the boat is frequently

h day. She is then hanled over by all sorts of devices, with spars, anchc

pstan, or, as a last resort, is backed up to the bar, and digs her way slowly throng
by stirring up with the wheel the loose material of the bottom, until enough has be
carried away by the rapid emrtent. In this manner they have actually made a cut for
themselves and hauled a barge through a bar of fine gravel, over which there had been
found only from 2 to 3 inches of water. ; ; :

A trip from Yuma to Hardyville can generally be made, in low stages, in from 10 to
14 days; the return in from 5 to 10. =

Much uncertainty is introduced into these calenlations by the wind, which occasion-
ally blows with extreme violence straight np or down river, greatly hindering or even
completely preventing navigation for 3 or 4 days at a time. Lt :

As a result of all this and the lack of any competition, transportation is extremely
expensive, freight being charged for in pounds and the weight estimated by measure-
ment, Cost will vary greatly for different classes of supplies, hut the average price
for the government from Yuma to Camp Mojave is said to be 4 cents per pound.

PLAN FOR IMPROVEMENT,

It is evident from the nature of the Valley River, which has heen before deseribed,
that no permanent or important relief can be hoped for from any partial measures. ;

Any plan to be of value must embrace the whole of this portion, and insure through-
out the confinement of the stream to one low-water channel, and the certain protec-
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tion of its limits, as well as those of flood discharge, from the m!m'{nr.nxi ‘l_"i“.m'“\o
power of such a torrent as the Colorado becomes at certain seasons e l.i“ ol :ll.1- inty

When we consider the smallness of the interests now involved, t i 1}.““, "”,;I f
whether adequate works could be construeted at all, :lll.fl.thl’ (El-L_-lfufuj (_'t,\ll i\l..‘.lllll:.rul‘l.::it"ln
the effort, it becomes quite clear that the day is yet far distant for even the sngge:
of a plan. v :

’J‘hlo, only hope of permanent improvement, with reasonable c;]lt!”_'ﬂt }!“’ T‘ \I(}’n‘]:l-:-.
found in the application to the removal of obstructions of Tock or grave ::‘n'l‘u s
the channel’s course is defined by permanent banks, and in 1]1‘!' attempt to secure loy
water navigation between Pest Honse Rapid and El Dorado Cafion, BACRR.

With reference to this latter point, it is to be noted that since the low river carries
enough water to supply a channel of practicable width and depth, and having a uni-
form slope, equal to the average between the two places, such an improy ement & ll“lm'
sible; whether or not within reasonable limits as to cost, can only be determined by
experiment. ‘ S

The river consisting of reaches of deep and comparatively slack w ;til'l,l .-.:-1:,L_1..!-m
by short and shoal rapids, the masses nnderlying the latter can only be removed at
the risk of forming new obstructions by draining the river u1m\'cs1zha-m. .\.u]-f.‘._\ er,
since the material of the bed is too large to be removed by scour alone, the requisite
depth must be gained by excavation, and the resulting enlargement of the water-way
counteracted, as far as possible, by a con- traction of its width, 5

‘Works for this purpose will stand on cobble or small bowlders, and be exposed to
very violent tests from the sudden oceurrence and extreme height of the spr ing floods.

For these reasons they have been designed as outworks of round timber filled with
stone, and of triangular or rectangular cross-section, as they are squarely or obliquely
opposed to the action of the current.

Dams of brush and stone have been estimated for at certain places helow Camp
Mojave, where they would be on sand and in water highly charged with sediment,

Sketches of the various forms of construction proposed are furnished with this report.

1t is almost Impossible to make even an approximate estimate of the cost of these
wor

The country is remote from all sources of supply and the transportation is ahsolutely
in the control of a monopoly, which, should the government decide nupon extensive
operations, would probably make it advisable for it to own the nece Ty steamer,
lighters, &c. In any case the transport of material will be a very large item, and cos
will vary greatly with the distance of the location from suitable timber and its pos
tion, whether above or below the supply. No growth of wood of sufficient size can he
found above Cottonwood Island, and it is donbtful if there is enough even there for the
river between it and El Dorado,

It might be necessary to partially replace the erib-work by brush and stone. hoth of
which the country will furnish in abundant quantities. Most of the labor could he
performed by Indians,

The following estimate is submitted as the besh approximation I could make under
the circumstances. I am only certain that the amount is not too large. The works
planned are shown in red on the enlarged sketches, and a brief description of each
place, with reasons for location, &e.; is appended to this report.

ESTIMATE.

L. For securing a channel 200 feet in width and 3 Jeet in depth at low-water from Camp Mo-
Jave to Bl Dorado Cafion.

Dredging :

El Dorado Canon

Whirlpool Bend

Maojave Crossing

28,187 cubic yards, at $1
Construetion No, 1:

Whirlpool Bend, 560 feet, at §3.50.
Construetion No. 2

B Deredotianon. il e, il

Rapid head of Round Island el 850 feet,

Side channel

6,164 cubic yards.
stemssseieeeeeeean.. 4,230 cubic yards.

S e e S R T Lo

750 feet,
9=0) §

Pest House Rapid ..___. . = £ , 480 feet,
Mojave Crossing..._.. . ; - 780 feet,

Total

Construetion No, 3:
Gravel bar below Hardyville, 950 feet, at §3
Scraping bowlder bar, east ehannel of Round Island

- === 5,740 feet, at $3.50 .. 20,090

tressrcacennaans 2 850

rressnccciecianeas 1,000

APPENDIX JJ.

Removing bowlders, 6-mile rapid ..

Construction of 4 brush and stone i@ Ly
feet, at 3 PPN NI AL JARY: 18, 000

Proportion of 85,000 for lighters, camp equipage, and tlnwp:nnlu.n- i G ‘;1 -iUb

Add 10 per cent, for r_‘un!in;_:vn:‘.ivs.... Vo LR

Total
2. Tor improving certain gravel bars between Camp Mojave and Fuma,
Dredging :
Gravel crossing (Indian agency), 2,000 cubic yards, at §1
Construetion No. 3:
Bar at Indian AEENCYL oo st
Aubrey Bar......

RSB e

750 feet.
400 feet.
430 feet.
meeemeeeceaanoo 1,200 feet,

o Total oo oei oLl 2,780 foet, at 83.... 8 340
Proportion of $5,000 for lighters amp equipage, transportation, & ... .... 600

) 10,940
Add 10 per cent. for contingencies wiemmeeaoos 1,004

12, 034

Total estimate:
Above Camp Mojave L R L s e st 25,235
Below Camp Mojave 2. 034

Grand tofal co ¥ s s Eoh 97, 269
SUMMARY.

The Colorado River, between Yuma and Camp Mojave, about 300 miles, is generally
navigable, though with more or less diffieulty, at all seasons of the year. It has heen
shown that most of the Ehrenberg trade will disappear during the coming summer ;
leaving it out, therefore, the freight earried to and from all points on this portion of
the river has, during the past two years, averaged less than 300 tons per month.

The principal obstructions to navigation be g the shoal and shifting channels in
the valleys, no plan will give any permanent change for the better unless it provides
for the entire and certain confinement and control of more than 200 miles of river,
while there is manifestly no present justification for so vast an expenditure as the
execution of such a plan would entail, ‘

Improvements, however, conld be effected, and would probably be permanent, at
certain gravel bars for about $13,000,

The section of the river hetween Camp Mojave and El Dorado Cation can at present
benavigated for more than three months in the year, and thronghout it, lm‘:—wqiur navi-
gation could probably be provided for about §90,000, though unforeseen contingencies
might increase that amonnt. ; E

Most of the freight which seeks to go ahove Camp Mojave is for Hardyville, while
the distance between the two places is only 7 miles and traversed by a good road.

During the entire 19 months preceding January 1, 1870, less than 100 tons was
transported from below to points above Hardyville, the prineipal and only impor-
tant reason for the navigation of the upper portion of the river being the supply of
wood to the El Dorado mill. Rl

There seems no reason why this business conld not perfectly well be done during
high-water in the future as heretofore, and I am therefo e decidedly of the opinion
that the interests now involved are ve ry far from warranting the cxpemh;rm‘r.- of .‘:‘.0
much money, not really to enable the transportation company to accommodate them,
but merely to render it more convenient to :1:}_»0. { R e

In a country whose only possible future lies in thi: mfﬂn'm‘_\f Ufl’lll‘.llf?l?l:[.?\(::Il[-‘ig.kh[lf.u
di overy shonld precede and create the ﬁi-m;'uu!‘ for lnl‘}_'(“{l%‘(’.d (‘Eil!]lvllm_li(jﬂ-1‘0]]\ :[‘u_. -n

ies, ifs case heing widely different from that of an agricultural ‘f}“"t]"‘ﬂ: _“']‘1‘;“- '1“..1
construction of proper means of communication may, in itself, make practicable anc
hasten the development of its resources.




