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

By D. ¥. Burxmam

ABSTRACT

The stream channel of the Gila River in Safford Valley,
Ariz., changed significantly from 1846 to 1970. The stream
channel was falrly stable and narrow from 1846 to 1904 and
meandered through a floed plain covered with wiliow, cotton-
wood, and mesguite. The average width of the stream channel
wag less than 150 feet in 1875 and less than 300 feet in 1908.
D};ring 1905-17 major destruction of the flood plain took place,
and the average stream-channel width increased fo about 2,000
feet, Reconstruction of the flood plain was underway during
1918-7¢; the stream channel narrowed, and the average width
was less than 200 feet in 1684, The flood plain became densely
covered with saltcedar during 193870, Minor widening of the
stream channel cecurred 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 190517
wag caused mainly by large floods, which carried small sedi-
ment loads. The period of flood-plain reconstruction was charae-
terized by floods having relatively Yow peak discharges and large
sediment coneentrations. Primarily, the large sediment loads
carried by these floods were the result of the erogion of alluvial
deposits in the low-altitude drainage basing 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 aceretion along the bottom
land in two resches of the river were 0.08 and 0.08 foot per
year. The dense cover of salteedar and the cultivation of the
bottom land may have been significant contributing factors fo
the rapid reconstruction of the flood plain.

The temporal distribution of flow and the average annual
fiow—about 260,000 acre-feet—at the head of Safford Valley
duaring 1920-64 probably were about the same as those during
1800-1904. Bazed on this premise, the statement can be made
that the flood of November 1905, which had a peak fiow rate
of about 150,000 cubie 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 B0 years for the flood-plain development to aporonch
that prior to 1905,

INTRODUCTION

Flood plains and streams are of prime interest to
inhabltants of arid and semiarid regions in the United
States heeause 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 ocenr
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 streem
channel of the Gila River in Safford Valley from
1846 to 1970. The spatinl and temiporal changes in
stream-channel width, length, and sinuosity and in the
areal extent of natural vegetation and cultivated land
in the flood plain are deseribed. 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. (. Culler, project chief, and the report was
prepared under the general supervision of H. M. Beb-
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coek, district chief of the Water Resources Division of
the U.S. Geologieal 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 Harcld Johnson of the U.8, Bu-
reau of Indian Affairs; D. M. Marshall of the T.S.
Department of Justice; J. J. Turner of the U.8. 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 1.8.
Burean of Land Management, who located the 1937
U.B. 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 confiu-
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-
rese. 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 alluviam, 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 1846 to 1970; in
general, the area is included in the 191415 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 strean 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 & pool-and-rifile
type. During flows of less than about 500 cfs (cubic feet
per second), the pools generally are full of sand, which
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is eroded casily at higher flows; the rifles are fairly
stable gravel bars. The flood plain is densely covered
with saltcedar, willow, and mesquite, except in arets
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

Joolidge Dam; about 33,000 acres of the cultivated
land is in Safford Valley (Barr, 1954, p. 14-17). Tha
principal crops are cotton and alfalfa. Part of the irri-
gation water is diverted from the Gils River, and the
regt is obtained from wells.

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

An area of about 7,900 sguare miles contributes run-
off to the Gila River at the head of Safford Valley. The
drainage basin ranges in altitude from about 8,000 to
11,000 feet above mean sea level and extends eastward
into the mountains in New Mexico. )

The ares tributary to the Gila River adjacent to tho
Safford Valley contains about 8,570 square miles ar
is drained by many ephemeral streams. The tributary
basins typically are long and narrow, and the drainage
areas arve from less than 1 square mile fo about 2,200
square miles. The altitudes of the basins range from
about 2,500 to 11,000 feet above mean sea level. In
general, the slopes of streams tributary to the stucy
reach downstream from Fort Thomas are steep to the
bottom land; in the bottom land the slopes of tha
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 ths
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 locel
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 fattened
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 runoff.
The combined runoff from the frontal storms and con-
current local thunderstorms is the most commeon 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 250,000
acre-feet for the Gila River at the head of Safford 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 Gtila River at the head of Safford Valley
oceurs 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 entirve 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 T.8. Bur. Land
Management, Phoenix, Ariz.) made during 1875-94 give
detailed descriptions of stream-channel width, stream-

GILA RIVER PHREATOPHYTE FPROJECT

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
U7.8. Bur. Indian Affairs, Phoenix, Ariz., and Vashing-
ton, D.C.), Senate Document 436 (Olmstead, 1£19), and
U.8. Geological Survey Water-Supply Paper 450-A
(Schwennesen, 1921). The soil-survey report covers 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
190917 (data in files of U.S. Bur. of Indian Affajrs,
Phoenix, Ariz., and Washington, D.C.). The topo-
graphic maps, which are at a seale of 1:12,000, 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 1985,
1942, 1947, 1954, 1957, 1964, 1966, 1967, and 1978, Data
were taken from two sets of topographic maps One set
was prepared by the 1.8. Soil Conservation Service
in 1935 at a scale of 1:7,200; the contonrs 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 anthor during
1965-70.

GILA RIVER BEFORE 1875

Francisco Vasguez 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 nert known
reference to the Gila River is by Emory (1848, p. 67),
a U.8. Army topographical engineer, who described the
Gila River near Bonita Creek as having a cross section
of “about 70 feet by 4”7 on October 27, 1846. Emory
{1848, p. 68) found cottonwood and willow clese to the
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Gila River near its confluence with the San Simon
River, and farther downstream awsy from the Gila he
noted that “the dust was knee deep in the rear of our
trail; the soil appeared good, but, for whole acres, not
the sign of vegetation was to be seen. Grass was at
long intervals, and, when found, burned to cinder.”

Johnston, who traveled in the same military expedi-
tion as Erory, substantiates Emory’s description of
the vegetation. Johnston (in Emory, 1848, p. 588) re-
ported that

the grass along the edge of the water on the river grows in a
thin stripe very luxuriantly; there js usually a thicket of wil-
lows, about 10 yards deep, slong the Lorders of the stream
then in the bottom, which is subject to overflow, cottonwoods
grow of two and three feet in diameter; this strip is usually
200 or B0 yards wide

Johnston implies that the banks of the Gila River in the
Safford Valley were not high and related that the party
crossed the Gila River several times without much
difficulty.

On October 28, 1846, Dr. Griffin (1953, p. 27), en
route to California, wrote that the Gila River near
Mount Graham was “some 60 yards broad and very
rapid and quite deep.” Evidently, the river was at flood
stage at this time and had received runoff from tribu-
taries as o result of storms on the previous day (Clarke,
1966, p. 94).

In 1849 the Gila River probably was much the same
#s it was in 1846. Chamberlin (1945, p. 164) described
the bottom land near the base of Mount Graham on
July 15, 1849, as follows: “The bank of the river is so
beset with underbrush and drift that we cannot get 2
supply of water without extreme difficulty.” He reported
that the sand and dust along the trail in the valley were
very deep.

According to Chapin (copies of correspondence be-
tween Chapin, Commander of Camp Goodwin in 1867,
and his superiors in files of U.8. Bur. Land Manage-
ment, Phoenix, Ariz.), in 1867 the Gila River near
Geronimo was “sandy under smooth stretches of water
while slight rapids occur at intervals of one or two
miles—no rocks in place are found in the river, the chan-
nel of water being 50 feet broad with an average depth
of 2 feet.” He also stated: “The mesquite trees ave
found in the low grounds, and the cottonwoods upon
the banks of the Gila.” Weech (1931, P..23) related that
the Gila River “was fringed on both sides with cotton-
woods and willow trees” in 1867. On crossing the river
at & point near Fort Thomas, Weech stated : “The river
was swollen by the melting snow and to cross it we had
to swim our horses. The Gila then was s strewm with
well defined banks and sloping graveled bottom. It
wag about four to six rods wide”

450-845 O - 72 - 2
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In summary, before 1875 the Gila River probably
was less than 150 feet wide and 10 feet deep at bankfull
stage. The river meandered through a flood plain cov-
ered with willow, cottonwood, and mesquite.

GILA RIVER FROM 1875 TO 1970

The channel changes of the Gila River in Safford
Valley may be grouped into three distinet periods—
18461904, 1905-17, and 1918-70. The size of the stream
channel and the vegetation in the flood plain apparently
were about the same in 1875 as they were during the pre-
vious few decades. In 1875 the average width of the
stream channel, determined from maps made during
the cadastral surveys, was about 150 feet for subreaches
A and B (table 1); however, the width ranged from
about 70 to 220 feet. The average stream-chapnel width
was obtained by dividing the plan area of the channel
by the length measured slong the axis of the channel.
The sinuosity of the stresm channel in subreach A was
about 1.20 (table 1). Sinuosity is the ratio between
stream-channe] length and valley length, in which val-
ley length is taken as the flood-channel length in
1914-15.

Tasre L—Charaeleristics of subreaches 4, B, and I of the Gila
River, Safford Valley

[Location and extent of subreaches shown on pl. 1

History of the bottom Stresm channet
langd 1
Aren
Year Vege- Cultd- eroded .
tated  vated Streamn beyond 'Total Length Avar&ge Binuoyity
area  mrea channel he ares widt]
tiom
land

Acres Acres  Acres DMiles  Feet  Footffoot

Sebteach A
1] 20 200 1584 bl 120
1] 370 7 4 14,30 26 112z
0 2,680 0 2,580 1274 1,83 160
63 073 163 836 13,82 500 1.08
1,220 320 246 560 14.42 320 113
1,320 THo L0 12,84 690 Lm
L1800 1,000 160 £ 60 12,90 44 1,01
1,200 810 830 31280 530 1.01

Subreach B
i 380 ] 380 =290 B .
0 s450 b 5480 37,44 3 5K 1,12
O 3448 4 a4 5139 3210 L1
0 4,00 4400 .2 2,000 1,00
330 1,280 2 L0 25 530 112
4w 1,000 20 1,20 931 460 L4
1,99 310 280 50 24,1 200 1.10
2,070 &4 2 8 28 240 118
L0 1,340 20 1,580 236 H0 113
1,080 830 (] 9 228 330 113

Subreach D
0 503 [ 203 .09 K7 1.09
1} 320 [} 320 6.20 420 L12
[ 225 [ 22 6.66 280 117
¢ 0 0 w691 £0 1,24
4 5t 1] 58 .08 0 126
¢ i L] (U] B 1.3
............... 122 s 172 6.80 0 L2
.......................... 238 .. %8 6.8 0 22

i The tertn “bottom land” refers 1o the ares in the 1014-15 Aood chanuel (g;!. 1}

2 Btream length was not messured in 1875; the length was “sketched in™ by the

fleld party.
* Mﬁg covered only part of reach,




























































