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GILA RIVER PHREATOPHYTE PROJECT

CHANNEL CHANGES OF THE GILA RIVER IN
SAFFORD VALLEY, ARIZONA, 1846-1970

By D. E. BurkHAM

ABSTRACT

The stream channel of the Gila River in Safford Valley,
Ariz., changed significantly from 1846 to 1970. The stream
channel was fairly stable and narrow from 1846 to 1904 and
meandered through a flood plain covered with willow, cotton-
wood, and mesquite. The average width of the stream channel
was less than 150 feet in 1875 and less than 300 feet in 1903.
During 1905-17 major destruction of the flood plain took place,
and the average stream-channel width increased to about 2,000
feet. Reconstruction of the flood plain was underway during
1918-70; the stream channel narrowed, and the average width
was less than 200 feet in 1964. The flood plain became densely
covered with saltcedar during 1918-70. Minor widening of the
stream channel occurred in 1965 and in 1967, and the average
width of the channel was about 400 feet in 1968,

The major widening of the stream channel during 1905-17
was caused mainly by large floods, which carried small sedi-
ment loads. The period of flood-plain reconstruction was charac-
terized by floods having relatively low peak discharges and large
sediment concentrations. Primarily, the large sediment loads
carried by these floods were the result of the erosion of alluvial
deposits in the low-altitude drainage basins tributary to the
Gila River. The small floods that originated in these tributary
basing spread over the wide channel of the Gila River, lost
kinetic energy, and sediment deposition resulted. During 1935-
70 the average rates of sediment accretion along the bottom
land in two reaches of the river were 0.03 and 0.08 foot per
year. The dense cover of saltcedar and the cultivation of the
bottom land may have been significant contributing factors to
the rapid reconstruction of the flood plain.

The temporal distribution of flow and the average annual
flow—about 260.000 acre-feet—at the head of Safford Valley
during 1920-64 probably were about the same as those during
1800-1904. Based on this premise, the statement can be made
that the flood of November 1905, which had a peak flow rate
of about 150.000 cubic feet per second, probably was the largest
flood in more than 170 years. The preceding statements are
based on the fact that the channel width is governed mainly
by rates of streamflow and that, even with the help of man,
it took 50 years for the flood-plain development to approach
that prior to 1905.

INTRODUCTION

Flood plains and streams are of prime interest to
inhabitants of arid and semiarid regions in the United
States because they offer, respectively, fertile level land
and a water supply. Traditionally, development in these
regions has centered along the flood plains, and changes
in the flood plains and stream channels often result in
loss of life, property, and water supply.

The natural processes involved when changes occmr
in flood plains and stream channels generally are com-
plex and varied. Furthermore, data are seldom avail-
able to determine the influence of each of the many
variables involved ; the Gila River in the Safford Valley
in southeastern Arizona (fig. 1) is an exception in that
large quantities of historical data pertinent to the
changes are available.

The present report gives a description of the natural
flow-regime modification of the flood plain and strecm
channel of the Gila River in Safford Valley from
1846 to 1970. The spatial and temporal changes in
stream-channel width, length, and sinuosity and in the
areal extent of natural vegetation and cultivated land
in the flood plain are described. The factors and condi-
tions that influence these changes also are described.
Finally, the hydrologic implications that pertain to
aggradation and degradation in alluvial valleys, nor-
mal flows and frequencies of floods, hydraulics of flow,
and the use of water by flood-plain vegetation are dis-
cussed. The present report is the result of studies of
environmental factors that affect evapotranspiration in
the Gila River Phreatophyte Project area (Culler and
others, 1970). The studies are under the direct super-
vision of R. C. Culler, project chief, and the report was
prepared under the general supervision of H. M. Bab-
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CHANNEL CHANGES OF THE GILA RIVER IN SAFFORD VALLEY, ARIZONA, 1846—1970

cock, district chief of the Water Resources Division of
the U.S. Geological Survey in Arizona.

The cooperation of the many people who supplied
historical data vital to this investigation is gratefully
acknowledged. Special thanks are due R. H. Rupkey,
J. H. Jones, Jr., and Harold Johnson of the U.S. Bu-
reau of Indian Affairs; D. M. Marshall of the U.S.
Department of Justice; J. J. Turner of the U.S. Soil
Conservation Service; and J. A. Lentz of the Phelps
Dodge Corp. for assistance in furnishing data. The au-
thor appreciates the help of E. W. Scott of the U.S.
Bureau of Land Management, who located the 1937
U.S. Soil Conservation Service cross sections in the
field ; Thomas Maddock, Sr., furnished profile data for
the 1941 resurveys of the cross sections established by
the Soil Conservation Service.

CHARACTERISTICS OF THE STUDY REACH

The Safford Valley, which extends from the conflu-
ence of the Gila River and Bonita Creek to Coolidge
Dam, trends northwestward between the Gila Moun-
tains on the northeast and the Pinaleno and Santa Te-
resa Mountains on the southwest (fig. 1). The valley
is about 12 miles wide and 75 miles long and is filled
with more than 1,000 feet of silt, sand, and gravel.
The deposits have been classified informally as terrace
gravel and alluvium, deformed conglomerate or gravel,
and basin fill (Davidson, 1961, p. 151). Troughs incised
in the basin fill are from 2,000 to 10,000 feet wide and
are filled with as much as 100 feet of terrace gravel and
alluvium. The Gila River enters the valley a few miles
northeast of Safford and drains the area.

The study reach is about 45 miles long and extends
from the confluence of the Gila and San Simon Rivers
to Calva, Ariz. (pl. 1). The present report is concerned
with the part of the alluvial area along the Gila River
that underwent major changes from 1816 to 1970; in
general, the area is included in the 1914-15 flood chan-
nel (pl. 1) as described by Olmstead (1919) and cor-
responds approximately to bottom land as defined by
Gatewood, Robinson, Colby, Hem, and Halpenny (1950,
p- 10). As herein used, the term “bottom land” refers
to the area in the 1914-15 flood channel, and the term
“flood plain” refers to the part of the bottom land not
occupied by the stream channel. The term “stream chan-
nel” refers to the area that is generally void of vege-
tation and that has a definite bed in which flowing
water is confined by banks.

The bottom-land area of the Gila River is from 1,000
to 5,000 feet wide, and the present (1970) stream chan-
nel is from 60 to 500 feet wide. The stream channel has
an average slope of about 0.002 and is a pool-and-rifile
type. During flows of less than about 500 cfs (cubic feet
per second), the pools generally are full of sand, which

G3

is eroded casily at higher flows; the riffles are fairly
stable gravel bars. The flood plain is densely covered
with saltcedar, willow, and mesquite, except in aress
where the vegetation has been removed by man.

The depth to ground water in the alluvium along
the Gila River is less than about 20 feet below the land
surface, and during flows of long duration, the water
table intercepts the streambed. About 69,000 acres of
land is under cultivation in the Gila River basin above
Coolidge Dam; about 33,000 acres of the cultivated
land is in Safford Valley (Barr, 1954, p. 14-17). Tho
principal crops are cotton and alfalfa. Part of the irri-
gation water is diverted from the Gila River, and the
rest is obtained from wells,

Climatically, the semiarid Safford Valley is in the
Sonoran Border zone (Thomas, 1962, p. 13). The ter--
perature extremes recorded at Safford, which is at
an altitude of 2,900 feet above mean sea level in tho
upstream end of the valley, are 7° and 114° F (Sellers,
1960). The annual precipitation at Safford ranges from
3.0 to 17.5 inches and averages about 8.7 inches (Sellerw,
1960).

An area of about 7,900 square miles contributes run-
off to the Gila River at the head of Safford Valley. Tl'o
drainage basin ranges in altitude from about 3,000 to
11,000 feet above mean sea level and extends eastward
into the mountains in New Mexico.

The area tributary to the Gila River adjacent to tho
Safford Valley contains about 3,570 square miles ard
is drained by many ephemeral streams. The tributary
basins typically are long and narrow, and the drainage
areas are from less than 1 square mile to about 2,200
square miles. The altitudes of the basins range from
about 2,500 to 11,000 feet above mean sea level. Tn
general, the slopes of streams tributary to the stucy
reach downstream from Fort Thomas are steep to th=
bottom land; in the bottom land the slopes of tl=
streams abruptly decrease. The slopes of most of tl~
tributaries upstream from Fort Thomas are relatively
gentle to the bottom land.

Streamflow in the Gila River is classified as winter
flow and as summer flow. Winter flow takes place from
November through June, and summer flow takes place
from July through October.

Winter flow is mainly from precipitation durirg
frontal storms, snowmelt, or outflow from ground-water
storage and often is a combination of the three. The flow
rate may be fairly constant for several days, and tho
sediment concentrations are low. The causes of major
winter floods are widespread heavy rainfall of long
duration, warm weather after a large snow accumula-
tion, or widespread rainfall on snow.

The main source of summer streamflow is local
thunderstorms, which are especially prevalent in July
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and August. Individual summer thunderstorms char-
acteristically produce high unit rates and unit volumes
of flow from small watersheds, but only rarely do they
produce high unit rates or unit volumes of flow from
large watersheds. The crest of a flood from a thunder-
storm typically is very sharp near the site of the
thunderstorm, but it may become rounded or flattened
downstream because of the dampening effects of tem-
porary storage in the conveyance channels. During
September and October, occasional frontal activity
causes precipitation that produces widespread runofl.
The combined runoff from the frontal storms and con-
current local thunderstorms is the most common cause
of large flows of the summer season. Sediment concen-
trations generally are high during summer flows.

The annual surface-water inflow for the period
1938-61 averaged about 255,000 acre-feet for the reach
that extends from the head of Safford Valley to Calva
(Burkham, 1970, table 4). The inflow includes 230,000
acre-feet for the Gila River at the head of Saifford Val-
ley, 11,000 acre-feet for the San Simon River, and 14,000
acre-feet for ungaged tributaries. About 70 percent of
the flow in the Gila River at the head of Safford Valley
ocenrs in the winter, whereas the flows in the San Simon
River and in the ungaged tributaries occur mainly in
the summer.

The study reach is divided, in downstream order,
into four subreaches (pl. 1)—A, from the confluence of
the San Simon and Gila Rivers to the bridge at Pima;
B, from the bridge at Pima to the east boundary of the
San Carlos Indian Reservation; C, from the east bound-
ary of the San Carlos Indian Reservation to the bridge
on U.S. Highway 70 near Bylas; and D, from the bridge
on U.S. Highway 70 near Bylas to the railroad bridge
that spans the Gila River near Calva. Only a small
amount of topographic data is available for subreach C,
and data for this subreach are not included in the tables
in this report. Subreach D is the same as subreach 1 in
the Gila River Phreatophyte Project area (Culler and
others, 1970). Spatial and temporal changes in the flood
plain and stream channel are described for each sub-
reach and for the entire study reach for the periods for
which data are available.

DATA SOURCES

Diaries and journals written from 1846 to 1874 con-
tain the first known descriptions of the Gila River in
Safford Valley. A few of the diaries and journals,
written by people in transit through the valley, include
descriptions of the vegetation along the travel routes.

Cadastral surveys (data in files of U.S. Bur. Land
Management, Phoenix, Ariz.) made during 1875-94 give
detailed descriptions of stream-channel width, stream-
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channel meander, and vegetation along the stream. The
cadastral surveys extended upstream from the east
boundary of the San Carlos Indian Reservation to above
the confluence of the Gila and San Simon Rivers.

The basic data for 1903 through 1917 are mainly from
four sources—a soil survey made by Lapham snd Neill
(1904), photographs and topographic maps furnished
by the U.S. Bureau of Indian Affairs (data in files of
U.S. Bur. Indian A ffairs, Phoenix, Ariz., and V’ashing-
ton, D.C.), Senate Document 436 (Olmstead, 1€19), and
U.S. Geological Survey Water-Supply Paper 450-A
(Schwennesen, 1921). The soil-survey report ccvers a 2-
to 6-mile-wide tract that extends from Solomon to Fort
Thomas (pl. 1) and includes general descriptions of the
Gila River and the vegetation along the bottom land in
1903 (Lapham and Neill, 1904). The topographic maps
of Safford Valley were compiled in 1914-15, and the
photographs showing views along the Gila River in the
San Carlos Indian Reservation were taken during
1909-17 (data in files of U.S. Bur. of Indian Affairs,
Phoenix, Ariz., and Washington, D.C.). The topo-
graphic maps, which are at a scale of 1:12,070, show
altitude contours at 5-foot intervals, both banks of the
Gila River, irrigation canals, diversion points, irrigated
land, and land that could be supplied with water from
the ditches in 1914-15.

Data for 1918-70 were obtained mainly from aerial
photographs, topographic maps, and cross-sectional
profiles. The aerial photographs were taken in 1935,
1942, 1947, 1954, 1957, 1964, 1966, 1967, and 1978. Data
were taken from two sets of topographic maps One set
was prepared by the U.S. Soil Conservation Service
in 1935 at a scale of 1:7,200; the contours are at 2-foot
intervals. The other set was prepared by the U.S. Geo-
logical Survey in 1960 at a scale of 1:62,500; the con-
tours are at 40-foot intervals. Cross-sectional profiles are
available for many sites along the study reach; most
of the cross sections were established by the U.S. Soil
Conservation Service in 1937 and by the Phelps Dodge
Corp. in 1943. The cross sections used in the present
report (pl. 1) were resurveyed by the author during
1965-70.

GILA RIVER BEFORE 1875

Francisco Vasquez de Coronado, in quest of the
“Seven Cities of Gold,” crossed the Gila River near
the present town of Geronimo in 1540. According to
Calvin (1946, p. 135), Coronado described the Gila
River as “‘a deep and reedy stream’.” The nexrt known
reference to the Gila River is by Emory (1848, p. 67),
a U.S. Army topographical engineer, who described the
Gila River near Bonita Creek as having a cross section
of “about 70 feet by 4” on October 27, 1846. Emory
(1848, p. 68) found cottonwood and willow clcse to the

































CHANNEL CHANGES OF THE GILA RIVER IN SAFFORD VALLEY, ARIZONA, 1846-1970

1916, in files of U.S. Bur. Indian Affairs, Phoenix,
Ariz.) :

For several years previous to 1914, however, the stream channel
seemed to hug the north bank of the river * * * In December
1914, the river attacked the south bank in three places * * *,
In July 1915, another flood, although not so great as the one
in December 1914, eroded the [south] river bank for about 6,600
feet * * * at the same time cutting the channel deeper on the
south side of the river and building up on the north side. * * *
The channel is now headed directly towards the school [in
Bylas] * * ¥

In February 1920, H. V. Clotts (written commun.,
March 1920, in files of U.S. Bur. Indian Affairs,
Phoenix, Ariz.) found that “the wide detour of the
[Gila River] channel * * * has been gradually ap-
proaching the school [in Bylas] * * * While the river
has been cutting in the Southside, it has been deposit-
ing a bar on the Northside on the inside of the curve.”

The meager topographic data indicate that the
alluvial fan at the mouth of Salt Creek at Bylas re-
tarded flow in the Gila River and caused the deposition
of sediment in the backwater areas during the major
floods of 1905-17. Some of the sediment deposited dur-
ing the floods was removed later by smaller flows.

Plate 5 shows the horizontal and vertical changes in
the Gila River near Fort Thomas as a result of two
alluvial fans and high flows. The fans, which formed
at the mouths of two tributaries, apparently were re-
moved during the floods of 1905-17; however, a deep
channel did not erode in the smaller tributary until
subsequent years (pl. 1). As the alluvial fans re-formed,
there was keen competition for the space occupied by
the flood plain between the alluvial fans on the north
and the cultivated land on the south. The alluvial fans
caused a bend to develop in the Gila River and caused
the erosion of the cultivated land during the floods of
1965-67.

In summary, the alluvial fans that formed at the
mouths of the steep streams have affected the recon-
struction of the Gila River flood plain in several ways.
The fans occupy space and, therefore, retard floodflow,
which results in the deposition of sediment in the back-
water areas. The fans furnish a supply of easily erodible
material that is redistributed to other parts of the flood
plain by floods. The fans also have forced the Gila River
into a meandering course through the bottom land.

RATES OF SEDIMENT ACCRETION

The amount of sediment accreted for each of the five
processes of deposition is unknown. In subreaches A
and B, however, the composite accumulation as a result
of all processes is well documented through the periodic
surveys that have been made at several cross sections

(pl. 1).
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The average change in the altitude of the bottom
land at each cross section for a given time increment
was obtained as follows: (1) The measured profiles at
each cross section were plotted on graphs; (2) the ver-
tical area between plotted profiles was obtained from
the graph; and (3) the change in altitude was obtained
by dividing the vertical area by the horizontal length
of the cross section. These data are for the bottom land
within the end points of the cross sections as initially
established (table 2). The profile data were obtained
from field surveys, except the data for 1914-15 and
1935, which were scaled from contour maps. A positive
change in altitude for a time increment indicates a
larger area of fill than of scour in the section. In many
places there is fill in part of a cross section and sccur
in the rest (pl. 54).

TABLE 2.—Changes tn the allitude of the bottom land at cross sections
along the Gila River, Safford Valley

Cross section No.: See plate 1 for locations of cross sections.

Change in altitude: Change in altitude for a cross section is averaged by dividing the
change in vertical area by the horizontal width of the section.

Rate of change in altitude: Total change in altitude divided by the number of years
between the first survey and the last, but data for 1914-35, 1914-37, and 191443 were
not used in caleulating the rate of change.

Rate of
Changein chang?in
Cross section No. Period between surveys altitude  altitude
(feet) (feet per
year)
SCS 18 ... _.. July 1937 ! to July 1965 __. —1. 22} —0.03
July 1965 to July 1966.____ +.27 i
| A July 1937 ! to July 1965.._. —1. 60} — .04
July 1965 to July 1966_____ +. 44
6. .. July 1937 * to July 1965.... —. 98} .03
July 1965 to July 1966_.___ +. 24 ’
15 . July 1937 ' to July 1965..._ —0. 78} .09
July 1965 to July 1966_____ —1. 80 ’
4. July 1937 1 to July 1965..__ +1. 37} 104
July 1965 to July 1966_____ .31 )
13 July 1937 o July 1965.... —. 07} .02
July 1965 to July 1966 .. __ —.79 :
12 ... July 1937 tto July 1941_.__ -—.28
July 1941 to July 1965 ____ +.21 —. 03
July 1965 to July 1966_____ —. 79
b A, July 1937 * to July 1941_.__ —1. 00
July 1941 to July 1965_____ —.71 —. 06
July 1965 to July 1966_____ -—. 02

1 Date that the cross section was established.




G16

GILA RIVER PHREATOPHYTE PROJECT

TaBLE 2.—Changes in the altitude of the bottom land at cross sections

along the Gila River, Safford Valley—Continued

TaBLe 2.—Changes in the altitude of the bottom land at cross sections
along the Gila River, Safford Valley—Continued

Cross section No.

Period between surveys altitude
(feet)

Rate of
Change in change in

altitude
(feot per

year)

GS (Safford
bridge).

223___.

July 1937 ! to July 1941____ +-0.

July 1941 to July 1965_____ +.
July 1965 to July 1966 ___ _ +.
July 1937t to July 1941 ___ .
July 1941 to July 1965.____ +.
July 1965 to July 1966_____ +.
July 1966 to Dec. 1968 . ____ -.
July 1937 ' to July 1941 ____ +.
July 1941 to July 1965_____ +1
July 1965 to July 1966_____ —.
July 19371 to July 1941 ___ —.

July 1941 to July 1965_____ +.
July 1965 to July 1966_____ —.
July 1914 to July 19371 ___ 4.
July 1937 1 to July 1941____ +
July 1941 to July 1965_ ____ +
July 1965 to July 1966_____ —
July 1914 to July 19371 ___ —1.
July 19371 to July 1941.___ .
July 1941 to July 1965_____ -+.
July 1965 to July 1966_____ —1.
July 1914 to July 19371 ___ —.
July 19371 to July 1941____ +.
July 1941 to July 1965_____ +1.
July 1965 to July 1966_____ —.
July 1914 to July 19371.___ +.
July 19371 t0 July 1941.___ .
July 1941 to July 1965..___ —.
July 1914 to July 19371 ___ +.
July 19371 to July 1965.___ +.
July 1965 to July 1966_____ —.
July 1914 to July 1937 ___ .
July 19371 to July 1965 ____ .
July 1965 to July 1966_____ —.
July 1966 to Dec. 1968. . ___ —
Dec. 19421 to Nov. 1967___ +1.
Nov. 1967 to Jan. 1969.... —.
Oct. 1914 to July 1935__.__ +3.
July 1935 to June 1943!____ —.
June 19431 to Oct. 1969_ ___ —1.
Oct. 1914 to July 1935_____ +2.
July 1935 to June 19431____ —1.
June 19431 to Oct. 1969____ —.

1 Date that the cross section was established.

04
09} +0.03
77
15
07
46 0
67
49
61 +.05
59
05
81y  +.02
09
60
.48
568 .02
. 50
30
95
928 .01
60
77
10
11y +.03
42
94
54
05} +.05
85
62
60} +.03
31
40
17y +.01
26
80
25} +.06
56
78}
o 07
51
87}
54 .07

Rat:
Change in chaf:lgeoifn
Cross section No. Period between surveys altitude  altitude
(feet) (feet per
year)
PD 222_____._. Oct. 1914 to July 1935_ ... +. 8§
July 1935 to June 19431 ___ . 53} — o1
June 19431 to Oct 1969 _.___ —. 97 :
216 _ _____ Oct. 1914 to July 1935____. —. 49
July 1935 to June 19431____ —, 3¢] .05
June 19431 to Sept. 1969___. +1. 92/ :
215. ... Oct. 1914 to July 1935_____ —2.11
July 1935 to June 1943!____ +1. 10} +.03
June 19431 to Sept. 1969.... 4. 01 :
214 _____ Oct. 1914 to July 1935_____ +.15
July 1935 to June 19431____ 41. 60} 1. 04
June 19431 to Sept. 1969__._. —.21 '
209 ... July 1935 to June 19431____ 4. 93} o7
June 19431 to Dec. 1969 .___ +1. 37
208_ ... July 1935 to June 19431____ +1. 07} 407
June 1943! to Dec. 1969.___ +1.28 ’
207 - July 1935 to June 19431____ 4. 20} +. 04
June 19431 to Dec. 1969.___ 1. 23| +. 04
196 . __- July 1914 to July 1935_____ —0.32
July 1935 to June 19431 ___ 4. 10} .10
June 19431 to July 1966____ +2. 72 ’
GS (Pima Oct. 1914 to July 1935.____ —. 16} .08
bridge). July 1935 to Feb. 19681____ +2. 57 :
PD 185._._.___. Mar. 1915 to July 1935____ —. 18
July 1935 to June 19431____ +1 m} .06
July 19431to Jan. 1970__.._ +. 92 :
184_____.. Mar. 1915 to July 1935.____ +1.12
July 1935 to June 1943!____ 4. sw} 4. 04
June 19431 to Jan. 1970____ +. 62 :
183 _______ Mar. 1915 to July 1935____. +1. 65
July 1935 to June 1943'.___ 4. 5‘1} 103
June 19431 to Jan. 1970___. +.27 ’
177 . .___._ Mar. 1915 to July 1935.___ —1.3%
July 1935 to June 1943 1.__. —. 43} +.03
June 1943 ! to Dec. 1966 - 4-1. 42 ’
176 ..______ Mar. 1915 to July 1935._... —2.2
July 1935 to June 1943 '.___ +1L 84} +.07
June 1943 1 to Dec. 1966__._ .23 ’
175 . Mar. 1915 to July 1935..._. —1.25
July 1935 to June 1943 1._.. —1. 74
June 1943 ! to Dec. 1966_... —.£9 —. 07
Dec. 1966 to Dec. 1968___._ —.12
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TaBLE 2.—Changes in the altitude of the bottom land at cross sections
along the Gila River, Safford Valley—Continued
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TaABLE 2.—Changes in the altitude of the bottom land at cross secticns
along the Gila River, Safford Valley—Continued

Change in clllzsﬁgeoig Change in cl?ﬁgeoi;
Cross section No. Period between surveys altitude  altitude Cross section No. Period between surveys altitude  altitud»
(feet) (feet per (feet) (feet per
year) year)
SCS 145 _____ Mar. 1915 to July 1937 !__. —2. 82 PD 111___.___ Feb. 1915 to Sept. 1935 __. —0.13
July 1937 ! to July 1965_._. +2. 40} +0. 09 Sept. 1935 to June 19431 __ —. 59} +0. 08
June 1943 ! to Dec. 1966._._. +3. 05 ’
146 . ... Mar. 1915 to July 1937 ... —4. 68
July 1937 ! to July 1965.._. +2. 19} +.06 110 .. ____ Feb. 1915 to Sept. 1935____. +.97
July 1965 to Dec. 1968..._. —. 38 ’ Sept. 1935 to June 19431 __ —1. 54} +.06
June 1943 ! to Dec. 1966____ +3. 37 ’
PD 148 . ... ____ Mar. 1915 to Sept. 1935.... +1. 66
Sept. 1935 to June 1943 1... +. 12} 1. 08 109, __._. Feb. 1915 to Sept. 1935_____ +. 03
June 1943 ! to Dec. 1967___ +2. 25 ’ Sept. 1935 to June 19431 __ —. 66
June 1943 ! to Dec. 1966____ +3. 97 4. 14
147 _____ Mar. 1915 to Sept. 1935..._. +2. 27 Dec. 1966 to Dec. 1968_____ +1. 20
Sept. 1935 to June 1943 1.._ —, 15} .08
June 1943 ! to Dec. 1967.__ +2. 54 ) 108_ ... Feb. 1915 to Sept. 1935 __ —. 56
Sept. 1935 to June 1943 1. ___  —. 68} +.10
146 .. ___ Mar. 1915 to Sept. 1935.._ +2. 28 June 1943 ! to Dec. 1966.___ +3. 89 '
Sept. 1935 to June 19431 __ +1. 33} 12
June 1943 1 to Dec. 1967_._ +2. 62 ’ 107______. Feb. 1915 to Sept. 1935_.__ +1. 52
Sept. 1935 to June 19431 __ —1. 17} .13
144 ___ Mar. 1915 to Sept. 1935..._ +1.11 June 1943 ! to Jan. 1968.. .. +4. 45 '
Sept. 1935 to June 1943 1__. 4 1. 41
June 1943 ! to Dec. 1967___ +3. 56‘ +.15 106 _____ Feb. 1915 to Sept. 1935____ +.17
Dec. 1967 to Dec. 1968...._ —. 15 Sept. 1935 to June 19431._. . 23} o7
June 19431 to Jan. 1968..._ +5. 23 :
141 _____ Mar. 1915 to Aug. 1935____ +1.73
Aug. 1935 to June 1943 L___ .49, . 105 .. Feb. 1915 to Sept. 1935..__ —. 81
June 1943 ! to Dec. 1967__._ +1. 35l ' Sept. 1935 to June 19431___  +. 48} 117
June 1943 ! to Jan. 1968.... +4.83 )
118 ... __ Feb. 1915 to Sept. 1935____ —1.12
Sept. 1935 to June 1943 1.__  +. 82} + 10 GS 1. Nov. 19641 to June 1966___ —. 83} 431
June 1943 ! to Dec. 1968___ +2. 37 : June 1966 to June 1968____ +2. 08
1
e B 00 gt b N 000 e 000 4
Sept. 1935 to June 1943 1._. —. 13} L 06 - i
June 1943 ! to Jan. 1968.. .. +2. 21 : B Nov. 19641 to June 1966__. —. 17} 108
June 1966 to June 1968___. +.48
116 ... __ Feb. 1915 to Sept. 1935._._ —. 37
Sept. 1935 to June 1943 1___  +. 51} + 09 L Nov. 1964 to June 1966... —. 09} +.04
June 1943 ! to Dec. 1966 .. +2. 37 : June 1966 to June 1968 . .21
L J Nov. 1964 ! to June 1966__. — 09} +.20
115 .. ... Feb. 1915 to Sept. 1935____ —1.23 June 1966 to June 1968____ +.89
Sept. 1935 to June 19431___ 4. 39
June 1943 1 to Dec. 1966__._ +2. 29 +. 09
Dec. 1966 to Dec. 1968_.... +.24 The sediment-accretion data for 1914-35, 1914-37,
and 191443 are of poor quality for two reasons. First,
114 _____ gfﬁg,?&;;if;ﬁﬁel?giél .- _2 ‘;g several of the cross sections established in 1937 and 1943
June 1943 ! to Dec. 1966 .. +1. 24} +.04 | did not extend across the entire bottom land, and tl=
amount of fill or scour in the unsurveyed areas could
3. Feb. 1915 to Sept. 1935__ .. —1. 46 not be determined; however, the amount in the unsur-
Sept. 19351“’ June 19431 —. 09} +.11 | veyed areas may have been a large part of the fill or
June 1943 * o Dec. 1966- . +3. 42 scour during these periods. Secondly, the small scale
112 Feb. 1915 to Sept. 1935_____ —. 07 (1:12,000) and large contour intervals (5-ft) for tho
Sept. 1935 to June 1943 '___ +. 30} 08 1914-15 topographic map resulted in limited accuracy
June 1943 ! to Dec. 1966____ +2. 18 + of the cross-sectional profiles. Although these data may

1 Date that the cross section was established.

have limited hydrologic value today, they do indicate
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the areas of aggradation and degradation. The sedi-
ment-accretion data collected from 1985-70 are of bet-
ter quality. Since 1935 most of the changes in the alti-
tude of the bottom land are assumed to have occurred
in the surveyed areas.

From 1935 to 1970, the net change in the altitude of
the bottom land has been an increase at 45 of the 57
cross sections in subreaches A and B, although data
show short periods of scour at some of the other sec-
tions (table 2; fig. 7). The author hypothesizes that the
increase in sediment accretion in the downstream direc-
tion occurred because more coarse material is deposited
in the bottom land in the lower part of the valley than
in the upper part and because streamflow is depleted
by infiltration and diversion. Coarse material originat-
ing in steep watersheds tributary to subreaches D and
C and part of subreach B is deposited directly in the
bottom land. In subreach A and in the other part of
subreach B, only the fine material makes its way to the
bottom land, and most of the fine material is carried
through the valley and is deposited in the San Carlos
Reservoir.

The data for cross sections where scour is indicated in
figure 7 may be grouped for (1) cross sections at bends
in the stream channel where bank erosion is occurring
and (2) cross sections where the stream channel has
been enlarged to improve the conveyance capacity. Ex-
amples of the data in group 1 are those for cross sec-
tions PD 222, PD 223, PD 224, and PD 175. The erosion
on the outside of the bends in the stream channel at
these sections apparently has been greater than the fill
on the inside. Data for cross sections SCS 11 through
SCS 18 are examples of group 2 (table 2; pl. 1; fig. 7).
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shown by 16 of the 22 sets of sediment data for 1965-66
(table 2), which indicates a net scour of the bottom land
in the valley in 1965-66.

The volume of coarse material being depo<ited an-
nually on the bottom land is unknown, but data ob-
tained from periodic surveys of five alluvial fans (pl.
1) in and near the lower part of the study resch indi-
cate that the amount is large. The volumes of the allu-
vial fans were determined from a topographic map for
1914 and from a field survey made in 1968. Tha sizes of
the contributing watersheds and the increases in vol-
umes of the five fans for 1914-68 are given below.

Size of wate.;:h)ed (square Increase in volume

Alluvial fan number miles of fan (acre-feet)
1 . 0. 31 2.2
2 . 1,78 55
E S 2. 37 140
4 . 10. 2 187
L P, 2. 56 36 6

A decrease in the average altitude of the bottom land is

The volumes of coarse material moving toward the
bottom land from the five tributaries undoubtedly were
greater than those indicated above because sorme of the
fan material probably was eroded during major floods
subsequent to those of 1914.

The data given in tables 1 and 2 were used to estimate
the volume of sediment accretion for the subreaches in
the Safford Valley for 193570 (table 3). The estimates
of sediment accretion in subreaches A and B were taken
as the product of the average annual change in altitude
of the bottom land (0.03 ft per yr for subreach A and
0.08 ft per yr for subreach B), the average area of
uncultivated bottom land in 1935-68 (2,390 acres for
subreach A and 4,360 acres for subreach B), and the
number of years in the period (35 yr). Estimates of
sediment accretion in subreaches C and D were obtained
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F1eUure 7.—Net average change in the altitude of the bottom land, 1935-70, at cross sections in subreaches A and B of the Gila
River. Distance was measured along the centerline of the stream channel (1960).
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during 1945-55 (fig. 5). At present (1970), saltcedar is
very dense in most places where the black willow was
planted, and most of the mechanical devices are buried
under the alluvium.

Flood-plain vegetation affects sediment accretion in
three general ways: (1) it retards flow, which results
in the deposition of sediment in backwater areas; (2) it
aids in the stabilization of the deposits; and (3) it con-
centrates flow in the stream channel, thus increasing
erosion tendencies in the channel during floods. There-
fore, during the periods when there are few major
floods, the trees in the flood plain aid in flood-plain
building and stream-channel maintenance. During
major floods, however, the trees in the flood plain may
cause the volume of erosion in the stream channel to
exceed the volume of fill deposited on the flood plain;
the author believes that this phenomenon is most likely
to occur during floods carrying very small sediment
loads. For example, the trees in the flood plain probably
contributed to the erosion in the Gila River channel
during the floods of 1965-66 (fig. 3) and to the major
widening of the stream channel during 1905-17. Unlike
the cottonwood, the saltcedar is not a rigid tree and will
bend during large floods, thus releasing hanging debris.
Saltcedars were not uprooted during the floods of 1965
and 1967, except where bank erosion occurred along the
stream channel.

Since 1950, farmers have altered short sections of the
channel in several places in an attempt to improve its
conveyance capacity. The usual alterations are straight-
ening and enlarging of the channel, which create tem-
porary increases in the sediment-carrying capacity of
the flow. Any increase in sediment load in the treated
section, however, generally leads to additional deposi-
tion in the adjoining downstream section; also, some
erosion generally takes place in the adjoining upstream
section. Eventually, through the process of erosion in
the upstream section and filling in the downstream sec-
tion, the treated area returns to a fairly stable state
similar to that before the treatment.

INFLUENCE OF FLOOD-PLAIN CULTIVATION

Cultivation of the bottom land is limited almost en-
tirely to subreaches A and B, where large-scale cultiva-
tion began in the fourth decade of the 20th century; the

Fi1eure 8.—Erosion controls established in the 1930’s by the U.S.
Soil Conservation Service in the stream channel of the Gila
River. A, Mechanical device in stream channel near Safford,
November 1935. Note vegetation staves. B, Willows in stream
channel near Fort Thomas; the willows were planted in
March 1938, and the photograph was taken in June 1938.
Photographs furnished by the U.S. Soil Conservation Service.
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land was stripped of natural vegetation and leveled, and
dikes were built to protect the cropland from flood~.
Initially, only the outer edges of the bottom land were
cultivated, but during extended periods of low flow
(pl. 8) in the Gila River and as heavy equipment became
available for vegetation removal, additional bottom
land was converted to cropland (fig. 5). At the same
time, the stream channel was becoming narrower, and
the uncultivated part of the flood plain was becoming
heavily congested with vegetation.

In times of moderate floods, the dikes prevented the
water from spreading onto the cropland and concen-
trated flow in the stream channel. The concentrated
flow increased stresses along the channel boundary,
which may have led to erosion. The dikes probably:
contributed to the erosion in the stream channel during
the floods of 1965-67. Once the dikes were breached
by floodflows, however, the cropland acted as a relief
valve; large amounts of water flowed into the fields,
where they were temporarily imponded and desilted.

The dams, which were built to divert irrigation water,
may have caused accretion of sediment locally in the
channel upstream from the dams. The dams usually are
built on gravel bars and generally are unstable. In 1969
only three of the 14 dams were of a more permanert
type. The accretions of sediment caused by the dams are
small and generally are flushed downstream during
major floods.

CHANGES IN STREAM-CHANNEL LENGTH AND SLOPT

Since 1917, significant changes have taken place in the
length and slope of the stream channel of the Gila
River—the length has increased and the slope has de-
creased. In 1920 thelow-flow channel, which is described
in the section “Stream-Channel Development,” wss
slightly longer than the flood channel, and its length
increased steadily through 1964 (fig. 9). The length in-
creased simultaneously with the development of the
sediment islands, the attachment of the islands to the
banks, and the development of the alluvial fans. Further
increases in the length of the stream channel occurred
as a result of erosion on the outside and filling on the
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F16URE 9.—Sinuosity of the stream channel of the Gila River
in Safford Valley, 1875-1970.
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inside of bends. Because the altitude of the streambed
has not changed significantly, the increase in channel
length has resulted in a decrease in stream-channel
slope. The author hypothesizes that an increase in the
number of alluvial-fan deposits and the depletion of
streamflow in the downstream direction caused the
increase in sinuosity in the downstream direction

(fig. 9).
HYDROLOGIC IMPLICATIONS

Several interesting hydrologic implications were
brought out during this study. The implications are in
relation to aggradation and degradation in alluvial val-
leys, normal flows and frequency of floods, hydraulics of
flow in the Gila River, and use of water by bottom-land
vegetation.

Gilbert’s theory (in Chorley and others, 1964, p. 562)

of the translation of the effects of variation of erosive
power to all parts of the river system apparently applies
to the erosion of the alluvium that occurred in the Gila
River watershed above Coolidge Dam as a result of the
major floods of 1905-17 and to the redevelopment of
the flood plain during periods having no major floods.
According to Gilbert (in Chorley and others, 1964, p.
562) :
Of the main conditions which determine the rate of erosion,
namely, quantity of running water, vegetation, texture of rock,
and declivity, only the last is reciprocally determined by rate
of erosion. * * * Wherever by reason of change in any of the
conditions the erosive agents come to have locally exceptional
power, that power is steadily diminished by the reaction of rate
of erosion upon declivity. Every slope is a member of a series,
receiving the water and the waste of the slope above it, and
discharging its own water and waste upon the slope below. If one
member of the series is eroded with exceptional rapidity, two
things immediately result: first, the member above has its level
of discharge lowered, and its rate of erosion is thereby increased ;
and second, the member below, being clogged by an exceptional
load of detritus, has its rate of erosion diminished. The accelera-
tion above and the retardation below, diminish the declivity of
the member in which the disturbance originated; and as the
declivity is reduced the rate of erosion is likewise reduced.

The author believes that the erosion and the subse-
quent filling in the lower altitudes of the Gila River
watershed is a repetitive process that occurs naturally.
The severity of erosion has not been the same in all the
alluvial deposits, however, because of anomalies in
the amounts of flowing water, vegetation, texture of
rock, and declivity.

The temporal distribution of flow and the average
annual flow—about 260,000 acre-feet—at the head of
Safford Valley during 1920-64 probably were about the
same as those during 1800-1904. The preceding state-
ment is based on the following: The stream-channel
width is governed mainly by rates of streamflow; the
stream channel was narrow and fairly stable during

GILA RIVER PHREATOPHYTE PROJECT

1846-1904; and, subsequent to the channel-widening
floods of 1905-17, it took 50 years for the flood-plain
development to approach that prior to 1905. Large-
magnitude floods equal to those that destroyed the Gila
River flood plain during 1905-17 apparently did not
occur in the 19th century. If large-magnitude floods had
occurred during 180046, the stream channel probably
would have been wider than that described bx travelers
in 1846. Based on the preceding assumptiors, the No-
vember 1905 flood of 150,000 cfs (Smith and Heckler,
1955, p. 61) and the December 1906 flood of 140,000 cfs
(Olmstead, 1919, p. 64) may have been the lar~est floods
for more than 170 years; according to Stcckton and
Fritts (1968), the floods may have been the largest for
more than 300 years.

The major stream-channel widening during 1905-17
caused changes in the amounts of surface-water storage
available for all subsequent flow events ir the Gila
River, except perhaps for the large floods anc' low flows.
The changes in storage probably resulted in reductions
in peak flows as the water moved down the river; how-
ever, the effects of channel widening on the peak flows
became less significant as the flood plain was recon-
structed.

A net decrease in evapotranspiration in the bottom
land along the Gila River may have occurred as a result
of cultivation. The amount of water saved annually is
unknown; however, it probably ranged from almost
zero in 1920, when only a few acres was cultivated, to
as much as 10,000 acre-feet in 1964, when sbout 3,700
acres was cultivated (fig. 5). The reduction in evapo-
transpiration losses in 1964 was calculated uving values
of 5 acre-feet per year per acre for evapotrsnspiration
by saltcedar (Gatewood and others, 1950) and 2 acre-
feet per year per acre for evapotranspiration by cotton
(Blaney and Criddle, 1962).

SUMMARY

Changes in the Gila River in Safford Valley were
grouped into three periods for this study-—1846-1904,
1905-17, and 1918-70. From 1846 to 1904, the stream
channel was narrow and meandered through a flood
plain covered with willow, cottonwood, and mesquite.
Only moderate changes occurred in the width and
sinuosity of the stream channel in this period; the
average width of the stream channel was le=s than 150
feet in 1875 and less than 300 feet in 1903.

During 1905-17 the average width of the stream chan-
nel increased to about 2,000 feet, mainly as a result of
large winter floods that carried small sediment loa.ds.
The meander pattern of the stream and the vegetation
in the flood plain were destroyed completely by the
floods. The trees on the flood plain may Fave had a
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minor influence on the widening in two ways. First, the
trees restricted the flow of water onto the flood plain
during the major floods and concentrated the flows in
the stream channel; the concentrated flow increased
stresses along the stream-channel banks, which may have
caused erosion. Second, during the major floods, float-
ing debris hung on the fairly rigid cottonwood trees,
and the forces applied to the trees created torsion at the
ground; eventually the trees were uprooted, carrying
large chunks of alluvium with them and leaving the
easily erodible material exposed.

During 1918-70 the stream channel narrowed, and
the average width was less than 200 feet in 1964. The
stream channel developed a meander pattern, and the
flood plain became densely covered with vegetation.
Saltcedar became well established in the fourth decade
of the 20th century, and it was the dominant vegeta-
tion type. Minor widening of the stream channel oc-
curred in 1965 and in 1967, and the average width of
the channel was about 400 feet in 1968.

During 1918-70 reconstruction of the flood plain was
accomplished almost entirely by the accretion of sedi-
ment, which occurred in five general ways: (1) by the
development of islands in the stream channel and their
subsequent attachment to one bank by channel aban-
donment, (2) by direct deposition on the flood plain,
(3) by deposition in the stream channel along the banks,
(4) by formation of natural levees, and (5) by deposi-
tion on alluvial fans at the mouths of tributary streams.
In subreaches A and B the volume of sediment accre-
tion by all the different methods is well documented for
1935-70. The average annual change in altitude of the
bottom land was 0.03 foot per year for subreach A and
0.08 foot per year for subreach B. Much of the sediment
accreted in subreach B is coarse material from steep
side tributaries. For 1935-70 the accretion of sediment
in the 45-mile-long study reach of the Gila River is esti-
mated to be about 650 acre-feet per year.

The most important factors influencing the deposi-
tion of sediment during 1918-70 were the wide flood
channel and the small floods that carried large sediment
loads. The large sediment loads resulted mainly from
the rapid erosion of the alluvial deposits in the water-
sheds tributary to the Gila River. The small floods origi-
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nated in the tributary watersheds and spread over the
wide flood channel, losing kinetic energy and depositing
their sediment loads. The major floods of 1905-17 prob-
ably were the main cause of the rapid-erosion era in th»
tributary basins; however, periods of drought and ex-
tensive grazing prior to the floods may have been con-
tributing factors.

The natural vegetation and cultivation in the flood
plain may have had a significant influence on the recon-
struction of the flood plain. The trees retarded flood-
flow, which resulted in the deposition of sediment in
backwater areas, aided in the stabilization of the de-
posits, and concentrated the flow in the stream channel
that helped maintain the stream channel. Large-scale
cultivation of the bottom land began in the fourtl
decade of the 20th century; the land was stripped of
natural vegetation and leveled, and dikes were built to
protect the cropland from floods. In times of moderate
floods, the dikes prevented the water from spreading
onto the cropland and concentrated flow in the stream
channel, which helped maintain the stream channel.
Once the dikes were breached by floodflows, however,
large amounts of water flowed into the fields, which
reduced the stresses in the stream channel. In places,
the small unstable dams, which were built to diver:
irrigation water, may have influenced sediment accre-
tion. The accretions of sediment caused by these dams
are small, however, and generally are flushed down-
stream during major floods.

"The temporal distribution of flow and the average
annual flow—about 260,000 acre-feet—at the head of
Safford Valley in 1920-64 probably were about the same
as those during 1800-1904. Based on this premise, the
flood of November 1905, which had a peak flow rate of
about 150,000 cfs, probably was the largest flood ir
more than 170 years. The preceding statements are
based on the following facts: The stream-channel
width is governed mainly by rates of streamflow; dur-
ing 1846-1904 the stream channel was narrow and fairly
stable and meandered through a densely vegetated flood
plain; and, subsequent to the channel-widening floods
of 1905-17, it took 50 years for the flood-plain develop-
ment to approach that prior to 1905.
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