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DECLARATION OF RICH BURTELL ON THE
NON-NAVIGABILITY OF THE UPPER GILA RIVER

AT AND PRIOR TO STATEHOOD

I. INTRODUCTION AND SUMMARY OF OPINIONS

1. I am a Registered Geologist (AZ No. 33746) and Principal at Plateau
Resources, LLC (Plateau) with degrees in hydrology and geology.

2. Before founding Plateau, I worked at the Arizona Department of Water
Resources (ADWR) for twelve years. At ADWR I was manager of the Adjudications
Section and, as manager of that section, was frequently involved in evaluating the nature
and occurrence of surface water in Arizona streams.

3. My education, experience, and expertise are detailed in my Curriculum
Vitae, included as Attachment A.

4. I have been asked by Freeport-McMoRan Corporation (Freeport) to
evaluate the navigability of the upper reach of the Gila River (Upper Gila River) at and
prior to statehood. This declaration provides supplemental evidence in a case currently
before the Arizona Navigable Stream Adjudication Commission (ANSAC). On October
22, 2012, ANSAC voted to reopen the record for receiving evidence on six remanded
cases. These cases address the navigability of the Gila River, San Pedro River, Santa
Cruz River, Lower Salt River, Upper Salt River and the Verde River.

5. In evaluating the navigability of the Upper Gila River, I am mindful that
ANSAC intends to receive, review, and consider evidence on two issues: (a) the
navigability or non-navigability of the Gila River in its “ordinary and natural condition”
prior to the State of Arizona’s admission to the United States on February 14, 1912,
consistent with the Arizona Court of Appeals decision in State v. Arizona Navigable
Stream Adjudication Comm’n, 224 Ariz. 230, 229 P.3d 242 (App. 2010)a; and (b)
segmentation of the Gila River consistent with the United States Supreme Court’s
decision in PPL Montana, LLC v. Montana, 556 U.S. ___, 132 S.Ct. 1215 (2012).

6. In preparing this declaration, I reviewed: (a) the evidence compiled from
ANSAC’s first Gila hearing (Hearing No. 03-007-NAV); (b) ANSAC’s January 27,
2009 document Report, Findings and Determination Regarding the Navigability of the
Gila River from the New Mexico Border to the Confluence with the Colorado River; (c)
legal memoranda filed in 2012 by various parties regarding the Gila River and posted on
ANSAC’s website (www.ansac.az.gov); (d) authorities cited in those legal memoranda;
and, (e) evidence regarding the Gila River submitted to ANSAC in 2014. If additional
information becomes available, I reserve the right to revise or supplement my opinions.

7. My declaration is organized into nine sections – Introduction and
Summary of Opinions (Section I), River Segmentation (Section II), Channel
Geomorphology (Section III), Observed Predevelopment Streamflow Conditions (Section
IV), Early Transportation Needs (Section V), Streamflow Reconstruction (Section VI),
River Depth and Velocity Reconstruction (Section VII), Boating (Section VIII) and

a
The Arizona Court of Appeals characterized ordinary flow conditions as “usual, absent major flooding or

drought” and natural flow conditions as “without man-made dams, canals or other diversions.”
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Conclusions (Section IX). References cited herein follow the last section. A map showing
the general location of the Upper Gila River and important geographic and cultural
features is presented in Figure 1.

8. After this introduction and summary of opinions, I recommend in Section
II that the Upper Gila River be divided into three segments for purposes of determining
its navigability. Section III explains the channel characteristic of each segment and
concludes that both single and braided channels have occurred along this reach of the
river under natural conditions. Navigation of braided channels is unreliable due to their
relatively shallow water depth and unstable cross section.

9. Section IV describes how the river appeared to early travelers. Prior to
development and under ordinary conditions, travelers along the river observed a shallow
stream that was easily crossed by their horses, mules and wagons. The transportation
needs of the first settlers in the region are discussed next in Section V and it is found that
the Upper Gila River was neither used for trade or travel. Several government
assessments at the time also confirm that this portion of the Upper Gila River was not
susceptible to navigation.

10. To further assess how the river looked in its ordinary and natural
condition, Sections VI and VII reconstruct the flow, depth and velocity at several points
along the Upper Gila River. Median monthly flows are reconstructed using an accounting
procedure that adjusts gaged records for upstream diversions. Stream depths and
velocities are reconstructed using these adjusted flows and hydraulic rating curves
developed based on field discharge measurements. The results show that the stream was
too shallow to support commercial navigation, either by floating a boat downstream or
powering one upstream. In Section VIII, I describe prehistoric, historic and recent
attempts to boat the Upper Gila River. Despite a clear need to utilize the river for trade
and travel, only a few historic accounts by adventurers floating down the stream and one
ferry crossing were identified, as well as recent use by recreational boaters. No evidence
was found of sustained commercial use.

11. Based on my review of existing information and the supplemental
evidence presented here, I conclude in Section IX that the Upper Gila River was neither
actually navigable nor susceptible to navigation in its ordinary and natural condition at
and prior to statehood. I also conclude that if the Upper Gila River is divided into
segments, which I recommend, none of the segments would have been navigable at that
time.

II. RIVER SEGMENTATION

12. The Court in PPL Montana found that practical considerations support the
segmentation of rivers when determining navigability:

“Physical conditions that affect navigability often vary significantly over
the length of a river. This is particularly true with longer rivers, which can
transverse vastly different terrain and the flow of which can be affected by
varying local climates…These shifts in physical conditions provide a
means to determine appropriate start points and end points for the segment
in question. Topographical and geographic indicators may assist.” PPL
Montana v. Montana, 132 S.Ct. 12 (2012)
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13. In its June 2012 memorandum on the effects of PPL Montana, the Arizona
State Land Department (ASLD), an advocate for stream navigability, agreed with the
Court’s findings and recommended that ANSAC consider several segmentation factors
including (a) whether the river is located in a canyon or runs through flats or wide river
valleys; (b) the river’s flow rate; (c) the classification of rapids by degree of difficulty;
(d) whether the river is a gaining or losing stream; and (d) the river’s slope or steepness
(pp. 2 and 7). Based on these factors, ASLD recommended that the Upper Gila River be
divided into three segments (p.7):

 New Mexico to Gila Box

 Gila Box

 Gila Box to San Carlos Reservoir.

14. In its September 2012 memorandum on the navigability of the Upper and
Lower Salt, Gila and Verde Rivers, the Arizona Center for Law in the Public Interest,
another advocate for stream navigability, joined ASLD’s memoranda on these rivers.

15. While my opinion is that no segment of the Upper Gila River was
navigable or susceptible to navigation, I believe that it is useful to divide this
portion of the Gila River into three segments for purposes of addressing stream
characteristics and evaluating navigability.

16. After crossing into Arizona from New Mexico, the Gila River passes
through Duncan Valley. Approaching the town of Guthrie, the valley narrows and,
about one mile downstream, the Gila River enters the bedrock canyons of the Gila
Box. The channel slope steepens from about 0.12% to 0.30% and rapids are
encountered, which can be an impediment to navigation. River flows also increase
within Gila Box with contributions coming from three perennial streams – the San
Francisco River and Eagle and Bonita Creeks. About 2 miles below Bonita Creek, the
channel widens and the Gila River enters the relatively broad Safford Valley. As it
crosses this valley, the channel slope decreases to 0.15%. Near the location of present
day Coolidge Dam, the valley narrows again and the Gila River enters another bedrock
canyon with rapids.

17. Based on the above description, I propose dividing the Upper Gila River
into three segments:

 Segment A – Duncan Valley, from the New Mexico Border to just
below Guthrie (31 miles);

 Segment B – Gila Box (27 miles); and

 Segment C – Safford Valley, from just below Bonita Creek to
Coolidge Dam (89 miles).b

Segment locations are shown in Figure 2.

b
Plateau calculated segment lengths and river slopes using current and historic USGS topographic maps.
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III. CHANNEL GEOMORPHOLOGY

18. This section of my declaration describes how the channel of the Upper
Gila River has changed prior to and since statehood. In response to several large flood
events that began in the early 1900s, portions of the river widened substantially and
became braided. This was an important event as braided channels are often unsuitable for
commercial boat travel due to their relatively shallow water depth and unstable cross
section, rendering a stream both inefficient and unreliable for navigation. A description of
historic channel conditions along the three segments of the Upper Gila River follows.

A. Safford Valley (Segment C)

19. From 1846 through 1904, the channel of the Gila River in Safford Valley
(Segment C) was relatively narrow (150 to 300 feet), stable and meandered through a
floodplain covered with willow, cottonwood and mesquite. (Burkham, 1972, pp.G22-23)
Mainly as a result of large winter floods occurring between 1905 and 1917, the average
width of the channel increased to 1,000 to 2,000 feet, destroying the river’s meander
pattern and the riparian vegetation along its banks. The braided channel that resulted from
this flooding narrowed over time and, as of 1964, a single, meandering channel had been
reestablished, less than 200 feet wide with dense vegetation, mainly tamarisk, growing on
its floodplain. Smaller flood events occurred in the early 1890s, early 1940s and late
1960s that temporarily widened this section of the channel, but these increases were less
significant. Figure 3 illustrates how the width of the Gila River in Safford Valley varied
historically and Figure 4 presents photographs from the late 1920s and early 1930s that
show braiding along this segment.

20. The channel widening observed in the Safford Valley during the early
1900s was not necessarily unique and likely occurred before. As stated by Huckleberry
(1993, p.VII-3), “if changes in annual stream flow correspond with changes in large
flood frequency, then one can expect the upper Gila River to have a channel geometry
subject to dramatic changes through time at decadal time scales.” Huckleberry added
on p.VII-2 that “this undoubtedly resulted in alternating periods of channel stability
and instability, and specifically, changes in channel form (e.g., braided vs.
meandering) during the Holocene.” Mussetter (2014, p.9) further examined this topic
and showed that a relationship does, in fact, exist along the Upper Gila River between
annual stream flow and large flood frequency. He also showed that annual stream
flows, reconstructed from tree rings, have varied widely in the Upper Gila River over
the past several centuries with successive years of relatively high flow.

21. I conclude from the foregoing discussion that the width of the Gila
River in Safford Valley has varied naturally in response to changes in the frequency
and magnitude of flood events. Following large and frequent floods, the width of the
channel can increase significantly and the channel will become braided. When braided,
the channel is even less susceptible to navigation due to its shallow depth and unstable
cross section. Over time and absent more large floods, the channel recovers and
eventually returns to a single, meandering stream. Both channel conditions were
observed along the Upper Gila River prior to statehood.

B. Duncan Valley (Segment A)

22. Historic channel changes in the Duncan Valley (Segment A) have received
less attention by researchers than in Safford Valley. The Duncan Valley segment of the
Upper Gila River extends from the New Mexico border to Gila Box.
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23. According to the Bureau of Reclamation (BOR, 2004, p.4), the historic
channel changes noted by Burkham in Safford Valley “may or may not apply to Duncan
Valley.” However, BOR analysis of aerial photography did show that, from 1935 through
2000, channel widening had also occurred in Duncan Valley following large flood events.
Moreover, review of early U.S. Geological Survey (USGS) discharge measurements
show that the channel in Duncan Valley was frequently braided. From 1923 through
1931, USGS found the Gila River at its gaging station below Duncan split into two or
more channels during 24 of 114 site visits or 21% of the time (USGS, 2014a). Similarly,
downstream at its York gage, USGS found the river split into two or more channels
during 29 of its 111 site visits or 26% of the time. Such conditions would not have been
conducive to commercial boat travel.

24. Nonetheless, in comparison to Safford Valley, the channel of the Gila
River in Duncan Valley has been relatively stable:

“This is shown best by the presence of several, long stable reaches in
Duncan Valley, compared to a few short stable reaches in Safford Valley.
Major channel changes generally occurred following large floods; this
highlights the important point that the largest floods in the Gila River
system have lasting effects that can be observed in channel morphology
following their occurrence…The largest floods have occurred in water
years 1891, 1907, 1941, 1973, 1979, and 1984.” (BOR, 2004, pp.4-5)

C. Gila Box (Segment B)

25. In contrast to the Safford and Duncan Valleys, the channel of the Gila
River within Gila Box (Segment B) has probably changed little over time. Fuller (2003,
p.4-18) noted that “Bedrock along the channel margins in these canyons precludes
significant movement of the river channel or other channel changes.” Huckleberry (1993,
p.VII-1) added that “Alluvial reaches, i.e. segments not confined by bedrock, are prone to
greater changes in channel position and form.”

26. Early discharge measurements support these opinions (USGS, 2014a). The
gaging station near Clifton was visited 190 times between 1928 and 1933 and the river
was only found split into two or more channels five times, or during about 3% of visits.
Below Bonita Creek, the river was never found spilt into multiple channels during any of
90 site visits between 1932 and 1933.

27. Figure 4 presents two photographs from the early 1930s that show a
single, meandering channel within Gila Box, one above the confluence with the San
Francisco River dated August 20, 1930 and the other below Bonita Creek dated April 14,
1932.

IV. OBSERVED PREDEVELOPMENT STREAMFLOW CONDITIONS

28. In this section of my declaration I describe streamflow conditions
observed by early travelers along the Upper Gila River before the area was largely settled
and substantial diversions for irrigation began. Also presented is an historic photograph
of the river from the early settlement period. Taken together, this information indicates
that, prior to development, the Upper Gila River was a shallow stream, typically easily
crossed on horseback or by wagon. The river was at times deeper and more difficult to
cross, but usually only following storm events and/or during spring snowmelt. These
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findings support the conclusion that the Upper Gila River was not navigable in its
ordinary and natural condition prior to statehood.

A. Historic Accounts

29. Table 1 summarizes historic accounts of Upper Gila River streamflow
conditions made before 1880.c The accounts were taken from various sources that are
listed in the table along with their location, date and associated comments. I
specifically selected accounts when cultural impacts on streamflows were limited. As
indicated in Table 2, from the 1820s through 1872 less than approximately a few
hundred acres were being irrigated along the Upper Gila River and its tributaries at
any given time.d Irrigation by American settlers increased rapidly after that time and,
by 1879, irrigated acreage in the area approached 5,000 acres. As discussed further
in Sections VI and VII, it is unlikely that even this level of development would have
substantially changed the depth of the stream and impacted its susceptibility to
navigation.

30. Trapper James Ohio Pattie completed three trips along the Upper Gila
River in the 1820s. Maps showing his routes are presented in Figure 5 and relevant
sections from his personal narrative of the expeditions are provided in Attachment
B. Although crossing the river numerous times in the fall, winter, and spring when
traveling and trapping beaver, he never mentions using a canoe or raft along the
Upper Gila River.

31. In October 1846, General Kearny led a military reconnaissance down
the Gila River beginning in New Mexico. A map showing his route is presented in
Figure 6. Four of the men that accompanied Kearny kept notes and journals that
were later published. Relevant sections from these documents are provided in
Attachment C. The documents describe a shallow river when it was first
encountered upstream of the Arizona border. Downstream from this point, the troops
made several river crossings with their horses, mules and wagons. Below the
confluence with the San Francisco River and Eagle and Bonita Creeks, the river’s
cross section was reportedly about “70 feet by 4 feet.” (Emory, 1848, p.67) Another
account made on the same day indicated that it had been raining since the previous
night which, along with the tributary inflows, probably explains this increased river
depth. (Griffin, 1943, p.26) Even with the rain and inflows, the Gila River they
encountered downstream in the Safford Valley was described as “still not deep
fording.” (Johnston, 1848, p.586)

32. Kearny reached the confluence with the San Pedro River in November
1846. About six miles downstream from that point, Johnston (1848, pp.592-593)
noted that “the (Gila) river is slightly larger here than where we first saw it, although
we were told otherwise; it has about 18 inches water on the shoals here, and canoes
might pass down it very readily, and good sized boats, if it was not for the round
rocks in its bed.” (Johnston, 1848, pp.592-593). In contrast, none of the four
travelers that accompanied Kearny recorded any observation related to navigability
along the Upper Gila River.

c
Since the historic accounts pre-date 1880, they record conditions prior to the flooding of the early 1900s

that caused channel braiding.
d

Early American travelers along the Upper Gila River noted numerous Indian ruins, but no active
irrigation.
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33. In 1849, several groups travelled down the Upper Gila River on their
way to the California gold fields. They all travelled by land and two from the same
group kept journals that were later published. Relevant sections from their journals
are provided in Attachment D. This group first encountered the Gila River in New
Mexico during July and noted that it was “about 12 yards wide and 18 inches deep.”
(Chamberlain, 1945, p.160) Like earlier travelers and other 49ers at the time, they
crossed the Upper Gila River numerous times with their horses and mules but did not
note any difficulties. However, when this group finally reached the Colorado River
in August, they describe in detail their difficulties in transporting mules and supplies
across that stream (Green, 1955, pp.73-74).

34. Fifteen years later, to support military efforts against Apache Indians
in the area, Fort Goodwin was established in the Safford Valley near present day
Geronimo. In 1867, the commander of the post wrote to his superiors that the nearby
Gila River was “50 feet broad with an average depth of 2 feet.” (Burkham, 1970,
p.G5)

35. In summer 1872, Governor Safford, returning from a tour of mining
prospects along the San Francisco, traveled down the Gila River through Gila Box.
He noted to a local paper that “we were compelled to cross the river many times and,
as the water was high, had considerable swimming to do, but at an ordinary stage of
the water, there is not the least difficulty in passing with a cavalry company through
this canon.” (Weekly Miner, 1872)

36. Lastly, in his autobiography, a Mormon settler named Hyrum Weech
recalled crossing the Gila River near Fort Thomas (Safford Segment) in February
1879. He noted that the river was running high and swiftly at the time due to melting
snow and his group had to swim their horses across. He returned to Safford Valley a
month later with wagons and crossed the river with “oxen, cows and young stock”
but mentions no difficulty at that time (Weech, 1931, pp.14-16).

B. Historic Photograph

37. Figure 7 shows an 1880 photograph of a covered wagon and trailer
crossing the Gila River near present day Calva. The photograph is noteworthy since
it was taken during the period of early settlement in the Safford Valley when impacts
from irrigation diversions were still relatively minor. By 1880, the acreage irrigated
upstream of the wagon crossing totaled about 5,700 acres (Table 2).

38. The photograph is also noteworthy because the width and depth of the
Gila River can be approximated by reference to the length and height of the wagon
and the livestock. Using this information, the river appears to be less than 100 feet
wide and about 1 to 2 feet deep, which is consistent with the historic accounts
described above. Note also that the stream appears unbraided at this time which is
consistent with Burkham’s findings presented in Section III.

39. The photograph and historic accounts described above both indicate
that, in its natural and ordinary condition, the Upper Gila River typically had
relatively shallow flow (about 2 feet or less) that would not have supported
commercial navigation prior to statehood.
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V. EARLY TRANSPORTATION NEEDS

40. The first Americans to occupy the watershed of the Upper Gila River were
miners and the military. Although both required that supplies be shipped to their
operations, neither miners nor the military utilized the Upper Gila River for that purpose,
further indicating that the river was not navigable. This section of my declaration
describes how supplies were delivered to Fort Goodwin, located near the Gila River in
Safford Valley, and to the mines of the Clifton-Morenci District, located north of Gila
Box along and adjacent to the San Francisco River. Also described are several early
assessments by government officials that concluded that this reach of the Gila River was
not navigable.

A. Fort Goodwin

41. As mentioned in Section IV, Fort Goodwin was established near the Gila
River in Safford Valley during 1864. It operated until 1871 when, because of malaria, it
was abandoned and eventually replaced nearby by Fort Thomas in 1876 (Brandes, 1960,
pp.32-34, 67) Figure 8 shows the location of these and other early military posts and
settlements in Arizona.

42. When in operation, Fort Goodwin supported military efforts against
Apaches in the area and supplied rations to several hundred Indians that were encamped
there. Most supplies were transported to the post via land from the Yuma Depot. General
Mason reported the following in 1866:

“The vessel brought (the supplies for Fort Goodwin) to Fort Yuma, and
we were compelled to haul them from there to their destination. Much
difficulty and delay was experienced on account of the very limited
amount of transportation in the Territory…Already we have near nine
hundred Indians on the reservation at Fort Goodwin, and they are reported
as coming in daily.” (Secretary of War, 1867, pp.96-98)

43. Three years later, the means of transporting supplies to Fort Goodwin had
not improved. As General Ord described in 1869:

“…expenditures (by the Department of California) are principally due to
the cost of transporting supplies. The expense of supplying rations at
Camp Goodwin, one of the posts in Arizona, and of feeding animals there,
can be compared with similar expenses in San Francisco, when it is known
that a barrel of good flour is bought in San Francisco for the army for from
$4 to $5 in gold; and it has heretofore cost, to take two hundred pounds of
freight to Camp Goodwin, in Arizona, about $30 in gold, going by land
from Yuma Depot. A barrel of flour purchased in Arizona costs, delivered
at Camp Goodwin, about $25 in gold; so that it has cost the government
purchasing supplies there or thereabout five or six times as much to feed
the soldiers there as here…” (Secretary of Water, 1869, p124)

44. In addition to the expense and time required, there were safety concerns in
freighting supplies to Fort Goodwin. In December 1870, wagon trains from the firm of
Tully and Ochoa were attacked by Indians en route from Tucson to Camp Goodwin and
30 oxen were lost (Miller, 1989. p.298).
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45. Conditions at Fort Goodwin during this period are described in an
inspection report by Lieutenant Jones. On the issue of transportation, he noted that “The
transportation does not exceed the wants of the command…the mules are in good order,
but the (seven) wagons are in very bad condition.” (Jones, 1869)

46. No documents were found from this period of the use boats on the Gila
River to transport supplies to Fort Goodwin. And with the exception of a ferry built to
cross the river during a flood (see Section VIII), there is no record that any of the soldiers
stationed there used boats. This is significant because the need for reliable and
inexpensive transportation to the fort clearly existed and it was a time when the region
was largely unsettled, with little water diverted for agriculture. Had it been navigable, the
Gila River would have provided a direct route to transport supplies from the Yuma
Depot, located near its mouth, to Fort Goodwin, established near its headwaters.

B. Clifton-Morenci Mining District

47. The first mining claims were located in the Clifton-Morenci District
during the early 1870s. By 1875, the Leszinsky Brothers had built a smelter to process
ores from their Longfellow Mine. The following year they built a larger smelter in
Clifton, located about 5 miles below the mine. Charcoal was used to fuel these
smelters (Dunning, 1959, pp.73-74).

48. The following quote from Henry Leszinsky describes how charcoal and
other supplies reached Clifton at this time:

“The fuel used for smelting purposes is charcoal, this we buy from a
hundred different persons; men who have a wagon or two bring it to
us…A great portion is brought from Pueblo Viejo (present day
Solomonville), there the people burn the mesquite growing on their own
lands…People on the Gila who have taken up farms clear the land of
mesquite roots, make coal and bring it to us…We made roads to Pueblo
Viejo, built a bridge across the Gila, and through our own energy in
opening up the county the Gila has been settled for fifty miles…It is
thus that several hundred people make their living through these works.
They bring grain, vegetables, meat and all other necessaries of life and
business. The farmers on the Gila and Pueblo Viejo find here a ready
market for their produce.” (The Arizona Citizen, 1877a) [emphasis
added]

49. Another quote from the same newspaper describes how people travelled
to Clifton during the period:

“There are two ways to get to Clifton. You can go via Bowie to Silver
City (New Mexico) and thence northwest to Clifton, or you can go to
Camp Grant and thence via Pueblo Viejo and the Pinal road to its
junction with the Silver City road and turn northwest to Clifton. The
latter is the route for one to take going from Tucson…we left Silver
City…and after crossing the Gila nine times on the route, we left the
river and ascended the hills (to Clifton)…” (The Arizona Citizen,
1877b)

50. Both quotes indicate that the Gila River was not a viable means of
transportation from the Safford and Duncan Valleys to Clifton in the mid- to late-
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1870s. Roads were in use, but no mention is made of boats. Based on acreage data
compiled in Table 2 and presented by the Gila Water Commissioner (2012, Plate 32),
less than approximately 4,000 acres were being irrigated above Solomonville at this
time. As discussed further in Section VI, this indicates that about 40 cubic feet per
second (cfs) or less were being diverted from the river upstream and return flows could
have totaled 30% or more of this. Such depletions would not have changed the
navigability status of the stream and, since the need for local transportation existed, it
can be concluded that these segments of the Upper Gila River were not susceptible to
navigation at the time.

51. Ore processed from the Longfellow Mine near Clifton was initially
shipped via ox teams through New Mexico and up the Santa Fe Trail to Kansas City,
1200 miles away. In 1881, apparently due to the continued high cost of haulage and
falling copper prices, the Lesinskys sold their mining interests which the Arizona
Copper Company purchased in 1882. That same year, the company’s board of
directors decided to build a 36-inch gauge railroad from Lordsburg, New Mexico to
Clifton.e By 1883, the railroad from Lordsburg had reached the town of Guthrie, near
the east end of Gila Box, and was hauling freight cars up to that point loaded with
mine, mill and railroad supplies as well as a passenger coach (Colquhoun, 1924, pp.14-
15, 17 and 20).

52. The Arizona & New Mexico line eventually reached Clifton in
December 1884 (Patton, 1945, p.iii). Figure 9 shows its route from Lordsburg. Note
that it followed the Gila River for nearly 25 miles through Duncan Valley before
leaving the river downstream of Guthrie. The Gila River was not used by the mine as a
means of transportation.

53. As documented in Table 2, when the decision to construct the railroad
to Clifton was made in 1882, there were less than approximately 500 acres being
irrigated along the Gila River upstream of Clifton. Diversions from the river were,
therefore, minor at that time and would not have affected the potential to navigate this
reach of the river. This is further evidence that the Gila River through Duncan Valley
was not navigable in its ordinary and natural condition. Otherwise, the Arizona Copper
Company would surely have considered using the river to avoid the considerable cost
of constructing a 70-mile railroad from Lordsburg.

C. Government Assessments

54. From 1850 to 1853, John Bartlett of the U.S. Army Corps of
Topographic Engineers attempted to survey the boundary between the United States
and Mexico which, at the time, was defined by the Treaty of Guadalupe Hidalgo as the
Gila River. Regarding the navigability of the Gila River he wrote “It is doubtful
whether it can ever be navigated, except at its floods, and these are by no means
regular. At such times flat-bottomed boats might pass to the mouth of the Salinas (Salt
River), near the Pima Villages.” (Fuller, 2003, p.3-14)

55. In a December 1865 memorial, the legislature of the Arizona Territory
asked Congress for an appropriation to improve the navigability of the Colorado River.
As stated in their memorial:

“…the Colorado River is the only navigable water in this Territory; that

e
The Southern Pacific Railroad had reached Lordsburg in fall 1880 (Carmichael and Kiddle, 1924, p.7).
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it is navigable, in high stages of water, five hundred miles; that by the
expenditure of a small amount of money, it may be rendered navigable
much higher up. That portion of the river between Fort Yuma and Fort
Mohave has a changeable channel and is obstructed by boulders, snags,
and sand bars rendering the navigation difficult and dangerous; that the
removal of said obstructions would greatly facilitate the navigation of
this part of the river…that if navigation of said river is improved it will
accommodate the General Government and greatly increase and hasten
the development of vast mineral other resources of this Territory.”
(Territory of Arizona, 1866, p.77) [emphasis added]

Although written at a time of little or no irrigation along the Upper Gila River, the
memorial makes no mention of the Gila River.

56. In the late 1800s, the General Land Office completed several cadastral
surveys along the Upper Gila River before irrigation diversions were significant
(Table 2). The location and dates of the surveys are listed below:

Duncan Valley

 Township 8 South, Range 32 East (January to February 1882)

 Township 8 South, Range 31 East (January to February 1882)

Safford Valley

 Township 7 South, Range 27 East (January 1875)

 Township 7 South, Range 26 East (December 1874 to February 1875)

 Township 6 South, Range 25 East (January to February 1875)

 Township 6 South, Range 24 East (January to February 1875)

 Township 5 South, Range 24 East (January 1875)

 Township 5 South, Range 23 East (February 1875)

 Township 4 South, Range 23 East (October to November 1875).

Review of the survey plats and accompanying field notes shows that both banks of the
Gila River were not meandered during any of these surveys. This is important since, as
explained by Littlefield (2013, pp.21-23), surveyors at the time were instructed to
meander both banks of rivers that they believed were navigable.

57. Each of the government assessments described above was made before
substantial settlement by Americans and prior to the flooding of the early 1900s that
caused channel braiding. And yet none of these assessments determined that the Upper
Gila River was susceptible to navigation. These assessments, combined with the fact
that neither miners nor the military actually used the river to supply their early
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operations in the area, demonstrates that the Upper Gila River was not susceptible to
navigation in its ordinary and natural condition prior to statehood.

VI. STREAMFLOW RECONSTRUCTION

58. In this section of my declaration I describe how ordinary and natural
streamflow conditions were reconstructed at several USGS gaging stations along the
Upper Gila River. The purpose of reconstructing these streamflows was to further
assess how the river looked prior to the effects of man and determine whether it was
susceptible to navigation in this undisturbed condition. Undepleted streamflows were
determined using an accounting approach that adjusted (increased) gaged flows for
upstream diversions. In the paragraphs below, the period that the streamflows were
reconstructed is described first followed by a discussion of the gages used and
upstream diversions. Results from the analysis are presented next and then compared
to other undepleted flow estimates.

59. I conclude from this analysis that undepleted streamflows along the
Upper Gila River were greatest during spring snowmelt (March and April) and the
monsoon (August). Through these months of higher runoff, flows in the Duncan
Valley and upper Gila Box nevertheless typically have remained below 350 cfs.
Undepleted flows were higher in the Safford Valley and, during these higher flow
months, would typically have increased up to 600 to 700 cfs at the upper end of the
valley and 750 to 900 cfs at the lower end. Because the quantities diverted upstream of
the gages and added back to the river to reconstruct flows were not corrected for canal
spills and return flows and the effects from infiltration and evapotranspiration (ET),
these values for undepleted streamflow should be considered an upper estimate. Actual
undepleted flows along the Upper Gila River would have been lower. Results from this
analysis are used in Section VII to estimate the depth and velocity of the reconstructed
flows and their suitability for navigation.

A. Analysis Period

60. Several factors were considered before selecting a flow period to
reconstruct along the Upper Gila River including:

a) Availability of flow and diversion data;

b) Whether runoff conditions during the period were representative of
long-term conditions;

c) Quantity of well pumpage; and

d) Changes in cultural depletions.

Each factor is discussed briefly below. Based on these factors, the period beginning in
the early 1920s and ending in the early 1930s was selected.

61. For the period analyzed, there were at least six or more years of data
from each gaging station and at least that length of record was available for the major
upstream diversions in the area.
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62. When reconstructing streamflows it is also important to consider
whether runoff during the period analyzed is representative of long-term conditions. In
other words, it should be determined whether the period selected for reconstruction
was wet, dry or about normal. In characterizing ordinary streamflow conditions, a
period of near normal flows is desirable. Figure 10 shows annual streamflows in the
Gila River near Solomonville reconstructed from 1820 to 1940 using tree rings. Also
shown in this figure is the median annual streamflow at this point on the Gila River
based on tree rings dating back to the year 1332. These data show that, for the period
analyzed, annual flows along the Upper Gila River were near their long-term median
with about an equal number of years above and below the median and no extreme wet
or dry years.f

63. Determining the effects of well pumpage on streamflows can be
complex. An effort was therefore made to reconstruct streamflows when there was
relatively little pumping along the Upper Gila River. Major agricultural districts in the
region include the Duncan-Virden Valley and Safford Valley. According to Turner
(1946, p.2), the use of irrigation wells in the Safford Valley began in the early 1930s.
The use of irrigation wells in the Duncan-Virden Valley started later, beginning about
1935 (Halpenny and others, 1946, p.2). Since the quantity of water pumped from
irrigation wells typically far exceeds that pumped for other purposes, the period
selected for streamflow reconstruction was largely unaffected by well pumpage.

64. The last factor considered when selecting a streamflow period to
reconstruct is changes in cultural depletions. Since periods of record are rarely the
same for all gages and diversion points, it helps when reconstructing flows to select a
time when diversion rates are relatively stable. Fortunately, by the early 1920s, the
acreage of lands irrigated in the Safford and Duncan Valleys, the largest cultural water
use in the region, had largely stabilized (Gila Water Commissioner, 2012, Plate 30).

B. Gages

65. Undepleted streamflows were reconstructed at four USGS gages along
the Upper Gila River:

 below Blue Creek, near Virden, New Mexico (09432000);

 near Clifton (09442000);

 near Solomonville, at the head of Safford Valley (09448500); and

 at Coolidge Dam (09469500).

Figure 2 shows the location of the gages. The gage near Virden is upstream of Duncan
Valley, the Clifton gage is within the upper Gila Box, and the gages near Solomonville
and at Coolidge Dam are at the upper and lower ends of Safford Valley, respectively.

f
Meko and Hirschboek (2008) reconstructed these streamflows by first correlating recent tree ring widths

to the quantity of flow measured at a nearby USGS gaging station. This correlation and older tree ring data
were then used to estimate flow conditions before data were available from the gage. The researchers did
not adjust the recent streamflow data for upstream diversions which, as shown in this section, have been
significant. As such, the flow data they reconstruct using tree rings is useful as a relative rather than
absolute measure of prior flows along the Upper Gila River.
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66. Data for the gages are presented in Tables 3 through 6. Median monthly
flows and upstream diversions are listed for each gage over the period analyzed.
Medians were used for flow reconstruction rather than averages since the former are
more representative of typical flow conditions and less affected by large flow events.
As noted by Fuller (2003, p.8-6), “the average annual discharge rate may not be as
representative of ‘typical’ flow conditions as the median (50%) flow rate or the 90%
flow rate, which may give a better indication of their susceptibility to navigation.”

C. Diversions

67. To reconstruct natural and ordinary streamflow conditions along the
Upper Gila River, diversions upstream of the USGS gaging stations were added to the
gaged flows. Since irrigation diversions were by far the largest cultural water use in
the region at this time, these diversions were evaluated in detail.

68. Specific irrigation diversions upstream of the gages are presented in
Tables 7 through 9. Table 7 lists irrigation diversions in the Gila River headwaters
and along its tributaries circa 1930. Irrigation diversions in the Duncan-Virden Valley
and vicinity from 1922 to 1931 are listed in Table 8 and irrigation diversions in the
Safford Valley from 1921 to 1929 are listed in Table 9.g

69. Acreages irrigated in the Duncan-Virden and Safford Valleys were
relatively stable during this time, totaling about 8,100 acres and 32,500 acres,
respectively. Surface water diverted from the Gila River to irrigate these lands was
measured by the USGS at gaging stations established on most of the major irrigation
canals and ditches in the area. Diversions at canals and ditches that were not gaged or
regularly field measured by the USGS were estimated by summing monthly data from
the gaged diversions and prorating the total based on irrigated acreage. Since
diversions for irrigation in the Gila River headwaters and along its tributaries were
also not gaged or frequently measured, these diversions were estimated using a similar
prorating procedure based on reported irrigated acreage and diversions measured in the
Duncan-Virden Valley.

70. Non-agricultural diversions were also identified upstream of the gages
and included those for mining, other industrial purposes and domestic use. As noted in
Tables 3 through 6, diversions for domestic use during this period were estimated
based on population records from the U.S. Census (1932) and a typical per capita use
rate. Diversions for mining in the Clifton-Morenci area were provided in annual
reports by the Gila Water Commissioner and Halpenny and others (1952) provided
estimates of water use for other industrial purposes in the Safford area.

D. Results and Qualifications

71. Reconstructed flows at the four USGS gaging stations are summarized
in Table 10. My analysis showed that, in its ordinary and natural condition, flows in
the Upper Gila River were typically highest in March and April, as a result of snow
melt, and during the monsoon in August. During these months of higher runoff,
median flows near Virden and Clifton would have remained below 350 cfs. Near
Solomonville and at Coolidge Dam, median flows during these high runoff months

g
Based on reported diversions and cropped acreages during this period, each cubic foot per second diverted

from the Upper Gila River irrigated an average of about 75 acres in the Duncan-Virden Valley and about
125 acres in Safford Valley.
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would have been greater and typically ranged from 600 to 700 cfs and from 750 to 900
cfs, respectively.

72. When reviewing these results, it is important to remember that no
corrections were made for canal spillsh, return flows, infiltration or ET. It was assumed
in the analysis that none of the water diverted upstream of a gage site for irrigation,
mining or domestic use returned to the river via surface runoff or baseflow and was
measured by the gage. It was also assumed that no canal spills or irrigation returns
were diverted again and reused. Inevitably these assumptions caused some diversions
to be double counted in my analysis. It was further assumed that all of the diverted
water added back to the river reached the downstream gage (i.e. none was naturally
lost along the channel due to infiltration and ET). These assumptions are unlikely and,
as a result, my reconstructed flows should be considered an upper estimate. Actual
Upper Gila River streamflows would be less in their natural and ordinary condition.

73. Available information indicates that an appreciable amount of the water
diverted for irrigation along the Upper Gila River did, in fact, return to the river and
was diverted again by downstream irrigators or was lost along the stream due to
infiltration and ET. As noted by the first Gila Water Commissioner (1936, pp.13-14):

“Diversions between canals are not always consistent with relative
rights owing to the influx of water below some diversions…During the
periods of low river flow in the upper valleys, a large portion of the
water supply is made up of return flow which occurs at various points
along the river…Owing to the presence of return flow available for
some of the lower canals, the quantities diverted are sometimes in
excess of the amounts that may be due them on a relative priority...”i

[emphasis added]

74. A few early attempts were made to quantify irrigation return flows and
canal spills in the Duncan and Safford Valleys. Seepage measurements made during
March and April 1899 indicated that up to 36% of irrigation diversions in these valleys
returned to the river (Table 11). Canal spills were also significant at this time. In the
Safford Valley, from 15 to 73% of the water diverted into three canals was spilled
when measured during 1899 and 1917 (Table 12). The quantity spilled by irrigators
apparently varied by canal and the time of year. Detailed spill data were collected for
the Brown Canal between 1921 and 1929. These data are summarized in Table 13 and
show that monthly spills typically ranged from less than 5% to over 40% and were
highest in the winter and spring when streamflows were also higher.

75. Due to the above variability and lack of detailed data during the period
of analysis, no attempt was made to correct the upstream diversions for spills, returns,
infiltration and ET. Nonetheless, the existing information indicates that these
corrections would be significant and would substantially lower the reconstructed flow
rates.

h
Spills occur when an irrigator diverts more than can (or should) be conveyed through the canal. The extra

water is spilled into a wasteway or otherwise returns to the river.
i
The Gila Water Commissioner administers the Globe Equity No. 59 Consent Decree which establishes the

quantity of certain surface water rights to divert water from the Gila River for irrigation in the Duncan-
Virden and Safford Valleys.
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E. Comparison to Other Estimates

76. Two earlier studies were identified that reconstructed streamflows along
the Upper Gila River. In 1952, BOR published a report on the water supply of the
Lower Colorado River Basin. In that report, undepleted streamflows were calculated at
numerous gaging stations within the basin for the period 1914 through 1945. Flow
records were adjusted for depletions upstream of the gages including consumptive
uses, channel losses, and ET.

77. In 1987, the USGS prepared a map of average annual runoff across the
United States. In preparing this map, gaging station records were used and also
adjusted for upstream diversions, in this case for the period 1951-1980. According to
Krug and other (1987, p.4), if the station records “indicated an amount of upstream
diversion, it was used to adjust the streamflow.” Since irrigation diversions were
commonly described in these records by the number of acres irrigated, upstream
diversions were quantified by multiplying the irrigated area “by the amount of water
typically used for irrigation in that area (minus an allowance for return flows).”

78. Each of these earlier studies estimated the average or mean annual
undepleted flow at the four gaging stations that I evaluated. For comparison to these
estimates and as an independent check on my results, I calculated the median annual
undepleted flow at the gages based on summing my monthly reconstructions. Results
from the comparison are summarized in Table 14.

79. As expected and explained in paragraph 66, my median annual
reconstructed flows were lower than the average annual undepleted flow estimates at
two of the gaging stations (near Virden and near Solomonville). However, because I
did not correct the upstream diversions to avoid double counting, the differences were
minor and at the other two gaging stations (near Clifton and below Coolidge Dam) my
median annual reconstructed flows were actually greater than the average annual
undepleted flow estimates. Had some correction to these diversions been made, my
median values would likely have been less than the means in all cases and the
difference between the mean and median estimates would have been larger. In either
case, undepleted flows along the Upper Gila River are relatively small and, when
evaluated in the next section in terms of their depth and velocity, would not have been
suitable for commercial navigation.

VII. RIVER DEPTH AND VELOCITY RECONSTRUCTION

80. The median monthly streamflows reconstructed in Section VI are used
in this section to reconstruct the depth and velocity of the Upper Gila River. The depth
and velocity of the stream prior to development were determined using hydraulic
rating curves developed at several points along the river. The rating curves are based
on USGS field discharge measurements and are presented in Attachment E.

81. By combining the reconstructed streamflows with the hydraulic rating
curves, it was found that undepleted flows along the Upper Gila River typically had a
mean depth of less than 2.0 feet and average velocities greater than 1.5 feet per second.
Flows were generally deeper and/or velocities were greater during the spring snowmelt
and summer monsoon, but even at those times, flow depths at most points typically
remained less than 2 feet. Such stream depths would not have supported commercial
boat travel in light of prior court decisions (e.g. United States v. Utah, discussed below
in paragraph 87) and certain navigability guidelines (see paragraph 89 below).
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82. As a further test of the susceptibility of the Upper Gila River to
commercial navigation, the reconstructed depths and velocities were analyzed using
the engineering methodology of Langbein (1962). This method considers stream depth
and velocity, among other factors, in assessing the feasibility of upstream boat travel.
Results from that analysis show that flow conditions along the Upper Gila River prior
to development would also not have supported upstream commercial navigation.

A. Depth

83. To reconstruct the depth of undepleted streamflows along the Upper
Gila River, the median monthly flows reconstructed in Section VI were compared to
hydraulic rating curves that relate stream discharge to mean depth.j The rating curves
were developed based on hundreds of USGS field measurements taken over multiple
years during the analysis period. Attachment E presents rating curves for each of the
four USGS stations where streamflows were reconstructed. Also in this appendix are
rating curves developed for four additional gaging stations on the Upper Gila River.
The additional stations include a gage at York, located within Duncan Valley and
upstream of the station near Clifton; a gage below Bonita Creek, located in the lower
Gila Box and upstream of the station near Solomonville; and, gages near Ashurst and
at Calva, both located in the central Safford Valley upstream of the gage at Coolidge
Dam. Figure 2 shows the location of all stations.

84. The additional gaging stations were used to evaluate predevelopment
stream depths and velocities at intermediate points where flows were not
reconstructed. Data were insufficient to reconstruct streamflows at these additional
stations, so flows reconstructed at the nearest downstream station were used. Routing
these reconstructed flows through the upstream station was justified since there were
no major cultural diversions between the stations. However, it was recognized that
during warmer months, evapotranspiration by riparian vegetation may decrease
streamflows from an upper to a lower station. For this reason and based on local
evapotranspiration studies performed by Gatewood and others (1950, pp.115, 117,
152-153 and 187), reconstructed flows were only routed upstream during the months
of November through April when water use by riparian vegetation is minimal.

85. Results from reconstructing stream depths along the Upper Gila River
are summarized in Table 10. Mean flow depths typically remained less than 2.0 feet at
all stations and for all months evaluated. An exception was the gage below Bonita
Creek within lower Gila Box. The rating curve for this gage showed a relatively wide
range of stream depths for a given flow rate. This indicates that, although the river was
not braided at this point, its channel cross section was rather variable. As a result, there
were months when typical flow depths here would have ranged between 1.1 to 2.2 feet
and between 1.5 to 2.5 feet.

86. Note that the reconstructed stream depths listed in Table 10 represent
conditions at discrete points along the river where (and when) the channel was not
braided. However, as described in Section III, portions of the river have historically
remained braided for years. In those areas, the channel would have been broader, sand
bars more common, and reconstructed stream depths less. Also, no attempt was made
to reconstruct the height of rapids that form locally within Gila Box. The size of these
rapids is expected to vary with flow and their location likely changes following large

j
Also referred to as hydraulic depth, mean depth is equivalent to the average depth of the stream across the

channel cross-section.
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flood events. As noted by Fuller (2003, p.5-45), such conditions “may, in some cases,
preclude or at least hinder use by any boat, especially for travel in the upstream
direction.”

87. When compared to the findings of the Special Master in United States v.
Utah, the mean stream depths reconstructed along the Upper Gila River indicate that
this reach of the river would not be found navigable in its ordinary and natural
condition prior to statehood. United States v. Utah, 283 U.S. 64, 51 S.Ct. 438 (1931).
In the Utah case, the Special Master determined that the San Juan River was not
navigable, a finding that the U.S. Supreme Court later adopted. Among the factors that
the Special Master cited in his report was the relatively shallow depth of the river
which he found had a mean depth of less than 2 feet during 167 days or over 5 months
of the year (Warren, 1930, pp.154-181). By comparison, along the Upper Gila River,
reconstructed stream depths were less than 2 feet for all months evaluated and at all
gaging stations except the one below Bonita Creek, as explained above. Since stream
depths were reconstructed based on median monthly flows, then during at least half of
the days each year, average stream depths were less than 2.0 feet at the Gila River
gage sites, a frequency of shallow flow conditions greater than observed for the San
Juan River. This comparison weighs even more for the non-navigability of the Upper
Gila River considering the conservative nature of my streamflow reconstructions (see
paragraphs 72 through 75).

88. Also cited in the Special Master’s report were results from a “low water”
survey of the Green and Grand Rivers. The survey had been conducted by the War
Department in November 1908 to determine the navigability of the two Utah rivers and
whether their improvement by the Federal Government was advisable. The survey found
that:

“There are many ‘cross-overs’ in both rivers which have a depth of
between 2½ and 3 feet during the low-water stage. This depth is sufficient
for light draft boats suitable to these rivers, and 3 feet is, therefore taken as
the governing low-water depth to be considered in improvement. The
maintenance of a greater depth is not warranted by the probable
commerce.” (Warren, 1930, pp.101-102)

The War Department determined that both rivers were navigable, a conclusion that the
Special Master indicated, while not binding on the United States:

“has a certain amount of relevancy. I find that (the) conclusions as to
depths, velocities, etc. are amply confirmed by the evidence in this suit
as to actual boat trips on these Rivers made by witnesses.” (Warren,
1930, p.130)

The Special Master, who ultimately also found both rivers to be navigable, determined
that the mean depths of the Green and Grand Rivers only fell below 3 feet during 53
days and 16 days of the year, respectively. These flows were considerably deeper than
those of the Upper Gila River in its ordinary and natural condition.

89. It is also helpful when reviewing the reconstructed stream depths for the
Upper Gila River to consider thresholds established by the State of Washington for
assessing the navigability potential of rivers. According to Magirl and Olsen (2009,
p.2), Washington considers streams with an mean depth of less than 2 feet “probably
not” navigable while streams with mean depths between 2 and 3.5 feet “may be
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(navigable) depending on (the) balance of factors.” Streams with mean depths greater
than 3.5 feet are considered “probably” navigable. The Upper Gila River is also non-
navigable in its ordinary and natural condition using these criteria.

B. Velocity

90. A similar procedure to that described above for stream depths was used
to reconstruct the velocity of undepleted flows along the Upper Gila River. In this
case, rating curves were developed based on the USGS field measurements that relate
discharge to average stream velocity. The rating curves are included in Attachment E
and results from these analyses are also summarized in Table 10.k

91. At all gaging stations and for all of the months evaluated, the average
velocity of the reconstructed streamflows typically exceeded 1.5 feet per second.
Velocities were generally lower at the York and Clifton gages and higher at the other
gages where velocities typically exceeded 2.0 feet per second for most months. As
described below, these velocity data were used together with reconstructed stream
depths to assess the feasibility of upstream boat travel along the Upper Gila River.

C. Feasibility of Upstream Boat Travel

92. This section concludes with an analysis of the feasibility of upstream
boat travel along the Upper Gila River based on the reconstructed flow depths and
velocities described above. Langbein (1962, p.W-23) determined that the ratio of the
force exerted by a vessel in motion to its weight (“specific tractive force”) was related
to whether upstream navigation was practical for commercial vessels on a river. He
found that rivers requiring a specific tractive force greater 0.002 were not being used
for navigation and for those requiring that this force range from 0.001 to 0.002,
navigation were “usually limited to ferry or short-run operations.”

93. On page W-21 of his report, Langbein provides a figure which can be
used to determine specific tractive force based on stream depth and velocity. Using
this figure and the median reconstructed depths and velocities summarized in Table
10, I found that upstream navigation along the Upper Gila River would require specific
tractive forces at and above 0.002. Based on Langbein’s criteria, the river would not be
useful for upstream navigation and, at best, would be limited to “ferry or short-run
operations.”

94. Langbein calculated the specific tractive force for several rivers in the
United States, including the San Juan River in Utah. He calculated that boats on the
San Juan would require a specific tractive force greater than 0.01 and, therefore, the
river would not be navigable using his criteria. This result is consistent with the
findings of Special Master Warren.

95. As a final comparison, I calculated the specific tractive force needed for
boats on the Colorado River using field measurements taken by the Wheeler Survey in
1875 and 1876 (Mueller and Marsh, 2002, p.10). At Fort Yuma, the specific tractive
force was found to be less than 0.001 at this time and at Fort Mohave it was between

k
Attachment E also includes a rating curve for each gaging station that shows how the width of the Upper

Gila River varied with its discharge based on USGS field measurements.
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0.001 and 0.002.l Using Langbein’s criteria, upstream commercial boat travel would
have been feasible at Fort Yuma and marginal at Fort Mohave. As described above in
paragraph 55, these results are consistent with the 1865 memorial of the Arizona
legislature which requested federal funds to improve the channel of the Colorado River
between Fort Yuma and Fort Mohave for boat travel. The results are also consistent
with documented steamboat boat travel along the lower Colorado River during the mid
to late 1800s which, under normal (low water) conditions, would reach Hardyville
located just upstream of Fort Mohave (Arizona Historical Society, 2014).

VIII. BOATING

96. This section describes prehistoric, historic and recent efforts to boat the
Upper Gila River. No evidence of prehistoric boating by native Americans was found.
Four historic accounts of boating the Upper Gila River were identified including three
accounts of one- and two-man parties floating down the river prior to 1900. The fourth
historic account involved using a ferry to cross the river during a period of high flows.
Regarding recent efforts to boat the river, evidence has been presented to ANSAC on
the recreational use of the river by kayakers, canoeists and rafters, primarily within
Gila Box.

97. As indicated by the U.S. Supreme Court in PPL Montana, extensive and
continued historical use of a river for commercial purposes is the most persuasive
evidence of navigability. As to evidence of present-day boat use, the Court noted that
it:

“may be considered to the extent it informs the historical determination
whether the river segment was susceptible of use for commercial
navigation at the time of statehood. For the susceptibility analysis, it
must be determined whether trade and travel could have been conducted
‘in the customary modes of trade and travel on water’ over the relevant
river segment ‘in [its] natural and ordinary condition’…At a minimum,
therefore, the party seeking to use present-day evidence for title
purposes must show…the watercraft are meaningfully similar to those
in customary use for trade and travel at the time of statehood…If
modern watercraft permit navigability where the historical watercraft
would not…then the evidence of present-day use has little or no bearing
on navigability at statehood…Modern recreational fishing boats,
including inflatable rafts and lightweight canoes or kayaks may be able
to navigate waters much more shallow or with rockier beds than the
boats customarily used for trade and travel at statehood.” PPL Montana
v. Montana, 132 S.Ct. 1215, 1233-34 (2012)

98. The fact that the Upper Gila River was not used for commercial
navigation before substantial diversions occurred (see Section V) suggests that the few
historic attempts to float the river were a novelty by adventurers and not a reflection of
the practical utility of the river for trade and travel. Results from my undepleted flow
analysis (see Sections VI and VII) further support the conclusion that the river in its
ordinary and natural condition was not suitable for commercial boat travel. The recent

l
On March 20, 1876, the Colorado River at Fort Yuma had a mean depth of 5.85 feet, an average velocity

of 2.8 feet per second, and a discharge of 7,659 cubic feet per second. On September 2, 1875, the river at
Camp Mohave had a mean depth of 4.1 feet, an average velocity of 2.5 feet per second, and a discharge of
11,611 cubic feet per second.
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and current use of portions of the Upper Gila River by recreational boaters does not, in
my opinion, change this conclusion since the modern, low draft boats now in use are
not “meaningfully similar to those in customary use for trade and travel at the time of
statehood.” (PPL Montana, 132 S. Ct. at 1233).

A. Prehistoric

99. According to Fuller (2003, p.2-23) “Archeological research has not
documented any use of the (Upper Gila) river for commercial trade and travel nor any
regular flotation of logs.”

B. Historic

100. Table 15 summarizes four historic accounts of boating along the Upper
Gila River. Included in the table is the month and year of the account, the type of boat
used and its length, if known, the boat’s cargo and number of passengers, and the
purpose and direction of the trip.

101. The earliest account of boating the Upper Gila River involved troops
from Fort Goodwin using a raft to cross the river near their post. The crossing occurred
in March 1869, a month when flows on the river are typically high due to snowmelt
(see Table 10). In addition and as reported to The Weekly Arizona Miner (1869),
heavy rains had occurred before the crossing and there had been a “good deal of rain
(that) month…the Gila (was) pretty high.”

102. The three other historic accounts of boating the Upper Gila River
occurred during the winter or early spring of 1886, 1891 and 1895. The purposes of
these trips were prospecting, hunting/trapping and recreation, respectively. Each
boating party consisted of a one- or two-man crew and the only known cargo was their
supplies. One boat was referred to as a “dugout” and a second as “flat-bottomed,” 18
feet long by 3.5 feet wide. Both are considered small, low-draft boats. The type and
length of the third boat is unknown. All three trips began at or above Clifton and
proceeded downstream with each boat reportedly capsizing, at least two in the canyons
below Coolidge Dam.

103. Taken together, these historic accounts do not demonstrate that the
Upper Gila River was reliably used or could have been used for trade or travel prior to
statehood. When the troops from Fort Goodwin used a raft to cross the stream, the
river was running high due to snowmelt and recent rains and not in its ordinary and
natural condition. Considering that only three other historic accounts of boating this
portion of the river were identified, all of which were downstream floats, there is no
evidence of extensive or continued use of the river at that time for commercial
purposes.

C. Recent

104. Recent accounts of boating the Upper Gila River were summarized by
Fuller (2003, pp.6-4 through 6-6). The purpose of these trips was (and continues to be)
recreational. Most trips occur in the winter and spring and utilize canoes, kayaks and
inflatable rafts. Inner tubes are also used, particularly during low flows in the summer.
Boaters often put in at the east entrance to the Gila Box National Riparian
Conservation Area (NRCA) and take out at its west entrance. Depending on flow
conditions, the reach extending from the Gila River headwaters in New Mexico
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through the Duncan Valley can also be floated. Anderson and Hopkinson (1982) do
not recommend recreational boating below Gila Box in Safford Valley due to
numerous obstructions in the form of barbed wire fences.

105. According to Southwest Paddlers (2009), there are no outfitters or
shuttle services located on or near this section of the Gila River so they recommend
that boaters “bring everything you need and be prepared to run your own shuttles.”
Commercial rafting trips have been reported in the past, but these were limited to the
Gila Box reach and occurred during optimum flow conditions in the late spring (Fuller,
2003, pp.6-4 and 6-6).

106. Guidelines on floating the river through Gila Box were published by the
website Great Outdoor Recreation Pages and reproduced in Fuller (2003, pp. A-1 and
A-2). The guidelines recommend that canoes and inflatable kayaks be used when flows
in the river range from 150 to 500 cfs. At these flows, the river reportedly narrows
considerably with “nice chutes with some white water” but “floaters may have to pull
their boats through short shallow stretches.” When flows increase to 500 to 1,500 cfs,
Gila Box can be run with 14 foot or smaller river rafts, inflatable and hard shell
kayaks, and by experienced canoeists. These higher flows are reportedly suitable for
canoeists and novice inflatable kayakers but larger river rafts “will have to maneuver
frequently to find deep water to float.”

107. The above guidelines are consistent with those provided by Southwest
Paddlers (2009). For the reach from Virden, New Mexico to Solomonville, Southwest
Paddler states “At lower to moderate levels (the Gila River) is great in canoes, kayaks
and inflatable kayaks, while at moderate to high levels it is best suited for experienced
kayakers and rafters. Rafts need a flow of at least 500 cfs for a decent trip with
minimal dragging.”

108. It is clear from these guidelines and the evidence presented to ANSAC
that single or double-person canoes and kayaks can currently float this portion of the
Upper Gila River during some months of the year. Using existing USGS gage data,
Fuller (2003, p.5-43) calculated that flows near the upstream end of Gila Box average
about 206 cfs with a median flow of 80 cfs. Near the downstream end of Gila Box,
these flows average 433 cfs with a median flow of 174 cfs. Such average and median
flows would not, however be conducive to commercial boating, which explains why
those trips are often limited to optimal flow conditions that occur some years during
snowmelt in the late spring.

109. In November 2005, Jon Colby of Cimarron Adventures and River
Company (Cimarron) testified before ANSAC that he had guided river trips through
Gila Box. I contacted Mr. Colby, who still manages Cimarron, in February 2014 and
he stated that he no longer offers trips along the Upper Gila River, indicating that they
were not frequent enough to be commercially viable. He was unaware of anyone who
currently leads boating trips through Gila Box.

110. Gila Outdoor, a local outfitter in Thatcher, previously rented canoes and
provided a shuttle service for Gila Box boaters. When I contacted the outfitter in
February 2014, they indicated that they no longer provide this service nor apparently
does anyone else in the area. This was confirmed through my discussions with the
local office of the Bureau of Land Management who manages the Gila Box RNCA.
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IX. CONCLUSIONS

112., It is. my opinion that" in its ordinary and natural condition, the UPJle.r
Gila River was neither navigat>le nor susceptible to navigation at and prior to;
statebood.

113. It is, also my opinion that if the Upper Gila River is: divided into
~egmen~s~whie~b.,,1re'CommeB~, .,llone: of the segments would have been navigable in
their ordinary and natural condition.
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andcorrect.

.-f\
Executed on this~,day of May, 2014~

RICHARD T. BURTELL
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DATE DESCRIPTION SOURCE REFERENCE COMMENTS

December 1824

"On the morning of the 13th we started early, and crossed the river, here a
beautiful clear stream about thirty yards in width, running over a rocky
bottom…made but little advance this day, as bluffs came in so close to the
river, as to compel us to cross it thirty-six times"

Pattie (1905, p.87)
Numerous river crossings indicate a relatively
shallow stream

"Its section, where we struck it…was 50 feet wide and an average of two feet
deep…we crossed the river, its large round pebbles and swift current causing
the mules to tread wearily."

Emory (1848, p.61) Relatively shallow river depth noted in fall.

"The howitzers arrived, and we marched at 10, crossing the Gila several
times, as we move down it for four miles; we then crossed it, and made a
circuit of 14 miles to the south side, to get around a canyon through which the
river flows…"

Johnston (1848, p.581)
Numerous river crossings with wagons indicate a
relatively shallow stream

"At this point (the Gila River) is about 12 yards wide and 18 inches deep…It is
a swift flowing stream…"

(1945, p.160) Relatively shallow river depth noted in summer.

"We crossed the river three times to-day…We are encamped at the point
(above Gila Box)."

(1945, p.162)
Numerous river crossings indicate a relatively
shallow stream.

January 1825
The stream, we discovered, carried as much water as the Helay, heading
north. We called it the River St. Francisco.

Pattie (1905, p.90)
Discharge of the Gila and San Francisco Rivers
appeared similar.

October 1846
"The Gila at this place is much swollen by the affluence of the three streams
just mentioned (San Francisco River and Eagle and Bonita Creeks) and its
cross section here is about 70 feet by 4."

Emory (1848, p.67)

According to Griffin (1943, p.26), on the day
Emory's of account (October 27th), there had
been "some rain last night, and it is now raining. A
few days wet weather will use up the remainder of
our animals..." This likely also explains the
increased river depth Emory observed.

"As it is wet we leave camp about 1/2 past 9 to start on his Satanic Majesties
turnpike. We start upon it by crossing the river and commence ascending from
it…"

Green (1955, p.60)
River crossing indicates a relatively shallow
stream.

"…we finally groped our way to the river, whither it led us, crossed over and
encamped…From the amount of drift and other indications, the Gila rises to a
great height during the wet season."

(1945, p.163) Wet and dry season flows are differentiated.

"After a long but pretty gradual descent we again reached the water of the
Gila and traveled down the stream crossing it nine times, when we emerged
upon a flow, which widened out, and is covered with mezquite and other
bushes…"

(1945, p.163)

"The distressed New York company has just passed our camp instead of
going off to the mountains above they kept the river all the way saved 10
miles of distance & recrossed the river 54 times."

Green (1955, p.60)

late July - early
August 1872

"Our Indian guide advised returning by following down the Francisco and Gila
to old Camp Goodwin. It has always been the impression that the Gila Canon
from the mouth of the Francisco down, was impassable, but as the Indian
seemed confident it could be done, and to retrace our steps was to insure two
or three days of hunger, we determined to take the chances; and, true to his
word, he did take us through. We were compelled to cross the river many
times and, as the water was high, had considerable swimming to do, but at an
ordinary stage of the water, there is not the least difficulty in passing with a
cavalry company through this canon."

Safford
Weekly Miner

(1872)

Former Governor of Arizona Territory; indicates
river is typically shallow but becomes deeper
during the monsoon when he travelled down it.

"…the Rio Gila, which in consequence of the accession it has received from
the tributaries mentioned in our last day's travel has become a much more
rapid and deep stream…"

Turner (1966, p.94)

"The Gila is getting to be much larger - still not deep fording." Johnston (1848, p.586)

"The River at this point is some 60 yds broad and very rapid and quite deep it
is cloudy, and has been raining in the mountains to our left all day."

Griffin (1943, p.27)

1867

" (The Gila River 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 channel of water being 50 feet broad with an average depth of 2
feet."

Chapin
Burkham (1972,

p.G5)

Chapin was commander of Camp Goodwin and
made his observations near present day
Geronimo; relatively shallow river depth noted.

February 1879

"The trail led to the river opposite Fort Thomas. The river was swollen by the
melting snow and to cross it we had to swim our horses. The Gila then was a
stream with well defined banks and sloping graveled bottom. It was about four
to six rods wide. The stream was running very swiftly, which made swimming
very difficult, but we cross in safety...We camped for the night, a few miles
above San Jose and next day, crossed over to the river...When we came to
the river, we found it running very high. We tried in two places to cross it, but it
swept the horse down and they could not swim across it. So we went up the
stream to a ford, where the wagons crossed. Here it is fordable and were
crossed over and went on up the river."

(1931, pp.14-15)

March 1879
"We traveled twelve miles, all down hill, crossed the river and traveled up for
several miles and camped. We laid over the next day, so that the sore-footed
oxen, cows and young stock might rest."

(1931, p.16)

"Followed down the Gila through the canon for four miles, cross the river
repeatedly; the high water mark was frequently above our heads on the
rocks…crossed the Gila three miles from (our) camp (on the San Pedro
River)…we kept down the right bank of the Gila until we entered the fifth
canon, where we crossed it frequently...about six miles below the San
Pedro...the (Gila) river is slightly larger here than where we first saw it,
although we were told otherwise; it has about 18 inches water on the shoals
here, and canoes might pass down it very readily, and good sized boats, if it
was not for the round rocks in its bed."

Johnston (1848, pp.592-593)
First mention by Johnston of potential to boat the
Gila River; relatively shallow depth and numerous
wagon crossings noted.

Notes:
a

Most of the historic accounts in this table represent a period when cultural impacts on Upper Gila River streamflows were minimal. As indicated in Table 2, from the 1820's
through 1872, less than a few hundred acres were being irrigated at any one time. Since then irrigation by American settlers increased rapidly and, when Weech visited
and settled in the Safford Valley during 1879, irrigated acreage along the Upper Gila River and its tributaries approached 5,000 acres.

November 1846

BELOW SAFFORD DAM TO SAN PEDRO RIVER (downstream of Segment C)

October 1846
Recent rains and inflows from the San Francisco
and Eagle and Bonita Creeks both explain the
deeper stream observed at this point.

Weech

Increased flows in February caused by snow melt;
Weech returns a month later with wagons and
livestock and crosses the Gila River again with
apparently no difficulty.

TABLE 1 - PRE-1880 ACCOUNTS OF UPPER GILA RIVER STREAMFLOW CONDITIONS
a

HEADWATERS THROUGH DUNCAN-VIRDEN VALLEY (Segment A and upstream)

GILA BOX (Segment B)

SAFFORD VALLEY (Segment C)

July 1849

July 1849

October 1846

Numerous river crossings indicate a relatively
shallow stream

Chamberlain

Chamberlain

Plateau Resources LLC May 2014
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1872 1873 1875 1876 1880 1883 1885 1890 1895 1900 1905

Gila River Headwaters

(above Virden)
a 0 0 0 0 0 149 1,386 2,221 3,489 3,489 3,596 p.211

Duncan-Virden Valley 0 0 504
d 8 250 NA 687 1,469 2,551 3,662 4,654 p.38

San Francisco River
a,b 60 65 65 65 456 456 1,008 1,127 1,468 1,706 1,706 pp.205, 208

Eagle Creek
a 0 0 0 0 0 0 0 117 117 217 264 p.201

Safford Valley 32
d

80
d 1,180 NA 4,895 NA 11,221 16,110 18,373 21,146 23,408 p.43

San Carlos Apache
Reservation (along the

Gila River)
c

100 200 340 70 560 560 1,450 1,250 2,000 835

San Carlos River
c 0 30 50 30 240 240 400 450 500 450

NA = not available.

Notes:
a

Based on the year that canals along the stream were first constructed; associated acreage was determined by Southworth in 1914. If no irrigation was reported in a given

year, the cultivated acreage previously reported was used.
b

Includes the Blue River.
c

1885, 1890 and 1905 acreages were unavailable so values from 1884, 1889 and 1904 were substituted, respectively.
d

Based on the priority date of decreed acreage in this area, as determined by the Gila Water Commissioner (2012, Plate 30).
e

Probably less than 100 acres; Americans traveling along the Upper Gila River prior to 1872 noted numerous Indian ruins, but no active irrigation.

p.177

TABLE 2 - HISTORIC IRRIGATED ACREAGE ALONG THE UPPER GILA RIVER AND ITS TRIBUTARIES

STREAM

Reference in

Southworth

(1919)

REPORTED IRRIGATED ACREAGE

Not

reported
e

Plateau Resources LLC May 2014
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

USGS Gage 09432000c 94 108 239 184 116 32 74 191 112 93 99 99

Irrigation diversions

upstream of gaged 59.7 67.3 75.7 97.8 92.7 48.0 58.1 51.8 51.8 56.6 60.4 55.9

Reconstructed Total: e 153.7 175.3 314.7 281.3 208.7 80.0 132.1 242.3 163.3 149.6 159.4 154.9

Notes:
a

Natural streamflows were reconstructed at USGS Gage 09432000 by adding upstream diversions to gaged flows over a common period of record. Median flows

were calculated as a measure of ordinary streamflow conditions.
b

Assumes that none of the water diverted for irrigation returned to the river via surface runoff or baseflow and was measured at the gage. Also assumes that none

of the water added back to the river would have been lost naturally to evapotranspiration or infiltration before reaching the gage site. Both assumptions are unlikely

and result in an overestimation of the reconstructed flows.
c

1927-1934 daily streamflow data were compiled by USGS (2013); see Figure 2 for a map of the gage site.
d

Table 7 lists the data sources used to estimate these upstream irrigation diversions.
e

Domestic water use upstream of the Virden gage was considered insignificant and likely totaled less than 1 cfs (724 acre-feet per year) during the period. Census

data indicate that the local population was approximately 1,000 in 1930 (U.S. Census, 1932). Assuming a rate of 100 gallons per capita per day and no returns to

the river, this water consumption would have totaled about 110 AFA (0.15 cfs).

Reconstructed flows not corrected for canal spills, irrigation returns, infiltration and riparian evapotranspiration b

MEDIAN MONTHLY FLOW (in cubic feet per second)

TABLE 3. RECONSTRUCTED NATURAL AND ORDINARY STREAMFLOWS IN THE GILA RIVER NEAR VIRDEN,

NEW MEXICO (1927-1934)a

FLOW

COMPONENT
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Upper Gila River Navigability Determination

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

USGS Gage 09442000c 102 117 230 163 69 24 57 195 79 88 105 107

Irrigation diversions

upstream of Virden gaged 59.7 67.3 75.7 97.8 92.7 48.0 58.1 51.8 51.8 56.6 60.4 55.9

Irrigation diversions in the

Duncan-Virden Valleye 107.2 120.9 136.0 175.7 166.6 86.3 104.3 93.0 93.0 101.7 108.4 100.4

Reconstructed Total: f 268.9 305.2 441.8 436.5 328.3 158.3 219.4 339.8 223.2 246.4 273.8 263.4

Notes:
a

Natural streamflows were reconstructed at USGS Gage 09442000 by adding upstream diversions to gaged flows over a common period of record. Median flows

were calculated as a measure of ordinary streamflow conditions.
b

Assumes that none of the water diverted for irrigation returned to the river via surface runoff or baseflow and was measured at the gage. Also assumes that

none of the water added back to the river would have been lost naturally to evapotranspiration or infiltration before reaching the gage site. Both assumptions are

unlikely and result in an overestimation of the reconstructed flows.
c

1928-1933 daily streamflow data were compiled by USGS (2013); see Figure 2 for a map of the gage site.
d

Table 7 lists the data sources used to estimate these upstream irrigation diversions.
e

Table 8 lists diversion data for ditches and canals in the Duncan-Virden Valley during the period.
f

Domestic water use upstream of the Clifton gage was considered insignificant and likely totaled less than 1 cfs (724 acre-feet per year) during the period. Census

data indicate that the local population was approximately 2,700 in 1930 (U.S. Census, 1932). Assuming a rate of 100 gallons per capita per day and no returns to

the river, this water consumption would have totaled about 297 AFA (0.41 cfs).

Reconstructed flows not corrected for canal spills, irrigation returns, infiltration and riparian evapotranspiration b

MEDIAN MONTHLY FLOW (in cubic feet per second)

TABLE 4 - RECONSTRUCTED NATURAL AND ORDINARY STREAMFLOWS IN THE GILA RIVER NEAR

CLIFTON, ARIZONA (1928-1933)a

FLOW

COMPONENT
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Upper Gila River Navigability Determination

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

USGS Gage 09448500c 209 194 348 329 165 78 192 440 235 163 192 213

Irrigation diversions

upstream of Virden gaged 59.7 67.3 75.7 97.8 92.7 48.0 58.1 51.8 51.8 56.6 60.4 55.9

Irrigation diversions in the

Duncan-Virden Valleye 107.2 120.9 136.0 175.7 166.6 86.3 104.3 93.0 93.0 101.7 108.4 100.4

Irrigation diversions along

the San Francisco Riverd 39.9 45.0 50.6 65.4 62.0 32.1 38.8 34.6 34.6 37.9 40.3 37.4

Irrigation diversions along

Eagle Creekd 7.0 7.9 8.9 11.5 10.9 5.7 6.9 6.1 6.1 6.7 7.1 6.6

Mining diversions along

the San Francisco River

and Eagle Creekf

13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8

Reconstructed Total: g 436.7 449.0 633.2 692.7 511.0 263.9 413.9 639.3 433.7 379.7 422.0 427.2

Notes:
a Natural streamflows were reconstructed at USGS Gage 09448500 by adding upstream diversions to gaged flows over a common period of record. Median flows

were calculated as a measure of ordinary streamflow conditions.
b Assumes that none of the water diverted for irrigation or mining returned to the river via surface runoff or baseflow and was measured at the gage. Also assumes that

none of the water added back to the river would have been lost naturally to evapotranspiration or infiltration before reaching the gage site. Both assumptions are

unlikely and result in an overestimation of the reconstructed flows.
c 1921-1933 daily streamflow data were compiled by USGS (2013); see Figure 2 for a map of the gage site.
d Table 7 lists the data sources used to estimate these upstream irrigation diversions.
e Table 8 lists diversion data for ditches and canals in the Duncan-Virden Valley during the period.
f Annual reports from the Gila Water Commissioner state that Phelps Dodge diverted approximately 10,000 AFA (13.8 cfs) from the San Francisco River and Eagle

Creek during 1942-1944 for its mining operations in the area. For purposes of reconstructing Gila River streamflows, this rate of water use was assumed in 1930 but

likely overestimates the actual use at that time due to increased copper production during World War II.
g Domestic water use upstream of the Solomon gage was considered insignificant and likely totaled less than 1 cfs (724 acre-feet per year) during the period. Census

data indicate that the local population, not including the mining towns of Morenci, Clifton, and Metcalf, was approximately 3,000 in 1930 (U.S. Census, 1932).

Assuming a rate of 100 gallons per capita per day and no returns to the river, this water consumption would have totaled about 330 AFA (0.46 cfs).

Reconstructed flows not corrected for canal spills, irrigation and mining returns, infiltration and riparian evapotranspiration b

MEDIAN MONTHLY FLOW (in cubic feet per second)

TABLE 5 - RECONSTRUCTED NATURAL AND ORDINARY STREAMFLOWS IN THE GILA RIVER NEAR

SOLOMONVILLE, ARIZONA (1921-1933)a

FLOW

COMPONENT
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Upper Gila River Navigability Determination

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

USGS Gage 09469500
c 184 101 99 54 20 1 11 203 101 48 71 189

Irrigation diversions

upstream of Virden gage
d 59.7 67.3 75.7 97.8 92.7 48.0 58.1 51.8 51.8 56.6 60.4 55.9

Irrigation diversions in the

Duncan-Virden Valley
e 107.2 120.9 136.0 175.7 166.6 86.3 104.3 93.0 93.0 101.7 108.4 100.4

Irrigation diversions along

the San Francisco River
d 39.9 45.0 50.6 65.4 62.0 32.1 38.8 34.6 34.6 37.9 40.3 37.4

Irrigation diversions along

Eagle Creek
d 7.0 7.9 8.9 11.5 10.9 5.7 6.9 6.1 6.1 6.7 7.1 6.6

Mining diversions along
the San Francisco River

and Eagle Creek
f

13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8

Irrigation diversions in the

Safford Valley
g 329.8 328.6 448.1 332.2 194.3 138.3 265.2 304.0 246.7 258.9 292.9 317.3

Irrigation diversions along

the San Simon River
d 7.9 9.0 10.1 13.0 12.3 6.4 7.7 6.9 6.9 7.5 8.0 7.4

Domestic and industrial

diversions
h 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1

Reconstructed Total: 751.5 695.6 844.5 765.5 574.8 333.7 508.0 715.3 555.9 533.3 604.0 730.0

Notes:
a Natural streamflows were reconstructed at USGS Gage 09469500 by adding upstream diversions to gaged flows over a common period of record. Median flows

were calculated as a measure of ordinary streamflow conditions.
b Assumes that none of the water diverted for irrigation, mining, and domestic use returned to the river via surface runoff or baseflow and was measured at the gage.

Also assumes that none of the water added back to the river would have been lost naturally to evapotranspiration or infiltration before reaching the gage site. Both

assumptions are unlikely and result in an overestimation of the reconstructed flows.
c 1920-1928 daily streamflow data were compiled by USGS (2013); see Figure 2 for a map of the gage site.
d Table 7 lists the data sources used to estimate these upstream irrigation diversions.
e Table 8 lists diversion data for ditches and canals in the Duncan-Virden Valley during the period.
f Annual reports from the Gila Water Commissioner state that Phelps Dodge diverted approximately 10,000 AFA (13.8 cfs) from the San Francisco River and Eagle

Creek during 1942-1944 for its mining operations in the area. For purposes of reconstructing Gila River streamflows, this rate of water use was assumed in 1930 but

likely overestimates the actual use at that time due to increased copper production during World War II. Circa 1914, Southworth (1919, p.200) reported that water for

the mining camps in Clifton and Morenci were supplied by a pumping plant on Eagle Creek that delivered 2 million gallons per day (2,240 AFA or 3.1 cfs).
g Table 9 lists diversion data for ditches and canals in the Safford Valley during the period. Includes San Carlos Apache Tribe diversions along the Gila and San

Carlos Rivers.
h Census data indicate that the local population upstream of Coolidge Dam, not including the mining towns of Morenci, Clifton, and Metcalf, was approximately 12,100

in 1930 (U.S. Census, 1932). Assuming a rate of 100 gallons per capita per day and no returns to the river, this water consumption would have totaled about 1,330

AFA (1.8 cfs). Halpenny and others (1952, p.48) reported that, in 1949, another 200 AFA (0.3 cfs) was pumped from wells in the Safford Basin for industrial use.

Although the latter likely exceeded the rate of industrial water use in 1930, it was added to the estimated domestic water use during this period.

Reconstructed flows unadjusted for canal spills, irrigation and mining returns, infiltation and riparian evapotranspiration b

MEDIAN MONTHLY FLOW (in cubic feet per second)

TABLE 6 - RECONSTRUCTED NATURAL AND ORDINARY STREAMFLOWS IN THE GILA RIVER BELOW

COOLIDGE DAM, ARIZONA (1921-1928)a

FLOW

COMPONENT
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Upper Gila River Navigability Determination

1914 1945 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Gila River
Headwaters

(above Duncan-
Virden Valley)

3,621 5,400 4,510 59.7 67.3 75.7 97.8 92.7 48.0 58.1 51.8 51.8 56.6 60.4 55.9

San Francisco
River

2,730 3,300 3,015 39.9 45.0 50.6 65.4 62.0 32.1 38.8 34.6 34.6 37.9 40.3 37.4

Eagle Creek 563 500 532 7.0 7.9 8.9 11.5 10.9 5.7 6.9 6.1 6.1 6.7 7.1 6.6

San Simon River NA 600d 600 7.9 9.0 10.1 13.0 12.3 6.4 7.7 6.9 6.9 7.5 8.0 7.4

Notes:
a 1914 and 1945 acreages are from Southworth (1919, p.33) and USGS (1947), respectively.
b Circa 1930 estimates were calculated by assuming a linear change in acreage occurred between 1914 and 1945.
c Irrigation diversions in the Gila River headwaters and along its tributaries have not been gaged or frequently measured. Estimates were made based on monthly diversion data collected by the USGS in

the Duncan-Virden Valley between 1922 and 1931 (see Table 8) and prorating these data using the circa 1930 acreages listed above. Irrigated acreage in the Duncan-Virden Valley was relatively stable

during this period and totaled about 8,100 acres.
d 400 of these 600 acres were reportedly irrigated by well pumpage.

REPORTED

IRRIGATED

ACREAGE
a

ESTIMATED

IRRIGATED

ACREAGE

CIRCA 1930
b

TABLE 7 - IRRIGATION DIVERSIONS IN THE GILA RIVER HEADWATERS AND ALONG ITS UPPER TRIBUTARIES CIRCA 1930

STREAM
ESTIMATED MEDIAN MONTHLY DIVERSION IN 1930 (in cubic feet per second)

c
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Upper Gila River Navigability Determination

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Sunsetb 1922-31 25.6 30.0 28.5 37.7 37.3 29.3 27.4 21.9 28.7 32.2 28.7 23.4

Cosper & Windhamb 1922-27 8.9 9.6 12.0 14.6 18.9 6.3 7.3 5.8 5.2 8.9 6.5 8.0

Modelb 1922-31 22.7 27.5 32.5 42.6 32.3 12.7 20.8 19.8 17.7 18.7 20.4 23.6

Valleyb 1923-31 21.7 22.9 21.8 27.0 25.8 7.2 14.3 16.7 15.3 12.8 19.8 16.0

Duncanb 1923-28 0.0 1.3 2.1 3.4 3.8 3.3 2.9 1.7 1.2 0.9 1.0 0.3

Black-McCleskyb 9.3 7.2 11.0 13.3 12.4 7.0 8.6 7.9 5.5 7.4 12.9 11.4

Colmenerob 1.6 2.7 4.7 7.0 6.3 4.1 3.5 2.4 2.7 2.6 1.9 1.9

Yorkc 1.7 1.9 3.6 4.3 5.4 3.7 4.3 3.3 3.0 3.3 1.4 1.1

Cosper-Martind 8.3 9.4 10.6 13.6 12.9 6.7 8.1 7.2 7.2 7.9 8.4 7.8

Shriverd 1.1 1.3 1.4 1.9 1.8 0.9 1.1 1.0 1.0 1.1 1.1 1.1

Sextond 1.3 1.5 1.6 2.1 2.0 1.0 1.3 1.1 1.1 1.2 1.3 1.2

Billingsleyd 1.4 1.6 1.8 2.3 2.2 1.1 1.4 1.2 1.2 1.3 1.4 1.3

Pumping Plantsd,e 2.0 2.3 2.6 3.3 3.1 1.6 2.0 1.7 1.7 1.9 2.0 1.9

Other Irrigators
f 1.5 1.7 2.0 2.5 2.4 1.2 1.5 1.3 1.3 1.5 1.6 1.5

Total: 107.2 120.9 136.0 175.7 166.6 86.3 104.3 93.0 93.0 101.7 108.4 100.4

Notes:
a Irrigated acreage in the Duncan-Virden Valley was relatively stable during this period and totaled about 8,100 acres. According to the Gila Water Commissioner, there were 8,000

decreed acres in the valley in 1920 (2012, Plate 30.) and 8,131 acres were reported as irrigated in 1936 (1937, p.11)
b Diversions were calculated based on daily discharge data collected by the U.S. Geological Survey (USGS) at canal/ditch gaging stations and reported in their annual surface water

supply papers.
c Diversions were calculated using regular USGS field measurements of canal discharge.
d The canal/ditch was not gaged or regularly field measured during the years of record. Diversions were estimated by first summing the monthly data from all gaged and measured

sites in the valley. These totals were then prorated using the acreage irrigated by the ungaged/unmeasured canal or ditch. Southworth (1919) provided irrigated acreages for all

canals and ditches in this area.
e Water pumped directly from stream.
f Located between Duncan and Safford Valleys.

MEDIAN MONTHLY DIVERSION (in cubic feet per second)

TABLE 8. IRRIGATION DIVERSIONS IN THE DUNCAN-VIRDEN VALLEY AND VICINITY

FROM 1922 TO 1931a

1923-31

1922-31

CANAL / DITCH
YEARS OF

RECORD
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Upper Gila River Navigability Determination

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Brown
b 8.1 8.2 14.1 20.8 11.4 6.3 6.6 10.0 7.3 7.2 7.5 8.5

Fourness
b 2.3 3.0 3.6 2.6 1.4 0.8 2.0 2.3 1.0 1.9 1.2 1.3

San Jose
b 39.7 47.0 53.7 44.3 26.4 22.3 38.5 46.3 40.1 29.9 31.7 31.6

Michelena
b 2.1 3.2 6.6 7.0 5.5 3.4 5.3 6.4 4.2 2.2 4.0 2.1

Montezuma
b 42.0 45.4 65.2 43.9 28.3 28.9 45.1 45.5 43.6 44.2 39.2 41.5

Union
b 58.3 70.9 93.4 77.5 40.2 18.0 59.2 70.1 50.1 56.6 61.2 51.2

Graham
b 36.9 25.7 48.3 29.0 13.7 11.0 17.6 19.9 17.8 22.0 31.2 38.4

Smithville
b 28.3 28.6 28.7 21.3 13.0 9.6 19.7 23.5 15.5 20.2 22.4 27.3

Dodge-Nevada
b 20.0 15.5 19.3 18.5 13.3 8.6 12.3 10.9 9.9 12.5 16.9 19.3

Curtis-Kempton
b 23.2 13.7 24.0 18.6 12.0 7.9 12.4 13.9 12.1 15.5 21.2 22.3

Fort Thomas
b 35.5 34.0 45.7 14.9 9.4 7.5 19.5 24.4 20.0 20.3 26.7 41.5

Gonzales
c 0.5 0.5 0.6 0.5 0.3 0.2 0.4 0.4 0.4 0.4 0.4 0.5

Oregon
c 17.8 17.7 24.2 17.9 10.5 7.5 14.3 16.4 13.3 14.0 15.8 17.1

Bryce
c 7.2 7.2 9.8 7.3 4.2 3.0 5.8 6.6 5.4 5.7 6.4 6.9

Colvin-Jones
c 1.1 1.1 1.5 1.1 0.7 0.5 0.9 1.0 0.8 0.9 1.0 1.1

Pumping Plants
c,d 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

San Carlos Reservation
e 1921-27 6.8 6.8 9.2 6.8 4.0 2.8 5.5 6.3 5.1 5.3 6.0 6.5

329.8 328.6 448.1 332.2 194.3 138.3 265.2 304.0 246.7 258.9 292.9 317.3

Notes:
a

Irrigated acreage in the Safford Valley was relatively stable during this period and totaled about 32,500 acres. According to the Gila Water Commissioner, there were 32,504

decreed acres in the valley in 1920 (2012, Plate 30) and 32,443 acres were reported as irrigated in 1936 (1937, p.11)
b

Diversions were calculated based on daily discharge data collected by the U.S. Geological Survey (USGS) at canal/ditch gaging stations and reported in their annual surface water

supply papers.
c

The canal/ditch was not gaged or regularly field measured during the years of record. Diversions were estimated by first summing the monthly data from all gaged sites in the

valley. These totals were then prorated using the acreage irrigated by the ungaged/unmeasured canal or ditch. Southworth (1919) provided irrigated acreages for all canals and

ditches in this area.
d

Water pumped directly from stream.
e

Includes irrigated lands along both the Gila and San Carlos rivers upstream of Coolidge Dam. Based on data in ADWR (1999, p.4-2), an average of 559 acres were irrigated on the

reservation from 1921-1927 before the dam was completed in 1928. Plateau could not locate how much the tribe diverted during this period, so the same prorating procedure described

in footnote c was used.

Total:

TABLE 9. IRRIGATION DIVERSIONS IN THE SAFFORD VALLEY FROM 1921 TO 1929
a

1921-29

CANAL / DITCH
YEARS OF

RECORD

MEDIAN MONTHLY DIVERSION (in cubic feet per second)
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Upper Gila River Navigability Determination

GAGE
HYDRAULIC

PARAMETER
a JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

REFERENCE IN

DECLARATION

Median flow (cfs) 154 175 315 281 209 80 132 242 163 150 159 155 Table 3

Mean depth (ft) Figure E-1

Average velocity (ft/s) >2 >1.5 Figure E-2

Median flow (cfs) 269 305 442 437 274 263 Table 4

Mean depth (ft) Figure E-3

Average velocity (ft/s) Figure E-4

Median flow (cfs) 269 305 442 437 328 158 219 340 223 246 274 263 Table 4

Mean depth (ft) Figure E-5

Average velocity (ft/s) >2.0 >1.5 Figure E-6

Median flow (cfs) 437 449 633 693 422 427 Table 5

Mean depth (ft) Figure E-7

Average velocity (ft/s) Figure E-8

Median flow (cfs) 437 449 633 693 511 264 414 639 434 380 422 427 Table 5

Mean depth (ft) Figure E-9

Average velocity (ft/s) >1.5 >1.7 Figure E-10

Median flow (cfs) 752 696 845 766 604 730 Table 6

Mean depth (ft) Figure E-11

Average velocity (ft/s) Figure E-12

Median flow (cfs) 752 696 845 766 604 730 Table 6

Mean depth (ft) Figure E-13

Average velocity (ft/s) Figure E-14

Median flow (cfs) 752 696 845 766 575 334 508 715 556 533 604 730 Table 6

Mean depth (ft) <2.0 Figure E-15

Average velocity (ft/s) >2.5 Figure E-16

NA = not available.

Notes:
a

cfs = cubic feet per second, ft = feet and ft/s = feet/second.
b

Median flows transferred upstream from the downstream gage near Clifton during the cooler months when evapotranspiration by riparian vegetation is minimal.
c

Median flows transferred upstream from the downstream gage near Solomonville during the cooler months when evapotranspiration by riparian vegetation is minimal.
d

Median flows transferred upstream from the downstream gage at Coolidge Dam during the cooler months when evapotranspiration by riparian vegetation is minimal.
e

Estimated by extrapolating the hydraulic rating curve beyond the last field measurement.

>2 >2.0

<1.8 <1.8 <2.0<2.0

>2.5

>2.5 >2.5

>2.5

<1.8 <1.8

Not available

<2.0
e

>2.5

>2.5

<2.0

<2.0

>2.0 >2.0

>2.5

>2.0

Not available1.1 to 2.2 1.5 to 2.5 1.1 to 2.2

>2.0 >2.5 >2.0

>2.0>2.0

Not available<1.6 <1.6

at Coolidge

Dam

TABLE 10 - RECONSTRUCTED STREAM FLOWS, DEPTHS AND VELOCITIES ALONG THE UPPER GILA RIVER

near Virden

at York
b

near Clifton

below Bonita

Creek
c

near

Solomonville

<1.7 <1.8 <1.7

>2.0 >2.0

near Ashurst
d

at Calva
d

>2.5 >2.5

<2.0
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Upper Gila River Navigability Determination

Distance

(mi)

Seepage

(cfs)

Duncan March 22, 1899 86.0 15 30 34.8

Safford April 15-17, 1899 429.8 40.7 153.8 35.8

Notes:
a Irrigation returns were calculated by the USGS (1901, pp.334-349) based on seepage investigations conducted along the

the Gila River above San Carlos.
b Some seepage may have originated from natural groundwater inflow and been unrelated to irrigation returns.

TABLE 11 - IRRIGATION RETURNS FROM THE DUNCAN AND SAFFORD

VALLEYS IN 1899a

VALLEY

SEEPAGE AS

PERCENTAGE OF

CANAL

DIVERSIONS
b

TOTAL CANAL

DIVERSIONS (in

cfs)

DATE

GAINS IN RIVER FLOW

VIA SEEPAGE
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Upper Gila River Navigability Determination

Diversion Spill

April 15, 1899 Montezuma 101.0 27.0 26.7

September 6, 1917 San Jose 71.0 52.0 73.2

September 7, 1917 Montezuma 61.0 31.0 50.8

September 11, 1917 Curtis 26.2 4.0 15.3

Notes:
a Diversions and spills were measured by the USGS during seepage investigations of the Gila River in Safford

Valley. According to USGS (1901, p.340 and 1921, p.184), conditions were favorable with flows in the river not

varying during the investigation.

TABLE 12. SAFFORD VALLEY CANAL DIVERSIONS AND SPILLS IN 1899 and

1917a

FLOW (in cubic feet per second)
DATE

PERCENTAGE OF

DIVERSION SPILLED
CANAL
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Upper Gila River Navigability Determination

YEAR/

MONTH
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1921 17.3 17.1 14.5 12.9 11.3 12.4 8.9 4.2 7.2 12.4 14.5 11.7

1922 10.4 14.0 11.6 14.5 10.7 9.8 12.2 7.9 10.2 7.5 10.0 10.2

1923 10.6 1.6 11.4 22.0 11.4 3.8 3.4 3.9 5.4 8.2 5.1 3.6

1924 0.9 7.1 19.5 20.8 16.0 6.3 5.0 7.0 2.7 2.2 3.1 4.3

1925 3.4 5.8 7.1 3.1 2.3 2.5 5.6 11.4 0.2 4.0 10.3 22.0

1926 25.4 20.4 21.0 26.6 21.5 5.1 11.1 15.0 7.3 8.7 13.8 11.4

1927 6.3 2.5 21.2 28.0 21.5 16.9 16.3 18.9 8.6 6.5 5.5 8.4

1928 8.1 10.6 14.1 22.1 19.7 8.4 5.4 18.9 8.6 7.2 7.5 8.5

1929 6.1 8.2 7.7 7.0 3.6 1.1 6.6 10.0 8.1 2.1 3.3 4.1

1921 9.0 9.7 7.4 8.8 9.5 10.3 2.5 1.4 2.8 5.8 6.8 8.8

1922 3.6 6.0 4.3 3.8 4.1 6.6 3.2 3.0 3.2 3.4 4.6 3.2

1923 1.2 0.4 2.3 10.0 4.9 1.2 0.6 0.1 0.2 0.5 0.1 0.6

1924 0.1 5.6 17.3 8.4 0.6 0.3 0.2 0.1 0.0 NA NA NA

1925 0.1 0.0 NA NA NA 0.0 0.0 2.6 0.0 0.0 0.0 0.8

1926 1.6 0.9 1.0 2.1 0.7 0.2 0.2 0.3 0.8 6.0 7.0 7.0

1927 2.7 1.0 6.2 12.9 9.8 10.9 4.9 5.9 2.6 0.2 0.8 5.2

1928 4.0 0.8 1.6 5.9 9.4 3.9 0.5 0.6 0.0 0.1 0.5 1.1

1929 1.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 NA NA NA

1921 52.0 56.7 51.0 68.2 84.1 83.1 28.1 33.3 38.9 46.8 46.9 75.2

1922 34.6 42.9 37.1 26.2 38.3 67.3 26.2 38.0 31.4 46.0 45.8 31.0

1923 11.2 21.9 20.2 45.5 43.0 32.5 16.3 2.3 3.4 6.4 1.2 15.8

1924 9.4 78.4 88.7 40.5 3.9 5.1 3.2 1.4 0.0 NA NA NA

1925 3.9 0.5 NA NA NA 0.4 0.2 22.7 12.5 0.2 0.0 3.5

1926 6.4 4.5 4.7 8.0 3.2 3.9 1.6 1.7 11.4 69.2 51.0 61.6

1927 43.0 38.1 29.1 46.1 45.6 64.5 29.9 31.2 30.0 2.9 13.7 61.5

1928 49.2 7.6 11.6 26.6 47.8 46.4 10.0 3.3 0.0 0.7 6.9 13.3

1929 16.9 9.2 0.0 0.0 0.0 0.0 0.0 0.0 0.4 NA NA NA

Minimum: 3.9 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 3.5

Median: 16.9 21.9 24.6 33.5 40.7 32.5 10.0 3.3 11.4 6.4 13.7 31.0

Maximum: 52.0 78.4 88.7 68.2 84.1 83.1 29.9 38.0 38.9 69.2 51.0 75.2

NA = not available.

Notes:
a Diversions and spills were calculated based on daily discharge data collected by the U.S. Geological Survey (USGS) at gaging stations on the

canal and wasteway and reported in their annual surface water supply papers.

Average Spill (in cubic feet per second)

Percentage of Diversion Spilled

Average Diversion (in cubic feet per second)

TABLE 13 - BROWN CANAL DIVERSIONS AND SPILLS FROM 1921 TO 1929a

Plateau Resources LLC May 2014
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Statistic AFA cfs

1914-1945 Average 157,300 217 BOR (1952, p.151)

1927-1934 Mediand 133,790 185 Table 3 of this report

1951-1980c Average 153,740 212
Krug and others

(1989, p.316)

1914-1945 Average 169,000 233 BOR (1952, p.151)

1928-1933 Mediand 211,480 292 Table 4 of this report

1951-1980 Average 128,320 177
Krug and others

(1989, p.316)

1914-1945 Average 399,200 551 BOR (1952, p.152)

1920-1933 Mediand 344,280 476 Table 5 of this report

1951-1980 Average 357,950 494
Krug and others

(1989, p.316)

1914-1945 Average 425,800 588 BOR (1952, p.152)

1920-1928 Mediand 459,320 634 Table 6 of this report

Notes:
a See Figure 2 for a map of the gaging stations.
b AFA = acre-feet per year; cfs = cubic feet per second.
c Short gage record adjusted to 1951-1980.
d Reconstructed flows not corrected for canal spills, irrigation and mining returns, infiltration and riparian evapotranspiration which

all would decrease these values. As such, this is considered an upper estimate of the median annual flow.

near Solomonville,
AZ

7,954

below Coolidge
Dam, AZ

12,889

below Blue Creek,
near Virden, NM

3,218

near Clifton, AZ 4,037

PERIOD

TABLE 14. COMPARISON OF UNDEPLETED ANNUAL STREAMFLOW ESTIMATES FOR
THE UPPER GILA RIVER

DATA SOURCE
UNDEPLETED ANNUAL FLOW

b

LOCATION
a DRAINAGE

AREA (mi
2
)

Plateau Resources LLC May 2014
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Type Length

1869 March Raft Unknown Troops Military ferry
Across the river

near Fort
Goodwin

Weekly
Arizona Miner

(1869)

Heavy rains before the
crossing; also, "good deal of
rain this month…the Gila is
pretty high."

1886
February -
March (?)

Dugout One Prospecting
Downstream from

Clifton, AZ

The Arizona
Silver Belt

(1886)

Story from the Florence
Enterprise which reported a
prospector arrived in town last
Sunday after capsizing 15 miles
above Riverside; The Arizona
Silver Belt ran the story on
Saturday April 3rd.

1891
November -
February (?)

Unknown Two Hunting/trapping
Downstream from
Black Range, NM

Tombstone
Prospector

(1891)

Story from the Yuma Times
which reported two men arrived
in town the previous week after
an approximately 6-month trip
down the Gila River which
included capsizing in February
flood waters; the Tombstone
Prospector ran the story on
April 19th.

1895 January Flat-bottomed 3.5 ft x 18 ft
Two (Evans and

Adams)
Recreation

Downstream from
Clifton, AZ

The Arizona
Sentinel
(1895)

Capsized in canyons
downstream of San Carlos.

TABLE 15 - HISTORIC ACCOUNTS OF BOATING ALONG THE UPPER GILA RIVER

CARGO PURPOSE SOURCEDIRECTION COMMENTS

Unknown

Supplies

BOAT
YEAR MONTH

NUMBER OF

PASSENGERS

AND CREW

Plateau Resources LLC May 2014
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FIGURE 1 – GENERAL LOCATION MAP OF THE UPPER GILA RIVER

Source: BOR (2004, p.2).



FIGURE 2 – STREAM SEGMENTS AND USGS GAGING STATIONS ALONG THE UPPER GILA RIVER
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Plateau Resources LLC May 2014

Base map: U.S. Army Corps of Engineers (1954 and 1962).
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FIGURE 3 – CHANGES IN THE WIDTH OF THE GILA RIVER STREAM CHANNEL IN
SAFFORD VALLEY FROM 1870 TO 1970

Source: Burkham (1972, Plate 3).

(San Simon River to Pima)

(Pima to E border of San Carlos Res.)

(Bylas to Calva)



FIGURE 4 – HISTORIC PHOTOGRAPHS AT USGS GAGING STATIONS ALONG THE UPPER GILA RIVER

Upper Gila River Navigability Determination

Plateau Resources LLC May 2014

Source: USGS (2014b).

Downstream from Blue Creek
(07/23/1931)

Downstream from near Clifton
(08/20/1930)

Downstream from Bonita Creek
(04/14/1932)

Upstream from Calva
(03/06/1932)

Upstream from Coolidge Dam site
(02/66/1928)



FIGURE 5 – ROUTES FOLLOWED BY TRAPPER JAMES OHIO PATTIE ALONG THE GILA RIVER
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Source: Davis (1982, pp.12a, 18a and 21a).

December 1824 – April 1825 January 1826 – April 1826 October 1827 – February 1828



FIGURE 6 – EMORY’s MAP SHOWING KEARNY’S 1846 ROUTE ALONG THE UPPER AND MIDDLE GILA RIVER
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Source: Griffin (1943, p.24a).

A
ri

z
o

n
a

N
e
w

M
e

x
ic

o

San Carlos River

San Francisco River

Gila River

San Pedro River

X

X

X

X

X

X Upper Gila River Crossing

Eagle Creek
Bonita Creek



Upper Gila River Navigability Determination

Plateau Resources LLC May 2014

FIGURE 7 – 1880 PHOTO OF A COVERED WAGON WITH TRAILER CROSSING THE
GILA RIVER NEAR CALVA, ARIZONA

Source: Photograph No. 19,515 of the Gatewood Collection,
Arizona Historical Society, Tucson, Arizona.



FIGURE 8 – ARIZONA SETTLEMENTS AND MILITARY POSTS, 1861-85

Plateau Resources LLC May 2014
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Source: Miller (1989).
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FIGURE 9 – HISTORIC RAILROAD ALONG THE GILA RIVER FROM
LORSDBURG, NEW MEXICO TO CLIFTON, ARIZONA
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Arizona and New Mexico Railroad
(constructed 1883–84)

Gila River

Base map: U.S. Army Corps of
Engineers (1954).
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FIGURE 10 - ANNUAL GILA RIVER STREAMFLOWS NEAR SOLOMONVILLE, ARIZONA

RECONSTRUCTED FROM 1820 TO 1940 USING TREE RINGS
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Curriculum Vitae for Rich Burtell
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RICHARD THOMAS BURTELL
4016 East Jojoba Road

Phoenix, Arizona 85044
602-327-7486

plateauresources@gmail.com

EDUCATION CERTIFICATION / RECENT TRAINING

 M.S. Hydrology, University of Arizona
(1989)

 Registered Geologist, Arizona
(No. 33746)

 B.S. Geology, University of Pittsburgh
(1986)

 Water Well and Pump Performance
(American Ground Water Trust, 2013)

 Mine Geochemistry , Hydrology and Water
Treatment Workshops (EPA, 2013)

 Section 404 Permitting and Groundwater
Plume Analysis Workshops (AHS, 2012)

 Stream Restoration Course (WMG, 2011)

SUMMARY

Mr. Burtell is an environmental scientist with 25 years of project and management experience. Areas
of expertise include water rights and demand analyses; evaluation of ground and surface water
resources; remote sensing; land ownership assessments; environmental compliance; investigation of
mine, fuel and waste storage facilities; contaminant hydrology; and, collection and analysis of
environmental data. Management duties have included supervision of staff and consultants, project
planning and coordination, report preparation, and litigation support.

EMPLOYMENT

 Plateau Resources LLC
Principal and Owner
Phoenix, AZ (2011-Present)

 Golder Associates Inc.
Project Hydrologist/Geochemist
Denver, Colorado (1990-1992)

 Arizona Department of Water Resources
Manager, Adjudications and Tech Support
Phoenix, Arizona (1999-2011)

 U.S. Geological Survey
Staff Hydrologist/Geochemist
Orlando, Florida (1989-1990)

 Golden Environmental Management
Senior Project Manager
Tempe, Arizona (1998-1999)

 Phelps Dodge Inc.
Hydrogeologist – Summer Intern
Morenci, Arizona (1987)

 Montgomery Watson
Supervising Hydrologist/ Geochemist
Arizona and Colorado (1992-1998)



2

May 2014

EXPERIENCE

Project Management

 Evaluation of ground and surface water
resources including aquifer testing, model
development and review and GW/SW
interactions

 Supervision of environmental staff (up to
15 geologists, hydrologists, GIS analysts
and administrative assistants) and
consultants

 Water rights analysis and legal review  Project planning and scheduling

 Stormwater, Section 404 , and mine
exploration permits

 Proposal and report preparation including
document publication

 Preparation of Environmental Impact
Statements and Aquifer Protection Permits

 Coordination with interdisciplinary teams,
stakeholders and regulators

 Water demand determinations for
agricultural, municipal, industrial, and
riparian uses

 Litigation support (expert testimony,
technical advisor to court, and settlement
negotiations)

 Phase I/II Environmental Site Assessments  Third party and peer review

 Remote sensing and surface mapping  Budget development and control

 Contaminant hydrology and transport/
geochemical modeling

 Characterization of fuel and solid/
hazardous waste facilities

 Collection and analysis of hydrologic,
geologic and water quality data

COMMITTEES

 Water Resources Development Commission (served on Water Supply and Demand Committee)
 Western Navajo-Hopi Water Supply (Kyl) Study

 Upper San Pedro Partnership (served on Technical Advisory Committee)

AWARDS/HONORS PROFESSIONAL ORGANIZATIONS

 Arizona Department of Water Resources
- Supervisor of the year
- Section of the year
- Team and individual special

achievement

 Arizona Geological Society
 Arizona Hydrological Society
 Arizona Riparian Council
 Arizona Water Well Association
 SME (Maricopa Section)

 University of Arizona
- Meritorious performance as

teaching assistant

 University of Pittsburgh
- Representative of graduating class
- Tarr Award, Sigma Gamma Epsilon
- Summa cum laude
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RECENT PUBLICATIONS/REPORTS

 Water Demand and Conservation Assessment for the Town of Camp Verde (2014)
 Unmetered Residential and Non-residential Well Use in the Sierra Vista Subwatershed (2013)
 Estimated Water Demand and Conservation Potential of Domestic Wells in the Sierra Vista

Subwatershed, Arizona (2012)
 Water Supply Options and Potential at the Fancher Mill Site (2011)
 Assessing Water Supply Vulnerability in a Water Scarce State: The Arizona Water

Sustainability Evaluation (prepared with Kelly Lacroix and Linda Stitzer and presented at the
XIV World Water Congress, 2011)

 Multi-Sector General Stormwater Permit Applications for the Ajo, Carlota, Fancher and Zonia
Mines, Arizona (2011)

 Response to Comments and Objections Filed on ADWR’s June 2009 Subflow Zone Delineation
Report for the San Pedro River Watershed (2011)

 Land Ownership Within the San Pedro Riparian National Conservation Area (2010)
 Mapping of Holocene River Alluvium along the Verde River, Central Arizona (prepared in

cooperation with the Arizona Geological Survey, 2010)
 Arizona Water Atlas, Volumes 1 through 8 (2006-2010)
 Catalog of Non-Exempt Registered Wells, Zuni Indian Water Rights Settlement (2009)
 Subflow Zone Delineation Report for the San Pedro River Watershed (2009)
 Preliminary Hydrographic Survey Report for the Hopi Indian Reservation (2008)
 Identification of Irrigated Lands in the Gila River Maintenance Area (2008)
 Review of the Settlement of Public Water Reserve No. 107 Claims in the San Pedro River

Watershed (2007)
 Technical Assessment of the Tohono O’odham Nation, Gila River Indian Community, and Zuni

Indian Tribe Water Rights Settlements (2006)

RECENT AND CURRENT PROJECTS

 Aquifer Protection Permit for a marble quarry near Dragoon, AZ (Alpha Calcit Arizona Ltd.)
 Aquifer testing, well siting, and ground-water quality assessment for the proposed Fancher gold

mill near Salome, AZ (Luxcor Gold)
 Exploration permit for the Idaho Placer Claim near Prescott Valley, AZ (various investors)
 Geochemical characterization of impacted waters and stormwater and 404 permitting for the

Zonia copper mine near Prescott, AZ (Redstone Resources Corporation)
 Hydrogeologic and well permitting support for reclamation of the St. Anthony uranium mine,

NM (Pueblo of Laguna)
 Litigation of Bonita Creek water rights issues near Payson, AZ (various plaintiffs)
 Navigability assessment for major intrastate streams, AZ (Freeport McMoRan Corporation)
 Review of federal reserved right claims for Aravaipa Canyon Wilderness Area, AZ (Freeport

McMoRan Corporation)
 Water rights analyses, AZ (confidential client)
 Water supply evaluation of the Arctic Ice and Water company, AZ (various investors)
 Water use evaluation and analysis of conservation potential for domestic wells in the Sierra

Vista Subwatershed, AZ (City of Sierra Vista and Western Resource Advocates)
 Water use evaluation for the town of Camp Verde, AZ (Western Resource Advocates)
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ATTACHMENT B

Personal Narrative of Pattie’s Exploration
along the Upper Gila River
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to attack such a dangerous animal in its den, when the

failure to kill it outright by the first shot, would have been

sure to be followed by my death.

Four of us were detached to the den. We were soon

enabled [59] to drag the bear to the light, and by the aid of

our beast to take it to camp. It was both the largest and

whitest bear I ever saw. The best proof, I can give, of the

size and fatness is, that we extracted ten gallons of oil from

it. The meat we dried, and put the oil in a trough, which

we secured in a deep crevice of a cliff, beyond the reach of

animals of prey. We were sensible that it would prove a

treasure to us on our return.

On the 28th we resumed our journey, and pushed down

the stream to reach a point on the river, where trapping had

not been practised. On the 30th, we reached this point,

and found the man, that the Indians had killed. They had

cut him in quarters, after the fashion of butchers. His

head, with the hat on, was stuck on a stake. It was full of

the arrows, which they had probably discharged into it, as

they had danced around it. We gathered up the parts of

the body, and buried them.

At this point we commenced setting our traps. We

found the river skirted with very wide bottoms, thick-set

with the musquito trees,^^ which bear a pod in the shape of a

bean, which is exceedingly sweet. It constitutes one of the

chief articles of Indian subsistence; and they contrive to

prepare from it a very palatable kind of bread, of which we

all became very fond. The wild animals also feed upon this

pod.

On the 31st we moved our camp ten miles. On the way

we n oted many fresh traces of Indians, and killed a bear,

There are at least three varieties of mesquit-tree {prosopis) in New Mexico

and Arizona. It is related to the acacia and locust; and the fruit, consisting of

ten or twelve beans in a sweet, pulpy pod, is gathered by the Indians, pounded in

a mortar, and made into bread. A prolific tree will yield ten bushels of beans in

the hull. The Comanche also concoct an intoxicating drink from this bean.— Ed.
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were in pressing want. On the same stick we tied a red

handkerchief by way of some return.

We thence continued to travel up this stream four days in

succession, with very little incident to diversify our march.

We found the banks of this river plentifully timbered with

trees of various species, and the land fine for cultivation.

On the morning of the 13th, we returned to the Helay, and

found on our way, that the Indians had taken the handker-

chief, we had left, though none of them had shown any

disposition, as we had hoped, to visit us. We named the

stream we had left, the deserted fork, on account of having

found it destitute of beavers. We thence resumed our

course down the Helay, which continues to flow through a

most beautiful country. Warned by the frequent traces of

fresh Indian foot-prints, we every night adopted [61] the

expedient of enclosing our horses in a pen, feeding them with

cotton- wood bark, which we found much better for them

than grass.

On the i6th, we advanced to a point, where the river runs

between high mountains, in a ravine so narrow, as barely

to afford it space to pass. We commenced exploring them

to search for a gap, through which we might be able to pass.

We continued our expedition, travelling north, until we dis-

covered a branch, that made its way out of the mountains.

Up its ravine we ascended to the head of the branch. Its foun-

tains were supplied by an immense snow bank, on the summit

of the mountain. With great labor and fatigue we reached

this summit, but could descry no plains within the limits of

vision. On every side the peaks of ragged and frowning

mountains rose above the clouds, affording a prospect of

dreariness and desolation, to chill the heart. While we

could hear the thunder burst, and see the lightnmg glare

before us, we found an atmosphere so cold, that we were

obliged to keep up severe and unremitting exercise, to escape

freezing.
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Pattie's Personal Narrative

and found it to contain a sort of vegetable that had the

appearance of herbage, which seemed to be baking in the

ground, to prepare it for eating. I afterwards ascertained,

that it was a vegetable, called by the Spanish, mascal,

(probably maguey.)57 The Indians prepare it in this way,

so as to make a kind of whiskey of it, tasting like crab-apple

cider. The vegetable grows in great abundance on these

mountains.

Next day we came to the point, where the river discharges

its waters from the mountains on to the plains. We thence

returned, and rejoined our company, that had been making

their way onward behind us. March 3d, we trapped along

down a small stream, that empties into the Helay on the

south side, having its head in a south west direction. It being

very remarkable for the number of its beavers, we gave it the

name of Beaver river. At this place we collected 200 skins;

and on the 10th continued to descend the Helay, until the

20th, when we turned back with as much fur, as our beasts

could pack. As yet we had experienced no molestation

from the Indians, although they were frequently descried

skulking after us, and gathering up the pieces of meat, we had

thrown away. On the morning of the 20th we were all

prepared for an early start, and my father, by way of pre-

caution, bade us all discharge our guns at the word of com-

mand, and then re-load them afresh, [64] that we might, in

case of emergency, be sure of our fire. We were directed to

form in a line, take aim, and at the word, fire at a tree. We

gave sufficient proofs, that we were no strangers to the rifle,

for every ball had lodged close to the centre of our mark.

But the report of our guns was answered by the yell of more

"The maguey is the American aloe (Agave americana). The Mexicans and

Indians cut off the leaves near the root, leaving a head the size of a large cabbage.

The heads are placed in the ground, overlaid with earth, and for a day a fire is kept

burning on top of them; they are then eaten, tasting something like a beet. The

roasted heads are also placed in a bag made of hides, and allowed to ferment, pro-

ducing the liquor known as "mescal."— Ed.
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encamped early, and three of us went out to hunt deer among

the hills. But in this sad emergency we could find none.

When we returned, my father had prepared lots, that we

should draw, to determine who of us should kill one of the

dogs. I refused through fear that the lot would fall to me.

These faithful companions of our sufferings were so dear to

me, that I felt as though I could not allow them to be killed

to save my own life ; though to save my father, I was aware

that it was a duty to allow it to be done.

We lay here until the i8th, my father finding the flesh of

the dog both sweet, nutritive and strengthening. On the

1 8th, he was again able to travel; and on the 20th, we ar-

rived at Bear creek, where we hid the bears oil, which we

found unmolested. We lay here two days, during which

time we killed four deer and some turkies. The venison

we dried, and cased the skin of one of the deer, in which to

carry our oil. We commenced an early march on the 23d,

and on the 25th reached the river San Francisco, where we

found our buried furs all safe. I suffered exceedingly from

the soreness of my feet, giving me great pain and fever at

night. We made from our raw deer skins a very tolerable

substitute for shoes. The adoption of this important

expedient enabled us to push on, so that we reached the

Copper mines on the 29th.

The Spaniards seemed exceedingly rejoiced, and welcomed

us home, as though we were of their own nation, religion

and kindred. They assured us, that they had no expectation

ever to see us again. The superintendent of the mines,

especially, who appeared to me a gentleman of the highest

order, received [72] us with particular kindness, and supplied

all our pressing wants. Here we remained, to rest and

recruit ourselves, until the 2d of May. My father then

advised me to travel to Santa Fe, to get some of our goods,

and purchase a new supply of horses, with which to return,

and bring in our furs. I had a horse, which we had taken
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ATTACHMENT C

Notes and Journals from Kearny’s March
along the Upper Gila River
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ATTACHMENT D

Journal of Two 49ers Travelling along the
Upper Gila River
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ATTACHMENT E

Hydraulic Rating Curves for USGS Gaging
Stations along the Upper Gila River
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FIGURE E-1. GILA RIVER DEPTH VS DISCHARGE NEAR VIRDEN, NM (1931-33)
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Data Source: USGS (2014a)
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FIGURE E-2. GILA RIVER VELOCITY VS DISCHARGE NEAR VIRDEN, NM (1931-33)
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FIGURE E-2a. GILA RIVER WIDTH VS DISCHARGE NEAR VIRDEN, NM (1931-33)
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FIGURE E-3. GILA RIVER DEPTH VS DISCHARGE AT YORK, AZ (1924,26-31)
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FIGURE E-4. GILA RIVER VELOCITY VS DISCHARGE AT YORK, AZ (1924,26-31)
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FIGURE E-4a. GILA RIVER WIDTH VS DISCHARGE AT YORK, AZ (1924,26-31)
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FIGURE E-5. GILA RIVER DEPTH VS DISCHARGE NEAR CLIFTON, AZ (1928,30-33)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 100 200 300 400 500 600 700 800 900 1,000

Discharge (cfs)

M
e
a
n

D
e
p

th
(f

t)

Data Source: USGS (2014a).



Upper Gila River Navigability Study

Plateau Resources LLC May 2014

FIGURE E-6. GILA RIVER VELOCITY VS DISCHARGE NEAR CLIFTON, AZ (1928,30-33)
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FIGURE E-6a. GILA RIVER WIDTH VS DISCHARGE NEAR CLIFTON, AZ (1928,30-33)
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FIGURE E-7. GILA RIVER DEPTH VS DISCHARGE BELOW BONITA CREEK, AZ (1932-33)
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FIGURE E-8. GILA RIVER VELOCITY VS DISCHARGE BELOW BONITA CREEK, AZ (1932-33)
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FIGURE E-8a. GILA RIVER WIDTH VS DISCHARGE BELOW BONITA CREEK, AZ (1932-33)
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FIGURE E-9. GILA RIVER DEPTH VS DISCHARGE NEAR SOLOMONVILLE, AZ (1920-26,28-32)
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Data Source: USGS (2014a).



Upper Gila River Navigability Study

Plateau Resources LLC May 2014

FIGURE E-10. GILA RIVER VELOCITY VS DISCHARGE NEAR SOLOMONVILLE, AZ (1920-

26,28-32)
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FIGURE E-10a. GILA RIVER WIDTH VS DISCHARGE NEAR SOLOMONVILLE, AZ (1920-26,28-32)
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FIGURE E-11. GILA RIVER DEPTH VS DISCHARGE NEAR ASHURST, AZ (1923-28,30-32)
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FIGURE E-12. GILA RIVER VELOCITY VS DISCHARGE NEAR ASHURST, AZ (1923-28,30-32)
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FIGURE E-12a. GILA RIVER WIDTH VS DISCHARGE NEAR ASHURST, AZ (1923-28,30-32)
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FIGURE E-13. GILA RIVER DEPTH VS DISCHARGE AT CALVA, AZ (1930-33)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 100 200 300 400 500 600 700 800 900 1,000

Discharge (cfs)

M
e
a
n

D
e
p

th
(f

t)

Data Source: USGS (2014a).
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FIGURE E-14. GILA RIVER VELOCITY VS DISCHARGE AT CALVA, AZ (1930-33)
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FIGURE E-14a. GILA RIVER WIDTH VS DISCHARGE AT CALVA, AZ (1930-33)

10

30

50

70

90

110

130

150

170

190

210

0 100 200 300 400 500 600 700 800 900 1,000

Discharge (cfs)

W
id

th
(f

t)

Data Source: USGS (2014a).



Upper Gila River Navigability Study

Plateau Resources LLC May 2014

FIGURE E-15. GILA RIVER DEPTH VS DISCHARGE NEAR SAN CARLOS, AZ (1920,22-28)
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FIGURE E-16. GILA RIVER VELOCITY VS DISCHARGE NEAR SAN CARLOS, AZ (1920,22-28)
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FIGURE E-16a. GILA RIVER WIDTH VS DISCHARGE NEAR SAN CARLOS, AZ (1920,22-28)
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