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FLUVIAL HYDRAULICS & GEOMORPHOLOGY TEAM

The Fluvial Hydraulics & Geomorphology Team from the Technical Service Center is leading the Upper
Gila Fluvial Geomorphology Study. The team consists of geomorphologists, engineers, and biologists.
The members have expertise in water resources management, fluvial geomorphology, paleohydrology,
hydraulics, sedimentation, photogrammetry, mapping, fisheries biology, wildlife biology, and riparian
vegetation management.

The team members are:
e Dr. Daniel R. Levish, Geologist. (Paleohydrology, Fluvial Geomorphology)

e Dr. Rodney J. Wittler, Hydraulic Engineer. (Hydraulics, Water Resources Management)

e Ms. Jeanne E. Klawon, Geologist. (Fluvial Geomorphology, Geology)

e Dr. Ralph E. Klinger, Geologist. (Paleohydrology, Fluvial Geomorphology)

¢ Dr. Blair P. Greimann, Hydraulic Engineer. (Hydraulics, Sediment Transport)

e  Mr. Mitchell R. Delcau, Hydraulic Engineer. (Hydraulics, Sediment Transport)

e Ms. Susan C. Broderick, Fisheries Biologist. (Fisheries Biology, Endangered Species Recovery)
®

Mr. Larry H. White, Wildlife Biologist. (Wildlife Biology, Riparian Vegetation Management)

STUDY BACKGROUND

The State of New Mexico, Environment Depattment, Surface Water Quality Bureau NMED-SWQB) 1s
sponsoring the Upper Gila River Fluvial Geomorphology Study in New Mexico. The Bureau of
Reclamation, under a Joint Powers Agreement (JPA) with the NMED, began the fluvial geomorphology
study of the Gila River in New Mexico between the Arizona State line and Mogollon Creek, near Cliff,
New Mexico in October 2000. This study complements an on-going Reclamation fluvial gebrnorphology
study of the Gila River between San Carlos Reservation and the New Mexico — Arizona state line.

The Reclamation Study Manager is Mary Reece, Phoenix Area Office (PXAO). Co-Principal Investigators
from the US Bureau of Reclamation Technical Service Center (USBR-TSC) in Denver, Colorado, are Dr.
Daniel R. Levish, Fluvial Geomorphologist, and Dr. Rodney J. Wittler, Hydraulic Engineer.

The goal of this study is to diagnose the fluvial geomorphological attributes of the upper Gila River.
These attributes are a function of the physical processes at work in the stream corridor. The stream
corridor includes the mainstem of the Gila River at flood stage and the associated riparian area, as well as
tributaries within the valley of the mainstem. The purpose of the study is to increase the awareness of
these processes enabling improved local, state, and federal management of the stream corridor. The study
includes background information gathering, field data collection, photographic analyses, and a variety of
topogtraphic, geomorphic, hydraulic, and hydrologic analyses. The study includes a qualitative assessment
of the Gila River in the upper box.

The practical downstream limit of the study is the Arizona-New Mexico State line. The practical
upstream boundary of the study is the Cliff, New Mexico area, and specifically USGS gage 09430500 Gila
River near Gila, NM, at the Hooker Dam site, 1.6 miles upstream from Mogollon Creek, roughly 7 miles
northeast of Gila, New Mexico. The length of river channel in the study area, measured from USGS 7.5
minute topographic maps is roughly 66.2 miles.
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CATALOG OF HISTORICAL CHANGES
NEW MEXICO

INTRODUCTION

The Catalog of Historical Changes documents changes in the alluvial channel of the Upper Gila River,
New Mexico from 1935 to 2001. This task includes an analysis of trends in channel behavior and stability
of river reaches based on lateral migration and changes in channel widths.

The Catalog of Historical Changes (Task 7) is an important component of the overall project goals of the
Upper Gila River Fluvial Geomorphology Study. This study will combine with the Geomorphic Map
(Task 8) to provide the data necessary for the Geomorphic Analysis.

SETTING

The Gila River originates in the Gila River Wilderness in west-central New Mexico and flows south
through the Cliff-Gila Valley, and southwest through Redrock and Virden Valleys into east-central
Arizona. Narrow v-shaped canyons, or boxes, form constricted reaches between the alluvial valleys
(Figure 1). Major tributaries to the Gila River in the study reach include Blue Creek in Virden Valley, Ash
Creek in Redrock Valley, and Mangas, Sycamore, Duck, and Mogollon Creeks in the Cliff-Gila Valley.

The study area is located in the Mexican Highlands section of the Basin and Range Province and the
Datil-Mogollon Section of New Mexico (Clemons, et al, 1996). The Basin and Range Province is
characterized by a series of mountain ranges and intervening broad valleys, the majority of which were
formed during the late Cenezoic era (30-5 m.y.) (Kamilli and Richard, 1998). The mountain ranges in the
Mexican Highlands section are fairly regular in their orientation, trending north-northwest to north. For
the most part, basins had internal drainage throughout the period of Basin and Range deformation
(through later Miocene time) (Mortison, 1991). The Datil-Mogollon Section is a transition province
between the Basin and Range and Colorado Plateau and is characterized by Miocene to Pliocene volcanic
rocks including lava flows and pyroclastic rocks. The physiography in this province consists of block-
faulted mountain ranges, and expansive basins and tablelands.

Prominent geologic units in the study area are mainly late Eocene-eatly Miocene volcanic rocks and
Miocene to Holocene sedimentary units and basalt flows. Volcanic rocks range from quartz latite to
rhyolite flows, domes, and pyroclastic rocks to basaltic andesite and andesite lava flows. Sedimentary
units include the Tertiary Gila group as well as Holocene and Pleistocene alluvium. Precambrian rocks,
predominantly gneiss with metasedimentary and metavolcanic rocks, also outcrop through the middle
box of the Gila River (Clemons et al, 1996).

Peak discharge records for the upper Gila River show a period of relatively few large floods from the
beginning of gage records (~1929) through the 1960’s (Figure 2). A notable extreme flood during this
period occurred on September 29, 1941 and measured 41,700 ft3/s at the Gila River below Blue Creek
near Virden, NM gaging station.
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Figure 1. Study area location. The stndy area is located in south-western New Mexico and focuses on the
alluvial valleys of the Gila River. The alluvial valleys, outlined in gray, include Virden Valley, Redrock Valley,
and Cliff-Gila Valley. The river in between these valleys flows through steep and narrow canyons, termed the Middle

and Lower Boxes.
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Beginning in the late 1970’s was a period of more frequent large floods, a pattern that appatently

continues. The peak of record in Virden Valley and Redrock Valley occurred in 1978, measuring 58,700
ft3/s in Virden Valley and 48,800 ft*/s in Redrock Valley (Table 1). The peak of record in Cliff-Gila
Valley occurred in 1984, measuring 35,300 ft3/s. Although there is limited quantitative information
pertaining to floods in the early 1900’s, historical accounts state that the 1978 flood is the largest since
1891 (England, 2002). The magnitude of floods varies between valleys. As expected, for the same flood,
the magnitude of the peak increases downstream with a few exceptions where the peak at the Redrock
gage 1s larger than at the Virden gage. The most notable of these exceptions occurred on December 28,

1984, where the peak at the Redrock gage measured 39,100 ft3/s and the peak at the Virden gage

measured 37,000 ft3/s.

Table 1. Largest floods at U.S. Geological Survey streamflow gaging stations (modified from England, 2002).

Drainage P Second Third
USGS Area Period of Peitl:: Largest Largest
Gaging Station Name (mi?) Record ; Peak Peak
: Discharge ; ;
Station No. (Water Years) Discharge Discharge
and Date
and Date and Date
Gila River near Gila, 1,864 35,200 ft3/s 32,400 ft3/s 25,400 ft3/s
DO43Nan0 NM RS2t 12/28/1984 12/18/1978 09/29/1941
Mogollon Creek near 69 10,800 ft3/s 10,100 ft3/s 6,430 ft3/s
De4a0a00 Cliff, NM LRB-a0i 08/12/1967 12/18/1978 12/28/1984
09431500 Gila River near 4888 1199%59’_113;; . 48,800 ft3/s 40,000 ft3/s 39,100 ft3/s
Redrock, NM 1963-2000 12/19/1978 09/29/1941 12/28/1984
R Gél';‘ };"zz ie{?i‘r‘zlgll“e 3,200 1927-1997, | 58,700 f3/s | 41,700 f3/s | 37,000 /s
¥ NM ) 1999-2000 12/19/1978 09/29/1941 12/28/1984
San Francisco River 350 9,830 ft3/s 7,870 ft3/s 7,000 ft3/s
RIA-Eaa00 near Reserve, NM 18552000 10/01/1983 | 09/30/1983 10/20/1972




PREVIOUS WORK

There is very little information available concerning channel changes on the Gila River in New Mexico.
Several studies, however, have been conducted on this topic in the Atizona portion of the upper Gila
River.

Olmstead (1919) prepared a document in response to concerns about erosion of farmlands during large
floods at the turn of the century. Olmstead describes what is known about floods in the 1800’s as well as
in the early 1900’s on the Gila and San Francisco Rivers and documents changes in average channel
width through this period. For the period of 1904-1916, he concluded that there were seven major
floods. Prior to this period, channel width was approximately 150 to 200 ft wide as recalled by
landowners in the area. Following the floods of the early 1900, the channel in Safford Valley averaged
1,935 ft in width. Olmstead described floods prior to 1900 as non-erosive and as spreading out over the
flood plain when the channel was not adequate to accommodate the flow. Flood years, mostly recorded
by Pima Indian calendars, include 1833, 1869, and 1884. Olmstead concluded that floods of this period
of observation were probably the result of long-duration precipitation events, rather than short-duration
high magnitude rainfall in the early 1900’s, because they were not erosive in nature like the early 1900’s
floods.

The Gila Phreatophyte Project, performed in the Safford basin in the 1970’s by the U.S. Geological
Survey, provides voluminous data on a number of topics. Their goal was generally to evaluate the effects
of phreatophytes on water budget in the project area, to describe hydrological and ecological variables,
and to test these methods for viable extrapolation to other areas (Culler and others, 1970). As part of this
project, Burkham (1972) documented channel changes in Safford Valley from 1846 to 1970 using
surveyor’s maps for the early periods and aerial photographs for later periods. A stable, narrow,
meandering channel with an average width of less than 150 ft existed in 1875 and expanded to less than
300 ft in 1903. From 1905-1917, large floods caused lateral erosion of the floodplain, with most of the
widening occurring during 1905-1906 and 1915-1916. The average width increased to 2,000 ft. From
1918-1970, the floodplain was rebuilding and the average width of the channel decreased to less than 200
ft by 1964. This was accompanied by an increase in sinuosity. Salt cedar became a dominant species along
the river corridor during 1920-1930 and reached its maximum extent during 1945-1955. In 1965 and
1967, floods caused minor widening of channel and by 1968; the average width measured 400 ft.
Burkham concluded that major widening events are coincident with major floods in 1891, 1905-17, and
1965-67, and that grazing was not a major cause in sediment production, as the majority of livestock were
below major flood producing source areas; however, he concluded that grazing may have accelerated
erosion of flood plain in the lowlands.

Burkham also documented changes in channel patterns caused by alluvial fan deposition. He discussed in
detail a tributary near Calva (Burkham, 1972, Plate 4), Salt Creek at Bylas, and the Gila River near Ft.
Thomas. Generally, the erosion of the distal parts of alluvial fans during floods of eatly 1900’s caused an
increase in fan gradient, and deposition of fan sediment into the main channel. This directed the main
channel toward the opposite bank causing erosion of that bank.

Hooke (1996) documented channel change in the Safford basin using aerial photographs. Hooke added
to Burkham’s study by measuring channel widths from 1982 to 1992 aerial photographs. Channel
widening that had been occurring in 1960-70’s continued to 1992. Major channel changes resulted from
high flows in the 1972, 1974, and 1979 water years with minor changes in response to smaller flows.
Hooke concluded that although channel morphology appears to be formed by high flow events,
geomorphic response may be complicated by other factors such as vegetation and “...sequences of
events and critical combinations of conditions” (p. 191) and that caution should be used when inferring
paleohydrologic conditions from channel morphology.



Klawon (2001) documented channel change from 1935 to 2000 in the Safford and Duncan basins.
Channel change patterns were similar compared to studies by Burkham (1972) and Hooke (1996) in that
widening occurred during periods of multiple large floods and narrowing during periods of few large
floods. From 1935 to the early 1960’s, the channel narrowed by sedimentation (Burkham, 1972),
vegetation growth, and levee, dike, and agricultural development. From the late 1960’s to 2000, the
channel widened in response to large floods and was approximately the same width on average as it was
in 1935. With a few notable exceptions, channel widths at specific channel locations were variable, but
not unprecedented in the historical record.



METHODOLOGY

DATA SOURCES

Data for this analysis were derived mainly from aerial photography flown by U.S. government agencies
and private aerial survey companies between 1935 and 2001 (Appendix B). At least one aerial photograph
set was acquired for each decade, with exception of the 1940s. Photograph sets used for the three valleys
include: 1935, 1953, 1965, 1973, 1975, 1980, 1984, 1996, 1998, and 2001. Additional sets including 1950,
1956, and 1995 were used in the Cliff-Gila Valley (Table 2). Refer to Appendix B for details on these
aerial photograph sets. A total of ~1,160 channel width measurements are included in this analysis
(Appendix D).

Table 2. Availability of aerial photographs for Virden, Redrock, and Cliff-Gila valleys.

Availability
Photograph Year Virden Redrock Cliff-Gila

1935 X X X
1950 X
1953 X X X
1956 X
1965 X X X
1973 X X X
1975 X X X
1980 X X X
1984 X X X
1995 X
1996 X X
1998 X

2001 X X X

DATA COLLECTION

Measurements of channel width for the Gila River were made on the aerial photographs using a digital
caliper and measured to a hundredth of a millimeter (0.01 mm), which corresponds to a computed
ground distance of 0.2 to 0.6 m depending on the scale of the photographs. The 2001channel widths
were measured on digital orthophotos. Since the imagery was rectified, no conversion of measurements
was necessary for this photography.

To compare measurements from photography of varying scales, it was necessary to convert all
measurements to actual ground distances. Conversion factors for aerial photograph measurements to
actual ground distance were computed by measuring corresponding distances on USGS 7.5 minute
topographic maps and aerial photographs. This option was chosen because the scale of-the photographs
was not always known and would account for changes in camera position and distortion from the camera
lens on the unrectified photographs. Several segments of varying lengths and orientations for each set of
aerial photographs and the topographic maps were used to compute the average conversion factor. A test
of error introduced by the user was also conducted by measuring the same point multiple times.

Channel width measurements provide a quantitative means for compatrison of the Gila River channel
among different years. Channel width measurements were made approximately every kilometer (~0.6
mile) by establishing points from which a width measurement was made perpendicular to flow direction



(Appendix D). The spacing of measurements was based on previous studies by Burkham (1972) and
Hooke (1996). With an average channel width of 240 m, this study’s measurements should capture lateral
changes on the Gila River, including lateral migration as well as expansion and contraction in channel
width. Eleven measurement points were established in Virden Valley; eighteen points in Redrock Valley;
and thirty-three in Cliff-Gila Valley (Appendix C). The points were established in places such as road
intersections or bedrock knobs that could be easily relocated on each set of aerial photographs. A straight
line was extended from the measurement point across the channel to a physiographic or geographic
feature on the opposite side of the river. Measurements were then made perpendicular to the channel
from the intersection of the straight line and left bank. Using this method, the geographic location of
channel measurements for different years could remain constant regardless of changes in channel
position. For each point, two channel width measurements were made:

(1) Active channel width: that part of the channel that was being reworked by recent flows at the time
the photographs were taken.

(2) Flood channel width: that part of the channel that was clearly inundated by high magnitude flows.
These widths appeared to be the actual channel width during floods, not the result of lateral
migration. In some cases where levees were built to protect structures or land from erosion and
damage, the allowable width between levees was considered the flood channel width. In some cases,
plowing of fields following floods obscured the evidence of flood modification. Sometimes flood
channel width could be inferred from adjacent plots that had not been obscured.



RESULTS AND ANALYSIS

GENERAL TRENDS

AVERAGE WIDTH DATA: COMPARISON OF PHOTOGRAPHS

Flood channel width data show a pattern of decreasing width from the 1930’s to the 1960’s and
increasing width from the 1960’s to 1998 (Figure 3). Measurements from 2001 show a dectease in width
from the 1998 average width. Active channel width data show a general increase in width from 1935 to
1998. This general increase is punctuated by several reductions in channel width from 1953 to 1956, 1973
to 1975, 1980 to 1984, and 1998 to 2001. Streamflow data from station no. 09430500 on the Gila River
near Gila, NM are plotted against channel width data to show any patterns between large floods and
channel change (Figure 3). The largest floods occurred in water years 1941, 1973, 1979, 1984, 1985, 1993,
1995, and 1997. Although active channel width measurements show increases in width following large
floods, the relationship for flood channel widths is not as simple. A pattern of decreasing width during
periods of few large floods is obvious. The channel also appears to have responded to some floods by an
increase in width, but this is not the case for some of the largest floods. This will be explored further in
the discussion section of this report.

Although in most alluvial rivers, channel width should increase downstream, width appears to decrease
downstream, being very similar in Cliff-Gila and Redrock valleys and the natrrowest in Virden Valley by
about 30 m on average (Figure 4). This decrease in width does not appear to be explained by a
comparative decrease in peak. In fact, peak discharges generally increase downstream, although in some
cases the magnitude of increase only measures a few thousand cubic feet per second.

MEASUREMENT POINT DATA: COMPARISON OF PHOTOGRAPHS

Analysis of Channel changes

The statistical analysis of channel change identifies the reaches of greatest variability in channel width
over the period measured. The standard deviation of the widths for all photograph years at each
measurement point was compared relative to other points so that reaches with high variability could be
identified. This analysis only includes results for the flood channel width measurements, although the
same analysis could be performed for active channel width measurements. Flood channel width
measurements appear to be the more important variable to analyze, as these are the widths that impact
personal property and land along the Gila River. Low points on figures 5, 9, and 13 reflect low variance
in width measurements, while high points reflect high variance in width measurements. The information
contained on this chart does not correspond to narrow or wide points in the channel, but rather to those
points that experienced very little change in width and those points that experienced greater change in
width over the study period. Several case studies document the reaches of greatest variability for each
valley. The measurement points in these reaches have standard deviations greater than 60 meters.
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Figure 3. Average width data by photograph year. Active channel widths and flood channel widths are
superimposed on the streamgage record at the Gila River below Blue Creek near Virden, NM.
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Figure 4. Average flood channel width data separated by valley. Average flood channel width data
are plotted for each alluvial valley by photograph year. Photograph years that were only available for the Cliff-Gila
valley were excluded from this analysis. There is a general trend for all valleys that can be observed; however, the
Cliff-Gila reach appears to diverge from this trend during the 1970°s and 1980’s. Redrock valley also appears to
have two notable differences in data: a very narrow average channel in 1935 and wide channel in 1996. Note also
that channel widths for the Virden reach are comparatively smaller than widths for the Redrock and Cliff-Gila
reaches.
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Virden Valley
Reaches of greatest variability in Virden Valley include reaches from Virden, NM to the Arizona-New
Mexico border and in the Upper Virden Valley (Figures 5 & 6).

Case Study (1): Virden, NM to Arigona-New Mexico border

From 1935 to 1953, a similar channel pattern existed. By 1965, a levee built on the right bank forced the
abandonment of the meander at point A (Figure 7). The 1973 photographs show a similar pattern to that
of 1965 with an increase in sinuosity, while 1975 photographs are similar to 1973 with minor additions of
berms and levees. By 1980, the channel widened by eroding outside bends. The area outlined in 1975 was
now part of the main channel. New levees were built along the entire length of the reach to
accommodate the new channel width. Note however that some parts of the new channel have been
effectively cut off by the new levees (indicated by arrows). Dramatic shifts in channel position and width
can be seen along the reach by 1998. Levees built following the 1978 flood were mostly destroyed by the
time this photography was flown. The most dramatic changes occurred upstream of Windham Canyon,
downstream of point A on the right bank, and downstream of Moore Canyon. 2001 photography show a
channel position similar to that of 1998 with some new vegetation growth in the channel.

Case Study (2): Upper Virden Valley

In 1935, the active channel was positioned close to the right bank, or north side of the larger flood
channel (Figure 8). 1965 photographs show a variation in active channel position from 1935 due in part
to levees built on the right bank downstream of Johns Canyon, which forced the channel toward the left
bank. By 1973, much of the vegetation on channel bars had been eroded and the active channel had
migrated to the left bank in the upper reach and to the right bank against the levee downstream of Johns
Canyon. The flood channel widened by removing sections of farmland along the right bank.
Sedimentation behind the levee is apparent in the white coloration on the photographs as well as head
cutting of flood bars at point A near the Hughs Canyon alluvial fan. Between 1973 and 1980, some
revegetation of flood bars occurred; this was followed by channel widening in response to the 1978 flood
of record. Based on the evidence in the 1980 photographs, the 1978 flood scoured the right bank and
eroded the majority of the levee. Directly upstream of the bridge, the flood eroded some of the Hughs
Canyon alluvial fan (inset box on Figure 8). New levees on the left bank were constructed presumably in
response to the possibility of future erosion. Between 1980 and 1998, lateral erosion of the right bank
levee directly upstream of Johns Canyon, the left bank levee and the Hughs Canyon alluvial fan occurred.
2001 photography shows a similar channel position to 1998 with increased sinuosity of the active channel
upstream of the Route 92 Bridge.
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Figure 5. Variability in channel width measurements, Virden Valley.
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Figure 6. Location of case studies in Virden Valley. Reaches extend from the Arizona-New Mexico
border to Virden, NM (Case Study 1) and from the Route 92 Bridge to upstream of Johns Canyon (Case § tudy 2).
Flow is from right to left.
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Figure 7. Case Study (1): Arizona-New Mexico border to Virden, NM. (a) 1935. Note channel
position at point A; (b) 1965. Abandonment of channel meander at point A with general narrowing throughont
reach; (c) 1973. Note overbank sedimentation from 1972 flood and erosion of levees at arrows; (d) 1975. Similar
channel position to 1973, note area outlined along the left bank; (¢) 1980. Lateral erosion of outside bends. Area
outlined in 1975 has now become part of the main channel. Some parts of the new channel have been effectively cut
off by the new levees (indicated by arrows); (f) 1998. Dramatic shifts in channel position and width upstream of
Windham Canyon, downstream of point A on the right bank, and downstream of Moore Canyon. Flow is Jfrom right
to left in the aerial photos.
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Figure 8. Case Study (2): Upper Virden Valley. (a) 1935. Relatively wide channel with active channel
located on the right bank. The boxed region indicated the area of greatest change; (b) 1965. Levees built along right
bank upstream of route 92 bridge to mitigate flood damage that occurred between 1935 and 1965 (indicated by
arrow); (c) 1973. Inundation behind levee, head cutting of new channels along left bank (point A), sconring of the
entire channel width, and lateral erosion along the right bank into previons farmland (indicated by arrows); (d)
1975. Similar channel position to 1973; () 1980. Channel widening and erosion of Hughs Canyon alluvial fan
(inset box) and the right bank opposite Hughs Canyon. Levees were repaired or newly built along the entire right
bank and along the left bank; (f) 1998. Lateral erosion of levees (arrow) and Hughs Canyon alluvial fan (inset
box). Eroded farmland from the 1980 photography has been effectively revegetated and stabilized at the expense of
the opposing bank; (g) 2001. Increased sinnosity of active channel upstream of Route 92 Bridge. Flow is from right
to left in the aerial photos.
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Redrock Valley

Reaches of greatest variability extend from the head of the lower box to Road Canyon (Case Study 3) and
upstream of Ash Creek (Case Study 4) (Figures 9 &10).

Case Study (3): Lower Box to Road Canyon

From 1935 to 1953, the channel was relatively wide; by 1965, the channel had been narrowed with new
levees and agricultural encroachment in areas that were previously part of the channel (Figure 11). The
most dramatic changes in this reach occurred following 1965, which consisted of increased channel
widths and shifts in channel position. Major channel shifts took place following episodes of increasing
sinuosity in the active channel. Subsequent large floods widened and straightened the channel pattern,
creating abandoned sinuous channels. Major changes that can be observed in the historical aerial
photography occurred between 1965 and 1973, 1975 and 1980, and 1984 and 1996. In general, weakly
formed secondary or pilot channels became the main channel through the process of overbank splays at
the upstream end or head cutting on the downstream end of the geomorphic surface. For example, by
1973 continued lateral erosion and increased channel sinuosity were associated with the abandonment of
the channel bend at point A and extensive overbank sedimentation and head cutting at the downstream
end of this surface at point B. By 1975, the abandoned channel at point A had revegetated while a weak
channel had developed between high flow channel bars and the floodplain at point B. Channel splays
breached the levee at point C. The levee at point C was obliterated by flood flow between 1975 and 1980,
which modified the floodplain. Additional lateral erosion indicated by arrows is evident in the 1980
photographs, increasing the sinuosity of the channel in the middle of the reach. At point B, a new
channel formed. By 1984, a pilot channel had formed across the floodplain at point C and by 1996 a new
channel arrangement abandoned the previous main channel at point C, greatly decreasing sinuosity. The
majority of channel changes are within the area that has historically (post-1935) been modified by floods
on the Gila River. The major exception applies to changes that have occurred in recent decades and
observed in the 1984 and 1996 aerial photographs.

Case Study (4): Upstream of Ash Creek

Case Study (4) is located between House Canyon and the mouth of Middle Box. Channel width from
1935 to 1953 was relatively large; from 1953 to 1965, the channel narrowed, at least in part due to an
extensive levee constructed on the right bank (Figure 12). This levee was breached prior to 1965, possibly
during the 1959 flood. The entire flood channel width as well as the area behind the levee had been
recently inundated prior to the 1973 photography, presumably by the 1972 flood. Between 1975 and 1980
photography, floods had modified the majority of the point bar surface. New levees were built to replace
the previous structures. The levee was a discontinuous feature by 1996 and must have been eroded
following the floods of 1984 and the early to mid-1990’s. The position of the active channel varies
considerably in this reach; although the diversion at the mouth of the Middle Box may be a minor control
on the position of the low flow channel as it enters Redrock Valley, it seems likely that in this reach the
channel position is mainly controlled by the orientation of the channel at the mouth of the Middle Box
and the bars that are deposited along the right side of the valley during high flows.
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Figure 9. Variability in channel width measurements, Redrock Valley.
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Figure 10. Location of case studies in Redrock Valley. Reaches extend from the Lower Box to Road
Canyon (Case Study 3) and from House Canyon to the mouth of the Middle Box (Case Study 4). Flow is Sfrom
right to left.
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Figure 11. Case Study (3): Lower Box to Road Canyon. (a) 1935. Relatively wide channel and sinuous
pattern. Note points A, B, and C; (b) 1965. Lateral erosion at arrows and increased sinuosity. Note levee
constructed at point C; (c) 1973. Continued lateral erosion indicated by arrows, increasing channel sinuosity. Note
the abandonment of the channel bend at point A and extensive overbank sedimentation and head cutting at point B;
(d) 1975. Abandoned channel has revegetated at point A. Weak channel formed at point B. Channel splays
breached the levee at point C; () 1980. General channel widening. Levee at point C obliterated by flood flow.
Increased sinuosity of the channel in the middle of the reach. New channel formed at point B; (f) 1984. Formation of
pilot channel across floodplain at point C. Erosion and lateral migration of channel indicated by arrows; (g) 1996.
Channel widening along entire reach; abandonment of previous main channel at point C and at arrow; (h) 2001.
Similar channel position to 1998 with increased sinuosity and lateral erosion (indicated by arrow). Flow is Sfrom
right to left in the aerial photos.
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Figure 12. Case Study (4): Upstream of Ash Creek. (a) 1935. Relatively wide flood channel; active
channel is positioned along right bank; (b) 1953. Active channel migration to left bank; multiple threads evident in
point bar; (c) 1965. Channel narrowing due in part to levee construction along the right bank. The levee was
breached by a flow between 1953 and 1965 (d) 1973. Channel widened; extensive sedimentation behind levee.
Similar channel position to 1935; (¢) 1975. Similar channel position and width to 1973, (f) 1980. Right bank
point bar was modified by flood flows. Levees were repaired and reduced the flood channel width; (g) 1996. Damage
to levee on right bank. Channel position is similar to 1953; (h) 2001. Similar channel position to 1996. Flow is

Jrom right to left in the aerial photos.
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Cliff-Gila Valley
Reaches of high variability occur near Gila Bird Area, Bill Evans Lake, Riverside, Route 211 Bridge and
Seeds of Change (Figures 13 & 14).

Case Study (5): Gila Bird Area

This reach is located in the southernmost portion of the Cliff-Gila valley (Figure 14). In 1935, the
channel was variable in width and appears to have been leveed along the left bank (Figure 15). Between
1935 and 1956, the channel widened at the upstream end and narrowed at the downstream end of the
reach. By 1965, the channel had narrowed along the entire length of the reach. Major channel widening is
evident in the 1973, 1980 and 1995 photographs, all of which follow large floods occurring in 1972, 1978,
and 1984, respectively. Lateral erosion between 1984 and 1995 was the most dramatic, creating a channel
that was approximately 100 m wider than the 1935 channel. The most dramatic changes occurred at point
A, where lateral erosion on the right bank increased the channel width neatly equal the valley width by
1980, and in the downstream portion of the reach (indicated by a black frame), where lateral erosion on
the left bank increased channel width. By 1996, continued lateral erosion downstream from point A and
in the box such increased the channel width to encompass the majority of the former floodplain.
Although the new parts of the channel had formed on surfaces that had weak bar and swale morphology
in previous photography, these surfaces had not historically been a part of the main channel. 2001 aerial
photographs show a narrowed channel on the left bank due to berms built by the U.S. Forest Service.

Case Study (6): Bill Evans Lake

Changes in channel width near Bill Evans Lake mostly occutred from 1965 to 1973 and from 1984 to
1995 in response to large floods in the Cliff-Gila Valley (Figure 16). From 1935 to 1965, the channel
narrowed and was straightened by levees in the 1950’s and 60’s, forcing the abandonment of channel
bends. At least one tributary in the reach was also straightened during this time period (point A on Figure
16). By 1973, the channel had widened and multiple banks and levees had been eroded. By 1975, a new
diversion and canal had been constructed on the left bank. By 1980, the channel was significantly wider
than 1975 and remained similar in position and width until 1984. The active flow channel also increased
in sinuosity. From 1984 to 1995, lateral erosion upstream of Mangas Creek fan and Davis Canyon fan
increased the width of the flood channel. The line of vegetation marking the former bank can still be seen
upstream of Mangas Creek fan (shown by arrow). Lateral erosion in other locations also increased
channel width from 1984 to 1996.

Case Study (7): Riverside

The Riverside reach is located between the old Route 180 Bridge and Greenwood Canyon. From 1935 to
1956, channel position in the Riverside reach remained very similar (Figure 17). By 1965, the channel had
narrowed considerably. Some channel bends were cutoff by levees (indicated by arrows) and developed
into farmland. Between 1965 and 1975, the active channel widened slightly. More extensive widening
occurred by 1980. Most of the channel changes in the 1980 aerial photography were generally within the
historical flood channel width of 1935. The exceptions to this occurred on the left bank near Riverside,
and the right bank at point A. The bend in the latter example was cutoff by a levee following the 1978
flood. By 1996, the channel had widened further and the majority of levees present in the 1980 aerial
photography had been destroyed. Areas where the channel position was new in the historical period
include the reach between Riverside and point A and the left bank downstream of Pope Canyon. The
channel in 2001 was very similar to that of 1996.
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Figure 13. Variability in channel width measurements, Cliff-Gila Valley.
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Figure 14. Location of case studies in Cliff-Gila Valley. The following reaches in the Cliff-Gila valley
were identified for case studies: Gila Bird Area (Case Study 5), Bill Evans Lake (Case Study 6), Riverside (Case
Study 7), Route 211 Bridge (Case Study 8), and Seeds of Change (Case Study 9).
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Figure 15. Case Study (5): Gila Bird Area. (a) 1935. Note point A and the black frame; (b) 1956.
Channel widening at Point A and narrowing in the frame; (c) 1965. Main channel narrowed along entire length; (d)
1973. Over the entire reach<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>