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Foreword

“The important thing about a river » wrote Captain_Richar

Bissell, an OQhig River pilot “is that jt i
fsh in it, and steamboats, rowboats, or floating logs on its

surface.”
The Gila has been a changeable river throughout its. life
time of many millions of years, of which_on -
five thousand vears can be called history visible to man. It has
never known a steamboat, ve few rowboats, some floating logs, —
and only a fair assortment of fish. At one time it resembled the
{ moderm Everglades and at another time the Mississippi. In 1950
T fully half its length, the lower river, was as dry as dust. Where

it “Bows” into the Colorado there hasn't been a drop of water >
come downstream in over four yeats. From its ice caves and  ~
raging mountain torrents, through its tortuous canyons and dam-
impounded waters, across its broad desert valley to its parched,
sandy and sunbaked confluence with the Colorado, this six-
hundred-mile river of unpredictable liquid content has a history
as long, as dramatic, and as significant as any in America.

The Colorado, entirely west of the Great Divide, might be
called the river of the West; and the Rio Grande, entirely east
of the divide, might be designated the international river. But
the Gila is literally the river of the American Southwest. There

is no other stream that even resembles it.

E. C
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154 THE GILA

and fording the wagons it was finally accomplished at the site of
the present city of Yuma, a point virtually the same as when
Kearny had crossed. And the cumbersome first ship to navigate
the Gila saw useful service at last as a ferryboat.

West of the Gila, across the dreaded Colorado Desert of
California, the battalion met its greatest hardships. Mules and
horses collapsed and some of the weaker members could not keep
up with the advance guard. The party became strung out, and
for a while it appeared that lack of water would take a heavy
toll. But those in the lead, finding a spring in the mountains,
sent back water to the stragglers, and at last the Mormon Batial-
jon reached the security of Warner’s Ranch and from there on
their troubles were over. '

And so was the war in California. Shortly before the battal-
ion arrived in San Diego, Stockton and Frémont, plus what was
left of Kearny's Army of the West, managed to crush the last
vestige of native strength at Los Angeles. As a military force the
battalion was no longer necessary, but it could indeed function as
a colonizing force. In July of 1847, one year after its organ-
ization in lowa, the battalion was marched to Los Angeles and
its members honorably discharged.

The importance of the Mormon Battalion in_southwestern

historv was institutional rather than active. It brought the Mormon

culture through the Gila Valley to California, it proved that

wheels could move west; and it instilled the idea in some men's
minds that where wagon wheels could po so_might, some future
dav, a railroad. It demonstrated that the Gila River was not

practical for navigation, and it added considerably to the knowl:
edge of remote %izona. Because of the success of the expedition

other wagons prepared to move west. Americans were on the

march.
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THE QATMAN CASE

lr was Hilaire Belloc who wrote, “R
odrama,” and the story of the Oatman case
iragedy with a happy ending for only two
occurred on the banks of the Gila Rive
until 1857 that it received national pu
tional news value, and made its printed :
its day. The Captivity of the Oatman |
Royal B. Stratton sold thirty thousand cof
remarkable sale for nonfction in 1857. T
road west by the Mormon Battalion, ba
rance of Indians on the part of the fath:
Oatman, and the murderous lust and i
Apaches—all were the causes of this stor

With the end of the Mexican Wa
covery of gold in California that same ¥
immigration of Americans moving west. T
Hidalgo, formally terminating the hexica
Srates all of California, New Mexicc
Arizona north of the Gila River. In oth
its mouth to the western boundary of ¢
formed the international line. For the L

was an unsatisfactory choice; but Washi
stand the topography of Arizona sufhcie
need of grabbing more of it. North of
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Enough information is not available about the relationship bet@gemdQ, or bed generative
discharge. Gandolfo (1955) found that the bed generative discharge is greaf®rdbaesponding to
average sediment transport rate and that the latter is great€ tharhe relationship betwedp, and
Q. is already given in Fig. 6.4.

6.4 EMPIRICAL RELATIONSHIPS FOR HYDRAULIC GEOMETRY

Leopold and Maddock (1953) explored the applicability of equations of the type
w=aQP
D=cQ ..(6.21)
u=kQqQ"
Q=pQ

at a station for variable discharge, and along the stream length for mean annual digghédrgasing
data from American rivers in Great Plains and South-West. Qird&/DU it follows that for both these
types of relationships ack = 1 amd f + m= 1. For twenty cross-sections representing a variety of rivers
Leopold and Maddock found that “at a station” the average valuge$ ahttmwereb = 0.26, = 0.40
andm = 0.34. Since the depth increases faster than the width, the (width/depth) ratio decreases with
increase in discharge. The relationship between suspended load disglande® at a station showed
greater scatter, withvalues ranging between two and three. Sjrisggreater than unity, it is obvious
that at a statioQ/Q i.e., suspended sediment concentration increas@sraseases. While relating
width, depth and velocity to discharge along the stream, they preferred to use mean annual discharge
Qo Which had an average frequency of 25 percent, i.e., it is equaled or exceeded one day in every four
days over a long period. With this discha@g, in Eq. (6.21), average valueskpff andm wereb =
0.50,f = 0.40 andn = 0.30. It may be noted that valuesbadindf andm agree fairly well with those
obtained by Lacey. In as much as the percentage of land not contributing sediment increases in the
downstream direction and percentage of land contributing water discharge increases in downstream
direction, one would expe@J/Q to decrease in the downstream direction, as concluded by Rubey
(1933). However, individual rivers may differ in this respect.

Experience has shown that “at a station” relationships are significantly affected by the climatic
changes, namely depending on whether the stream is perennial, ephemeral or in arid or semi-arid region.

Nixon (1959) while studying the hydraulic geometry of rivers in England and Wales found that the
bankful discharg€), is equaled or exceeded 0.6 percent of the time i.e., on the average about two days
in a year. He further found that in the equaffonW = aQ’ the coefficient 4" depends on the frequency
of discharge used, see Table 6.2.

Table 6.2 Dependence of constant of proportionality in W = aQP on the frequency of
discharge (Nixon 1959)

Percentage frequency 30 20 10 5 8.7 0.6
“a”in W= a@” in Sl units 8.87 7.61 6.16 5.23 4.84 3.00
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Nixon also mentioned that if the mean annual discharge were used, the constant in the above
equation would be 7.66 which is not much different from that for 20 percent frequency. For rivers in
England and Wales, Nixon found that

W= 1.65Q?

D = 0.545QL? ...(6.22)
U=1.112QY¢

Q.= 0.9Q%*

in Sl units forQ, ranging from 10 ffis to 500 n¥s. After Leopold and Maddock as well as Nixon's
works were published, a number of investigators in U.S.A., U.K., Norway, Malaysia, Brazil and Puerto
Rico applied the same technique using either bankful discharge or discharge of certain frequency and
obtained the exponensf, m. Similar studies were also conducted in U.S.A., U.K. and other countries
on gravel-bed rivers (see Chapter VII).

Langbein (1964) considered streams in humid regions in which the discharge increases in the
downstream direction. He stipulated that along with the three equations of Leopold and Maddck for
D andU two additional equations can be considered as

Sa ...(6.23)
and Manning’s n . QY
so that b+f+m=1
...(6.24)
and m= g f+ E -y
3 2

since in the downstream direction stream would satisfy continuity and Manning equation. In addition,
he stipulated that (i) streams have a tendency for uniform distribution of work per unit width along the
channel, and (ii) the rate of work in the whole system is also as small as possible. On these premises he
showed that

or z=9—1
2

Further, to fulfill the conditions mentioned above he arguedbfatf|® + m? + 22 + (1 +z2)| should
be minimum. This condition is satisfied by the following values.
b=0.53,f=0.37,m=0.10,z=-0.73
These values di. f andm agree fairly well with those obtained by Leopold and Maddock.

Some support to this approach of studying the hydraulic geometry of rivers was provided by Smith
(1974) who represented a straight stream channel as a surface
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y=yXxzt ...(6.25)

subjected to the following three conditions: (i) sediment mass is conserved during the transport; (ii)
channel has the form just sufficient to carry the total discharge of water given the law of water
movement; and (iii) the channel has the form just sufficient to carry its total sediment discharge given
the sediment transport law. Smith also assumed that the channel is carried in non-cohesive material and
that one has the freedom to choose a time scale for which the channel has a steady state form. He further
assumed tha@Q and Q, increase linearly wittx, and lateral sediment transport rate is equal to

longitudinal transport rate multiplied b§£ He used Manning’s equation for flow velocity and
0z
sediment transport equation of the form

gs = constq’ §° ..(6.26)

Rather than solving the system of equations, Smith tried to find out the values of the exponents
which will satisfy all the imposed conditions. He thus obtained

W~ Q™M D~Q"M U~ ands~ Q2™ ..(6.27)

in the downstream direction. These values are comparable to those obtained by Leopold and Maddock,
and by Langbein.

In order to study the variation of the expondntisandm. Park (1977) analysed data from 139 “at
a station” sites and data from 72 “in the downstream” direction. The ranges of varidijdramdm
obtained by Park are listed below in Table 6.3. In the analysis of data in downstream dyestahis
the observed or estimat€yl or Qwith a return period of 2.33 years.

Table 6.3 indicates that valueshpff andm vary over a wide range and hence for a given stream
these values can be very different from those given by the theory. To study further the simultaneous
variations of these exponents, Park plotbedl andm on tri-axial diagram with one side for each
exponent. Typical tri-axial diagrams for at a station and downstream exponents in different climatic
conditions are shown in Figs. 6.6 and 6.7. The climatic factors did not seem to affect “at a station”
exponents. Hence, Park suggested that local factors such as the composition of bank material,
differences between braiding and meandering reaches, between pools and riffle sections, flow
magnitude, suspended load and channel migration might be responsible for such variations.

Table 6.3 Summary of distribution characteristics of hydraulic geometry exponents data (Park 1977)
At a station; N = 139 In downstream direction; N = 72
Exponent B f m b f m
Range 0.20 - 0.59 0.06 — 0.73 0.07 -0.71 0.03 - 0.89 0.09 - 0.70 0.51 -0.75
Modal class 0.01-0.10 0.30-0.40 0.40 — 0.45 0.40 — 0.50 0.30 — 0.40 0.10-0.2
Theory (1)" 0.23 0.42 0.35 0.55 0.36 0.09
Theory (2)” 0.68 0.30 0.90

|
(1)" Leopold and Langbein (2)™ Smith
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At-a-station hydraulic geometry engaonents
w=aQ®, D=CcQ" U=eQ
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Fig. 6.6 Tri-axial graph of at-a-station hydraulic geometry exponents (Park 1977)

As regards the “downstream” data, Park found that for perennial streams in semi-arid regions the
exponents are similar to those found in humid temperate climate, whereas ephemeral streams in semi-
arid region tend to have lowérand highf exponents. In addition local factors such as lithology,
variation in bank erodibility, channel instability, coarser bed material, and the downstream variation in
slope are also responsible for the variatiob, ilandm. On the basis of this study of tri-axial diagrams
under various environments, Park casts doubt on the use of mean values of the samples of exponents to
characterise the hydraulic geometry of streams in particular areas, and suggests that quoting mean
values gives a misleading impression. While Park concentrated on the effect of environmental factors on
b —f —mvariation, Rhodes (1977, 1987) concentrated on the effect of hydraulic factors.

Some recent studies do not endorse Leopold and Maddock’s conclusion that this is a rational or
even a good way of describing cross-sectional channel adjustment. Some have also questioned whether
log-linear model of hydraulic geometry is either appropriate or meaningful. However, the greatest
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Downstream
hydraulic geometry exponents
W =aQ" D=CQ", U=eQ’/

(a) Natural channels 10 AQ

0
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Fig. 6.7 Tri-axial graph of down stream hydraulic geometry exponents

ol

drawback seems to be the non-inclusion of sediment size, difference in specific weights of sediment and
water, and channel slope from the downstream relationships. However, in spite of these limitations
investigators continue to use this analysis as a basis, since in regional and climatically homogenous
regions they may give good approximation of hydraulic geometry.

Studies of Leopold and Maddock, and Langbein indicate that for downstream geoméugs to
0.10 indicating that velocity at bankful stage or for mean annual discharge varies very slowly in the
downstream direction. Leopold, Wolman and Miller (1964) show constand¢yarf50 year and 5 year
floods in Yellow Stone basin, see Fig. 6.8. Some studies indicate that constant velocity along the length
of the stream is attained at a stage between mean annual discharge and modest over-bank stage of 5 year
flood (Chorley 1969). This needs further study in view of the commonly accepted view that stream
velocity decreases as it flows from mountains to the plains.

Some other efforts to include additional variables to describe the hydraulic geometry, include the
investigations of Schumm (1977) who analyzed the data on channel dimensions, mean annual discharge
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Fig. 6.8 Variation of average velocity at Qs and Qs in Yellow stone river basin and down stream (Leopold et al. 1984)

Qs and bed and bank sediments at 36 cross-sections from semi-arid to humid regions in the Great
Plains of U.S.A. and Plains in New South Wales in Australia in sand-bed streams. Schumm indicated
that (width/depth) ratio in these channels was related to the percentage of $ilticldne perimeter of

channel (see Fig. 6.9), and obtained the equations

W/D = 255M~108
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Fig. 6.9 Variation of width to depth ratio with M (Schumm 1977)

...(6.28)
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whereQ is expressed infs andD andWin ft. Gregory and his associates (see Fergusson 1981) studied
bankful dimensions vis-a-vis the catchment area in humid areas and found that for catchn#ent area
between 0.1 and 4.0 KWV ~ A%32 D ~ A%® and channel capacityA%“® Hey (1982), and Hey and
Thorne (1986) while analyzing gravel-bed river data from U.K. related width and depth to bankful
dischargeds, and the sediment transport r&e These types of relationships developed in different
countries are listed by Wharton (1995).

Since in the relationships discussed above some have used bankful discharge and some mean
annual discharge, it is difficult to compare their results. Further, in studying the transient flows discharge
needs to be replaced by some hypothetical constant discharge related to sediment transport or riverbed
variation. Lastly, the relationships developed above do not contain other variables such as slope,
sediment sizeAy, and are not dimensionally homogenous. These aspects are discussed in the next two
sections.

6.5 NON-DIMENSIONAL RELATIONS FOR HYDRAULIC GEOMETRY

Some attempts have been made to obtain non-dimensional form of equatidBfandU or A. Thus
Rybkin in 1947 (see Goncharov 1962) used the data from the upper Volga and the Oka basins and
proposed the following equations

D=a, (‘”_gj &(9_5) ...(6.29)

(2l
9S) | ®, (@5

whereaw, is the fall velocity of bed material alagl, a, andaz as well asx;, o, ando,; are constants. In
1950 Velikanov proposed the following form of the equations

w_ (o )
d '|d?/gdS

...(6.30)

0

—a L

d 2| d®.JgdS
According to his analysie,; = 0.50 to 0.53 and:., = 0.25 to 0.27. Ananian (1961) obtained

a, = 2.70 andx, = 0.42. Mukhamedov and Ismaghilov (1969) analysed the data from the middle and
lower reaches of the Amu Darya and obtained the following equatioMgdod D
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If the flood plainis 1.5 to 6.5 km wide, cut-offs together with levee construction are the accepted method
of flood protection. For every wide flood plain, flood protection is seldom attempted using cut-offs.
However, cut-offs can still be executed if the stream is used for navigation.

Lastly, it needs to be emphasized that when cut-off is executed the banks in that reach need
protection, otherwise stream will have a tendency to develop a meander loop again.

10.6 CHANNEL PATTERN CHANGES

Sinuosity is earlier defined as length of stream divided the length of the valley. The sinuosity values
range from 1 to slightly greater than 3.5. Analysis of American rivers by Leopold and Wolman (1960)

indicated that the sinuosity varied from 1.0 to 3.0. The average sinuosity of the Mississippi is 2.3 while
its maximum value at the Greenville Bends at Greenville was 3.3.

In single channel stream it is interesting to study variation in the sinuosity of the stream. Studies by
Schumm (1977) have indicated that the sinuosity is significantly affected by the differences in the flow
variation. To support this argument he has given example of two streams the Tanoro and the Guanipa.
The characteristics of these two streams are given below.

River d mm Mean annual Quax M/S Quna/ O S
dischargeQ,,, m*/s

Tonoro 0.35 11.34 535.6 47.23 11

Guanipa 0.35 17.00 104.9 6.17 2.3

From this it seems th&,,,/Q,,, ratio is morphologically important in determining the sinuosity;
higher sinuosity is associated with lower valu€pf,/Q..

Experiments in a laboratory flume by Khan (1971) have indicated that the sinuosity was function of
slope. For small slopes the channel was straight; when the slope exceeded a certain limit the channel
meandered and sinuosity increased with increase in slope and reached a maximum value. Further
increase in slope decreased the channel sinuosity and then the channel became straight and braided.
Similar variation between valley slope and sinuosity has been reported for the Mississippi between
Cairo (lllinois) and Head of Passes (Louisiana) by Schumm (1977). Schumm argues that the valley
slope reflects the past discharges and sediment loads while the channel slope corresponds to the present
discharge and sediment load variations. By plotting valley slope versus channel slope for some streams
and palaeo channels, he found that channels with low percentage of silt and clay in channels, had
sinuosity of unity and the two slopes were almost the same, while for channels with higher values of
percentage of silt and clay, channel gradient was smaller than valley gradient and streams were sinuous
with different sinuosity.

In a river system, it is many times found that for essentially constant discharge and sediment load,
change in river pattern or plan form occurs along the length. The fact that in many cases the channel
slope varies slightly but the slope of the valley changes explains this significantly. Within the valley;
there are reaches of valley floor that are steeper or gentler than the average stream gradient. This
happens wither due to tectonic movements or by the large difference between sediment load of the
tributary and the mainstream. Hence to maintain relatively constant gradient, the stream lengthens its
course on steeper reaches.
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Apaches soon after a heavy rain. When they reached the
Salt river it was too high to be safely forded, so they built
% % a raft and tried to take their saddles and blankets across

% X The Pimas went on a campaign against the Salt River

upon it. The raft sank and they lost all their effects.
Some of the party who had not engaged in the raft enter-
prise found a safe ford and continued on their raid, in which they
killed several of the enemy, and near Four Peaks captured an
Apache lad.®
187475

ﬂ= [} Gila Crossing. A man trying to catch his pony approached
from the rear so that he could reach its tail, which he probably
thought it advisable to lay hold on until he could fasten the rope
around the animal’s neck. One end of the lariat was attached to his
waist, the other he tied to the horse’s tail. The animal broke away
and dragged him to death.?
Blackwater. The Apache White Hat killed a Pima.

1875—78

‘) Gila Crossing. In this year sickness prevailed in the village of
Rsantk, apparently the same as in 1866, when the principal symp-
tom of the disease was shooting pains through the body. Two medi-
cine-men were suspected of having caused the trouble by magic means,
and they were killed to stop the plague.
® % % Blackwater. For a short time the Pimas were free from
¢ VI Apache attacks, and they ventured into the mountains to
gather mescal. While there, a race took place between a man and a
woman, in which the woman won.
Later in the season there was a general gathering of the villages

to witness a race with the kicking-ball.

1876—77

/ Gila Crossing. There was an Apache village called Havany
Kas at the junction of the Gila and Salt rivers while a truce
existed between the Pimas and Apaches. During this year an epi-
demic of smallpox prevailed in that village, as well as in all those of
the Pimas and Maricopas.

a He afterwards became known as Doctor Montezuma, now a prosperous physician practising in
the city of Chicago.

b This, the only event of the year in the Gila Crossing record, is unimportant in itself, and yet it illus-
trates a phase of Pima character that is worthy of notice. In handling horses they exhibit a patient
subtlety resembling that of the snake creeping upon its prey, until they have gotten a rope or halter
on the animal, when their gentleness disappears. Yet in all their harnessing or saddling they mani-
fest an innate tendency toward carelessness. They always work up on the right instead of the left
side of a horse, and they also mount from that side.
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1900-1901

Gila Crossing. It was during this year that the President came to
Phoenix.e
Gila Crossing, Salt River. During the spring the man employed
to carry the mail between Phoenix and Scottsdale became insane
and shot a white man and a Pima youth whom he met on the road
near the latter place.
19012

= (ila Crossing. In September, 1901, the day school was
started at Masa'kimalt, the Gila Maricopa village.

TECHNOLOGY
Tuoe Foop SuppLy

The Pimas subsist upon a mixed diet in which vegetable food pre-
dominates. In the past it would seem probable that the proportion
of meat was greater than at present , though they have long been tillers
of the soil. Certain articles of their diet appear to be markedly flesh
producing, and this tendency is at least not diminished by the habits
of life resulting from the semitropical climate of the Gila valley.
They are noticeably heavier than individuals belonging to the tribes
on the Colorado plateau to the north and northeast, and many old
persons exhibit a degree of obesity that is in striking contrast with
the “tall and sinewy’” Indian conventionalized in popular thought.
(Fig. 2.)

About every fifth year in primitive times the Gila river failed in
midwinter, the flow diminishing day by day until at length the last
drop of water that could not gain shelter beneath the sands was
licked up by the ever-thirsty sun. The fish gathered in the few pools
that were maintained by the underflow, the ducks and other water
birds took flight, but the deer and antelope could the more readily be
stalked because of their resorting to known watering places. With-
out water in the river and canals there could be no crops, and neces-
sity drove the people to seek far afield for the native plants that in
some degree produce fruits or seeds even in dry seasons. The fruit
of the saguaro and the seed or bean of the mesquite were the most
abundant and accessible resources. When even these failed the
Pimas were driven to make long journeys into the Apache country—

a The visit of President MecKinley to Phoenix, in May, 1901, made a profound impression upon the
Pimas. Kéemé-4 lives but 20 miles south of the Arizona capital, and was present at the time of the
President’s visit. He made no mark upon the calendar stick to commemorate the event, but related
the circumstances as a part of the history.

It is not surprising that the Pima s, who had heard for many years of the Great Chiefs in Washington,
should be desirous of seeing one in the flesh when the opportunity presented itself. The official interpre-
terat the agency frequentiy, during the winter of 1901-2, expressed her desire to obtain a good biography
of the late President. After commenting upon the hideous crime of the assassin at Buffalo she made
the truthful and suggestive remark that* no Pima would do such & thing; he would never kill his chief,””
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placed it in a horizontal position on the top of the heap of mesquite
wood; as it was, her load weighed nearly 100 pounds, yet she knelt
down, engaged her head under the carrying strap, and struggled to
her feet without assistance (¢). The method of unloading is shown
in d, where, by bending forward, the entire burden is thrown off
clear of the head. Figure 65 illustrates the manner in which a kidha
net is mended.

As the kidha is distinctively a woman’s utensil, so is it closely
associated with her life history. The young girls of 8 or 10 begin to
use small kidh&s made especially for them or that have
been cut down from old ones. They learn the methods
of loading so that the burden may be stable and of
proper bulk, they acquire the necessary nerve and muscle
coordinations that enable them in later years to lift
loads weighing more than do they themselves, they
become inured to the fatigue of long journeys, and they
learn to preserve their kidhés with care from rain. The
maiden must have long and gaily-spotted frame sticks
at the front of her kiah4, which are wound with long
hair cords. She uses a helping stick that is orna-
mented with a long deerskin fringe pendent from the
binding at the crotched end (fig. 64). As she walks
along with the sharpened end of the stick thrust into
the load the fringe hangs above and forward of her
head, swinging at every step or fluttering with every
breeze. It is indeed a conspicuous object, and it is not
surprising that it should have caught the attention of
every passing traveler, whose illustrations of it are
uniformly bad.®

As the age of the owner advances she becomes care-
less of the appearance of her kidh4, the spots on the
frame are less frequently renewed, the cordage grows
short and worn, and the foresticks of the frame are cut
down in length. However, her burdens do not diminish, Fre- 64 Helping
and the woman here photographed, though her age el
exceeds the scriptural allotment, is yet able to carry more than 100
pounds at a load.

The kidh4 is of entirely different materials from the ordinary Pima
baskets. Wood is used for the four frame sticks, two at the front
and two at the rear. Saguaro ribs are invariably used for the pur-
pose, as they are very light, symmetrical, straight, and sufficiently
strong. The hoop is a double band of willow.

a‘“They are highly prized by their owners, as they are very useful to them, and are made with
much labor. For the only specimen I could obtain I was obliged to give goods to the value of $10.”
Bartlett, Personal Narrative, 11, 236.
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Oats are seldom raised in that region. They are called “white
tassels” by the Pimas. Barley is the universal grain feed of Arizona,
and there is a ready market for the small quantity the Pimas raise.

VEGETABLES

Watermelons, muskmelons, pumpkins, and squashes are exten-
sively cultivated. The watermelons are preserved until after the
1st of January by burying them in the sands of the river bed. The
pumpkins, squashes, and muskmelons are cut
in strips and dried, the best-keeping varieties
being left in the storehouses until midwinter
(pl. xxxv, f). According to tradition the
first pumpkins, called rsas’kattlk, were ob-
tained from the Yumas and Maricopas.®

There are three species of wild gourds
that are quite common
along the Gila, namely:
Cucurbita  feetidissima
H. B. K, C. digitata
Gray, and Apodanthera
undulata Gray. Culti-
vated gourds have been
known to the Pimas for
a long period—how long
it is impossible to say.
The Papagos have a tra-
dition that this plant was
introduced by Navitco, a
deity who is honored by ceremonies at intervals
of eight years—or, if crops are bountiful, at the
end of every four years—at Santa Rosa. The
gourd is used as a canteen (fig. 7), and if it
becomes cracked a rabbit skin is stretched over
it which shrinks in drying and renders the vessel
water-tight again. Dippers and canteens are
occasionally made of gourds, but the chief use of
gourds seems to be in the form of rattles (fig. 8) which contain a little

Fic. 7. Gourd canteen.

Fic. 8. Gourd rattle.

o When Gareds was among the Yumas in 1775 they were raising ‘‘countless’” calabashes and melons—
<« calabazas y melones, perhaps better translated squashes and cantaloupes, or pumpkins and musk-
melons. The Piman and Yuman tribes cultivated a full assortment of cucurbitaceous plants, not
always easy to identify by their old Spanish names. The sandia was the watermelon invariably; the
melon, usually a muskmelon, or cantaloupe; the calabaza, a calabash, gourd, pumpkin, or squash of
some sort, including one large rough Ikind like our crook-neck squash. * * * Major Heintzelman says
of the Yumans, p.36 of his Report already cited [H. R. Ex. Doc. 76, 34th Cong., 3d sess., 1857]:
‘They cultivate watermelons, muskmelons, pumpkins, corn, and beans. The watermelons are small
and indifferent, muskmelons large, and the pumpkins good. These latter they cut and dry for winter
use [they were brought to Pimeria before the Maricopas came to Gila Bend]’” Note in Coucs’ On
the Trail of a Spanish Pioneer, New York, 1900, 1, 170.
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los project and the recommendations contained therein form the
basis of the work of the Gila surveys.

History oF THE Gira ResErRvAaTION CANALS.

The detailed history of the early canals on the reservation must
necessarily come from the Indians themselves. With this in mind,
many of the older Indians residing in the various districts of the
reservation were interviewed.

‘Whenever possible two or more persons were questioned, inde-
pendently, in the same subject so as to obtain corroborative evidence.

Indian calendar sticks were also interpreted in order that the dif-
ferent events to which the older Indians referred could be related to
our own time or calendar.?

FORMERLY USED CANALS OF PREVIOUS CULTIVATION.

The term “ previous cultivation ” as used in this report, will refer
to those tracts of land not being irrigated at the present time, but
which show unmistakable evidence of having been irrigated at some
past time. This term will likewise include inactive ditches, which
were evidently used for irrigation in the past.

Obviously it is impossible to obtain definite or precise information
concerning the history of irrigation on the Gila River Reservation
during that period of time, which antedates the memory of the oldest
inhabitants. Efforts have been made, therefore, to determine thé
manner and extent of irrigation at a time just prior to the coming
of the whites, as well as during the period from that time until the
present.

The canals here described are, as a rule, plainly visible on the
ground, and are shown on the survey plats of the reservation. The
outlines of the previously irrigated areas were traced by the aid of
the old borders and ditches. As already stated, these ditches are
comparatively modern, most of them having been out of use since
the early fifties—that is, subsequent to the advent of the whites,
as will be shown later in this report.

The Gila River is particularly a flood or “flash ” stream, and as
a rule the diversion dams at the heading of the wvarious Indian
ditches are washed out during each large flood, consequently the di-
version sites or heading are changed often to meet the various new
conditions brought about by floods. Frequently old and inactive

1In the supplemental exhibits accompanying this report will be found statements made
by the Indians during the course of these Interviews. Three interperters were employed
at various times, and although not a few of the men interviewed were able to talk Eng-
lish, a far greater number belonged to an older gemeration and required the services of
an interpreter.

The translations have been made as near verbatim and in keeping with the Indian
expressions and ldioms as was consistent with at least understandable English.

uis Nelson, John Enis, and Rudolph Johmson (Pima Indians) were employed as
{ranslators, and to these men acknowledgments are due. Hspecial praise and credit are
due Rudolph Johnson for his untiring efforts and keen interest in ﬂg’ls work.,

3 These calendar sticks are chronological records kept by a few older men of the tribe.
They resemble the ordinary walking cane with numerous markings or characters cut
into the wood. Each marking or set of markings represents a yearly period. These in-
dentations served to stimulate the memory of the owner. The Pima year differs from
our calendar year, nning, as 1t does, at the time of the saguaroc harvest. For full
description of the calendar sticks see Russell Twenty-sixth Annual Report, Bureau of
American Ethnology, p. 36. Interpretations of these calendar sticks are submitted in
tha supplemental exhibits accompanving this report. vol. 1. p, 01
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ditehes are found that represent merely the former headings of
ditches farther down the valley. Accord)i’ngly, in writing a history
of the old ditches no account will be taken of these various former
héadings. .

The previously irrigated areas and the canals by which they.are
supplied will be taken up in the order in which they are found,
beginning at the east end of the reservation and proceeding down
the river to the west boundary line. '

0ld Woman’s Mouth ditch—The first ditch! at the upper end of
the reservation which is now unemployed, but which was formerly in
use, is the Old Woman’s Mouth, named after its builder.?

This ditch was constructed in 1881.8

A total of 173 acres was shown to have been irrigated at one time
under this ditch. Failure of the water su ply was given as the
cause of its idleness. Partial disuse of this sltch commenced about
15 years ago, but it has been in use as late as 1904. The flood of 1905
washed out the heading and filled the ditch with silt, resulting in its
complete suspension.

Old Woman’s Mouth and his coworkers lived in the Blackwater

* settlement and did their planting and other work from this village.
. After the failure of their ditch these families still remained in Black-

water district. At least one ramily still cuitivates a few acres under

. this ditch, but the water is derived from the rains and collected from

an adjoining gulch. This ditch, from measurements taken at the
time of the survey, had a bottom width of 5 feet, a top width of 8
feet, and a water depth of about 1 foot, the maximum capacity being
approximately 20 second-feet. The new Blackwater project al-
ready referred to covers practical}f7 all of the land previously irri-
gated by the Old Woman’s Mouth ditch.

Cayau ditch.—The Cayau (Woods) ditch was located on the north
side of the river opposite the Old Woman’s Mouth and had its head-
ing near the section line between secs. 24 and 25, T. 4 S,, R. 7T E,,
G.&S.R.B. &M.

This canal was constructed in 1869+ by an Indian whose name
was Cayau, or Woods. From 1869 until 1880 300 acres were irri-
gated under this ditch. The scarcity of water in the river and the
establishment of the present Santan district, the district where the
irrigators formerly under the Cayau ditch now live, are given as
the reasons for its inactivity. According to the survey, 235 acres
were previously irrigated under the Cayau ditch. This ditch origin-
ally had a bottom width of 4 feet, was about 7 feet wide on top, and
had a capacity of 15 second-feet.

Within the last five or six years the present North Side Blackwater
ditch was extended to the Cayau ditch, and the surplus water of the

1 Another inactive Indlan ditch which had a heading somewhat higher up on the river
than this Old Woman’s Mouth, is deslgnated on the map as the Old Indlan (Upper Black.
water) ditch. This ditch was constructed in 1884, but ipasmuch as it was never used
for irrigation, it has not been treated separately. It appears that this ditch was con-
structedg through land that was afterwards thrown open to the public. The consequent
white occupation, In additlon to the fact that the ditch was constructed on a very poor
grade, probably accounts for its nonuse. The lower end of this ditch was used In con-
nection with the recent Blackwater project, which is discussed elsewhere in this report.

$The pecullar name given to this diich I8 a nickname applied by the Indlans to its
original bullder or promotor.

"Bee statement, squlemental exhibit, Vol. 1, p. 9.

¢ Bee statement, vol. 1, p. 9, supplement exhibits accompanylng this report.



122 REPORT ON THE SAN CARLOS IRRIGATION PROJECT.

former was used to irrigate some of the land under the latter. How-
ever, very little of the old land has been cultivated as a result of
this arrangement, since it appears that the Blackwater ditch is in-
adequate to supply more than a very small quantity of surplus water.
The land under the Cayau ditch, therefore, is now practically idle.

Yaqui Canal—Next in order from the eastern boundary of the
reservation, and. diverting from the Little Gila River is the ditch
generally known as the Yaqui Canal. While this canal has not yet
ceased operations the area irrigated under it at the present time is
so limited that it will here be considered under the head of previous
irrigation. This canal was constructed in 1891, deriving its name
from the Yaqui Indians who worked on the ditch at the time of its
eonstruction, and into whose possession it eventually came. This
ditch during the dry season derives its water supply from the so-
called Blackwater Lake.?

This lake is a sort of lagoon or small swamp, and from all accounts
the springs by which it is fed yielded much more water in former
times than they do at present.

Even the Pimas had their local water trouble, for it appears that
the appropriation of the waters of this lake by the Yaqui Canal de-
prived the previous diverters lower down on the Little Gila of a
portion of this flow. The lake, which is situated some three or four
hundred feet south of the Lattle Gila, was connected with that
stream by a ditch constructed prior to the Yaqui Canal. The water
trouble which ensued as a result of the appropriation of water
through the Yaqui Canal was brought to the attention of the agent
on the reservation. A decision was rendered in favor of the lower
diverters and a new, better, and somewhat larger ditch was built in
order that the waters of the lake could more quickly reach the
Little Gila. This construction took place in 1902, which date natu-
rally marks the decline of the lands under the Yaqui Canal.

According to the survey, 289 acres over and above the acreage at
present under cultivation had previously been cultivated by the use
of the Yaqui Canal. It may be stated that this maximuwn cultivation
took place during the period dating from 1890 to 1900. The ditch
at present has a top width of 6 feet. bottom width of 3 feet, water
depth of 2.5 feet, and a grade of 1 in 1,000. Its capacity is 22 second-
feet. When it became necessary to vacate their lands under the
Yaqui ditch these Indians took up and cultivated lands under the

resent Santan Canal. Brief reference will again be made to the
aqui ditch under the head of “Present irrigation,” since it still
serves for the irrigation of a limited acreage.

1 Blackwater Lake appears to be simplg a natural depression containing several small
gprings. Several reports are current to the effect that this lake represents an artifleial
reservdir constructed during some more or less remote period to furnish water to the
Little Gila River for irrigatlon purposes. In this connection it may be stated that while
the Little Gila itself is thought to have been built by the Indians or by prehistoric irri-
gators, yet inqui among the Indians fails to sugply any information supporting the
artificial-construction theor{ regarding the lake. everal of the Indians have pointed
out, however, thai If this lake had been constructed by any of the early tribes related
to them, there would no doubt have remained some tradition in reference to this work.

There is a tradition among the Pimas regardlng Blackwater Lake, but it is to the
effect that it is of fathomless depth, that strange and awesome animals have appeared
in it, and that it communicates with the ocean, but no reference {8 made to its artificial
construction. The name Blackwater is derived from this mysterious pool of dark water.
For further information, see The Myths and Legends of the Pimas, by J. Willlam Lloi':i),‘

p. 241, P
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0ld Santan ditch—Six miles below the old headworks of the Yaqui
Canal, and on the same (south) side of the river, is the diversion site
of the Old Santan ditch.!

This ditch formerly served to irrigate a strip of land between the
Little Gila and the Gila proper, part of which now constitutes the
agency farm. A new canal, recently constructed by the Indian irri-
gation service, and which is descrized under the head of “ Present
cultivation,” is intended to irrigate practically the same lands as
formerly irrigated by this old Santan Canal. George Pablo,? who is
63 years old, says that this ditch was built in his childhood, while
Miguel ® says that he helped in its construction, and that it was exca-
vated some years before the battle between the Blackwater Pimas .
and Santan Pimas.* ,

Mr. Cook, the first missionary among the Pimas, in 1871 estab-
lished a school near the old Santan village,® where the irrigators
under this canal used to live; and it is therefore safe to assume that
this canal was completed prior to 1870, probably about 1865.

Failure of this canal project took place gragually, beginning in
the late seventies or the early eighties, or at the time of the construc-
tion of the present Santan Canal on the north side of the river. The
date of the latter undertaking was 1879.

The area of land which was observed to have been previously cul-
tivated under this old canal amounts to 1,272 acres, inc?uding most of
the land under the present agency farm, which embraces an area of
168 acres.®

While the line of this old ditch is still plainly visible, it is now so
badly filled with silt that, like many others of the older ditches, its
original dimensions are difficult to determine. From measurements
taken, it would appear that this ditch had a bottom width of 5 feet,
top width of 8 feet, water depth of 2 feet, and a grade of 1 in 500.
The capacity, therefore, is in excess of 30 second-feet.

Failure of the water supply, as well as the tribal fight already men-
tioned, are stated to be the reasons for the nonuse of this ditcl:.

New Mount Top ditch—The New Mount Top ditch, called “ new »
hecause the Indians who built it Qrii,r’mally came from the Old Mount
Top settlement near the present village of Sweetwater. This former
diversion had its heading at a point in the south side of the Little
(vila, just below the Sacaton Agency, in sec. 16, T. 4 S, R. 6 E,,
G.and S. R. B. and M. This ditch was built in 1868. According to
Miguel,” of Sacaton, who assisted in its construction, only one crop
of grain was harvested before the ditch was abandoned. The build-
ers moved to other locations.

*This ditch should not be confused with the modern Santan Capnal and district. 1In
former years the present Santan Indlans or their predecessors lived on the south side of
the river, and their former villages, ditches, etc., were called Santan,

! Supplemental exhibits, vol. 1, p. 34

'Su?plemental exhibits, vol. 1, {) 50.

‘Thig trial fight took place in 1878-79, according to the calendar of Maj. Johnson;
8l confirmed by Russell, p. 57, 26th American Ethnological Report.

'The remains of this old schoolhouse, which wag of adobe, are still to be seen about
2 miles west of the present Sacaton Agency, on the road between Sacaton and Casa
Blanca. Although the old Santan ditch. and the flelds which it served to irrigate. are
situated on the opposite side of the Little Gila from the site of thelr old village, yet it
appears that these Indians Preferrod to cross the Little Gila each day on their way to and

rom work rather than to pitch their camp on the comparatively low lands near the flelds.

*The land inciuded in the agency farm was originally irrigated by Antonio Azul, who
b later years irrigated the eastern portion of this same area from Cottonwood ditch and
the remainder from the old Santan ditch. This land was acquired from Azul for agency
Purposes in 1892.

statement, p. 50, vol. 1, supplemental exhibits,
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The evidence available on the ground would show that about 182
acres were planted under cultivation. This ditch varied in width
from 5 feet near the heading to 3 feet at its lower extremity. Its
capacity was at least 10 second-feet. After the failure of this ven-
ture the Mount Top villagers appear to have amalgamated with the
Sacaton Indians, as they no longer have a separate village.

Old Maricopa ditch.—A few miles further down the Little Gila,
in section 7, T. 4 S.,, R. 6 E,, G. & S. R. B. and M., another of
these many idle canals had its heading. This, the Old Maricopa
ditch, is not to be confused with the Ancient Maricopa ditch, which
is also an inactive canal, located near the present Sacaton siding of
the Maricopa-Phoenix Railroad. The Old Maricopa ditch was con-
structed in 1848—49, according to Antonito Azul,! who states that this
ditch was completed and water turned in at the time that a band of
Maricopa Indians went to the Picacho Mountains after mescal, and
were ambushed by the Apaches. This incident, according to Maj.
Jackson’s calendar,? took place during the years 184849,

The builders of the Old Maricopa ditch were Maricopa Indians,
who had withdrawn from the main body of their tribesmen, then
cultivating land under the Ancient Maricopa ditch. Upon the fail-
ure of the former ditch, these Maricopas reunited with their tribes-
men and they or their descendants are now cultivating land near the
confluence of the Gila and Salt rivers at the western extremity of
the reservation. The date of the inactivity of the Old Maricopa
ditch is not definitely known. Apachoes?® says he thinks the fields
were vacated about 50 years ago, but his memory was rather vague
on that point. This district, as well as the Ancient Sweetwater dis-
trict, was undoubtedly under cultivation in 1852, at the time of
Bartlett’s visit,* bul was evidently vacated before Rev. Mr. Cook’s
school was established (1871), since the latter fails to mention this
distriet in his description.®

It is believed, therefore, that this ditch became inactive in about
the year 1870, which date is in conformity with the information ob-
tained from Apachoes,

This ditch had originally a bottom width of 5 feet, top width of
8 to 10 feet, and capacity of 15 second-feet. The area formerly under
cultivation under this ditch, as nearly as could be ascertained from
the remaining borders, etc., amounts to 238.5 acres. The Old Mari-
copa Canal discharges into the Ancient Sweetwater, and it is evident
that the lower part of this latter ditch was used as an extension to
the former.

A branch ditch taking out of the Old Maricopa Canal a short dis-
tance below its heading was added soon after the construction of this
canal by a number of Old Mount Top Indians, who desired to culti-
vate a portion of the alkali lands situated south of the main ditch.
Some land was placed under cultivation (6.2 acres), but the soil was
so poor that the attempt was soon given up.

Ancient Stotonie—This ditch, called “ Ancient” to distinguish it
from the present Stotonic ditch, which heads lower down the Gila
River, had its point of diversion about 2 miles below the Old Mari-

T
1 See statement, p. 17, vol. 1, supplemental exhibit,
2 See calendar, supplemental exhlbit, vol. 1, p. 108,
s See statement, vol. 1, p. 1, supplemental exhibits. .
¢ See p. 25 of this appendix covering the early history of the Glla River Reservation.
& See Petter of Dr. Cook, in supplemental exhibits, vol, 1, p. 86.
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copa Canal and near the north boundary of sec. 2, T. 4 S,, R. 6 E.
This inactive canal is one of the very oldest ditches on the reserva-
tion, and its heading may be considered practically a former heading
of the present Stotonic ditch. Inasmuch as certain lands were cov-
ered and irrigated by this old ditch that can not be covered by the
present Stotonic, the former will be treated separately.

According to the statements of the oldest living inhabitants, the
Ancient Stotonic ditch was in operation as early as they can remem-
ber, and so far as the knowledge of the Pimas goes, this ditch, or
others in the same vicinity, has been supplying the same body of
land continuously since the earliest times. Unquestionably the irri-
gated lands or rancherias first described by the early Spaniards were
located in this vicinity.

An area of 590 acres was found to have been under cultivation
under this old canal, exclusive of the land now under cultivation
under the present Stotonic. This area was vacated because of the
removal of the heading to a point lower down the river and the con-
struction of the present Stotonic Canal.

According to Joseph Head, the change of heading affecting this
land took place about 35 years ago, consequently, it may be stated
that this land has been unoccupied since about 1880. Several head-
ings have been constructed at various times for this canal, as well as
for the present Stotonic, but it is thought that the one covering the
greatest area of cultivation is as above stated. This ditch at a point
above the uppermost of its old laterals had a bottom width of 6 feet,
top width of 10 feet, water depth of 2 feet. With its present grade
of about 1 in 1,000, these diversions would give this ditch a carrying
capacity of 28 second-feet.

0ld Mount Top.—The so-called Mount Top ditch is not a separate
diteh, but a branch of the Stotonic. It had no independent heading,
but inasmuch as it was built and operated by the Mount Top Indians
and also later became useless to them, it will be considered in this re-
port as an independent ditch. This canal took out of the present
Stotonic diteh in the SW.  sec. 28, T.3 S., R. 5 E.

According to the statements of Vanico' and Pablo? this ditch was
built prior to their earliest recollection, and undoubtedly before
their births. Irrigation in this district was probably carried on
contemporaneously with the former irrigation in the adjacent dis-
tricts of Stotonic and Casa Blanca. According to Pablo? this dis-
trict was at least partially vacated 45 vears ago, or approximately at
the time of the construction of the New Mount Top, which 1s said
to have been constructed in 1866.

The area previously cultivated under this ditch, all of which has
since been in nonuse, according to the survey, amounted to 718.5
acres,

This ditch has a bottom width of 5 feet, depth of 13 feet, and is
not much wider at the top than at the bottom. Its grade is only 1
ifn 1,800, giving the ditch a theoretical capacity of about 9 second-

eet

The Mount Top Indians when cultivating these lands were pros-
perous and occupied a village of no mean size near the conspicuous
little butte just south of their fields. This little hill is known to

1 Supplemental exhibits, vol. 1, p. 47.
1 Supplemental exhibits, vol. 1, p. 80.
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the Indians as Rattlesnake Home, because a small cave in its banks
was the legendary abode of a monstrous rattlesnake and her nu.
merous young. As we already know, these Mount Top Indians,
after having vacated their fields, went to the old Santan district,
ilear the old Cooks School, later joining the present Santan vil
agers.

Sranuka ditch (Alkali Camp Canal).—The Sranuka ditch was
in reality only partially serviceable, since a portion of this old
ditch is now known as the Alkali Camp Canal, which will be taken
up under the head of “ Present irrigation.” ‘

This is one of the older ditches, having been in use at the time of
the coming of the Whites.? Much of this old ditch has been washed
out, especially near its original heading which was located nearly
opposite the village of Casa Blanca and approximately 2 miles above !
the present heading of the Alkali Canal. This ditch was one of the
longest of the older ditches, extending from the heading just men-
tioned to a point 1 mile or more beyond the railroad at Sacaton
siding, a distance of 8 miles. .A large portion of the land previously
irrigated under this ditch, as well as a part of the ditch itself, has
been washed away by the floods.

Many of the Pimas now living at Gila crossing originally irri-
gated or farmed in the Sranuka district, but the lands which they
irrigated under the Sranuka Canal were gradually vacated, begin-
ning at the time of the first diversion in Gila crossing, i. e., in the
late seventies or early eighties. Several new headings have been
made for the Sranuka Canal, but the area under irrigation has
decreased constantly. In recent years this ditch has been known
as Alkali Camp Canal, so named because of the unusually large
quantities of alkali to be found in the vicinity of the canal. The
extreme western portion of the area irrigated under this old ditch
was known by the Indians as the Skunk’s district.?

Pablo in his sketch showing the distribution of the previously
irrigated area is under the impression that the Skunk fields were
irrigated by a separate ditch other than the Sranuka. It is believed,
however, that Pablo confused the Skunk Ditch with the Santa Cruz,
since no evidence of another ditch could be found on the ground.

When the survey was made in the early part of 1914, 736 acres
were shown to have been previously irrigated under this ditch. At
the extreme lower end of the SranuKa Canal there is a comparatively
recent ditch, constructed about 10 years ago to utilize the waste
water or the drainage from the Sranuka or present Alkali Camp
Canal. Although this new ditch was excavated for a distance of
about 2 miles, it was never used, owing to the failure of the water
supply. The ditch was built by a few Indians living at Gils
Crossing.

Sratuka (Wet Camp) Canal and Snaketown district.—All of the
inactive canals thus far described, with the exception of the Cayau,
had their headings either in the Little Gila or in the south bank of
the Gila River proper. The Sratuka, however, is one other canal
which lies on the north side of the main river, its heading being

! Supplemental exhibits, vol. 1, p. 75. Also statement of Pablo, p. 30. .

3 This rather peculiar name, S’kunk, or Oopia in I'ima, comes from a family and their
descendants of tbat name who formerly lived in this sectlon. Whether Is. was 8 -
family name or merely an applied name, my informant did not state. (C. H. B.)
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built near the isolated hill known as Double Buttes, or sometimes
as Rattlesnake Hill. The former heading of this canal was near the
section line between sec. 2021, T. 3 S., R. T E,, G. and S. R. B. &
M.—that is, about a quarter of a mile above the present Snaketown
canal diversion.

The old Sratuka district is identical with the district now known
as the Snaketown or Skukaika.

The original Sratuka Indians located their village and also culti-
vated a small area of land on the south side of the river opposite
their canal, which, as already, stated, was situated on the north side,
This arrangement. while affording better protection for the Indians,
required them to cross the river in order to reach their fields. Al-
though the site of the original village of Sratuka has long since been
washed away, thre still exists a village of this name on the south
side of the river in this same locality, and its farms are now irrigated
by the Bapchil Ditch. ‘

The proximity of the former village to the river lowlands ac-
counts for the name Sratuka, which means wet camp. It is stated
that many of the fields required only one or two irrigations to ma-
ture crops, so close was the water to the surface of the ground.

About the year 1872 many of the Indians living in this district
vacated their farms and moved over to the Salt River Valley, where
they began. the cultivation of lands in the present Salt River Rescr:
vation. Their reasons for moving seem to have been several, viz.
loss of their lands by floods, scarcity of water, and an invetation
by the Mormon settlers to come over and settle near them, and thus
afford protection from the Apaches. Some five or six years after this
migration some of the Indians remaining at the village of Sratuka
crossed the Gila and founded the present village of Snaketown.

Several different headings have from time to time been constructed
for this ditch. The original canal, located as it was along the mesa
edge, was capable of irrigating an area greater than that covered by
the modern Snaketown Canal. The present heading of the Snaketown
Canal was constructed subsequent to the disastrous flood of 1905.

The original Sratuka was in existence at the time of the earliest
recollection of the present-day Pimas, but, as already indicated, the
present-day village of Snaketown, on the north side of the river, is
of comparatively recent origin. .

The area of land which shows evidence of previous cultivation,
and which is not included in the area at present under cultivation,
amounted at the time of the survey to 1,273 acres. It is estimated
that 500 acres has been washed away by floods since the survey by
Meskimons® in 1904 shows an area in excess of the above figures by
this amount. .

The old canal, while badly filled up at present with silt, appears
to have had a bottom width of 6 feet, top width of 12 feet, water
depth of 2 feet. It has a grade of 1 in 1,200, giving a capacity of
at least 80 second-feet.

Bridlestood Canal—Continuing on down the river, the next no
longer used ditch is the Bridlestood,? which is located on the same

1Information concerning this survey 18 given on % 97, of this appendix.

*The origin of this pecullar name 18 connected with a certaln bush or scrub tree, the
branches of which are sald to have grown In the shape of a bridle. It seems that this
articular tree grew in a prominent place near the principal road or trail leading

rough this district, and in this way the district became known as ‘‘ where the bridle
stood,” or the Bridlestood district,
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(Qnorth) side of the river. The Bridlestood, like the Snaketown
‘Canal, is a very old district, this canal having been built prior to
the remembrance of any of the older Indians. It became idle about
the time of the Sranuka, the Skunk, and the old Maricopa—that is,
about 25 years ago, or in the late eighties. This old Bridlestood
ditch has since been used, in part, by several Indians under the leader-
ship of an Indian known as Paloma, who constructed a ditch to’
divert the waters of the Gila into this old canal. Some of these
old Bridlestood fields were rehabilitated, but were again vacated
within a year because of a change in the river channel. .

Another attempt to irrigate this territory was later made by a
number of these same Indians by means of an extension to the
Snaketown Canal. While considerable work seems to have been
done of this extension within recent years, no success seems to have
resulted from these efforts. A great deal of land, especially at the
lower end of the Bridlestood district, has been washed away by the
numerous floods of the (ila. The land shown to have been pre-
viously irrigated by the Bridlestood ditch amounted to 1,143 acres.
This ditch was approximately 4 feet wide at the bottom, 10 feet
wide on top, had a maximum water depth of 2 feet and a grade of
% in 1,000. Its carrying capacity was probably at least 20 second-

eet.

0ld Santa Cruz Canal—The remains of the upper portion of
the old Santa Cruz Canal are found just below the railroad station
at Sacaton siding. Much of this old ditch, as well as the land for-
merly irrigated by it, has been washed away. This ditch, like many
others, was named after the Indians, or rather the village of Indians,
by whom it was bnilt. It appears that the Indians who were respon-
sible for its construction afterwards moved to the Santa Cruz River
near the lower end of the reservation not far from the Estrella
Mountains, and for this reason the ditch, as well as the old idle
fields under it, are called by other Indians the Santa Cruz.

The old Santa Cruz Canal, while antedating the coming of the
whites, was built within the remembrance of at least some of the
older Indians. Pablo® mentions it as one of the older ditches, having
been in existence longer than he can remember. Ben Thompson,}
however, states that he thinks it was built when he was a small boy,
and that it became inert when he was old enough to fight the Apaches.
This would indicate this ditch to be at least 60 years old, the year of
its last activity probably being about 1875. Thompson corroborates
this by stating that the old Santa Cruz Canal and the old Sranuka
ditch became useless about the same time. So much of the ares
formerly irrigated under this ditch had evidently been washed away
by floods that it was fonnd impossible to determine the exact area of
previous cultivation. The area remaining undisturbed by the floods
und which showed evidence of previous irrigation, amounted to 400
acres. By assuming the probable location of the river bank at former
times, it has been estimated that an additional area of 100 acres was
at one time irrigated under this ditch.

! See statement, supplemental exhibits, vol, 1, p. 80.
¢ See atatement, supplemental exhibits, vol. 1, p. 27.
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The old Santa Cruz ditch was probably 3 feet wide at the bottom,
10 feet wide on top. It had & grade of 1 foot in 1,000, and a probable
capacity of 10 second-feet. -

Ancient Maricopa Canal.—As in the case of the old Santa Cruz
Canal, the heading and a considerable portion of this old ditch have
been washed away by the floods. The original intake of the ancient
Maricopa Canal was located near the heading of the old Santa Cruz,
but on the opposite (north) side of the river. This ditch ! according
to Ben Thompson, was constructed by Maricopa Indiahs soon after
this tribe joined forces with the Pimas. Nearly all of the existing
calendars of the older Indians include prominent references to the
Maricopas, but their coming to this reservation antedates the earliest
of these records. According to Col. Emory ? these Indians were
found by Dr. Anderson at Gila Bend as late as 1828. They were
then moving gradually from their old location on the Gulf of Cali-
fornia to their present position near the Pimas. It is probable, there-
fore, that the ancient Maricopa Canal was started about 1830 or 1840,
Each Indian who was interviewed upon the subject claimed that the
canal was built prior to his knowledge.

As in the Santa Cruz district just across the river, much of the
land formerly irrigated by means of the Ancient Maricopa Canal
has been washed away. The remaining portion, according to the
survey, measured 386 acres, and assuming again the probable former
width of the river, it is estimated that at least 750 acres were at one
time cultivated under this old ditch. The ditch, as it exists to-day,
is 8 feet wide on the bottom, 5 or 6 feet on top, and appears to have
had a water depth of 1} feet. Its grade is 1 in 1,000. With these
dimensions it would have a carrying capacity of 10 second-feet.

ACTIVE CANALS OF PRESENT IRRIGATION ON THE GILA RIVER RESERVATION.

North Blackwater (Cholla Mountain) ditch.—This canal, which
lies on the north side of the river, has its heading about 3 miles up
the river from the east line of the Gila River Reservation, in sec. 12,
T.5 8., R. 8 E. Two other ditches supplying reservation lands have
their point of diversion opposite the heading of this ditch, but on the
south side of the Gila.

Juan Thomas? states that this ditch was in operation when he
came to the Blackwater district 38 years ago; that is, prior to 1876,
Havilena ¢ says this ditch was constructed 49 years ago; that is, in
1865, when he was serving as scout for the United States Govern-
ment. Samuel Scoffer ® states that it was constructed at some time
prior to his arrival in this district, which was in 1867. It will be
reasonable to assume, therefore, that the year 1866 represents very
closely the date of its construction.

Juan Thomas also states that at the time of his arrival in the
Blackwater district about two-thirds of the land irrigated at the
present time was under cultivation. Thomas having arrived there in

1 See statement, supplemental exhibits, vol. 1, p. 27.
2 S8ee footnote, p. — of this appendix.

s Sce statement, p. 1, volL 1, supplemental exhibits,

¢ See statement, p. 8, vol. 1, supplemental exhibits.

8 See statement, p. 9, vol. 1, supplemental exhibits,
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1876, it may be safely assumed that with this rate of development the
entire district was irrigated by the year 1881.

The North Blackwater ditch has a top width of 11 feet, a bottom
width of 5 feet, a water depth of 1} feet, and a velocity of 15 feet per
second ; the ditch thus possessing a capacity of 16 second-feet. This
canal, at present, is in good con%iition. At the time of the survey it
served to irrigate 941 acres of land, an additional area of 309 acres
showing evidences of previous culture. A survey made by Mr.
Meskimons in 1904 showed an area of 1,456 acres under cultivation
at that time.

Blackwater or Island ditch.—The first ditch constructed for the
irrigation of the Blackwater Island district, which lies between the
Little Gila and the main channel of the river, was commenced in
1862. Juan Thomas has recorded this date in his calendar,® while
William Wallace,? who claims to have been the chief promoter of the
ditch, also gives the year of its construction at 1862. Frank Hayes}
states that 1t was built about 54 years ago and that within four or five
years all the land which it could serve to irrigate had been placed
under cultivation. In order that this might be possible, the ditch was
enlarged from 3 feet to 4 or 5 feet on the bottom.

The present heading of this canal lies in sec. 2, T. 5 S., R. 8 E,,
about 1 mile upstream from the reservation line. Various other
headings, however, have been in use during the past.

Formerly the Island ditch was flumed across the Little Gila to
Blackwater Island. Several years prior to 1913 the Little Gila was .
permitted to choke up, and instead of using the flume, this ditch
was then permitted to discharge into the Little Gila, the water being
rediverted by means of a dam some distance farther down.

In 1913 the Indian Irrigation Service opened up the Little Gila
heading and constructed a new flume to carry this ditch across the
Little Gila, as formerly had been done. This work was known as
the Little Gila project.

The Island Canal at the present time has a capacity of 35 second-
feet. It has a top width of 10 feet, a bottom width of 7 feet, water
depth of 2 feet, and has a velocity slightly greater than 3 feet per
second. This canal serves to irrigate 1,029 acres, according to the
survey of 1914. According to the Meskimons survey in 1904, 1,506
acres were then being irrigated.

Under this canal there are, in addition, 30 acres which have been
cultivated at some former date, while 330 acres more are susceptible
of irrigation.

Little Gila Canal.—It is generally conceded that the so-called
Little Gila River is of artificial construction. Its general location
in respect to the topography of the surrounding country, the evident
remains of side drainage channels which formerly continued across
the present bed of the stream, as well as the directness of the align-
ment of the channel itself are evidences supporting this belief.

Unquestionably the Little Gila, as originally constructed, was
not as large as it is now; its present size and shape is probably due
to the action of flood waters which, entering the head o? the original
canal, not only deepened and widened the channel but also cut &

1 §ee statement, p. 1, supplemental exhibits, vol. 1.
8 See statement, p. 5, supplemental exhibits, vol. 1.
s Seo statement, p. 7, supplemental exhibits, vol. 1.
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pathway from the end of the original ditch back to the bed of the
main river.

Whether or not the Little Gila Canal was constructed contempo-
raneously with the other near-by prehistoric canals is, of course,
problematical. Needless to state, no knowledge of its artificial con-
struction is possessed by the present day Pimas, and the credit of
this enterprise must be given to an unknown race of agricultural
people, perhaps ancestors of the Piinas, who had attained a remark-
ably advanced stage of culture and civilization.

No particular reference to the Little Gila has been found in the
narratives of the early Spanish explorers. It is evident that some of
the earlier adventuerers into this region were of the opinion that the
Little Gila was the main river channel. Russel Bartlett, who was
connected with the United States and Mexican boundary survey dur-
ing the years 1850-1853, and who has been previously quoted,! evi-
dently made this mistake, for he states: “ We found the river banks
about 15 feet high and so abrupt that it was with some difficulty we
reached the water.” The banks of the Little Gila in many places are
15 feet or more in height, while the banks of the main river are
seldom more than 6 or 7 feet high.

During former times no trouble was encountered in keeping the
river water diverted into the Little Gila, and the principal ditches’
serving the land that was irrigated prior to the coming of the whites
had their heading in this channel or, in other words, were laterals or
subditches of the Little Gila.

With the recent recurring floods, the main river channel has
been washed much wider than formerly, and as a result the diver-
sion of the Little Gila has been maintained with some difficulty.

During the disastrous flood of 1905 the old heading was com-
pletely washed away and a mile or more of the upper portion of
the Little Gila channel was filled with silt, and, as {)lreviously
ztated, this portion of the channel was occupied by the Island

itch.

In February, 1913, it was decided to reopen the Little Gila, and
the work in this connection, which was done under the direction of
this service, has been known as the Little Gila project.

Little Gila project.—The Little Gila project, which was com-

leted in 1914, had for its primary object the opening up of the

ittle Gila and the installation of a suitable heading at 1its point

of diversion from the Gila River. This work necessitated the
relocation of a portion of Blackwater Island ditch and the excava-
tion and the cleaning out of the channel for a distance of 3,950 feet.
The Blackwater Island ditch was reconstructed through a distance
of 3,125 feet. A flume was built to carry this ditch across the
Little Gila below its heading and a drop was installed to discharge
the water into the original Island ditch. Bank protection, both
above and below the Little Gila headgate structure, was installed
as a part of this project. Two wing dams were built, one above
the heading to divert the water against the headgate and one below
to protect the downstream bank.

The great flood of December, 1914. did considerable damage to
the banir protection and headwork of the Little Gila. The flood

18ee p. 13 of this appendix.




132 REPORT ON THE SAN CARLOS IRRIGATION PROJECT.

was of such magnitude that the high water overflowed the river
banks in all directions and washed out much of the hank protection,
as well as portions of the fill or revetnient around the Little Gila
structures. Subsequent to the flood a new channel has been cut from
the main Gila to the Little Gila and the channel of the Little Gila
was again cleaned for a distance of 2,400 feet.

The Indian Island ditch, which closely follows the river bank
at the Little Gila heading, was also washed out and 8,200 feet of
new ditch was constructed to replace the washed-out portion. The
flume carrying the Indian ditch across the Little Gila was also
damaged by the flood, and this flume, as well as some other minor
structures, were repaired.

The trouble experienced with the Little Gila heading is common
with all the ditch headings on the reservation and emphasizes the
need of a permanent diversion dam,

The cost of this project during the fiscal year of 1913-14 amounted
- to $12,984.81, and during the fiscal year 1915 $3,531.27, or, in all
$16,516.08.

Blackwater project ditch (B line).—The ditch shown on the map
as the Blackwater project ditch (also known as the B line) has its
heading 1 mile east of the reservation and was constructed by this
service in 1914. This canal was not quite complete at the time of
this survey and, of course, no land was yet. in cultivation under it.
The ditch will serve to irrigate 2,500 acres in the Blackwater district,
which includes all of the Iand in the Old Woman’s Mouth district,
1s well as all land that was intended to be irrigated by the Upper
Blackwater ditch, which is described elsewhere in this report as
never having been used. ’

This canal, according to the survey, has a bottom width of 6 feet,
top width of 15 feet, water depth of 2 feet, and a grade of 1 in 1,500.
Its calculated capacity is 18 second-feet. The total costs for the con<
;tYr}rxggign of this ditch up to end of fiscal year 1915 amounted to

J69.75.

Yaqui Canal.—The history of the so-called Yaqui Canal has
already been related under tlyle heading of “Previous cultivation.”
The area cultivated under this ditch at the present time amounts to
only 44 acres. Owing to a continued diminution in the quantity of
water available, the lands formerly cultivated under this ditch are
gradually reverting to the desert state, and unless a better water
supply is soon obtained all remaining cultivation must likewise be
suspended.

. 'The land previously cultivated amounts to 290 acres.

Sacaton Flat Canal—The Sacaton Flat Canal, sometimes called
the Upper Stotonic Canal because the ditch was originally built by
Indians coming from the Sacaton district, has its heading on the
north side of the Little Gila about 1 mile below the Yaqui. Accord-
ing to John Haves® this ditch was built in 1872, Has Makil 2 claims
that the canal in question was in operation prior to his residence in
that section, stating that he arrived in 1879. Hayes claims also that
within five ycars after work was first begun on the canal all of the
land irrigated at the present time had been placed under cultivation.
At the time of this survey the area cultivated under this canal was

it S8ee statement, p. 7, supplemental exhibits, vol. 1.
2 See statement, p. 16, supplement exhibits, vol. 1.
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899 acres, 384 acres in addition showing evidences of previous culti-
vation. The survey of Meskimons in 1904 gave 1,105.2 acres as the
ares, then under cultivation.

The Sacaton Flats Canal is 5 feet wide on the bottom and
about the same width on top; it has a depth of 23 feet, a grade of 1
in 800, giving a carrying capacity of 40 second-feet.

Cottonwood ditch.—This ditch, so-called from the numerous large
cottonwood trees that line its banks, was constructed in 1872, ac-
cording to a statement of its builder, Antonito Azul.!

Hokee refers us to the ditch captain and promoter, Azul, for the
exact date of the construction of this ditch, but states that to the best
of his recollection it was constructed 45 years ago. The area culti-
vated under this ditch at the time of the survey was 819 acres, while -
152.9 acres additional were found to have been previously cultivated.
The survey of Meskimons in 1904 gives 439 acres as the area then
under cultivation. Azul and other farmers cultivating lands under
this ditch came from the Sweetwater district, although Hokee Wil-
son,? who also helped to build the ditch, came from the Old Mount
Top district.

The Cottonwood ditch is 8 feet wide on the top, 6 feet on the
bottom; it had a depth of 1} feet and a grade of 1 in 1,000, giving a
carrying capacity of 20 second-feet. ,

The Santan Indian Canal—The Rev. Dr. Cook,2? in his letter
relative to the early irrigation on the reservation, states that * at
one large village north of the river and for a distance of near 10
miles there were fine ancient fields without a ditch and near the
head of it there was fine strata of rock and river bed, “and while
Dr. Cook mentioned further on that he assisted the Indians to over-
(clome the difficulty of getting a ditch started, he fails to mention any

ates.

John Manuel,* however, says that Dr. Cook made a survey of the
above ditch in 1887 and that he “rod for him.”

He states that construction began immediately after this survey,
but that this ditch was not completed until 1883. ‘

Cos Chin,® an Indian 90 years of age, claims that he moved from
the Island or “o0ld” Santan district to the “modern” Santan dis-
trict in 1880 or 1881. It appears from the calendar of Maj. Jackson ®
that attempts to build a canal in this district were made as early as
1869, but it is quite probable that not much work was done until
after the survey of Dr. Cook in 1877.

At the time of the survey of 1914 there were cultivated under this
ditch 3,319.3 acres, an additional 201 acres showing evidences of

1 See statement, p. 17, supplemental exhibits, volL 1.
2 See statement, p. 41, supplemental exhibits, vol. 1.
* See p. 86, supplemental exhibits, vol. 1.

+ See statement, p. 20, supplemental exhibits, vol, 1,
8 See statement, p. 61, supplemental exhibits, vol. 1.
¢ See p. 108, supplemental exhibits, vol. 1.



134 REPORT ON THE SAN CARLOS IRRIGATION PROJECT.

previous cultivation. According to Tor White,* the original ditch

had a bottom width of 5 feet near its lower extremity and 9 feet near

its heading. At present the Old Santan ditch is 10 feet wide on the

bottom, 16 feet on top; it has a water depth of about 3 feet and a
rade of 1 in 1,500, its capacity, therefore, being at least 75 second-
eet.

Lower Santan Canal—John Manuel * claims that there was con-
structed in 1879 a canal known as the Lower Santan Canal, which a
few years later was combined with the Santan Indian Canal.

According to Manuel, this lower canal later was almost entirely
washed away. Very few sections of the original ditch remain, but
those which were found showed the ditch to have had a cross section
about 6 feet wide at the bottom, 11 feet on top, with a water depth
of 2 feet. Its capacity was about 15 second-feet.

As already stated, this ditch not long after its construction was
used simply as an extension to the Santan Indian Canal. The land
lying under the Lower Santan Canal is considered a part of the main
Santan district since those two canals were constructed at about the
same time and would carry with them priorities which are approxi-
mately equal.

The Santan Flood Canal (Sacaton Project) —In December, 1904,
the board of engineers of the Reclamation Service submitted a re-
-port to the Secretary of the Interior on the question of furnishing
water to the Gila River Indian Reservation. In January, 1906, the
Secretary of the Interior issued special instructions that surveys be
made and plans prepared for the construction of an irrigation system.
'The investigation was accordingly made under the direction of the
chief engineer of the Indian irrigation service, with the result that
an irrigation system consisting of a flood water canal supplemented
by pumping plants was decided upon. The Reclamation Service, un-
der the direction of the Indian Office, was detailed to carry out these
plans. Reimbursable appropriations for the construction of this
project were made as follows:

Mar. 8, 1905__ $50, 000
June 21, 1906_________ . 250, 000
Apr. 4, 1910_____________ T T 75, 000
Mar. 3, 1911 _____ . 125, 0600
T SO 1500, 000
Of this amount there remained on hand March 31, 1912, a balance
of $32,648.21.3

In addition to the above amount, there has been expended by this
service for the construction of the distribution system and other
necessary work, some $39,837.70.

This project has for its object the irrigation of about 10,000 acres
of land on the north side of the river embracing all the territory
within the Santan District, including the land covered by the San-
tan Indian Canal. The plans for the distribution of water in this
district, as they were finally evolved and carried out, may be de-
scribed as follows: The Santan Indian Canal was already located
on a low ridge whose general direction parallels the river. Sit-
uated on either side of this ditch are the lands of the Indians,

1 See statement, p. 63, supplemental exhibits, vol. 1.
3 See statement, p. 20, supplemental exhibits, vol. 1.
s H, Rept. No, 1508, p. 569, 52d Cong., 3d sess,
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where these people live and are using water for irrigation.. The
wells were drilled along a line located from one-half to 1 mile
north of the Santan Indian Canal, while a short distance farther
north was constructed the large Santan Flood Canal.

Connecting the different wells is a ditch which is joined at its up-
per end'to the flood canal.

A large lateral which takes out of the flood canal and enters the
Santan Indian Canal above the uppermost of its laterals, serves to
conduct the flood water into the Indian Canal. At frequent inter-
vals along the course of the flood canal, feeder and drain ditches have
also been constructed.

The Santan Flood Canal has dimensions as follows: Bottom
width, 26 feet ; side slopes, 1 to 1; water depth, 4 feet. It has a grade
of 0.0003 and its capacity is 300 second-feet.

The lateral already referred to, connecting the flood canal with
the Santan Indian Canal, has a bottom width of 10 feet; side slopes,
1 to 1; depth, 3} feet; and a grade of 0.005. Its capacity is 110
second-feet.

The well ditch (also referred to above) has a bottom width of 6
feet; side slopes, 13 to 1; grade, between 0.003 and 0.0025. Its ca-
pacity is approximately 30 second-feet.

Work was begun on this project on April 20, 1908, with the drill-
ing of the first well. The drilling of the ninth and last well was
completed on January 15, 1909. Survey work and the preliminary
location of the flood canal was started in May, 1909, and actual
construction was commenced in October of the same year.

Opposition to this project * soon arose among the Indians, with the
result that the United States Reclamation Service suspended opera-
tions after the main flood canal had been completed but before
work had proceeded very far on the distribution system. Work on
this project was resumed by the Indian irrigation service in 1913
shortly after the suspension of work by the Reclamation Service.
Since that time, the Indian lands under the canal were surveyed
and allotted, the distribution and drainage systems have been com-
pleted, and another well had been drilled.

Owing both to the continued opposition of the Indians and to the
lack of a diversion dam at the head of the Santan Flood Canal, this
canal has been used only in connection with the Santan Indian Canal,
although it was always intended that the flood canal should some
day entirely supplant the Indian Canal.

The lack of a suitable diversion works at its head has greatly
limited the usefulness of the flood canal, since the Indians find 1t
much easier to divert the flow of the Gila directly into the Santan
Indian Canal.

At the time of this survey there was under cultivation under this
canal a total area of 3,319.3 acres, which is identical with the area
cultivated under the Santan Indian ditch. The area cultivated under
the Santan Flood Canal was no greater at the time of the survey than
that formerly cultivated under the Indian ditch, but much land was
being cleared and other efforts were being made at that time to in-
crease this area. It is proposed by the Indian Service to irrigate at
least 10,000 acres under this project.

! Hearing before the Committee on Indian Affairs, House resolutions 330, No. 1, De-
cember 21, 1911; No. 2, January 5, 1912.
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Agency project at Sacaton.—This project has for its purpose the ir-
rigation of lands on the so-called island, that strip of land lying
between the Little Gila and the Gila River just north of the Sacaton
Agency. The necessary surveys were commenced in November, 1913,
actual construction work started in March, 1914, and the project was
completed in June of that year.

This irrigation system consists of one main canal and a number
of laterals. Its water supply is obtained by diversion from the
Little Gila at the north and south midsection line of section 23, T.
4 S, R. 6 E. The main canal has a bottom width of 6 feet, side
slopes, 14 to 1, water depth 2 feet, maximum grade of 1 in 1,000,
and a carrying capacity of 30 second-feet.

The territory to which this ditch now furnishes water embraces
the district formerly known as the Old Santan district, as well
as a considerable area formerly belonging to the Cottonwood Canal
district. This project, including these two areas, mentioned above,
was built with the intention to irrigate 2,000 acres. At the time of
the survey, some land was already being cleared in anticipation of
the completion of the ditch. During the summer of 1914, and
after survey had been made, about 30 acres were put under irriga-
tion in addition to the land which was being irrigated by the Cot-
tonwood ditch. Disbursements made for the construction of this

roject to the end of the fiscal year 1915, have amounted to

26,754.28, ‘

Hendricks ditch.—This canal, which takes out of the Little Gila
about 2 miles above Sacaton ! was constructed by its present owner,
Mr. Hendricks, in 1904. The Hendricks ditch served to irrigate
76 acres of land at the time of this survey.

An old ditch known as the Louis Morago, which has its heading
about 300 feet east of the present heading of Hendricks ditch,
formerly irrigated about 40 acres of the land now irrigated by
means of the latter. This ditch was constructed by the Sacaton
agency in 1882, but after about two years of use it was found un-
serviceable, .

In connection with this old Morago ditch, another ditch heading
in the Big Gila extended across the Cottonwood lands, and, dis-
charging into the Little Gila, supplied water to the Morago ditch.
This connecting ditch has been largely effaced by the continued
plowing of fields and the excavation of new ditches since the time
of its inactivity. Traces of this old ditch, however, are still visible,
the approximate location being shown on the survey map of the
reservation. Owing to the limited acreage served by this ditch, as
well as its short life, it has not been treated under a separate head-
ing.

%’asa Blanca Canal project.—This project is situated on the south
side of the Little Gila, west of the Sacaton Agency. By means of
this canal it is proposed to irrigate some 35,000 acres of land, in-
cluding the areas of Casa Blanca and Sweetwater, which are irr-
gated at the present time, and the previously irrigated district of the

1 Sacaton was merely a stage station in the early sixties, and did not become an Indian
village until less than 30 years ago. Previous to this time these Indians were living in
the Cottonwood district just adjacent. Sacaton takes its name from a long-bladed fm!l.
a sort of hay, called sacaton %rass, which formerly grew In abundance in this vielnity.
This word is evidently of S%an sh origin, the Pima name for this village being Ku’-u Key
(high house), referring to the relatively large houses bullt by the whites for the ageney.
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0Old Maricopa, Ancient Sweetwater, Mount Top, and the Sranuka.
Work was begun on this project in May, 1914, and by the end of that
fiscal year the canal had been excavated throughout a length of
18,100 feet. During the fiscal year 1915, 22,100 feet of laterals were
constructed for the distribution system and several concrete struc-
tures were built. The total expenditures on this project to the end
of the fiscal year 1915 were $25,300.34.

This canal has a bottom width of 14 feet; side slopes 1} to 1,
depth, 6 feet; grade, 0.0006; velocity, 3.25 feet per second. Its
capacity is consequently 350 second-feet.

Alkali Cunal.—Alkali Canal is a name recently applied to a por-
tion of the old Sranuka ditch, which still remains in use. The latter
has already been referred to under the head of ¢ Previous Irrigation”
as a partially inactive ditch. The so-called Alkali village of to-day
is situated approximately 2 miles west of the site of the former
Sranuka village, which, for the purpose of protection, had been
established close to the town of Casa Blanca.

After peace had been made with the Apaches, Sranuka village
was vacated. Many of the Indians found new habitations else-
where, but a_few remained to build the present Alkali village. At
the present time this canal is irrigating only 198 acres of land in
what was formerly the upper portion of the old Sranuka district.
Great quantities of alkali are found in this portion of the old dis-
trict, giving rise to the more recent name of the canal and of the
camp as well. The presence of these injurious salts has greatly
limited the extent of cultivation in this district.

Stotonic (or Sweetwater ditch).—The Stotonic ditch (often er-
roneously called the Casa Blanca)® has its present heading near the
center of sec. 35, T. 3 S., R. 5 E., at the polnt where the Little Gila
discharges into the main channel of the Gila River. As already
pointed out under the title of Ancient Sweetwater (see Previous Ir-
rigation), the present Stotonic ditch is identical with the Ancient
Stotonic except that its heading has been moved from a point on the
Little Gila to a new location below the junction of this stream
with the Big Gila. The motive for this change was undoubtedly
a desire on the part of the Indians to take advantage of the flow
in both of these streams. This ditch should have a priority identi-
cal with the Ancient Stotonic, since all the lands now cultivated
under this ditch were cultivated under the ancient ditch.

At the time of this survey 1,559.3 acres were being cultivated under
this ditch, and an additional 810 acres had been previously irrigated.
This area of previous cultivation does not include that alread
noted under head of Mount Top ditch or Ancient Sweetwater. K
considerable portion of the land formerly irrigated under this
ditch has been washed away. It is recorded that the flood of 1869-70
destroyed a flour mill which was built in this section by Ammie
White who was the first white person to live among the Pimas, and
who later was appointed resident agent. Mr. White resided at the

1 The name Stotonic, meaning many ants, has been variously applied by the whites to
several different villages and canals in this general district. The village calied Sweet-
water by the whites is the Stotonic village of the Indians, while Casa Blanca village is
known to the Indians as Wakey. The Sweetwater Canal, also called the Casa Blanca
Canal, {8 known to the Indians as the Stotonic. The Bapci:il Canal in this same district
1{s sometimes also erroneously called the Casa Blanca.
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old Casa Blanca or Wakey village, but his flour mill was down near
the river bottom.

At the time of this survey the Stotonic ditch had a bottom width
of 4 feet, top width of 10 feet, water depth of 23 feet and a grade of
0.0006, with a capacity of 29 second-feet.

Bapchil (Ooist) Canal—The Bapchil Canal® the heading of which
lies a little more than a mile below the Stotonic, possesses a history
similar to that of the latter canal, both of these being ancient Pima
ditches. This Bapchil ditch, called also Ooist by Pablo? and other
Indians, serves to irrigate the land below the Stotonic in the same
general district. The village and district known as Wet Camp, or
in the Indian, Sra-tuka, “ full of moisture,” is situated under this
Bapchil ditch.

t the time of the survey this ditch served to irrigate 1,937 acres
of land, an additional 936 acres having been previously irrigated.
The canal above its uppermost laterals was being cleaned out at the
time of this survey, consequently it was found to be much larger
than appears necessary from the area of -land which it covers. In
that portion of the ditch which had been cleaned a cross-section 14
feet on the bottom, 22 feet on top with a water depth of 2} feet was
measured. With these excessive dimensions, the canal would have
a very large capacity. At a point lower down, however, after
several lateral diversions had been made, this ditch was found
to have a cross-section of 7 feet on top, 3 feet on the bottom, 13 feet
depth, with a grade of 1 in 1,000. This would give a capacity of 10
second-feet.

It is estimated that at least 700 acres of land which were formerly
irrigated by this ditch have been washed away by the floods. The
previous survey by Meskimons in 1904 shows the irrigated lands to
have extended a half mile or more beyond the present river bank.

Snaketown Canal—On the south side of the river opposite the
Bapchil is the present point of diversion of the Snaketown Canal,
called in Pima, Skakaik (“many snakes”). Like the Stotonic fields
across the river, this district is one of the ancient rancherias of the
Pimas, and the history of the early irrigation in this region has
already been given under the title of “ Previous cultivation.” At the
time of this survey the area cultivated under this ditch was 354 acres.
The area of previous cultivation has already been discussed under
that heading. The Meskimons survey of 1904 showed an area of
8,499.1 acres, representing past and present cultivation in this district.

MASS-ACUMTULT.

After passing the Alkali Canal no further diversions from the
Gila are found until just below the region known as Mass-Acumult.
This name, Mass-Acumult, translated means ‘“clear river.” This
district is a portion of the broad river bottom in which the clear
underflow ® appears in springs, forming numerous little lakes or
sloughs dividing the low bottom lands into small tracts or islands.
In former years, and even now at favorable times, these lowlands

1 Bapchil, meaning hook nose in Pima, is a sort of nickname given to the Indians of
this locality because they were supposed to possess this facial pecullarity.

2 See statement of Pablo, vol. 1, p. 30, supplemental exhibits.

*For a description of the underground waters of this district, see The Underground
Waters of the Gila River Valley, Arizona, Water Supply Paper No. 104, p. 24.
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were sometimes cultivated, but there was no artificial irrigation, nor
was the land even plowed. The Indians merely planted the seed,
relying upon the natural moisture of the ground to mature their
crops. Such crops as corn and watermelons, and even a little cotton,
were grown. This method of cultivation never became very exten-
sive in this district, not only owing to the limited area suitable for
cultivation, but also because of the constant damage of floods. This
particular area is situated in a very hazardous position with respect
to the river, since every large flood completely changes the topog-
raphy of this so-called Mass-Acumult district. During the recent
flood of 1914 the topography of the bottom lands was completely
altered. The river bed was shifted a considerable distance, lakes and
ponds were filled up, while the near-by ditches were greatly damaged.

At the time of this survey no land was being cultivated in this
district. The survey of Mr. Meskimons, however, gave an area of
168.7 acres as being under cultivation in 1904,

Just below the Mass-Acumult district, and supplied largely by the
waters collected in these ponds or clear lakes, is the first diversion of
the Gila Crossing district. *

At many points between the Mass-Acumult locality and the west
line of the Gila River Reservation, and in the districts beyond, more
or less water rises to the surface of the river bed. As this water
rises it is collected and diverted by several canals, furnishing the
principal water supply for the irrigation of the Gila Crossing dis-
trict, and other districts beyond the reservation.

IRRIGATION AT GILA CROSSING,.

The Gila Crossing district is comparatively recent, the first ditch
having been constructed in 1873. This district apparently owes its
origin to the shortage of water on the GGila farther up on the reserva-
tion, the Indians who now far mhere or their antecedents formerly
having lived and cultivated fields in the old Sranuka, Bridlestood,
Skunk, and other districts.

That the return flow from the Mass-Acumult or from other sources
along the river was not used by the Indians in former times is due
to the disfavor with which this water was always regarded by the
Indians for irrigating purposes. They early realized that the water
contained elements deleterious ? to their plants and they plainly pre-
ferred the surface flow. They never used this alkaline water until
compelled to do sa by the failure of the flood water supply.®

Although the Indians still inake use of the flood waters at times for
irrigation, it is used more especially for neutralizing and fertilizing
purposes, irrigation during the time of maximum drought depending
entirely npon these seepage or return flows. The floods which are
so frequent on the Gila invariably destroy the low dams built by the
Indians, necessitating considerable work of maintenance in connection
with these canals. 'This difficulty is increased by the fact that after
8 heavy flood the return flow usually reappears in entirely new
locations.

h“‘]’l’hga Gile Crossing district is known to the Pimas as Kawertk-Weercho (‘‘ under the
8 ).

18ee Analysis, p. 25, Water Supglg and Irrigation IPaper No. 104,

! Bee statement, supplemental exhibits, vol. 1, pp. 73, 76-78.
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According to Mr. Lee, of the Geological Survey, the return or
seepage flow in the Gila Crossing district on June 1, 1903, amounted
to 2,050 inches.?

The development of the underground water in this district, as
well as at other points on the reservation, has been undertaken at
different times by the Indian Department with a view of increasing
the water supply. Owing, however, to the frequent floods to which
the river is subject, and its constantly changing condition, these at-
tempts have met only with doubtful success.

Hollen (Simon Webb) ditch.—This ditch has the most easterly
heading—that is, it is highest on the Gila River—of the several
ditches used for irrigation at Gila Crossing. Its heading is shown
on the map as being very near the township line adjacent to sec. 23,
T.2'S,R.2 E,, G. and S. R. B and M. This ditch was constructed
in 1877, according to several persons? who were connected with its
construction. According to their statements, one year was con-
sumed in its construction, and within four years all of the land. now
being irrigated under this ditch was in cultivation. The area cul-
tivated, as shown by this survey, amounts to 660 acres, while the sur-
vey of Meskimons shows an area of 900.4 acres as having been cul-
tivated in 1904. The ditch which was originally only 3 or 4 feet
wide is now 6 feet on the bottom, 8 feet on top, has a grade of 1
in 1,500, and, with a water depth of t foot, has a capacity of 8
second-feet. Water 'Supply Paper No. 104 gives its flow on June 1,
1903, as 200 miner’s inches, or about one-half the above capacity.

About 2 miles south of the Hollen Canal. but diverting water from
the Santa Cruz River, is a small ditch known as the Breckenridge.
This ditch serves to irrigate a small acreage nearly adjacent to the
upper end of the area irrigated by the Hollen. This ditch was con-
structed about 13 years ago—that is, in 1902. It has a bottom width
of 24 feet, top width of 3 feet, water depth of 1 foot, and has a grade
of 11in 2,000. At the time of this survey only 5 acres were in culti-
vation, while 30.8 acres had been cultivated at some previous period.

Hoover ditch.—The first ditch constructed in Gila Crossing dis-
trict was the Hoover ditch. According to several sources ® this ditch
was constructed in 1873, a year being consumed in its construction.
The area under cultivation 1in 1914 amounted to 954 acres, according
to this survey, while the former survey of Meskimons gave 827.1 acres
as having been cultivated in 1904. This canal has across section 8
feet wide on the bottom, 10 feet on top, depth of 1 foot, grade of 1
in 1,400, giving a capacity of 12 second-feet. According to the state-
ment of Head, when originally constructed this ditch was 4 feet wide
on the bottom and when filled with water was knee-deep. In June,
1903,* this ditch was flowing 300 miner’s inches.

John Thomas Canal—This ditch, like the Hollen, lies on the south
side of the river, its heading being located very near to the northern
boundary of sec. 22, T. 2 S., R. 2 E., G. and S. R. M. This canal,
according to information from several sources, was constructed three
or four years subsequent to the Hoover ditch, which fixes the date of
construction as 1876 or 1877. According to Joseph Head, this ditch

1 Water Supply Paper No. 104, p. 24.

2 Sce statements E)p. T8-83, sué)plemenml exhibits, vol. 1.
 See statement of Joseph Head, p, 80, supplemental exhibits, vol. 1.
4 See Water Supply Paper No. 104.
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was in course of construction for two years, and after three years all
of the bottom land had been placed under cultivation.

A branch ditch, known as the Lancisco was also constructed. In
1905 nearly all the bottom land under the John Thomas Canal was
washed away by the exceptionally heavy flood of that year. The
major portion of the land remaining after the flood was situated
under this branch ditch, and for this reason the canal is sometimes
known as the Lancisco.

The amount of land being cultivated under this canal at the time
of the survey was 587 acres, while 108 acres showed signs of previous
irrigation. The survey of Meskimons in 1904 gave an area of 827
acres as being cultivated at that time. This canal has a bottom
width of 6 feet, top width of 8 feet, water depth of 1.4 feet, and a
grade of 1 in 100, with a carrying capacity of 15 second feet. Water

upply Paper No. 104, already referred to, gives the actual measure-
ment of its flow for June 1, 1903, as 600 miner’s inches, or 12 second-
feet.

Joseph Head Canal—The so-called Joseph Head ditch, which
properly should come under the head of previous cultivation, is no
longer a separate ditch, it having been consolidated with the John
Thomas some 10 years ago. This ditch, according to the statement
of its builder, Joseph Head,* was constructed in 1886. '

Other old residents of Gila Crossing also give this date as the time
of its construction. Joseph Head states, furthermore, that the ditch
was in use 18 years until the disastrous flood of 1905, which took out -
the heading and a portion of the ditch, as well as considerable land
formerly irrigated under it. It was then arranged to conduct the
water into this ditch from the John Thomas Canal and a connecting
ditch was constructed for this purpose. This method of obtaining
water still remains in force. ,

The land formerly irrigated by this ditch and which is now culti-
vated under the John Thomas Canal adjoins the lower end of the.
John Thomas district. According to this survey, 139 acres were
being cultivated under the old Joseph Head ditch, an additional 30.3
acres showing evidences of previous cultivation. The survey of
Meskimons, which shows these two ditches to have been separate,
gave an area of 786.4 acres as being cultivated under the Joseph Head
ditch in 1904, including, however, some land later coming under the
John Thomas ditch. So much of the upper end of this ditch had
been washed out that no cross section was taken. Water Supply
Paper No. 104 shows a discharge of 150 miner’s inches on June 1,
1903, ‘

Cooperation Canal.—Proceeding down the river, the next diversion
following the Hoover is the Cooperation ditch. This ditch is com-
paratively recent, having been constructed in 1900 by a number of
Indians of the younger generation—men who had been given some
educational training either at the reservation school or elsewhere.
These Indians have endeavored to farm after the manner of the
whites and have met with very encouraging results. They have in-
creased the extent of their fields, have built comfortable farm houses,
and in general have become more progressive, as they are proud to
describe themselves, than the older Indians. They also have inaugu-

1 See statement, p. 80, sup. exh,, vol. 1.
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rated a system of cooperation which has given rise to the name of
their ditch.

At the time of the survey, this canal was irrigating 594 acres of
land, an additional 390 acres showing evidences of previous culti-
vation. At the time of the Meskimons survey in 1904, 314.7 acres
were being cultivated. This ditch has a section 6 feet wide on
the bottom, 8 feet wide on top, 1 foot deep. Its grade is 1 in 100,
giving a carrying capacity of 10 second-feet. Water Supply Paper

No. 104, already referred to, gives a flow on June 1, 1903, of 150
miner’s inches for this ditch.

Oscar Walker Canal.—This ditch constitutes the lowest diversion
from the Gila River on the reservation. It is of small proportions
and irrigates a very limited area. This ditch is of comparatively
recent date, having been constructed in 1903, and has been in con-
tinual operation siuce that year. At the time of the survey this
ditch served to irrigate 13.1 acres, while 45.4 acres additional had
been irrigated at some previous time. In 1904, at the time of the
Meskimons survey, 28.5 acres are shown to have been irrigated. The
ditch is 3 feet wide on the bottom, 5 feet wide on top, has a depth of
1 foot, grade of 1 in 1,000, and a capacity of 4 second-feet. Water
Supply%)aper No. 104, already referred to, shows a flow of 50 miner’s
inches.

IrriGaTION 1IN MARICOPA DistrRICT.

Maricopa Canal —A short distance northwest of the Gila Crossing

district and situated between the Salt and Gila Rivers just above
their confluence is found the present Maricopa district. The lands
irrigated in this district are served by a ditch diverting water from
the Salt River, and although the diversions from the Salt River are
not within the scope of this investigation, the survey was extended so
as to include this district. '
- Irrigation in the Maricopa district is relevant to a study of ir-
rigation along the Gila because of the fact that the Indians of the
former district formerly cultivated tracts along the-Gila, but were
later forced to vacate these because of the scarcity of water. It may
be assumed, therefore, that this irrigation by means of water from
the Salt River represents in a manner the irrigation formerly prac-
ticed by these Indians along the Gila.

This Maricopa district is served by one main canal heading sev-
eral miles nort%east of the reservation boundary. At the time of
the survey (June, 1914), 1,271 acres were being irrigated in this
district, an additional 219 acres showing evidences of previous cul-
tivation. .

The water supply is derived largely from the return flow of the
Salt River. This flow subsequent to the recent increased use of
water for irrigation in the Salt River Valley has doubled in amount,
and has now become sufficient to supply not only this canal but to
furnish water to several other irrigation canals farther down.

At the point where the Maricopa Canal enters the reservation
it has a top width of 8 feet, bottom width of 7 feet; it is 2} feet
deep and has a grade of 1 in 2,000.

In 1903 the Government instituted suit in the United States dis-
trict court to determine the relative water rights of several canals
using water near the lower end of the Salt River. In the evidence
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submitted during the action it was shown that prior to 1894 the
Indians had been irrigating 580 acres; that in 1901, 1,180 acres
were under cultivation, and the court decreed that the Indians’ lands
were entitled to water from the Salt River in accordance with these
findings.

A decree in the case above referred to was handed down by Judge
Kent in Phoenix, Ariz., on June 11, 1903. A copy of this decree,
as well as a supplemental decree of later date, 1s to be found in
volume 4 of the supplemental exhibits accompanying this report.

HisroricanL ANaLys1s oF IRRIGATION ON THE (GiLa RIvEr RESERVATION.

The analysis chart shown in the body of this report bas been com-
piled from all the evidence and data gathered during the progress
of this investigation and survey. The areas as determined by a sur-
vey of the reservation, made in 1904 by Mr. J. R. Meskimons, then
superintendent of irrigation of the Indian Service, have been in-
cluded with other data and are shown on the chart.

The survey of Meskimons was not made in sufficient detail to
permit the segregation of the areas in actual cultivation from those
previously cultivated. The outlines of the tracts shown on the
Meskimons map included, in some instances, both cultivated and pre-
viously cultivated areas. However, in the report accompanying his
map Mr. Meskimons gave an estimate of the 1rrigated area based on
the results of his survey. A copy of this report is to be found on
page 149, volume 1, of supplemental exhibits.

The areas as compiled in the chart shown in the body of the report
represents proportional acreage areas covering a period of several
years and do not take into consideration single years of exceptional
droughts, for which no reliable information could be obtained. The
compilations were made after a careful consideration of the life of the
several ditches and from evidence obtained from the Indians and
from other sources. These estimates, of course, were governed largely
by the results of the survey made in connection with this investiga-
tion and the Meskimons survey. '

It will be seen from the chart that the Indians during former years
had a larger area under cultivation than they have at present, and
that the irrigated tracts are scattered over a much more extended area
of the reservation than they were at the time of the coming of the
whites.

The principal factors which led the Indians to locate in the many
districts in which they are now farming are the depletion of their
low-water surface supply, necessitating the use of the meager seepage
flow, peace with the Apaches, and to take advantage of the short
perimf during which flood water was available in order to produce one

crop.

’I?he total agricultural yield realized by the Indians has become
greatly reduced in recent years, and this one-time proud and powerful
race hag been forced since the advent of the whites to depend at least
partly upon the bounties of the Government.

Frorence-Casa GraNpg District No. 3.

The next oldest irrigated district along the Gila is in the Florence-
Casa Grande Valley.
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and the average evaporation from the soil adjacent to the canals is
therefore taken as 2 feet per year over a width of 16 feet. The
average width of water surface is taken as 7 feet for main canals
and 3 feet for laterals. The average annual rainfall, which amounts
to 13 inches, reduces the evaporation from the soil by about 25 per
cent and adds to the flow of the canal a volume of water equivalent
to a depth of 1.1 feet falling on an area one foot wider than the
water surface. Assuming main canals to be in operation eight-
tenths of the year and the %aterals four-tenths, we obtain 5.5 acre-feet
and 1.82 acre-feet, respectively, as the net annual evaporation from
main canal and laterals per mile.

It is assumed that any additional seepage water will penetrate to
a greater depth than 8 feet, and will be unaffected by evaporation,
and, joining the underground stream, will return to the river. Tak-
ing these values as a basis, the net loss in the Solomonville-Safford
Valley would be 57,553 acre-feet per year, derived as follows:

. Acre-feet,
Evaporation from 170 miles main canal, at 5.5 acre-feet per mile______ 933
Evaporation from 342 mlles laterals, at 1.8 acre-feet per mile____.______ 620

Transpiration from 26,633 acres cultivated, at 2.1 acre-feet per acre._._ 56, 000

Total _._ B7,588

\

The discharge measurements made during 1914-15 show that the
total annual diversions by all canals in the Solomonville-Safford
Valley amounted to 189,285 acre-feet. Considering that this total
diversion is diminished by 57,533 acre-feet throu%h transpiration by
plants and evaporation in the canals, the return flow should amount
to 131,752 acre-feet, which flowing within the period of 0.8 of a
year is equivalent to 230 second-feet. Owing to the excessive diver-
sions and the wasteful methods of irrigation which greatly increase
the loss by evaporation, the actual amount of the return water flow
would probably be much less than the value derived above.

Between the dam site and Kelvin, a distance of 35 miles, an evap-
oration loss of about 6 second-feet takes place in June, assuming
100 feet to be the average width of the water surface and 10 inches
to be the evaporation during that month. During other months
the evaporation loss would be correspondingly less. The San Pedro
River adds to the flow of the Gila in this section. No direct meas-
urements have been made of the flow of the San Pedro near the
confluence of the two streams, but, as previously stated, recent in-
vestigations indicate that the low water of the San Pedro at this
goint may be about one-fifth that of the Gila at the dam site. The

rst investigation made by Lippincott in 1899 indicates that the
total run-off of the San Pedro was one-tenth of the Gila. This
probably very closely represents the relative flow at high water.

SuMMARY OF Frow Losses aND GAINS ArLoNG THE GILA.

The following summary gives an estimate of the losses and gains
taking place between Solomonville and Sacaton.

1 0. 8. Geological Survey, Water Supply Paper No. 33.
149700—19—vorL 2——16
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LOSSES,

1. Diversion at Solomonville, taking the entire flow of the stream,
up to about 225 second-feet.

2. Evaporation from river bed between Solomonville and Kelvin,
amounting to about 73 second-feet in June. This would increase
somewhat for higher stages of the river.

3. Diversions 1n the canals of the Florence district, the quantity
depending on the amount of water in the river, but averaging about
50 second-feet.

4. Seepage in the sand between Kelvin and Sacaton, amounting to
110 second-feet; more following a protracted drought.

GAINS.

1. Underground flow from adjacent watershed and return flow
from canals in Solomonville valley, amounting to from 180 to 300
second-feet. Decreasing the irrigation decreases the return flow in
the approximate ratio of 0.7 acre-feet of return flow for each acre-
foot of diversion,

2. Flow of San Carlos River negligible during low water.

3. Flow of San Pedro River varying from oné-fifth the flow of the
(Gila at the dam site during low water to one-tenth of the flow during
high water.

In tabular form this is as follows:

River discharge at Solomonville
Evaporation, Solomonville to Kelvin...
S)lomonville Canals.........covvenn....
Florence Canals......v.ovaiveaiennnnen.
Solomonville underground and return. ...........covuen-
San Pedro River.....oooiivuiiiiiiiiiiiiniiiensacianane
Seepage between Kelvin and Sacaton.cev.eeeveneneann..
Available for Indian uses at 8acaton..........coiiiiiiiiiiiiiieiiiiiaiinaa

The above table shows the conditions as they exist to-day accord-
ing to the most reasonable theory. Adopting the same basis for cal-
culations as to effects under the assumption that no water be diverted
at Solomonville and at Florence, we get the following results:

Riverdischarge at Solomonvillo.......ovveniiiriiiiiiiiiiirioiianneionennes
. Evaporarion, Solomonville to Kelvin.......o.......oiiiiiiiiiiiiiiiiias
Inflow, Solomonville Valley......
San Pedro RIVOr...oovieeiiiiriinniineiinaiieains
Seepage in sand above Sacaton...........ooeieia...
Transmission loss between Kelvinand Sacaton.....
Available at SACALON .. ... it ittt i s aesaaaas
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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
foot (ft) : 0.3048 meter
square foot (ft2) 0.0929 square meter
mile (mi) 1.609 kilometer
square mile (miz) 2.590 square kilometer
foot per second (ft/s) 0.3048 meter per second
cubic foot per second (ft3/s) 0.02832 cubic meter per second
acre-foot (acre-ft) o 0.001233 cubic hectometer

Sea level: In this report "sea level” refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)—A geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada, formerly called Sea Level Datum of 1929.




ESTIMATED MANNING'S ROUGHNESS COEFFICIENTS FOR STREAM CHANNELS AND
FLOOD PLAINS IN MARICOPA COUNTY, ARIZONA

By

B.W. Thomsen and H.W. Hjalmarson

ABSTRACT

A procedure for the estimation of Manning’s roughness
coefficient (n) was applied to channels and flood plains of streams in
Maricopa County with different roughness factors. Manning’s roughness
coefficients that ranged from 0.025 to 0.200 were estimated at 16 sites.
Roughness coefficients were estimated by comparison of site characteristics
with published photographs and descriptions of channels and flood plains
where n values were verified for other studies. The base value of n and
the values for surface irregularities, obstructions, and vegetation that
affect the total n value are described and presented in tables, cross
sections of channels, and photographs. All sites are readily accessible to
facilitate field inspection of roughness factors by hydrologists and
engineers for definition of Manning’s n. Subdivision of channel cross
sections was based mostly on changes of channel geometry and to a lesser
degree on the basis of large changes of vegetation density,

INTRODUCTION

Computations of flow in open channels require evaluation of
roughness characteristics of the channel. Roughness coefficients represent
the resistance to flow and cannot be quantitatively determined by direct
measurement or calculation. Values of roughness coefficients have been
computed for many artificial surfaces and typical natural channels and have
been verified for selected channel sites. Characteristics of natural
channels and the factors that affect channel roughness vary greatly,
however, and the combinations of these factors are numerous. Selection of
roughness coefficients for natural channels, therefore, requires judgment
and skill that is acquired mainly through experience.

The purpose of this report is to illustrate recommended
techniques for estimating roughness coefficients for 16 sites on streams in
Maricopa County, Arizona (fig. 1). The sites are readily accessible for
field inspection of roughness factors by hydrologists and engineers working
on flood-engineering studies, bridge design, or other hydraulic computa-

~tions. A wide range of channel-roughness characteristics from 0.025 to
"~ 0.200 can be observed at the sites. The techniques are based on the work
of Chow (1959), Barnes (1964), Aldridge and Garrett (1973), and Arcement
and Schneider (1984) and are adapted for the desert channels of the study
area. The adaptations were based on the experience of the authors in river
hydraulics in the deserts of the southwestern United States. The resulting

1
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coefficients were estimated.
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- estimates should not be used as verified values of roughness coefficients.
The Flood Control District of Maricopa County furnished maps and channel
data and was the cooperator in the study.

The total n value is determined by using a base n for the
channel or flood plain and applying adjustments for various roughness
components such as vegetation and obstructions to flow. Where there are
distinct segments of different channel roughness in a channel section or
subsection, the n values for the segments are weighted by area or wetted
perimeter to determine the total n value. Where there is an unequal
distribution of velocity across a channel, the channel cross section was
subdivided into sections of more uniform velocity distribution on the basis
of changes in channel geometry and roughness. '

MANNING EQUATION

The Manning equation in the following form is commonly used to
compute discharge in natural channels:

g - L4864,2/31/2, ()

where

discharge, in cubic feet per second,

A = cross-section area of channel, in square feet,

R = hydraulic radius, A/P (P, wetted perimeter, in feet), in
feet,

Se = energy gradient, and

n = roughness coefficient.

The equation was developed for conditions of uniform flow in which the
water-surface profile and energy gradient are parallel to the streambed and
the area, depth, and velocity are constant throughout the reach. The
equation was assumed to be valid for nonuniform reaches if the energy
%radient is modified to reflect only the losses resulting from boundary

riction (Barnes, 1967). The modified energy gradient is called the
friction slope. Use of the Manning equation in discharge computations
generally involves the concept of channel conveyance. Conveyance, K, is

defined as :

K= 1:486,52/3 | (2)
i1
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and is a measure of the carrying capacity of the channel. Where the
conveyance concept is used, Manning’s equation is reduced to

0 = ks/2, (3)

where S is the friction slope. The friction slope for a reach of non-
uniform channe]_can be expressed as

h
f
=Ty . (4)
L
where
he = em;rgy Joss resulting from boundary friction in the reach
an

L

The main components of hf are the difference in water-surface elevation and

length of the reach.

the difference in velocity head at the ends of the reach.

Velocity-Head Coefficient

The velocity-head coefficient is not directly used for the
estimate of channel roughness in this report. Several of the cross
sections, however, are subdivided on the basis of velocity-head
considerations, and a Manning’s roughness coefficient is estimated for each
of the subsections. A basic understanding of the velocity-head
coefficient, therefore, is necessary for the estimation of channel
roughness coefficients for channels with irregularly shaped cross sections
and varying distribution of vegetation across the channels.

Roughness factors and nonuniformities in channel geometry cause
the velocity in a given cross section of channel to vary from point to
point. As a result of nonuniform distribution of velocities, the true
velocity head (hv) generally is greater than the value computed from the
expression

2
h, = -2"15, (5)
where
V = mean velocity in the ¢ross section and
g = acceleration of gravity.
The ratios of the true velocity head to the velocity head computed on the
basis of the mean velocity is the velocity-head coefficient, alpha. For a

reasonably straight channel with uniformly shaped cross section, the effect
of nonuniform velocity distribution on the computed velocity head is small




5

and, for convenience in the absence of a more suitabie method, the
coefficient is assumed to be unity (Chow, 1959). A detailed study of the
velocity-head coefficient, alpha, in natural channels showed a significant
correlation between alpha and channel roughness for channels without
overbank flow. Variation in the horizontal distribution of velocity had a
greater effect on the value of alpha than variation in the vertical,.
Computed values of alpha at 894 sites in a variety of settings ranged from
1.03 to 4.70, and the median value for trapezoidal channels was 1.40
(Hulsing and others, 1966). In the computation of water-surface profiles
in open channels, the value of alpha is assumed to be 1.0 if the section is
not subdivided {Davidian, 1984). In subdivided channel cross sections, the

value of alpha is computed as

= E(kia/a-jz), (6)
KTS/ATZ

a

where

conveyance of individual subsections,

e
H

area of individual subsections,

-1
]

conveyance of entire cross section, and

>
-
n

AT = area of entire cross section.

Channel n Values

The Manning roughness coefficient, n, is a measure of the flow
resistance or relative roughness of a channel or overflow area. The flow
resistance is affected by many factors including bed material, cross-
section irregularities, depth of flow, vegetation, channel alignment,
channel shape, obstructions, suspended material, and bedload. In general,
all factors that cause turbulence and retard flow tend to increase the
roughness coefficient {Jarrett, 1984). Channel roughness ailso is directly
related to channel slope (Riggs, 1976; Jarrett, 1984). The relation of
roughness to slope results partly from the interrelation between channel
slope and bed-material particle size. For similar bed material, however,
channels with low gradients have lower roughness coefficients than channels
with high gradients (Jarrett, 1984). The direct relation between channel
roughness and channel slope is not evident in low-gradient channels where
high roughness coefficients result from vegetation. Roughness coefficients
as great as 0.20 have been verified for channels with low gradients and
dense vegetation (Arcement and Schneider, 1984). For vegetation that will
bend under the force of flowing water, the relation between roughness and
gradient can be inversely related. Steep slopes cause greater velocities
that bend and flatten vegetation if depths of flow are sufficient,
resulting in lower n values. Because of the relation between channel slope
and size of bed material, the effect of slope on n values is considered 1in
the selection of base n values.




A common method of selecting the roughness coefficient, n, is to
first select a base value of n for the bed material (table 1). The base
values of n are for a straight uniform channel of a given bed material.
Cross-section irregularities, channel alignment, obstructions, vegetation,
and other factors that increase roughness are accounted for by adding
increments of roughness to the base value of n. Ranges of adjustments for
the factors that may add to channel roughness are shown in table 2,

Many alluvial channels in Maricopa County have bed material that
moves during floodflow. In addition to the changing channel geometry of
these channels, the roughness coefficient may change durin% floodflow
because of the changing form of the channel bed in partis of the channel
cross section (Davidian, 1984). Bedforms, such as dunes, antidunes, and
plane bed have been observed during large floods. Within a few minutes,
dunes can appear, disappear, and reappear at different lTocations across a
large stream channel. The Manning roughness coefficient can double or
triple when the bedform changes from plane to dunes. A method of defining
reliable values of Manning’s n for unstable alluvial channels is not avail-
able. A plane bedform is common during large floods, and for this report,
plane-bed conditions are assumed where the roughness coefficient is related
to the size of the channel material and not the form of the channel bed.
- Plane-bed conditions were assumed for nearly all indirect measurements of
peak discharge where the slope-area method was used.

Table 1.--Base values of Manning’s n for stable channels

[Modified from Aldridge and Garrett, 1973, table 1]

Base n values

Size of bed material

Benson and
Dalrymple Chow
Channel material Millimeters Inches (1967)1 (1959)2

Concrete.......... seve  mmm—mee= eemeeaos 0.012-0.018 0.011
Rock cut............. . mmmmemes emeecsae cmmceeooo- .025
Firm s03).vrinvaneness =m=o==== meee-aoo .025- .032 .020
Coarse sand........... | A .026- ,03% -----
Fine gravel........... = ====---  —--mesoo  aeccooooo-. .024
Gravel..oveeenenenns ‘e 2-64 0.08-2.5 .028- 035 -----
Coarse gravel....... ee  mmmme-= reemcame | emeeeecme-- .028
Cobble...ovevverennnn. 64-256  2.5-10.0 .030- .050 -----
Boulder....eovvvvunnes >256 >10.0 .040- 070 -----

1Straight uniform channel.
2Smoothest channel attainable in indicated material.




Table 2.--Adjustment Factors for the determination of overall
‘ Manning's n values

[Modified from Chow, 1959]

‘Mamning’s n
Chanrel conditions adjustment 1 Example

Degree of irregularity:
$mooth 0.000 smoothest channel attaineble in given bed material.
Minor .00t- 005 Channels with slightly eroded or scoured side slopes.
Moderate .006- .010 Channels with moderately sloughed or eroded side slopes.

Severe 011- .020 Channels with badly sloughed banks; unshaped, Jagged, and
irregular surfaces of channels in rock.

Effects of obstruction?:

Negligible .000- 004 A few scattered obstructions, which include debris deposits,
stumps, exposed roots, logs, piers, or isolated boulders,
that occupy less than 5 percent of the cross-sectional area.

Minor .005- 015 Obstructions occupy 5 to 15 percent of the cross-sectional
area ard the spacing betuween obstructions is such that the
sphere of influence around one obstruction does not extend
to the sphere of influence around another obstruction.
Smaller adjustments are used for curved smooth-surfaced
objects than are used for sharp-edged angular objects.

Apprecisble .020- .030 Obstructions occupy from 15 to 50 percent of the cross-
sectional area or the space between obstructions is small
enough to cause the effects of several chstructions to be
additive, thereby blocking an equivalent part of a cross
section.

Severe .040- ,050 Obstructions occupy more than 50 percent of the cross-
sectional area or the space between cbstructions is small
enough to cause turbulence across most of the cross section.

Vegetation:

small .002- .010 Dense growths of flexible turf grass, such as Bermuda, or
weeds where the average depth of flow is at least two times
the height of the vegetation; supple tree seedlings such as
willow, cottonsood, arrow weed, or saltcedar where the
average depth of flow is at least three times the height of
the vegetation.

Medium .010- ,025 Grass or weeds where the average depth of flow is from one
to two times the height of the vegetation; moderately dense
stemmy grass, weeds, or tree seedlings where the average
depth of flow is from two to three times the height of the
vegetation; moderately dense brush, similar to %- to 2-year-
old saltcedar in the dormant season, along the banks and no
significant vegetation along the channel bottoms where the
hydraulic radius exceeds 2 feet.

Large .025- .050 Turf grass or weeds where the average depth to flow is about
equal to the height of vegetation; small trees fntergrown
with some weeds and brush where the hydraulic radius exceeds
2 feet.

See footnotes at end of table.




Tabie 2.--Adjustment factors for the determination of overall
Manning’s n values--Continued

Manning’s n
Channel conditions adjustment ! Example
Vegetationr—Continued:

Very large .050- .100 Turf grass or weeds where the average depth of flow is less
than half the height of vegetation; small bushy trees
intergrown with weeds along side slopes of dense cattails
growing along channel bottom; trees mtergrown with weeds
and brush.

Variations in channel
cross section:

Gradual -000 Size and shape of :cross sections change gradually.

Alternating .001- 005 Large and small cross sections alternhate occasionally, or
the main flow occasionally shifts from side to side owing to
changes in cross-sectional shape.

Alternating 010- 015 Large and small cross sections alternate frequently, or the
main flow frequently shifts from side to side owing to
changes - in cross-sectional shape.

Degree of meadering®:

Minor 1.00 Ratio of the meander length to the straight length of the
channel reach is 1.0 to 1.2,

Appreciable 1.15 Ratio of the meader length to the straight length of channel
is 1.2 to 1.5.

Severe 1.30 Ratio of the meander length to the straight length of

channel is greater than 1.5.

Lidjustments for degree of irregularity, variations in cross section, effect of obstructions, and
vegetation are added to the base n value (table 1) before multiplying by the adjustment for meander.

Zconditions considered in other steps must not be reevaltuated or duplicated in this section.

Sadjustment values apply: to flow confined in the channel and do not.apply where downvalley flow crosses
meanders. The adjustment is a multiplier. [ O S,

For floodflows in sand channels with moveable beds, roughness
mainly is a function of the size of the bed material as shown in the
following table (Benson and Dalrymple, 1967, p. 22).

Median grain size, - Median grain size, :
in millimeters Manning’s n in millimeters ~ Manning’s n
0.2 0.012 0.6 .023
.3 .017 .8 .025
4 .020 1.0 .026
.5 022
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The above n values are for upper-regime flow that is common during floods.
Where these n values are used, the assumed flow regime should be confirmed
(Benson and Dalrymple, 1967, p. 24). Stream channels in Maricopa County
commonly are sandy in the low-flow part of the channel where flows are
common. Higher parts of the channel beds and the channel banks commonly
are stabilized by gravel, cobbles, and boulders, and {or) to some extent by

vegetation.

Depth of flow must be considered in selection of n values. The
effects of roughness elements on and near the channel bottom tend to
diminish as the depth of flow increases. The effect of vegetation on n
values depends greatly on the depth of flow and to some extent on the
flexibility of the vegetation. If the flow is of sufficient depth to
submerge and (or) flatten the vegetation, n values will be lowered.
Density of vegetation below the high-water level and the alignment of
vegetation in relation to direction of flow also affect n values. If the
vegetation is aligned in rows along the direction of flow, less vegetation
is in contact with higher velocity flow. The roughness of aligned
vegetation tends to be less than the roughness of nonaligned vegetation.

Generally an n value is seltected for a cross section that is
representative of a reach of channel. If two or more cross sections are
being considered, the reach that applies to a given section extends halfway
to the next section. In this study, channel data including maps showing
cross-section locations were furnished by Maricopa County Flood Control
District. A cross section for each of the 16 sites was selected on the
basis of the following criteria: (1) cross section should be located so
that visual inspection is reasonably convenient; (2) cross section should
be within a reach that is minimally affected by roads, bridges, and other
structures that may obstruct floodflow; and (3) cross section should
contain roughness elements typical of the reach. Widths of the cross
sections range from a few hundred feet to a few thousand feet. Some
sections have a distinct main channel and overflow areas; others are one
large trapezoidal section.

Components of Manning’s n

~ The general procedure for determinin? n values was to first
select a base value of n for the bed material (table 1) followed by
selection of n-value adjustments for channe]_irregu]arities and alignment,
obstructions, vegetation, and other factors (table 2). In this procedure,
the value of n was computed by

n=n_+n +n,+ng, (7)
where b 1 2 3
ny, = base value of n for a straight uniform channel,

= value for surface irregularities,

=3
—
|

value for obstruction, and

value for vegetation.
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The major adjustments to the base value of n used in this report
are for cross-section characteristics. Other adjustments for the reach
characteristics between cross sections that include changes in shape and
size of cross sections and channel meandering are not given. Procedures
for evaluating the adjustment factors for the reach characteristics are
given in several publications including Chow (1959), Aldridge and Garrett
(1973), Jarrett (1985a, b), and Arcement and Schneider (1989).

SUBDIVISION OF CROSS SECTIONS

Sections with distinct changes in shape were divided into
subsections, and n values were determined separately for each subsection.
Subdivision location primarily was based on major breaks in cross-sectional
geometry. Cross sections were subdivided if main channel depth was more
than twice the depth at the stream edge of the overflow area (fig. 2).
Subdivision also commonly was made where the depth of the overflow at the
stream edge is nearly half the depth of the main channel and the width of
the overflow area is at least five times the depth of the overflow area
(fig. 2). Values of n for overflow areas commonly were estimated from

table 2.

For sections or subsections with a nonuniform distribution of
vegetation, a composite n was computed by using weighted values for
segments having different roughness. Where sections were divided into
segments of equal roughness, dividing lines were selected to parallel the
general flow line and to represent the average contact between segments of
different roughness. Composite n values were computed by using weighted
values of either area (A) or wetted perimeter (P). MWeighting was done by
estimating area or wetted perimeter for each portion of channel and
assigning weighting factors that were proportional to the total area or
wetted perimeter. The general rule for deciding which weighting method to
use is as follows: Use area weighting where vegetation is dense and
occupies a distinct part of the cross section. Use wetted-perimeter
weighting where the roughness factor for each segment is the result of
Tow-1ying boundary material.

Where overflow areas are cultivated fields, n values are for
fields without crops. Values of n for fields with crops can be based on
the work of Chow (1959). Fields of mature cotton plants are comparable to
dense brush in summer; defoliated cotton to medium to dense brush in winter -
éfig. 3). Fields of alfalfa are comparable to field crops with n value

epending on height of the crop and depth of water (table 3). The value of
n generally varies with the stage of submergence of the vegetation. In all
instances, n values associated with cultivated fields will change with

time.
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Subdivide if Dmax is greater than or equal to 2d},

Subdivide if Dyax is approximately equal to 2dp
and if L/dp is equal to or greater than 5

L = width of flood plain
dp = depth of fiow on flood plain, in feet
Dmax = maximum depth of flow in cross section,
in feet
o ' Modified from Davidlan {1984)

Figure 2.--Subdivision criteria commonly used for streams in Maricopa
County, Arizona.

Table 3.--VYalues of Manning’s n for flood plains
- [Modified from Chow, 1959]

Description Hinimum Normal Maximum

Pasture, no brush:

short gress.....- e EseecasaEETResaRasv R e s 0.025 0,030 0.035

High grass...ecessassssrannnsnes P P 030 .035 .050
Cultivated areas:

NO ClrOPesncesccnnsnnsssanansnrsntanarensnnnaanssy 020 .030 .040

Mature roWw CropS..-cceuvssseaaaas Nemesecurennannn .025 035 . 045

Mature field crops.cceeecvsssannncnsssssrannaaas .030 040 .050
Brush:

Scattered brush, heavy weedsS...cacisnamnacananns .035 .050 .070

Light brush and trees, in winter........ cesseean 035 050 .060

Light brush and trees, in summer.......cccueeaaee .040 .060 080

Medium to dense brush, in winter......coecvnenss 045 .070 110

Medium to dense brush, in summer....... wesrmnann 070 .100 .160
Trees: :

Dense willows, summer, straight.....ccccvvvevrnss 110 .150 .200

Cleared land with tree stumps, no sprouts....... .030 .040 .050

Same as above, but heavy growth off sprouts..... .050 .060 .080

Heavy stand of timber, a few down trees, little

undergrowth, flood stage below branches....... .080 .100 .120

Same as above, but with flood stage
reaching branches........ ceammnmsennn 100 120 160
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SITE INFORMATION

The following sets of site information consist of a description
of the site, a table showing values of n for sections and subsections of
the channel for the 10-year and 100-year floods, channel cross sections,
and photographs (tables 4-19; figs. 4-35). Photographs of the 16 sites
taken during the spring and summer of 1989 include an overview showing the
location of the cross section; additional photographs show major items that
affect the n value. The frame of the square grid shown in several photo-
- graphs is 1.5 ft outside dimension on a side with an internal square of
1 ft on a side and grid spacing of 1 in. Cross-section diagrams show
approximate elevations of the 10-year and 100-year-flood Tevels,
appropriate subdivisions, selected n values, and the approximate location
and height of the vegetation. The approximate flood elevations were
computed from conveyance-slope computations using cross-section geometry-
furnished by Flood Control District of Maricopa County.

The photographs were taken from different locations on the
ground and from an aircraft, For most sites, a photograph of typical bed
material is included. The photographs of the channel and flood plain can
be used for comparison of field conditions with photographs of channels and
~flood plains where n values have been verified (Arcement and Schneider,

19893 Chow, 1959; Barnes,1964; Aldridge and Garrett, 1973). Several of the
photographs and descriptions refer to the horizontal stationing of the
cross section.

The description of each site includes the location of the
channel cross section, the description of the channel, the basis for
subdivision of the cross section, and the evaluation of the estimated n
value. Changes in channel geometry and type and distribution and density
of vegetation are described. The area or wetted-perimeter basis for
weighting of n for portions of sections and subsections is defined. The
channel cross section and the photographs should be used in conjunction
with the site description to assess how n was defined.

The table shows the components of the roughness coefficient for
the 10-year and 100-year floods that were estimated for the sections and
subsections. The total » values are the sum of the base value of n for a
straight uniform channel (nbL; surface irregularities {(n;); obstruction
(n2); and vegetation (ng). Dashes indicate that a roughness coefficient of
zero was used. Where portions of sections and subsections were used, the
part of the section or subsection used for the estimate of the composite n
ijs listed under "Portion of area or wetted perimeter of subsection from
left end." Where portions of sections or subsections were not used, values
for portions and weighted and composite values were not listed. The sum of
the parts for each portion of the section and (or) subsection is equal
to 1. The composite value of n for the sections and subsections is the sum
of the weighted n values for each portion.
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GILA RIVER ABOVE BULLARD AVENUE NEAR AVONDALE

Location of groés section: 1,000 ft upstream from bridge.

Descri of chan : Bed material is mostly sand and gravel with some
cobbles and small boulders except for the low-flow channel, which is
mainly clay, silt, and sand. Low-flow channel has dense brush and trees
on right bank and 1ight brush and trees on left bank. Many of the trees
are taller than the maximum flood level. About half the section is clear
of vegetation but the bed is uneven and has smooth irregularities.
Scattered areas of dense brush and trees are along the left{ side of the
channel. Some of this vegetation would be overtopped and bent over by
major floods. The trees and brush on the right bank are dense and
probably will not be overtopped or bent over by major floods.

Subdivision of cross section and evaluation of n: Cross section was
subdivided at edge of terrace on left side at a major break in cross-
sectional geometry and a large change in vegetation density. Subdivision
‘on the basis of large changes in vegetation density at cross-section
station 20,450 ft was considered but because the geometry did not change,
no cross section subdivision was made. Also, subdivision on the basis of
vegetation-density changes would result_in nonalignment of subareas with
adjacent cross sections. Composite n values were computed for the main
channel because of distinct changes in vegetation across the channel.
Weighting of n for portions of subsections was done on the basis of area.




 GILA RIVER ABOVE BULLARD AVENUE NEAR AVONDALE--Continued

. fable 4. --Components and uéightgg and cgmggsige values o% Hanhigg's n

tDashes indicate a roughness coefficient of zero)

10-Year Flood 100-Year Flood
subsection A Subsection A -
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
Llef c nents value left end Components values
n, = .028 n, * .028
ny s --o ny = ----
ny = - n, s ~---
ng = .027 ' ng = .017
n = .055 n = 045
Subsection B {main channel) Subsection B {main channel)
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from : ~composite © subsection from _ composite
left end ___Components values left end Components values
n, = .025 n, = .025
ny = .005 n f .003
ny = === ng = *-o
Ny = 025 Ny = 017
.10 X n = .055 = 006 .10 x n = 045 = 004
nb = 025 = 025
n, = 002 n = 001
n2 = rwe- nz = eem-
ng = 003 ng = .002
.55 X n = ,030 = 017 .55 X n = .028 = 015
n, = 025 = 025
ny = ---- n, = ---
nz E mm-e nz = emm-
ng = 055 ng = .040
.05 X n = .080 = .004 .05 X n o= .065 = .003
Ny = 020 = .020
n1 B weaow n1 =2 esas
Ny = ---- ny = ----
ng =" N3 =77
.15 X n = .020 = .003 15 X n = .020 = .003
flp = 77" Mp = 777"
ng = =een ny = ----
mp = o ny = oo
*n3 = ,200 *n3 = .150
.15 X n = .200 = .030 15 X n = .150 = .022
1.00 .060 1.00 L047

*Only value of ns of consequence.
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_.Figure.4.--Cross section of Gil mTRi\@gn;abmfﬁullaﬁd;Ay_—_e_ny;g;;n___ r_Avondale.
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GILA RIVER ABOVE GILLESPIE DAM

Locatjon of cross section: 500 ft upstream from dam.

Description of channel: Sediment has filled the storage behind the dam
except for several low-flow channels. The sediment supports an abundant

growth of saltcedar and mesquite except for a wide section (about 65
percent) of channel that has been cleared. Cattails and other reeds grow
where water is shallow. The vegetation is supple, and some of it would
be overtopped by floodflows. The cleared part-of the.section has a
scattered growth of weeds that will have little effect at flood stages.

Subdivisjon of cross section and evaluation of n: n, = 0.025 for cleared

channel. Subdivision for 10-year flood was made on the basis of changes
in cross-sectional geometry. Subdivision for 100-year flood was made at
cross-section station 10,130 ft on the basis of the major change of
vegetation density along the reach and to a lesser degree on the basis of
a small change of cross-sactional geometry.
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GILA RIVER ABOVE GILLESPIE DAN--Continued

[Dashes indicate a roughness coefficient of zero)

Table 5.--Components and weighted and composite values of Manning’s n

10-Year Flood
Subsection A
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
n, = .025
ng = 004
n = .029
Subsection B
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
Ny = .025
n = .025
Subsection €
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
n, = 025
n = .025
Subsection D
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
teft end Components valueg
n, = .025
n = .002
ny = .003
n = .,030
Subsection E
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
*n3 = ,200
n = .200

*Only vatue of ns is of consequence,

100-Year Flood
Subsection A
Portion of
ares or wetted
perimeter of Weighted and
subsection from composite
left end Components values
n, = .025
ng = 001
ng = .002
n = ,028
Subsection B
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
teft _end Components values
"“n_.s = ,150
n = .150




ng = 028 np =.150,
——————————— a 100-year peak discharge S — —3’“#

ELEVATION, IN FEET

9,500 9,800 10,100 10,400 10,700 11,000

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET
VERTICAL SCALE EXAGGERATION x10Q

- .

. _Figure 6.--Cross_section of §ila River above Gillespie Dam.
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SALT RIVER BELOW GRANITE REEF DAM

Location of cross section: About 2,000 ft downstream from dam and 500 to
600 ft downstream from road cros;ing.

Description of channel: A low-flow channel next to the right bank is
flanked on the left by two terraces. The first terrace is about 10 ft
above the low-flow bed; the second terrace is about 5 ft above the first
terrace. The low-flow channel has a few relatively large rock outcrops
scattered throughout. Rock outcrops are slightly rounded but irregular.
Banks have scattered trees. Channel is nonuniform in shape. Bed
material on the first terrace is gravel, cobbles, and a few boulders; bed
material on the second terrace is sand and gravel. The bed is uneven and -
contains scattered small bushes.

Subdivision of cross section and evaluation of n: Left bank terrace had a
panhandle shape, and subdivision was made at the edge of the terrace on
the basis of cross-sectional geometry. Composite n values were used for
the main channel because of distinct changes in the components of
roughness. Weighting of n for portions of subsections were done on the
basis of wetted perimeter.




SALT RIVER BELOW GRANITE REEF DAM--Continued

—_— . _ ) R .

Table 6.--Components and weighted and composite values of Manning’s n

[Dashes indicate a roughness coefficient of zerol

10-Year Flood
Subsection A

portion of
area or wetted

perimeter of Weighted and
subsection from composite
left end Components values
n, = .025
n = .005
Np = =7r
ng = .0o8
n = .038
Subsection B {main channel}
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
n, = .028
ﬂ1 E -a=a=
Ny = ----
ng = 007
.60 X n = .035 = 021
n, = .028
ny = 004
n, = .008
I'13 = ,015
.40 X n =055 = 022

1.00 .043

100-Year Flood
Subsection A

Portion of
area or wetted

perimeter of Weighted and
subsection from composite
left end Components . values
", = .025
n, = .002
nz [ ——
ng = 006
n = ,033
Subsection B (main channel)
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
n, = .028
ny = ===
ny = ----
Ny = .004
.60 X n = ,032 = .019
n, = .028
n, = 002
n, = 007
ny = .008
.40 X n = 045 = .018
1.00 .037




ELEVATION, IN FEET

1,315
1,310

1,305

————————— — — — 100-year peak discharge —— — — —

—————— — — — 10-year peak discharge

1,270 —==
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8,600

9,700 9,800 10,000 10,100 10,200 10,300 10,400 10,500 10,600 10,700 10,800
HORIZONTAL DISTANCE FROM LEFT BANK, iN FEET
VERTICAL SCALE EXAGGERATION X 10

£e

Figure 8.--Cross section of Salt River below Granite Reef Dam.
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SALT RIVER BELOW 24TH STREET AT PHOENIX

Locatjon of cross section: 600 ft downstream from bridge.

Description of channel: Bed material is gravel, cobbles, and boulders;
channel bottom is somewhat irregular, Shape of cross section apparently

has changed since mapping was done. A small channel cuts diagonally
across the center of the cross section from the right to left end.

Subdivision of cross section and evaluation of n: Subdivision was not

needed for 100-year peak discharge, and roughness was fairly uniform
across the cross section. Subdivision for 10-year peak discharge was
‘based on geometry of cross section.
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SALT RIVER BELOW 24TH STREET AT PHOENIX--Continued

Table 7.--Companents and weighted and composite values of Manning’s n

[Dashes indicate a roughness coefficient of zerol

10-Year Flood 100-Year Flood
Subsection A Section
pPortion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values teft end Components values
n, = .032 Ny = .028
n = .003 n = -004
ny = ---° ny = -o--
g =" g = =0°r
n = .035 n = .032
Subgection B
Portion of
area or wetted
perimeter of Weighted and
subsection from compasite
Left end Components values
Ny = .032
n, = .003
n, = .001
ns - e
n = .03
Subsection C
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
values

— left end Components

N = 027




NOTE: Channel has been modified since mapping was done; dashed line represents original survey, -
solid line is approximation of present cross seclion, based on hand level field check.

ELEVATION, IN FEET
I

1

o
1,070 L
9,700 9,800 10,100 10,300 10,500 10,700 10,900 11,400 11,300 11,500 11,700 11,900

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET
VERTICAL SCALE EXAGGERATION x 20

Y

_ Figure 10.--Cross section of Sa?tfRivenwbelnww24th55treet.atgPhnenix.
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HASSAYAMPA RIVER ABOVE HIGHWAY REST STOP NEAR WICKENBURG

Location of cross section: 100 ft upstream from rest stop.

Descrig;ion'of channel: Bed material in the low-flow part of the channel
is silt and sand. Low-flow channel is slightly irregular and has

scattered weeds along edges. The rest of the bed in the low-flow channel
and the overflow area is covered with grass except for the railroad track
area on the narrow ledge along the right bank.

Channel has a dense growth of brush and trees between the low-flow
channel and the right bank. Arrow weeds to the left of the low-flow
channel are 10 ft high and will bend under the force of flowing water.
Overflow area has large trees at right edge, dense brush and trees along
left edge, and an irregular open area between the two stands of

vegetation.

Subdivision of cross section and evaluation of n: Subdivision was not

needed. Composite n values were computed because of changes in
vegetation roughness across the channel. Weighting of n for portions of
subsections was done on basis of area.
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HASSAYAMPA RIVER ABOVE HIGHWAY REST STOP NEAR WICKENBURG--Continued

Table 8,-- nents and weighted and composite values of Manning’s n~ ~~ — —

[bashes indicate @ roughness coefficient of zerol

10-Year Flood 100-Year Flood
Subsection A Subsection A
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from compos i te subsection from composite
left end Components values left end c nts. values
nb = .025 nb = .025 *
I'I1 = e ) n1 = wean
|-|2 = a=we nz 2 saea
ny = 100 Ny = -100
.40 X n = .125 = .050 45 X n = .125 = .056
n, = .025 = .025
Ny = ==o- n, = -=--
ny = === n, = -=--

ng = 030 = .010




ELEVATION, IN FEET

—100-year peak discharge —

—10-year peak discharge —

AR %‘ 3

1,100 1,200 1,300 1,400 1,500 1,600 1,700 1,800

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET
VERTICAL SCALE EXAGGERATION x10

f
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Figure 12.--Cross section of Hassayampa River above Highway RestiStg_p near Wickenburg.
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:'HASSAYAMPA'RIVER AT CENTRAL ARIZONA PROJECT CANAL

Location of cross section: Section intersects the alignment of the Central
Arizona Project canal siphon near the right bank of the river. Right
bank end of the section is 400 ft upstream from the canal; left bank end
is 1,000 ft downstream.

Description of channel: Bed material is silt and sand, and channel bottom
is uneven. Low-growing brush and weeds and small trees are scattered
throughout the channel and slightly concentrated along the Tow-flow

channel,

Subdivijsion of cross section and evaluation of n: Cross section was

subdivided on the basis of changes in shape although the changes are
somewhat subtle in this wide and generally shallow section. Subdivision
was made at cross-section station 3,550 ft for the 10-year flood and at
cross-section stations 2,300 and 4,400 ft for the 100-year flood.
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site values of Manning’s

{pashes indicate a roughness coefficient of zero]

10-Year Flood 100-Year Flood
Subsection A Subsection &
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values left end Components values
", = 022 n, = .022
n, = 003 ny = .003
nz E ew—- nz = asam
ng = 007 Ny = 007
n = .032 n = .032
Subsection B Subsection B
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values left end _Components values
n, = .022 "y = 022
n1 R wess n1 - emenw
ny = === ny = =
Ny * .005 *n3 = .003
n = .027 n = .025
Subsection C
Portion of
area or uetted
perimeter of Weighted and
subsection from composite
left end _Components values




ELEVATION, IN FEET

ng =.032

10-year peak

— g~ — — 3 100-year pesk discharge - — — — — — — — — — oy g — — T — " —

1,500 1,800 2,100 2,400 2,700 3,000 3,300 3,600 3,900 4,200

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET
VERTICAL SCALE EXAGGERATION x20

Fﬁgure 14.--Cross section of Hassayampa River at Central ﬁrizngmfppjéct-Cana1._
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HASSAYAMPA RIVER BELOW OLD U.S. HIGHWAY 80

Location of cros§-§égtion: 800 ft downstream from bridge.

Description of channel: Bed material is mainly sand and gravel with a few
scattered cobbles and boulders. Main channel is constrained by dikes

that are several feet higher than flood plains on either side. A small
Tow-flow channel is within the main channel. Grass and weeds along the
low-flow channel and an occasional bush or small tree will affect
roughness at the 10-year flood level but will wash away at the 100-year
flood level. Wide flood plains on either side of the main channel are
cultivated fields.

Subdivision of cross section_and evaluation of n: The 10-year flood is

confined in the main channel. The 100-year flood also can be conveyed in
the main channel at this cross section. However, floodwater may spill
from channel upstream or erode dikes and occupy parts of flood plains.
Elevation of 100-year flood was computed on the assumption of a common
water level in the main channel and the flood plain; therefore, that
section consists of two subareas.
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HASSAYAMPA RIVER BELOW OLD U.S. HIGHWAY 80--Continued
Table 10.-- gmpgﬁents an& uggéhtedréﬁd'ééﬁggsf¥e-;alués-;;-HSng%ﬁg;; n

[Dashes indicate a roughness coefficient of zerec]

10-Year Flood 100-Year Flood
Subsection A Subsection A
portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
Left end Components values left end tomponents values
n, = 025 Ny = .030 ’
n = ---- ng = c-oo
Ny = ---- ny = ===~
ny = 003 ny = ----
n = .028 n =.,030
Subsection B
Portion of
area or wetted
perimeter of Weighted and
subsection from composite

left end Components yglues




865
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' !
... Figure 16.--Cross section of Hassayampa River below old U.S. Highway 80.
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NEW RIVER ABOVE NEW RIVER ROAD

Location of cross section: 500 ft upstream from bridge.

Description of channel: Bed material is cobbles and boulders. The main
channel has been cleared and shaped, and dikes on either side are several
feet above the natural flood plain. A narrow strip of flood plain beyond
the dike on the left bank will not convey floodwater because it is
isolated from the main channel. The main channel upstream from the
cleared portion and the right flood plain has a Tight fo medium cover of

brush and trees.

Subdivision of cross section and evaluation of n: Main channel is large

enough to contain the 10-year and 100-year floods at this section.
However, floodwater may spill from the channel upstream or erode dikes
and occupy parts of the flood plain. Flood elevations were computed on
the assumption of a common water level in the main channel and flood
plain; thus cross sections consist of main channel and flood-plain

sybareas.
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Table 11.--Components and weighted and composite values of Manning’s n

[Dashes indicate a roughness coefficient of zerol

10-Year Flood 100-Year Flood
Subsection A Subsection A
Portion of Portion of
area of wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
Left end Components values left end Components values
n, = .040 Ny = 035
ny = ---- Ny = ----
Mg = === Mg = 77"
Ny = ==°" Ny ="
n = .040 n = .035
Subsection B Subsection B
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values left end Components vilues
My = .040 Ny © .040
ny = -=-- Ny = -
Ny === fg = ===*
Ny = .010 *ng = .002
n = ,050 n = ,042




_ Non-conveying _
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.. . _._Figure 18.-:Cross section of New River above New River Road. .
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NEW RIVER ABOVE INTERSTATE HIGHWAY 17

location of cross section: 700 ft upstream from br{dge.

Description of channel: Bed material is firm soil with boulders protruding
in the lTow-flow channel. Edges of low-flow channel are lined with trees,

and the rest of the main channel has scattered brush. The overflow plain
has a medium to dense cover of brush and trees except for a small ditch
and a narrow roadway that are parallel to the main channel.

Subdivision of cross section and evaluation of n: Cross section is
"subdivided at left edge of main channel on basis of channel shape.
Composite n value computed for main channel because of distinct
differences in vegetation across section. MWeighting of n for portions of
subsections was done on the basis of wetted perimeter.
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NEW RIVER ABOVE INTERSTATE HIGHWAY 17—-Cont1nued

Table 12 --CQMgg and uglgh ﬂ and ggggsitg y_qlgeg of !anmng'g n

[Dashes indicate a roughness coefficient of zerol

10-Year Flood 100-Year Flood
Subsection A Subsection A
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values Left end Components values
nb = 030 nb = 030
Ny = -ooc Ny = ----
ny = == ng = -o-
= cmm- Ny = .065
.35 X n = .030 = 010 n = .095
ny= 0% " subsection B
n. = .010 Portion of
1" area or wetted
n, = -==* perimeter of Weighted and
subsection from composite

left end Components values

ng = 050
n




ELEVATION, IN FEET

—1{0-year peak discharge — £
ng =.080

1,075

1,970
8,700 9,800 9,900 10,000 10,100 : 10,200

HORIZONTAL DISTANCE FROM LEFT BANK, IN FEET
VERTICAL SCALE EXAGGERATION X 10

Figure 20.--Cross section of New River above Interstate Highway 17. W
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CAVE CREEK BELOW CAREFREE HIGHWAY

Location of cross section: 400 ft downstream from bridge.

Description of channel: Bed material is cobbles and boulders; bed surface
is fairly even, Main channel has scattered low-growing brush and weeds
on the bed and banks. Right overflow has brush and trees. Left overflow
has low-growing brush of Jight to medium density.

Subdivision of cross section and evaluation of n: Cross section was

subdivided at major breaks in channel shape to separate overflow areas
from main channel.




' CAVE CREEK BELOW CAREFREE HIGHWAY--Continued
© Table 13.--Components snd weighted and composite values of Memming's n

[Dashes indicate a roughness coefficient of zero]

10-Year Flood 100-Year Flood
Subsection A Subsection A
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values left end Components values
n, = -030 n, = -030
n1 = vwm- n, = .005
Ny = ~vv- ny = ----
ng = .010 ny = .045
n = ,040 n = ,080
Subgection B Subsection B
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from compos ite
left_end Components values left end Components values
ny = .030 n = 030
n.l = 005 n1 = wwm
n, = “oe- n, = ----
ng = .025 ny = .002
n = ,060 n = ,032
Subsection C
Portion of
area of setted
perimeter of Weighted and
subsection from composite
left end Components vatues
Ny, = .030
n = 005
n, = ===
ny = .015

n = .050
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CENTENNIAL WASH BELOW SOUTHERN PACIFIC RAILROAD

Location of cross section: 600 ft downstream from railroad bridge.

Description channel: Bed material is sand and gravel, banks are
generally smooth and uniform. Right overflow area has medium to dense
growth of brush and trees. Left overflow area has light growth of brush
and trees adjacent to the main channel and a wide cultivated field, which
is separated from the area of brush and trees by a small dike.

Subdivision of crposs s ion_an tion : Cross section was
subdivided for shape at the edges of the main channel. The dike along
the left side of the main channel probably would not be overtopped by the
100-year flood. However, openings under the railroad on the left of the
main channel probably will carry floodwater onto the left overflow area.
Elevation of fleodwater was computed on the assumption of a common water
level in the main channel and the left overflow area.




'CENTENNIAL WASH BELOW SOUTHERN PACIFIC RAILROAD--Continued
" Table 1.--Conponents and wefshted and conposite volues of Momningls n

[Dashes indicate a roughness coefficient of zero]

10-Year Flood
Subsection A
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
lef [+ nents velues
My, = .030
ng = -==-
Ny = «==-
fy = 777"
n = .030
Subsection B
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components vaiues
n, = .025
ng = 005
Ny = «m-=
ng = .030
n = .060
Subsection C
Portion of
area or wetted
perimeter of NWeighted and
subsection from composite
left end Components valyes

n, = .025
ny = -me-
Ny = ===~
Ny = ="
n = .025

100-Year Flood

Subsection A
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
Ny * 025
ny = oo
ny = ----
Ny = =0
n = .025
Subsection B
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
N, = .025
n = .005
Mg =77
ny = .030
n = .060
Subsection €
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end ts values
n, = .025
ng = ===
Ny & ===
n3 B oemma
n = .025
Subsection D
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
Left end Components values
Ny = .025
n = .010
ny = ===
ny = 065

n = .100




865 — j¢——————— Commonly cropland ———————>
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— — 100-year peak discharge .
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 Figure 24.--Cross_section of Centennial Wash below Southeén Pacific Railroad. - %
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AGUA FRIA RIVER BELOW ALIGNMENT OF U.S. HIGHWAY 74

Location of cross section: 500 ft downstream from road crossing.

Description of channel: Bed material is sand and gravel; banks are
generally clean and uniform. Right edge of main channel is uneven, and

small overflow channel adjacent to right edge of main channel contains
brush and trees and a local rough area. Overflow area is undulant and
has scattered brush and trees. Small channel along right bank is a
tributary that enters the river a short distance upstream.

Subdivision of c¢ross section and evalJuation of n: Cross section was
subdivided on the basis of shape at the right edge of main channel.
Composite n value was computed for main channel because of the distinct
difference in roughness between the clear part of the section and the
vegetated part along the right edge. The small channel along the right
bank was considered part of the overflow area (not subdivided) because it
is a local condition. Weighting of n for portions of subsections were

done on the basis of area.
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[Dashes indicate a roughness coefficient of zerol

10-Year Flood

Subsection A

Portion of
area or wetted

perimeter of Weighted and
subsection from composite
left end Components values
My .025
n = .003
n, = -ve°
k- S
.80 X' n = .028 = .022
n, = .025
ng = .005
ny = ===
ng = .040
.20 X n = .070 = 014
1.00 .036
Subsection B
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
Left end Components values

AGUA FRIA RIVER BELOH ALIGNMENTHOF U.S. HIGHWAY 74-~Cont1nued

iable 15 --Cgmggnentg and weighted ahg gmggsitg values of Mannlgg's n

100-Year Flood

Subsection A

Portion of
area or wetted

perimeter of Weighted and
subsection from composite
left end Components values
My = .025
ny = ----
Mg =
Ny = "
.80 x n = .025 = .020
n, = .025
ny = --o-
n, = ----
Ny = .035
.20 X n = .080 = 2012
1.00 .032
Subsection 8
Portich of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
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.. Figure 26.--Cross section of Agua Fria .A‘Riv"e.r_ below alignment of U.S. Highway 74.. .. ... &
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AGUA FRIA RIVER BELOW JOMAX ROAD

Location of cross section: 800 ft downstream from road crossing.

Description of channel: Bed material is coarse sand and gravel, banks are
smooth and uniform and has scattered growth of weeds. Overflow areas

have uneven surface and scattered low-growing brush and weeds.

Subdivision of cross section and evaluation : Cross section was
subdivided on the basis of shape at either edge of main channel. Small
deep channels represent a local conditlon that may not be present at
adjacent sections.




AGUA FRIA RIVER AT JOMAX ROAD--Continued .

Table 16.--Components and weight c i s of Manning’s n

[Dashes indicate a roughness coefficient of zero}

10-Year Flood 100-Year Flood
Subsection A Subsection A
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
teft end Components values left C t lues
", = .025 Ny = 025
ng = --=- n = .003
n, = .003 Ny = =---
ng = --- ny = .005
n = .028 n = .,033
Subsection B Subsection B
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values Left end Components values
n, = .025 - n, = .025
ny = .003 ng = ===
ny = ---- Ny = =---
ny = 015 ng = -w=-
n = .043 n = .025%
Subsection C Subsection C
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values Left end Components values
n, = .025 N = .025
ny = .003 n = .003
|'|2 2 ewsaas nz T eem
Ny = .005 ny = .005
n = .033 n = .033
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__ Figure 28.--Cross section of Adua Fria River below Jomax Read.
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AGUA FRIA RIVER BELOW BUCKEYE ROAD

Location of cross sectign: 800 ft downstream from bridge.

Description of channel: Bed material is mixture of sand and gravel with
some cobbles and boulders in low-flow channel that meanders within

floodway. Floodway is straight with smooth, uniform banks. Right bank
is a nearly vertical soil-cement embankment.

Subdivision of cross section and evalyation of n: Base roughness is

uniform across the section, Channel subdivided at major breaks in
geometry. Subdivision for 100-year peak discharge based on ratio of
depth of flow in flood plain and maxiwum depth (fig. 2) where the width
of the flood plain is more than five times the maximum depth of flow in

the flood plain.




106
AGUA FRIA RIVER BELOW BUCKEYE ROAD--Continued

Table 17,--Components and weighted and composite values of Manning’s n

[Dashes indicate a roughness coefficient of zero]

10-Year Flood 100-Year Flood

Subsection A Subsection A

Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Components values left end Components values
n, = .027 n, = .027
ny = -ee- ny = -==-
nz = -e-- n2 = -
n3 R emrn n3 E wwww
n = .027 n = .027
Subsection B Subsection B
Portion of Portion of
area or wetted area or wetted
perimeter of Weighted and perimeter of Weighted and
subsection from composite subsection from composite
left end Combonents values left_end Components values
n, = 027 n, = 027
ny = .003 ny = .001
Ny = -=-- n, = ----
Ny = 7= Ny =
n = .030 n = .028
Subsection C
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left _end Components values
n, = .027
Ny = ----
ny = ----
Ny = ="
n = .027
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e EIQURE 30, 22CroSS. Section of Agiia Fria River below Buckeye Road... . .. .. .. _&
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WATERMAN WASH ABOVE RAINBOW VALLEY ROAD

Location of cross section: 800 ft upstream from bridge.

Description of channel: Main channel has dikes on either side that are a
few feet higher than the flood plains, which are wide cultivated fields.
Bed material in main channel is sand. Bed and banks have scattered
growth of weeds and saltcedar that are as much as 6 ft tall. All
vegetation will be overtopped and fiattened by 100-year flow.

Subdivision of cross section and evaluation of n: Cross section was
subdivided for shape at the edges of the main channel. Main channel

might carry the 10-year flood at this section if water does not spill out
upstream. Elevations of floodwater were computed on the assumption of a
common water level in the main channel and overflow areas.
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WATERMAN WASH ABOVE RAINBOW VALLEY ROAD--Continued

Table 18.-

omponents and weighted and composite values of Manning’s ni

[Dashes indicate a roughness coefficient of zero]

10-Year flood
Subsection A

Portion of
area or wetted

perimeter of Weighted and
subsection from composite
left end Components values
n, = .030
ny = ----
ny = -=--
Ny = ===
n = .030
Subsection 8
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end  Components vatues
n, = .025
ng = ----
n, = ----
ng = .005
n = .030
Subsection C
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
n, = .030
ny = ----
Np = oo
g = =7°"

n = .030

100-Year Flood
Subsection A

Portion of
area or wetted

perimeter of Weighted and
subsection from composite
left end _Components values
= ,030
Ny =.----
Ny = ===~
n3 = amma
n = ,030
Subsection B
Portion of
area or wWetted
perimeter of Weighted and
subsection from composite
left end _Components values
N = .025
Ny = -o--
g = 777"
Ry =777
n = .025
Subsection C
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
n, = .030
ny = ----
ny = --e-
Ny ="
n = .030
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. Figure 32.--Cross section of Waterman Wash abeve Rainbow Valley Ro
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WATERMAN WASH ABOVE EAGLE MOUNTAIN ROAD

Location_of cross section: 700 ft upstream from roadway.

Description of channel: Bed material in main channel is mainly sand. Bed

is uneven and has an occasional small bush. Banks contain brush and
trees. The flood plain on the right is roadway and cultivated field.
Flood plain on left has trees near the main channel and scattered brush

in the rest of the area.

Subdivision of cross section and evaluation of n: Cross section was
subdivided on the basis of shape to separate the main channel from
overflow areas. Composite n values were computed for overflow areas to
account for distinct differences in roughness characteristics.
Cultivated field was evaluated without crop. Field with mature cotton
shown in figure 354 would allow storage of floodwater but would convey
little unless plants were overtopped. Weighting of n for portions of
subsections done on basis of wetted perimeter.




WATERMAN WASH ABOVE EAGLE MOUNTAIN ROAD--Continued

Table 19.--Components and weighted and composite yplues of Manning’s n

[Dashes indicate a roughness coefficient of zero)

10-Year Flood
Subsection A
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end Components values
N, = .025
n = .002
ng = .006
n = .033
Subsection B
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
teft _end Components values
n, = .025
n; = 005
Ny = .030
.15 X n = ,060 = 009
= .025
n = .003
ng = .015
.85 X n = .030 = 026
1.00 035

100-Year Flood

Subsection A
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
left end _Components values
n, = +025 o
ng = .005
ng = 020
.65 X n =.050 = .032
N, = .025
ny = .010
n2 = ==
Ny = L045
.35 X n = .080 = 2028
1.00 . 060
Subhsection B
Portion of
area or wetted
perimeter of Weighted and
subgection from composite
left end Components velues
n, = .025
ng = .002
Ny = 006
n = ,033
Subsection C
Portion of
area or wetted
perimeter of Weighted and
subsection from composite
Left end Components values
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Figure 34.--Cross section of Waterman Wash above Eagle Mountajn Road. . . ..
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10 Chapter2
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Figure 2.1 Generalized hydrologic cycle in the Southwest depicting groundwater-surface water interactions typical of
many alluvial aquifer systems in the Basin and Range.

dissipating tropical cyclones coincide
with cutoff lows or frontal systems
from the North Pacific Ocean.’

Beginning at the Mogollon Rim,
the climate of the Southwest changes
significantly northward. The rim el-
evations of 7,000 feet and higher gen-
erally strip low-level moisture (below
the 700-millibar pressure height) from
storms, causing the highest regional
storm intensities on the southern
flanks of the mountains south of the
rim. As a result, storms moving from
the southwest and passing into the
Four Corners Region may be dimin-
ished by the rainshadow effect of the
rim, reducing storm amounts for some
winter storms and most tropical cy-
clones. Similarly, storms approaching
from the west encounter numerous
mountains and plateaus in Nevada and
southwestern Utah, creating another
rainshadow effect for the plateau re-
gion of southeastern Utah.

Summer precipitation generally de-
creases and becomes unreliable on the
Colorado Plateau in southern Utah.*
The amount of moisture during sum-
mer is strongly dependent on the loca-
tion and magnitude of those persistent
steering features in the atmosphere. If,
in particular, the Four Corners High
does not develop or is not in its usual
position for a significant period or is

stronger than normal, moisture entry
into the region may be blocked. Dur-
ing the summer, moisture recycled
into the atmosphere following storms
is added to the moisture advected from
the oceans.

The headwaters of the Mojave River
generally respond to winter precipita-
tion. Owing to the strong orographic
precipitation associated with the inter-
action of storms with the Transverse
Ranges, rainfall may be relatively light
in the desert but strong in the head-
waters, leading to large amounts of
runoff. Little runoff in this river system
is generated during summer storms,
making the Mojave River unique in the
Southwest.

The El Nifio—Southern Oscillation
(ENSO) phenomenon of the Pacific
Ocean strongly affects interannual
variation in precipitation in the South-
west.> ENSO effects can be separated
into three general categories: warm
ENSO events (commonly known as El
Nifo conditions), cool ENSO events
(commonly known as La Nifa con-
ditions), and other conditions, Pre-
cipitation during El Nifio conditions
generally is high, although notable
dry periods have occurred under these
conditions. Winter precipitation is the
most affected; the effect of El Nifio on
summer precipitation is weak at best.

Precipitation during La Nifia condi-
tions is reliably low, and most signifi-
cant regional droughts are associated
with this state. Anything can occur
during other conditions, although ex-
treme wet or dry periods are unlikely.

Despite geographic variation in
processes, decadal-scale climatic fluc-
tuations appear to affect the region in
a relatively uniform fashion. Although
all of the region may simultaneously
experience dry or wet conditions, the
magnitude and persistence of unusual
climatic conditions varies. Whereas
wet conditions generally are uniform
from the Mojave River through south-
ern Arizona, droughts seldom are uni-
form in severity or length. Orographic
effects and seasonality of precipitation
add to the complexity, making general
statements about climatic variability
difficult. Finally, average temperatures
are related to precipitation; tempera-
tures tend to be annually or seasonally
high during droughts and may be rela-
tively low or high during wet periods,
This complex interaction affects river-
ine riparian vegetation,

The riparian vegetation encoun-
tered by early explorers undoubtedly
reflected some aspect of prehistoric
climatic conditions. The climate of
the nineteenth century was strongly
affected by cessation of the Little Ice




Age, which extended from around A.D.
1500 to around 1850.° The impact of
this period on the Southwest is known
only from tree-ring records at higher
elevations, although, in general, aver-
age temperatures were lower than at
present with uncertain impacts on re-
gional patterns of precipitation. Land-
scape observations by Spanish explor-
ers reflect, in part, ecosystems affected
by the Little Ice Age.

Recorded observations of climate
and weather began with settlement of
the region by nonindigenous peoples,
starting with the establishment of
Spanish missions south of present-
day Tucson in the late seventeenth
and early eighteenth centuries.” The
colonization of Utah by Mormons,
beginning in 1847, led to settlement
of the southwestern part of that state
in 1860 and extending southeastward
until 1880. An influx of prospectors,
spurred by the California gold rush,
led to boom-bust mining throughout
the region; hostilities with American
Indians led to the establishment of nu-
merous army outposts throughout the
region. Those outposts provided the
fArst instrumental records of climate,
although many climatologists discount
most of these records as inaccurate.
Reliable measurements that provide a
regional perspective on climate began
in the late 1880s.°

Analyses of climatic trends provide
2 general framework of decadal climat-
ic fluctuations in the Southwest, and
these analyses’ are discussed further in
chapter 30. The period 18801891 was
zenerally wet, with numerous regional-
scale storms that caused channel
downcutting and generally led to the
ohservation that “rainfall follows the
plow.” The most severe drought, and
the one that affected the largest part
of the region, began in the summer of
1591 and ended in 1904. In combina-
“on with overstocking of the range,
the early-twentieth-century drought
caused the death of half of the cattle
i the region between 1891 and 1896.
£ Nino conditions in 1904 and 1905
ended this drought.

The wettest period in the region’s
S.story began in 1909 and extended
tarough about 1920. The early-twentieth-
cemtury wet period had a number of
“asting effects, including its influence
= the overallocation of Colorado

River water and the widening of arroyo
channels throughout the region. This
combination of extreme events and
human settlement had major effects
on the stability and extent of woody
riparian vegetation in the region, in
particular the elimination of much of
the established vegetation along allu-
vial channels.

Climate was regionally variable be-
tween 1920 and the early 1940s, ending
with the strong El Nifio conditions of
1941 through 1942. In southern Arizo-
na, conditions were relatively dry with
few significant winter storms. From
the Mojave Desert through southern
Utah, conditions were generally wet,
punctuated with a mild drought dur-
ing the Dust Bowl years of the early
1930s. Between the mid-1940s and the
early 1960s, drought conditions pre-
vailed with strong regional variation
in intensity. The mid-twentieth-
century drought, centered on the La
Nina conditions of 1954 through 1956,
was most severe in the Mojave Desert,
in southern Utah, and to the east in
New Mexico. Near-normal summer
precipitation mitigated this drought in
central and southern Arizona.

Beginning in the early 1960s and
fueled by several significant El Nifo
periods, the climate of the region be-
came significantly wetter and warmer.
Numerous strong storms in fall and
winter occurred between 1970 and
1995, leading to significant floods in
central and southern Arizona and to
above-average precipitation in the Mo-
jave Desert and the Colorado Plateau.
Notable periods of El Nifio conditions
occurred from 1978 through 1980,
1982 and 1983, and 1993 through
1995. Brief droughts interrupted
this intermittent wet period in 1986
and 1989 through 1991, with the lat-
ter event having severe effects in the
Mojave Desert. The current extent of
woody riparian vegetation was strong-
ly affected by this climate period,
which we refer to as the late-twentieth-
century wet period.

Despite El Nifio conditions in
1997 through 1998 and 2002 through
2003, drought generally prevailed at
the end of the twentieth century and
the beginning of the twenty-first cen-
tury. The early-twenty-first-century
drought, centered on 2002, has created
several record extremes, including

Climate, Water, and Vegetation 11

the lowest flow ever recorded in the
Colorado River in southern Utah'®

and record low annual rainfall at many
stations. The reasons for the switching
of interdecadal periods between gener-
ally wet and generally dry conditions
remain speculative, but research on the
subject centers on hemispheric-scale,
low-frequency oceanic processes in

the North Pacific and North Atlantic
Oceans.

Temperatures fluctuated through
the twentieth century, leading to sev-
eral distinct precipitation-temperature
regimes. Annual temperatures gener-
ally were low from 1900 through 1930,
creating a high precipitation—low
temperature combination.'' Severe
freezes were common during this pe-
riod," with potential negative impacts
on some species of riparian vegetation
that otherwise would have germinated
and established following winter
floods. Temperatures peaked during
the midcentury drought, creating a
warm, dry period. Declining tempera-
tures accompanied the earliest part of
the late-century wet period, although
temperatures steadily rose during the
1980s and 1990s, meaning that the
late-twentieth-century wet period was
also warm,

The most important characteristics
of the late-twentieth-century wet pe-
riod were an increase in winter floods,
which create ideal conditions for ger-
mination and establishment of native
riparian vegetation on larger rivers
(chapter 3), and an overall increase
in the length of the growing season,"
which encourages rapid plant growth.
This latter period therefore created
ideal climatic conditions for germina-
tion and establishment of riparian veg-
etation. The early-twenty-first-century
drought, which is ongoing at the time
of this writing, has resulted in rela-
tively dry conditions that are adverse
to germination and establishment
of native riparian vegetation, killing
seedlings and even established trees in
some marginal reaches.

Geomorphic Configuration and
Riparian Vegetation

Riparian ecosystems are draped over a
variety of geomorphic configurations
in the Southwest. These settings de-
termine how groundwater and surface



7 The Upper Gila River

Summary. The Gila River is the primary
drainage for most of Arizona. With its
headwaters in New Mexico, the Gila River
upstream from Safford, Arizona, is largely
unregulated, although flow diversions
affect base-flow discharges at least lo-
cally. Below Coolidge Dam, the Gila River
becomes fully regulated until the entire
surface-water flow is diverted from the
channel upstream of Florence, Arizona.
Historically, the upper Gila River gener-
ated large, damaging floods while provid-
ing irrigation waters for fertile agricultural
lands downstream. This river appears

to respond strongly to regional climatic
fluctuations, and flood frequency has
been inferred to be low before 1891, high
between 1891 and 1920, low through the
middle part of the twentieth century, and
high again after 1964. Despite consider-
able agriculture, groundwater levels near
the river remain high. Cottonwood gallery
forests once present in wide reaches were
swept away in channel-widening floods
in the early decades of the twentieth cen-
tury. Cottonwood has increased in narrow
reaches and bedrock canyons but has de-
creased in the wide valleys where it once
was common. Channel narrowing during
the middle of the twentieth century al-
lowed establishment of dense tamarisk,
but native species, such as mesquite,
increased as well. Extremely large floods
in the last third of the twentieth century
failed to reduce tamarisk significantly, and
tamarisk eradication with no follow-up
maintenance resulted in reestablishment.

We discuss the Gila River in two chapters
because of its importance to Arizona
hydrology, its length, and changes along
its course. We present changes in the
reach from the Arizona—New Mexico
border to the Ashhurst-Hayden
Diversion Dam upstream from Flor-
ence in this chapter, and we consider
the reach downstream to the conflu-
ence with the Colorado River near
Yuma in chapter 26. The intervening

chapters discuss changes in important
tributaries, including the San Francis-
co and San Carlos Rivers (chapter 18);
the San Pedro River and its tributaries
(chapters 19 and 20); the Santa Cruz
River and its tributaries (chapters 21
and 22); and the Verde and Salt Rivers
and their tributaries in central Arizona
(chapters 23 through 25).

The Gila River has its headwaters
in the Gila Wilderness of western
New Mexico (fig. 17.1). Several forks
of the river combine upstream from
Cliff, New Mexico, and the river
plunges through a bedrock canyon
of granite, locally called the Con-
nor Box, before reaching the Arizona
border. Beginning at Duncan, the
river flows northwesterly through
a relatively wide alluvial valley sup-
porting agriculture—primarily hay
production—before entering a canyon
developed in volcanic rocks called the
Middle Box. Upstream from Safford,
Arizona, the river enters a broad valley
with extensive agricultural production
and flows northwesterly to San Carlos
Reservoir. Downstream from Coolidge
Dam, the river enters a series of short
bedrock canyons through the Galiuro
Mountains to emerge at Winkelman,
Arizona. A short and relatively narrow
segment through alluvium ends near
the small town of Kelvin and enters
yet another bedrock canyon, through
which the river flows for 18 miles to
emerge at Ashhurst-Hayden Dam up-
stream from Florence, Arizona.

The Gila River is an extremely
important source of irrigation waters
in eastern and central Arizona, and
small diversion structures are common
along its length. This river has also had
extremely large floods in its history,
resulting in construction of Coolidge
Dam, which serves as both a flood-
control structure and a flow-regulation
dam for surface-water irrigation
projects downstream of this reach.

Upstream from San Carlos Reservoir,
the Gila River is a free-flowing water-
course that remains subject to large
floods; downstream of Coolidge Dam,
the river is operated as an irrigation
canal with the exception of certain
periods, such as January 1993, when
headwater floods overwhelmed the
dam and reservoir’s ability to contain
all the runoff.

Early Observations of the Upper
Gila River

Early Spanish explorers, such as Fran-
cisco Coronado, crossed the upper
Gila River but made no mention of
its resources. The first description
of the Gila appears in the narrative
account of James Ohio Pattie, who
ranged widely through the western
United States between 1824 and 1830.
Pattie and his party of trappers first
reached the Gila River upstream from
the present-day Arizona-New Mexico
border on December 14, 1824, and
immediately caught thirty beaver."' He
described downstream travel through
one bedrock-confined canyon with
tangled growth of wild grape and
shrubs and another reach—probably
near present-day Cliff, New Mexico,
with “banks covered with tall cotton-
woods and willows.™

Pattie’s group found that beaver had
already been trapped from the river
just downstream from the present-
day Arizona—New Mexico border, so
they continued downstream. Pattie
described the river bottomlands near
present-day Safford as thickly vegetated
with mesquite; he made no mention
of cottonwood. After a brief excursion
up the San Pedro River, the trapping
party regained the Gila River upstream
from present-day Safford, where Pattie
trapped and killed an otter.

Pattie returned to the Gila River
several times, always trapping for
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beaver. In January 1826, his group
traveled down the Gila and observed
that “there is here little timber, beside
musqueto-wood, which stands thick”
near the site of present-day Coolidge
Dam.* In September 1829, Pattie made
his final trip to the Gila and found that
most of the beaver had been trapped
out upstream from the San Pedro Riv-
er.” As Pattie’s account shows, the Gila
River was a frequent destination for all
the pre-1850 trappers in the West.® As
late as 1884, beaver were reported to
be abundant on the Gila River near the
confluence with the San Carlos River.’
The 1846 war with Mexico caused
the next incursion of Gila River ob-
servers. The Army of the West, guided
by Kit Carson and led by Lieutenant
Colonel W. H. Emory, came to the up-
per Gila River near the present-day
Arizona—-New Mexico border and
traveled along its channel en route
to California. Near the Arizona—New
Mexico border, Emory observed that
“[t]he growth of trees and weeds was
very luxuriant; the trees chiefly cotton-
wood, a new sycamore, mesquite.” At
the mouth of the San Pedro River, the
Gila River had a “bottom three miles

wide . .. principally of deep dust and
sand, over grown with cotton-wood,
mezquite, chamiza, willow, and the
black willow.™ Dr. John S. Griffith, a
physician and naturalist accompanying
the expedition, described the riverine
setting as a river filled with fish and
lined with coyote willow and cotton-
wood trees.” Other descriptions noted
the occurrence of mesquite bosques
along the river."

Groundwater conditions were high
along the river, and malaria forced
abandonment of several early towns."
Settlers affected riparian vegetation
by clearing floodplains—mainly mes-
quite—for fields and using the wood
for construction and fuel. Safford was
established in 1872 by Mormon farm-
ers, some of whom soon began to cut
the bosques of mesquite just upstream
to fuel smelters associated with local
mines."* With the discovery of copper
locally in the mountains near Saf-
ford and on a large scale near Clifton,
woodcutting accelerated to fuel those
smelters as well." Undoubtedly, the
same pattern was repeated between
Winkelman and Kelvin with the dis-
covery of extensive copper ore bodies.

Floods, Flow Regulation, and
Channel Change

Because of the Gila River’s importance
for water supply and its propensity for
generating large floods, six streamflow
gaging stations record flow on the river
from just upstream of the Arizona—
New Mexico border to Ashhurst-
Hayden Dam (fig. 17.1). The gaging
stations below Blue Creek and near
Clifton record average daily discharges
of 215 and 197 ft'/s, respectively. The
gaging stations at the head of Safford
Valley and near Calva, both down-
stream from the San Francisco River
(fig. 17.1), have average daily discharg-
es of 512 and 376 ft*/s, respectively.
The gaging station below Coolidge
Dam has an average daily discharge

of 401 ft*/s, and the gaging station at
Kelvin, which is below the confluence
with the San Pedro River, has an aver-
age daily discharge of 542 ft'/s.

The upper Gila River is subject to
extremely large floods (figs. 2.2, 17.2),
most of which occur during warm-
winter storms or fall storms, the latter
typically spawned from dissipating
tropical cyclones. The earliest known
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floods occurred before settlement of
the Safford Valley and are discussed

in chapter 26 in reference to the lower
Gila River. The February 1891 flood,
which peaked at around 100,000 ft*/s
at Florence, is one example of a large
nineteenth-century flood on the upper
Gila River." The November 1905 flood
reportedly peaked at 150,000 ft*/s at
San Carlos (now beneath San Carlos
Reservoir) and 190,000 ft*/s at Flor-
ence.”® Other large floods occurred in
1906, 1915, 1916, and 1941."°

Cadastral surveys made from 1875
through 1894 show that the Gila River
in the Safford Valley was relatively
narrow and lined with willow, cotton-
wood, and mesquite,"” Most of this
vegetation was destroyed during
channel widening associated with
large floods between 1905 and 1916.
Over a fifty-year period during the
middle part of the twentieth century,
the channel narrowed appreciably to
about its pre-1905 conditions,' in part
because of low peak discharges during
floods. Near Safford, the channel was
widest in 1935." Riparian vegetation
took advantage of the new openings
on the margins of the channel and en-
croached on low floodplains.

Relatively small annual floods oc-
curred in the middle part of the twen-
tieth century, notably in the 1950s,
but large floods occurred in the 1970s
through 1990s, including the 1983
flood,* which peaked at 132,000 ft*/s
at the head of the Safford Valley gaging
station (fig. 2.2) and is the largest re-
corded flood on the upper Gila River.
In January and February 1993, three
flood peaks exceeding 100,000 ft/s
at the Calva gaging station coursed
through the Safford Valley, filling San
Carlos Reservoir and causing major
flow releases downstream.

The annual flood series shows that
floods on the upper Gila River are
nonstationary in time and follow the
same pattern of climatic fluctuations
described for other sites in southern
Arizona.”! Even the lesser floods of the
1930s and 1940s caused significant
damage. The 1941 flood reportedly
inundated Duncan, Arizona, with 4
feet of water. The bridge over the Gila
River at Duncan was destroyed dur-
ing the January 1949 flood, which
also forced evacuation in all the major
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Figure 17.2 Annual flood series for the Gila River below Blue Creek, New

Mexico (station 09432000; 1927-2003).

towns downstream to San Carlos Res-
ervoir.”

As with most nineteenth-century
flow-regulation structures, the first low
dams across the Gila River failed dur-
ing the first flood after construction
was completed. The first permanent
structure built on the Gila River was
the Ashhurst-Hayden Dam, a low-head
dam completed in 1922 by the U.S. In-
dian Service.” Located about 20 miles
upstream from Coolidge, Arizona,
this dam diverts base flow into canals
that supply the extensive agricultural
development of the Eloy basin. The
Ashhurst-Hayden Dam did nothing to
control floods, which were common
in the first three decades of the twen-
tieth century. Smaller diversion dams
are common along the river from the
Arizona—New Mexico border to San
Carlos Reservoir. Coolidge Dam, com-
pleted in 1929, impounds San Carlos
Reservoir, which has highly variable
water levels. This structure has the
dual purpose of flood control and de-
livery of irrigation water downstream
to extensive agricultural areas in the
Eloy basin.

Riparian Vegetation Change on
the Upper Gila River

Much of the upper Gila River flows in
remote bedrock canyons that do not
have a recorded history of riparian
vegetation. Moreover, either few peo-
ple ventured into these canyons to take
photographs, with the exception of
U.S. Geological Survey hydrographers,
or those photographs were not pre-

served. Nonetheless, 127 repeat photo-
graphs document vegetation change
on the Gila River between Blue Creek
(just upstream of the Arizona—New
Mexico border) and the Ashhurst-
Hayden Dam.

Arizona-New Mexico Border to
Safford

Just upstream from the Arizona—New
Mexico border, the Gila River passes
through a series of short bedrock can-
yons and high alluvial terraces. Photo-
graphs associated with the gaging sta-
tion document change in riparian veg-
etation in a wide reach upstream from
one of these short canyons below Blue
Creek, a major tributary (fig. 17.3).
This wide reach shows considerable
channel shifting that occurred dur-
ing large floods in the last third of the
twentieth century, resulting in removal
of a band of Frémont cottonwood,
which were replaced with tamarisk and
coyote willow. Within the bedrock-
confined reach just downstream, ripar-
ian native vegetation—primarily in the
form of mesquite bosques—is locally
dense, and tamarisk is less common.
Bosques in this reach are notable for
their wildlife, including javelina, tur-
key, coatimundi, deer, and other large
vertebrates. Twenty-three photographs
show that native riparian vegetation
has increased in this reach despite re-
peated channel shifting across the wide
floodplain. Tamarisk is not widespread
here.

In the vicinity of Duncan, the cor-
ridor opens into a relatively wide
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bottomland supporting agriculture.
Despite use of groundwater for agri-
culture, long-term records of water
level downstream from Duncan (fig.
17.4) show that no significant trends
have occurred other than a general de-
cline during the midcentury drought
and rises of 11 and 4 feet following
the 1970 and 1993 floods, respectively.
Several historical photographs, nota-
bly ones that document a bridge that
repeatedly failed during floods in this
reach, also show increases in riparian
vegetation, in particular cottonwood.
Analysis of aerial photography taken
between 1935 and 1997 shows the
combined effects of initial channel
narrowing, agricultural clearing of
floodplain vegetation, and increases in
riparian vegetation, followed by chan-
nel widening during the 1993 flood.*
The amount of tamarisk along the Gila
River increases substantially down-
stream from Duncan.

Between Guthrie and Safford, the
river flows through the Gila Box Ri-
parian National Conservation Area,
where grazing has ceased but off-road
vehicle use and hunting persist.” At
the upstream reach, a U.S. Geological
Survey gaging station has recorded
flows since the early twentieth century
(fig. 17.5). Twenty-one photographs
associated with the gaging operation
have been taken at this site. In general,
these photographs show a steady in-
crease in riverine riparian vegetation
despite the recent occurrence of large
floods (fig. 17.6).

Downstream from Bonita Creek
(fig. 17.1), the Gila River exits the Mid-
dle Box and enters the wide Safford
Valley. Because the Gila River has been
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Figure 17.4 Water levels for well D-07-31 04BCC near Duncan, Arizona.

subjected to climatically induced fluc-
tuations in flood frequency (fig. 17.2),
damage to floodplains and bosques at
the start of this reach was frequent in
the 1970s through the 1990s.* Overall,
however, eleven photographs upstream
from Safford show increases in native
species and nonnative tamarisk, At
Safford, another ten photographs that
have been matched show increases as
well, although the relative proportion
of the increase in nonnative vegeta-
tion, primarily tamarisk, is higher.

Reaches Affected by San Carlos
Reservoir

The reach of the Gila River upstream
from San Carlos Reservoir to the east-
ern edge of the San Carlos Apache In-
dian Reservation has long been a place
where elimination of riparian veg-
etation once was considered a viable
means of increasing available water.”
The reach near Calva, Arizona, was
used in a demonstration study called
the Gila River Phreatophyte Project
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Figure 17.5 Annual flood series for the Gila River near Clifton, Arizona (station

09442000; 1911-1917, 1928-2003).

to determine the effect of tamarisk
removal on reducing evapotranspiration
losses in the 1960s and early 1970s.**
In the late 1940s, about 9,300

acres of riparian vegetation were pres-
ent between Thatcher and Calva, and
tamarisk used an estimated 75 percent
of the 23,000 acre-feet per year of wa-
ter consumed by riparian vegetation in
this area.”

Groundwater in this reach moves
between basin-fill deposits and the
alluvial aquifer, and water levels are
highly influenced by flows and floods
in the Gila River.* As discussed in
chapter 2, groundwater levels under
these conditions are generally shallow,
vary seasonally in accord with stream-
flow variations, and may show diurnal
fluctuations owing to withdrawals by
riparian vegetation (fig. 2.3).

The San Francisco River (chapter
18) is the largest tributary of the upper
Gila River, and this tributary strongly
affects flood magnitudes in this reach
(figs. 2.2, 17.7). The alluvial channel
of the Gila River has widened histori-
cally and shifted in this reach, in some
places by large distances, thus affecting
the riparian vegetation.” The change
in riparian vegetation has been sub-
stantial; where closed gallery forests
of cottonwood once grew, tamarisk
has become the primary species lining
the Gila River.” Although floods and
channel change are directly involved
in causing loss of the cottonwood gal-
lery forests along the upper Gila River,
livestock grazing is not directly impli-
cated.”

In the mapped area of the Gila
River Phreatophyte Project, change in
the area occupied by several species of
riparian vegetation can be determined




from 1914 to 1994.** Not surpris-
ingly, the area occupied by tamarisk
increased from zero percentin 1914 to
7 percent in 1937, 26 percent in 1944,
44 percent in 1964, and 61 percent in
1994. Cottonwood declined precipi-
tously, from about 1,023 mapped trees
in 1914 to 49 trees in 1994, although
young trees that germinated during
the 1993 floods are not included. The
loss of cottonwood probably resulted
from inundation during record high
water levels at the San Carlos Reser-
voir.” Besides cottonwood, seepwillow
lost the most area of the mapped
native species; its loss might be a re-
flection of stability as the larger trees
assume dominance of a more stable
riparian ecosystem,

Changes in the area occupied by
mesquite are interesting, given the di-
vergent claims that mesquite bosques
have been destroyed along the Gila
River*® and that mesquite has increased
throughout southern Arizona.”” Mes-
quite at all density levels occupied 21
percent of the area in 1914 and in-
creased to 24 percent in 1937, 39 per-
cent in 1944, and 44 percent in 1964,
finally decreasing to 34 percent in
1994, The decrease between 1964 and
1994 is related to a renewed channel
widening associated with floods from
1972 through 1993. Particularly in
light of the later event, which consisted
of multiple flood pulses, the increase
in tamarisk and decrease in mesquite
do not suggest that floods, whether
artificially released from dams or natu-
rally occurring, would help reduce the
prevalence of nonnative vegetation in
this setting.

Repeat photography of this area
from the Calva railroad bridge (twelve

views matched; e.g., fig. 17.8) shows
another problem with restoration of
floodplains, particularly with respect
to eradication of tamarisk. In 1932,
cottonwood and willow were still
obvious on the floodplain. By 1964,
tamarisk was ubiquitous, and native
species could not be seen. All woody
riparian plants, mostly tamarisk, were
removed by 1974, but no additional
channel maintenance was performed
after the Gila River Phreatophyte Proj-
ect ended. As a result, tamarisk steadily
encroached onto the floodplain,
despite large floods and attempts at
eradication.

Downstream from Coolidge Dam,
the river enters a series of bedrock can-
yons en route to Winkelman. Coolidge
Dam is operated as a flood-control
dam, and, except in 1993, this opera-
tion has been highly successful (fig.
17.9A). Flow releases from Coolidge
Dam are generally highest during the
summer months and low during the
winter, which creates prime conditions
for the growth of riparian vegetation,
In the 1980s, reports from river runners
downstream from the dam described a
dense tamarisk thicket with water run-
ning through groves of trees.*®

Nine historical photographs docu-
ment changes in this reach, although
most of the views show channel
changes associated with construction
activities at the base of the dam. Several
photographs show conditions down-
stream from the disturbed areas, and
cottonwood, black willow, and tamarisk
have increased in this reach despite de-
struction of riparian vegetation during
the 1993 high releases (fig. 17.10). Cot-
tonwood trees along this reach provide
nesting habitat for Bald Eagles.
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Winkelman to Florence

The San Pedro River (chapter 19) en-
ters the Gila River downstream from
Winkelman and partially negates the
flood-control effectiveness of Coolidge
Dam (fig. 17.9B8). Floods in 1983 and
1993 were of approximately the same
magnitude as the 1891, 1916, and 1926
events, the latter also originating from
the San Pedro River. The wide, denud-
ed reach that existed before comple-
tion of Coolidge Dam has narrowed
significantly (figs. 17.11, 17.12). Dur-
ing the midcentury drought and per-
sisting through 1992, tamarisk created
a closed canopy over much of the river
in this reach, but at least part of this
dense tamarisk was swept away during
the 1993 releases from Coolidge Dam.
However, as shown in eighteen sets

of repeat photographs, cottonwood,
mesquite, and tamarisk have increased
near the gaging station at Kelvin (fig.
17.13).

The Ashhurst-Hayden Dam, which
diverts most of the surface flow into
irrigation canals, provides a conve-
nient place to divide the upper from
the lower Gila River. This small struc-
ture allows the passage of large floods
while completely shifting small flows
out of the channel, A small reservoir
upstream from the dam has silted in
and periodically dries, allowing en-
croachment of riparian vegetation (fig.
17.14). Nonnative vegetation, includ-
ing both tamarisk and Athel tamarisk,
dominates the banks of the river at this
point, although dense mesquite also
has been increasing.
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Figure 17.9 Annual flood series for the Gila River.
A.The Gila River below Coolidge Dam, Arizona (station 09469500; 1905, 1914-2003).
B. The Gila River at Kelvin, Arizona (station 09474000; 1891, 1905, 1912-2003).
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Figure 17.11 Photographs of the Gila River near Kelvin, Arizona.

A. (September 2, 1915.) This upstream view from a railroad grade shows a mill associated with copper-mining operations along the Gila
River in this reach. Wooden A-frame structures suspend a pipeline across the river in the midground. The channel is wide and barren,
and a nearly continuous, although thin, line of mesquite is present on the left bank. (Photographer unknown, courtesy of the U.S.
Geological Survey.)

B. (October 2, 2000.) The mill has been abandoned, but the railroad remains active. The channel has narrowed substantially owing to
flow regulation and encroachment of riparian vegetation. Creosote bush appears in the immediate foreground, and mesquite and
tamarisk form the wall of vegetation blocking most of the view of the channel. The upper branches of Frémont cottonwood, which are
common in this reach, appear at right. (D. Oldershaw, Stake 433.)
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Figure 17.12 Photographs of the Gila River near Kelvin, Arizona.

A. (Ca. 1908.) This view, the right (upstream) quarter of a panorama, shows the Gila River in the vicinity of Kelvin, The wide channel is
denuded, and low terraces sustain dense stands of mesquite. No Frémont cottonwood trees are obvious. (Photographer unknown, PAN
US GEOG-Arizona No. 3, courtesy of the Library of Congress, Washington, D.C.)

B. (October 1, 2004.) The once-wide channel has narrowed considerably in response to regulation by Coolidge Dam, although

occasional large floods emanate from the San Pedro River, a major tributary that joins the Gila River in the distance. Riparian vegetation
consists of well-established Frémont cottonwood, tamarisk, black willow, catclaw, and mesquite. (D. Oldershaw, Stake 1429d.)



Z6 The Lower Gila River

Summary. The Gila River between Flor-
ence and its confluence with the Salt
River is one of the few reaches where
riparian vegetation has markedly de-
clined. The evidence for this decline
consists of written descriptions of chan-
nel conditions in the sixteenth through
nineteenth centuries compared with
written descriptions from the early twen-
tieth century and current conditions. The
Gila River in this reach is fully regulated
and managed primarily for delivery of
irrigation water and for minimization of
damage from infrequent, large floods.
Complete diversion of surface water and
heavy groundwater use have prevented
reestablishment of the once extensive
riparian vegetation near Maricopa, which
was largely eliminated by large floods at
the end of the nineteenth century. Waste-
water effluent from the city of Phoenix
and irrigation returns sustain incipient to
fully developed stands of woody ripar-
ian vegetation downstream from the
confluence of the Salt and Gila Rivers.
Dense tamarisk thickets are the basis for
several wildlife areas west of the Salt-Gila
confluence; historic descriptions indicate
widely divergent vegetation in this reach,
ranging from cottonwood-willow forests
to dense carrizo grass. Riparian vegeta-
tion has increased downstream from the
Salt-Gila confluence, although tamarisk
accounts for most of the increase. Sparse
photographic evidence and vague writ-
ten accounts diminish the reliability of
any conclusions concerning change in
riparian vegetation downstream from
the confluence beyond the increase in
tamarisk. Near the Colorado River, irriga-
tion returns to the Gila River again sustain
woody riparian vegetation.

The lower Gila River, especially down-
stream of its confluence with the Salt
River, is arguably the most important
river in Arizona (fig. 26.1). With the
exception of the Little Colorado and

Bill Williams Rivers, all of the major
river systems in Arizona converge here,
making the Gila the primary drainage
system for Arizona. The watershed
area upstream of Dome, Arizona, is
57,850 square miles and includes parts
of western New Mexico. The Gila
River once provided sustenance for the
Pima, then was the lifeline for south-
ern travelers from the East to Cali-
fornia, and now is little more than a
drainage ditch across the south-central
Sonoran Desert of Arizona. As a result,
some have called it a “dead” river.! De-
spite large losses in some reaches, how-
ever, significant and valued stands of
riparian vegetation are present along
this archetypal desert river.

Early Observations of the Lower
Gila River

Spaniards first arrived at the Gila River
in 1694 and found a thriving village of
Pima near present-day Maricopa (fig.
26.1).? These native people had oc-
cupied the Gila River floodplain since
around A.p. 1540, or about 150 years
before the arrival of the Spaniards. They
practiced irrigated agriculture and, fol-
lowing the Hohokam, partially regulat-
ed the low-water flow of the Gila River.
They also included fish from the Gila as

. amajor part of their diet.

Spanish missionaries and travelers
noted the riparian vegetation, which
was a beacon across an otherwise wa-
terless desert. Father Eusebio Kino,
during his second visit, traveled from
the mouth of the San Pedro to the
Piman villages following the Gila River
and “its very large cottonwood groves.”
In 1744, the confluence of the Salt and
Gila Rivers had “an abundant growth
of [willows] and cottonwood.” These
observations are mostly limited to
about a 30-mile reach of the river cen-
tered on the Piman villages.

In February 1826, at the Salt-Gila
confluence, James Ohio Pattie wrote
that the Gila River was “about 200
yards wide, with heavily timbered bot-
toms.”* Descriptions of river width
varied from this figure to as little as 40
feet in the nineteenth century, which
reinforces the idea that the amount of
flowing water depended on where the
river was viewed in the alternating
effluent-influent reaches. There is also
little doubt that the channel consisted
of braided, weaving strands through
sandy islands in the center. Several
marshy areas, possibly sustaining al-
kali sacaton, were present, including
near present-day Sacaton, at the Santa
Cruz-Gila confluence and near the
mouth of the Salt River.”

Lieutenant Colonel W. H. Emory,
of the Advanced Guard of the Army
of the West, traveled down the Gila
River in 1846 en route to California,
all the way commenting on flora and
fauna. Near present-day Florence, he
mentioned dense growth of willows
but not cottonwood. He estimated the
population of Pima and Maricopa to
be up to ten thousand people near the
confluence of the Gila and Salt Rivers
and stated that “a great deal of the land
is cultivated.” Near present-day Gila
Bend, the course of the river could
readily be discerned from the line of
green cottonwood lining its banks, but
to the west, near present-day Painted
Rock Dam, “the bottoms of the river
are wide, rich, and thickly overgrown
with willow” and “the river spread over
a greater surface, about 100 yards wide,
and flowing gently over a sandy bot-
tom, the banks fringed with cane, wil-
low, and myrtle.™

[n December 1846, the Mormon
Battalion traveled from the Piman vil-
lages north of present-day Maricopa,
Arizona, to the Yuma crossing of the
Colorado River.” Their descriptions,
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Figure 26.1 Map of the Gila River from Florence to Yuma, Arizona.

combined with later visits by Forty-
niners, suggest that the Gila River was
lined with a thin band of cottonwood
and black willows; seepwillow was
common nearest the permanent water
sources. Dense mesquite bosques were
common near the floodplain;® in 1938,
the confluence of the Gila and Santa
Cruz Rivers was described as a dense
mesquite thicket (both screwbean and
velvet mesquite). In 1854, John Bartlett
found the Gila River to be dry at this
point owing to complete diversion of
low flow to Piman crops.’ Upstream
from the Piman villages, and presum-
ably upstream from the flow diver-
sions, the river had 15-foot-high banks
and a closed-gallery cottonwood-
willow forest.

In the late nineteenth century, the
lower Gila River was perennial—or
at least intermittent—in this reach,
sustaining open cottonwood galleries
punctuated with bottomlands veg-
etated with grasslands and willows."
In 1864, Pratt Allyn described the Gila
River near its confluence with the Salt
River as having a margin of willows
and cottonwood.'' Near Powers Butte,
one observer in 1889 found the river
lined with “cottonwoods and bushes.”"
Downstream from the Salt-Gila con-
fluence, the Mormon Battalion found
grass to be scarce and instead fed cotton-
wood bark to their stock. Lieutenant
Cave Couts, en route to California,
wrote a cryptic note in 1848, stating
that the river had “salt grass. ... The
remainder is nothing but cottonwood

(thinly scattered along the margin),
coarse chaparral bushes and weeds,
and the water willow.”"* Others noted
the presence of Arizona ash in small
numbers.

In 1894, Edgar Mearns visited the
Gila River and described riparian veg-
etation along its lower 20 miles above
the confluence with the Colorado Riv-
er. He stated later: “The stream, as usu-
al, is bordered by cottonwood and wil-
low trees. Mesquite and screw bean are
the common trees of the river bottom
... [and there are] numerous sloughs,
bordered with cat-tail, tule, cane, sedge
and rush.”" By the 1920s, arrowweed
dominated floodplain vegetation," to
be supplemented with (or replaced by)
nearly monospecific stands of tamarisk
by the early 1950s.

Some observations are baffling in
their seeming contradictions. One
report from 1879 said the Gila River
near Florence was nothing but a chan-
nel of dry sand, yet a ferry operated
at this town, linking it to other towns
in the Salt River Valley.'* Presum-
ably, this ferry operated during the
predictable spring runoff and during
unpredictable floods. At the end of the
nineteenth century, all rivers in the
region were experiencing alternating
periods of extreme floods and extreme
droughts. Although it is convenient
to blame the apparent initial decline
in riparian vegetation on water diver-
sions, floods likely had at least as much
of an impact."”

At the start of the twentieth cen-
tury, a dense stand of carrizo grass
was present near the Salt-Gila conflu-
ence.'® Maps made around 1900 show
extensive stands of “mesquite timber”
lining both sides of the Gila River from
its confluence with the Salt River up-
stream and past its confluence with the
Santa Cruz River."” Groundwater levels
were less than 50 feet below land sur-
face in a broad swath centered on the
river from the Salt-Gila confluence up-
stream to Florence, and effluent condi-
tions were reported in the river at two
points, near Sacaton and in the vicinity
of the current Interstate 10 crossing.
However, few cottonwood and willow
trees remained, despite the fact that
large-scale water development would
not begin for another decade. Descrip-
tions such as “cottonwood occurs in a
thin fringe . . . here and there a grove
along the Gila and Salt Rivers” are con-
sistent with other nineteenth-century
observations. By 1923, the river was
described as intermittent, and settlers
described the cottonwood as having
disappeared forty years earlier (1880s),
but fish were reportedly still present in
the river.”

Before extensive urbanization in
the Salt River Valley, mesquite grew
in extensive stands in the vicinity of
and downstream from the confluence
of the Salt and Gila Rivers.” Many
of these bosques, in particular those
downstream from the present-day site
of Painted Rock Dam (fig. 26.1), have
been cleared for agricultural lands.”




Others died owing to water-level de-
clines in the alluvial aquifer by the
1970s.2

The native fisheries of the Gila River
have been largely eliminated. In the
middle of the nineteenth century, many
native species, in particular Colorado
River pikeminnow, were common in
much of the river basin.” Many spe-
cies of birds occur along the lower Gila
River, particularly where riparian
habitat remains. On the Gila River
Indian Reservation, where a perennial
stream supporting a cottonwood-
willow forest is now a xerophytic river-
bed, twenty-nine bird species are
thought to have been locally extir-
pated.” Although bird life along the
lower Gila River was abundant, aquatic
mammals were relatively sparse, as in
most other riparian areas in the region,
Beaver became much less numerous
along the lower Gila River following
the 1891 flood (see the next section),
although a colony was reported to be
at Mohawk in 1894.% Few trappers
reported beaver in abundance on the
lower Gila River, although beaver and
muskrat, now uncommon in most Ari-
zona rivers, remain.”’

Floods and Channel Change

The first evidence of large floods along
the lower Gila River are preserved in
paleoflood records in damaged irriga-
tion canals once used by the Pima and
show variation in flood occurrence

in the late Holocene.” In particu-

lar, flooding was relatively low from
around four thousand to one thousand
years ago, followed by a period of high
flood frequency, channel instabil-

ity, and damage to irrigation canals.
Lack of evidence suggests a period of
low flood frequency and high chan-
nel stability leading to the nineteenth
century.

As the first observations suggest,
the Gila River was a shallow, braided
stream, particularly between Flor-
ence and the confluence with the Salt
River.”” Some researchers erroneously
believe that the Gila River once flowed
with a volume sufficient to sustain
steamboat traffic.” The origin of this
myth may be W. H. Emory’s report,
which stated that “[t]he Gila, at certain
stages, might be navigated up to the
Pimos [Pima] village.”' Although this

claim is clearly an exaggeration, two
early expeditions built boats to float
from near the present site of Gila Bend
to the Colorado River. The first at-
tempt was made by the Mormon Bat-
talion in 1845.*” In a failed attempt to
avoid slow travel through deep sands,
they converted a wagon into a boat,
but flow was shallow, and the wagon
was repeatedly stranded on sandbars.
The second attempt, this time success-
ful, was made by a Forty-niner group
who turned their wagon into a scow.”
After the Explorer (see chapters 12 and
27) was salvaged in the late 1850s, it
reportedly was used to haul firewood
down the Gila River near its mouth.*
Clearly, seasonal flow in the river was
sufficient to tempt river traffic and to
sustain native fish populations, but in-
sufficient to allow regular boat traffic.

Floods were once common on
the lower Gila River and are known
mostly because of damage at Yuma
(see chapter 27). Some floods, such as
an 1833 event, are thought to be larger
than twentieth-century floods but are
poorly known because written records
were not made and discharge measure-
ments are not available.”” Two floods,
in September 1868 and again in 1869,%
also caused significant inundation
along the lower Gila River; the 1868
flood reportedly was 4 miles wide. The
1891 flood, one of the most significant
floods in Arizona history, had peak
discharges of 250,000 ft*/s at Gillespie
Dam and 280,000 ft*/s at Dome (fig.
26.2). With the construction of bridges
and other floodplain structures, flood
damage became a serious problem.
For example, in October 1895, a flood
on the Gila River destroyed a railroad
bridge near Maricopa;*” another flood
in July 1898 destroyed a stagecoach.
The 1905 flood, a relatively small event
at Dome, widened the Gila River and
converted it into a braided form.*
More damage occurred during the
January 1916 floods. Channel width
increased by a factor of four to five
between 1868 and 1923.%”

Since construction of Coolidge
Dam in 1928, only two significant
floods have occurred in the reach up-
stream from the Salt-Gila confluence,
The 1983 flood came from the com-
bination of the San Pedro and Santa
Cruz Rivers (chapters 19 and 21), and
the 1993 flood also came from these
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tributaries, combined with emergency
releases from Coolidge Dam. Down-
stream from the Salt-Gila confluence,
floods have been more frequent owing
to the effects of large regional storms
on the Verde and Salt Rivers (chapters
23 and 24). Extremely large events
that rivaled the size of predam floods
occurred in 1978 (March and Decem-
ber), 1980, and 1993 (fig. 26.2b).

The channel of the Gila River up-
stream from the Salt-Gila confluence
responded differently to the 1983 and
1993 floods. The 1983 flood, with a
peak discharge of 35,000 ft*/s, was
not sustained and caused little chan-
nel change.” In contrast, the 1993
flood peaked at 41,600 ft*/s, and the
sustained flows in the late winter and
spring of 1993 caused significant chan-
nel widening. The post-1993 channel
reverted to its appearance following
the 1905 floods (see fig. 26.4).

Flow Regulation

For several hundred years, the Pima
diverted water from the Gila River for
irrigation purposes. As others moved
into the region in the 1870s, diversions
increased, but the dams frequently
washed out. The 1891 flood reportedly
destroyed all the irrigation dams along
the Gila River; a small flood in 1900
cut a 20-foot-wide breach in the
irrigation dam at Florence.” The joint
needs for flood control and irrigation
diversion prompted a basinwide develop-
ment of water resources in the early
twentieth century.

Roosevelt Dam, completed in 1911,
regulates much of the flow on the
lower Gila River (chapter 24). As noted
in chapter 17, Ashhurst-Hayden Dam
(1922) was the first concrete-and-steel
dam to regulate at least partially the
Gila River upstream from its conflu-
ence with the Salt River. The lower Gila
River has been fully regulated by dams
on its main stem and principal tribu-
taries since completion of Coolidge
Dam in 1928. Releases from Coolidge
Dam are typically diverted into a canal
network at Ashhurst-Hayden Dam
upstream from Florence, leaving the
channel downstream dry most of the
time. This dam is designed to pass
flood releases from Coolidge Dam—as
occurred in 1993—and occasional
large floods from the San Pedro River.
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Figure 26.2 Annual flood series for the Gila River. Many years have no flow.

A.The Gila River near Laveen, Arizona (station 09479500; 1916, 1926, 1940-1995) combined with Gila River near Maricopa (station
09479350; 1995-2000).

B. The Gila River below Gillespie Dam, Arizona (station 09519500; 1891, 1921-2003).
C. The Gila River near Dome, Arizona (station 09520500 1891, 1904-2003).




The Lower Gila River 341

g 0 -l L] L L L L I LU0 L B B DN B B B I L L L T L] L) I LI L) LI L l LI | L L L L ) I LB L L L L l-
] C :
’LUJ 5 .
L = 50 =
3 o -
n - ]
2 100f :
1+ o .
- o :
£ 150F -
1%} - .
w - e
< C ]
& 200F :
K] C A
> L o
g 250 f :
(] v .
§ 300 I T A TN AT T T TN TN T AT N WO T RO T T (T WA W WY U S T U W N0 Y U NNY NN Y N N U Y TR Y Y N N Y NN N WSO NN OB U U OO M
1950 1960 1970 1980 1990 2000 2010

Figure 26.3 Groundwater levels for well D-04-03 16CBB along the Gila River near Maricopa, Arizona.

Widespread development of the Gila
River below present-day Painted Rock
Dam began in 1857 with small-scale
diversions. Floods destroyed these early
dams, but the fertile valleys remained
magnets to farmers. The first solution
was drilling of irrigation wells in the
1910s, but ultimately surface water
from the Gila and Colorado Rivers was
needed. The Wellton-Mohawk Irriga-
tion District was formed in the 1940s to
irrigate 75,000 acres along the Gila Riv-
er.”? Painted Rock Dam, 181 feet high,
was completed in 1960 to provide flood
control for the lower Gila River.* This
dam potentially impounds one of the
largest reservoirs wholly within Arizona
(by volume, 2.5 million acre-feet), but
the 53,200-acre reservoir usually is dry.
The largest discharge entering the res-
ervoir was 220,000 ft*/s during the Feb-
ruary 1980 floods in central Arizona;
the dam and spillways released 26,500
ft'/s in February 1993 into a channel
designed to pass 10,000 ft'/s." The sus-
tained releases from Painted Rock Dam
in 1993 damaged levees and inundated
farmland, but the releases were an order
of magnitude smaller than historical
flood peaks in this reach.

Changes in Riparian Vegetation

Florence to the Salt-Gila
Confluence

Although once lush with woody ripar-
ian vegetation, at least within certain

specific reaches of perennial flow,

the Gila River between Florence and
its confluence with the Salt River is
now usually dry. Flood flows from
the Santa Cruz River basin have oc-
casionally reached the Gila River near
Laveen, notably in 1983 and 1993
(chapter 21). Otherwise, irrigation
returns are the only sources of water
in this reach. Groundwater levels near
the river steadily declined as aquifers
were pumped to supplement surface
water (fig. 26.3). However, beginning
in the early 1990s, water levels have
rebounded, but not to heights suf-
ficient to sustain riparian vegetation.
The increase likely is the result of im-
portation of CAP water extracted from
the Colorado River combined with
recharge of the alluvial aquifer during
the 1993 flood.

Fourteen photographs at two loca-
tions document twentieth-century
changes in riparian vegetation; no
historical photographs show the ri-
parian conditions orally described
at the Piman villages. One of the few
historical photographs in this reach
shows an extremely wide and barren
channel in 1915 (fig. 26.4A). Changes
in the twentieth century, reminiscent
of those in the San Juan River (chapter
8), are steady revegetation of the chan-
nel during the low-flow period of the
midcentury drought (fig. 26.2A), but
owing to groundwater declines and
decreased surface flow the vegetation
is mostly mesquite and tamarisk in

xerophytic positions or plants typi-
cal of the Sonoran Desert. The 1993
flood release, which was sustained
over a two-month period in February
and March, simultaneously destroyed
some of the xerophytic vegetation (fig.
26.4D) and caused some germination
of cottonwood; several isolated indi-
viduals survive in this reach.

Where Interstate 10 currently cross-
es the Gila River, the channel already
had become nearly devoid of riparian
vegetation by 1903 (fig. 26.5A). The
channel of the Gila River at the former
gaging station at Laveen (fig. 26.1)
sustains a nearly monospecific stand
of tamarisk on flow that is either ir-
rigation returns or infrequent floods
on the Santa Cruz River (chapter 21).
Downstream, the Gila River flows
through a narrow valley between the
Sierra Estrella and South Mountain,
which may force groundwater toward
the surface. Near the Gila’s conflu-
ence with the Salt River, Frémont cot-
tonwood has returned to the channel
banks as a result of a change in both
groundwater levels and Salt River flow
regime.

The Gila-Salt Confluence to
Gillespie Dam

The Gila River has perennial flow from
its confluence with the Salt River to
near Gila Bend owing to the combina-
tion of irrigation returns and sewage
effluent from Phoenix and its suburbs
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Figure 26.4 Photographs of the Gila River at Olberg, Arizona.

A. (March 17, 1915.) This downstream view on the Gila River, from a low butte adjacent to the right bank, shows an extremely wide,
denuded channel with a thread of flow occurring in the right midground. The line of horse-drawn wagons is in place to repair a
diversion dam that serves the canal leading to the right. An abandoned canal lies at the base of the butte below the camera station.
This photograph was taken a few months after the devastating floods of February 1915 in the Gila River basin (see fig. 26.2C.) A few
mesquite trees appear along the right bank, and an open grove of Frémont cottonwood appears on both banks in the background. (H.
L. Shantz I-7-1915, courtesy of the Homer Shantz Collection, University of Arizona Herbarium, Tucson.)

B. (March 6, 1974.) The Gila River seldom flows in this reach owing to total diversion of surface water upstream at the Ashhurst-Hayden

Dam, about 40 miles upstream. Xerophytic shrubs, including mesquite, catclaw, and creosote bush characteristic of the Sonoran Desert
lowlands, appear where the river once flowed. A hint of obligate riparian trees remains in the background, although they may be trees

planted around houses. (R. M. Turner.)




into the Salt River. Groundwater levels
have been high at this confluence, both
historically and currently, and a cotton-
wood-willow forest persists at this
point within a sea of tamarisk in the
wide floodplain. One analysis shows
that riparian vegetation in the channel
was nearly nonexistent around 1900
but peaked in the 1930s immediately
following construction of Coolidge
Dam.* In 1971, the area of tamarisk
with greater than 50 percent cover was
5,900 acres in this reach, and a total
of 11,540 acres had tamarisk.* This
tamarisk grove is highly valued for its
White-winged and Mourning Dove
populations, as indicated by the es-
tablishment of the Robbins Butte and
Arlington State Wildlife Areas in this
reach. Thick groves of mesquite and
catclaw are behind the tamarisk-
dominated floodplain.

Gillespie Dam, built as an irrigation
diversion structure in 1921, almost
immediately filled with sediment
(fig. 26.6A). Nine photographs docu-
ment changes in riparian vegetation
at this site. Riparian vegetation began
growing almost immediately in the
wide delta area, and this environment
became prime habitat for tamarisk.
Gillespie Dam breached during the
1993 flood (fig. 26.6C), which caused
the channel to downcut through the
former delta, lowering its groundwater
level. Fires here have burned some of
the dense stands of tamarisk, which
may not regain their former density
owing to the lowered water table. The
filled reservoir supports mostly dense
groves of tamarisk, but some areas,

closer to the active channel level, sup-
port cattail.

Gillespie Dam to Yuma

Downstream from Gillespie Dam, the
Gila River flows south to Gila Bend
and the delta of Painted Rock Reser-
voir. This reach—including the usually
dry reservoir—is lined with agricultur-
al fields that grow primarily alfalfa and
cotton. These fields are irrigated with
a combination of groundwater and
surface water, and as in many other
alluvial aquifers in the desert region of
Arizona, groundwater levels have had
precipitous declines (fig. 26.7). Water
levels rebounded with the frequent
floods between 1977 and 1983 (fig.
26.2B). Native and nonnative riparian
vegetation is common along the river
upstream from the reservoir.

At Gila Bend, the river’s course
swings westerly for its last reach of
more than 100 miles to its confluence
with the Colorado River. Its first 30
miles are within the boundaries of
Painted Rock Reservoir. Four histori-
cal photographs document postdam
changes in riparian vegetation here
(fig. 26.8) and downstream from
Painted Rock Dam. Owing to periodic
inundation—the most recent occurred
in 1993—the vegetation here is either
tamarisk, riparian shrubs, or xerophyt-
ic species associated with disturbance.

Below Painted Rock Dam, the Gila
River is mostly dry until irrigation
returns associated with the Wellton-
Mohawk Irrigation District add some
flow to the channel. The combination

The Lower Gila River 345

of flow regulation upstream and agri-
cultural clearing changed much of the
riparian vegetation in this reach. Tam-
arisk encroachment was significant
enough to prompt large-scale clearing
of 2,700 acres along 142 miles of chan-
nel between 1958 and 1959.* By 1970,
most of the vegetation in this reach
was tamarisk within the floodplain
and mesquite on the nearby uplands.”
Riparian vegetation occupying 16,400
acres along the Gila River upstream
from Dome was mapped on 1970
aerial photography.® At that time,
tamarisk occupied half of the mapped
area. Other nonnative species of note
were giant reed, found in association
with cattail assemblages adjacent to
standing or slow-moving water, and
tree tobacco, associated with tamarisk-
arrowweed assemblages.

Twenty-two photographs associ-
ated with the gaging station on the
McPhaul Bridge near Dome, Arizona,
document changes in riparian vegeta-
tion (fig. 26.9). Flow regulation by
Roosevelt and Coolidge Dams and the
midcentury drought have drastically
reduced the size of floods at this site
(fig. 26.2C). The channel has narrowed
considerably through the combination
of reduced flow and channel stabiliza-
tion (fig, 26.9B), and agricultural de-
velopment of floodplains has reduced
the amount of riparian vegetation,
including both cottonwood and mes-
quite. Riparian vegetation now consists
of the combination of a narrow line of
cottonwood, with dense tamarisk be-
hind and mesquite on the far margins
of the channel.
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