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APPENDIX E.—Walnut Creek 
 
This appendix presents historic and current information about Walnut Creek that is 
related to the assessment of navigability of the Upper Verde River. The information 
includes the original Land Surveys, early newspaper accounts, reports by the USBR, 
USFS and USGS and aerial photographs.  
 
Federal Land Survey maps (plats) with information, such as channel widths, from 
selected associated survey field notes for the reach of Walnut Creek are used. The 
maps and survey notes, when used together, provide valuable morphology, hydrology 
and hydraulic information for the assessment of navigability for ANSAC. These maps 
and field notes were obtained from the Bureau of Land Management (BLM) in 2013. 
 
The natural Walnut (Pueblo) Creek was perennial to at least section 8 T18N R4W 
where streamflow seeped into the porous stream sediments. Downstream of section 8 
T18N R4W Walnut Creek was seasonably intermittent. Accounts of the Whipple survey 
suggest the creek was perennial in its natural state. However, because subsequent 
observations were of a creek that had been affected by early human diversions, I must 
assume the lower reach was intermittent.  
 
Of importance for this study of navigability is the fact that there was a supply of water 
throughout a typical year that was above the basin fill that reached Big Chino Creek and 
the natural Verde River downstream. 

 
 
Old Camp Haulapai 
 
Fewkes, Jesse W., 1912, 
Antiquities of the Upper Verde 
River and Walnut Creek Valleys, 
Arizona: Bureau of American 
Ethnology, 28th Annual Report, 
1906-07, p. 185-220. 
 



 2

 
 
Camp Hualapai (1869-1873) – First known as Camp Toll Gate, this post was 
established in May, 1869, just southeast of Aztec Pass on William H. Hardy’s toll road 
between Prescott and Hardyville (which eventually developed into Bullhead City).  In 
1870, it was taken over by the military to protect the road from Indian attacks, but the 
troops abandoned the camp in 1873.  A small settlement that grew up around the camp 
became known as Juniper. Today there are just a very few remnants and a small 
cemetery, but both are located on private property. The site is located on Walnut Creek 
Road north of Prescott, AZ.  
 
The following two photographs that I scanned from my personal book by Fewkes (1912) 
show Walnut Creek in 1906. It’s important to realize that several settlers had small 
farms/gardens with diversions from Walnut Creek when these photos were taken.  Also, 
of significant importance with respect to historic accounts of base flow in the area, the 
original Federal land survey noted on page 36 of book 1690 that there “were several 
farms under cultivation in the valleys of Walnut Creek.” (Omar Case, November 11, 
1872). 
  
Obviously, any diversions by early settlers depleted the base flow downstream. 
Diversions impact the amount of water in streams and there is a lesser amount of water 
than would be present in the stream had there been no diversions. Thus, the accounts 
of the streams and Verde River from early settlers around that time frame (post 1860s) 
do not describe them in the “natural condition.” 
 

Fewkes, Jesse W., 1912, Antiquities of the Upper Verde River and Walnut Creek 
Valleys, Arizona: Bureau of American Ethnology, 28th Annual Report, 1906-07, 
p. 185-220. 
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Wirt, L., 2005, The Verde River headwaters, Yavapai Count, Arizona in Wirt, Laurie, DeWitt, 
Ed, and Langenheim, V.E., eds., Geologic Framework of Aquifer Units and Ground-Water 
Flowpaths, Verde River Headwaters, North-CentralArizona: U.S Geological Survey Open-File 
Report 2004-1411, 33 p. 
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The following from Fewkes (1912) is a description of Walnut Creek in 1906 and that 
also supports Whipple’s observations.  
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Pine Creek                                  (north of Walnut Creek) 

 
Turney, O. A., 1901, Water Supply and Irrigation on the Verde River and Tributaries, 
Cleveland Daily Record, 20p. 
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APPENDIX F.—Big Chino Creek 
 
The hydrology of the natural Big Chino Creek (Wash) is complex. Groundwater in the 
regional aquifer of the upper watershed flows to the north toward the Colorado River 
and also to the south to the Verde River and was perennial in places such as near the 
mouth. Across Big Chino Valley, tributary streamflow seeped into the porous stream 
sediments as some of the groundwater and was perched above the underlying basin fill 
(Pool and others 2011). Recent USGS study shows: “A thin layer of Quaternary 
alluvium overlies the fine-grained facies of upper basin fill near the Big Chino Wash and 
forms a local perched aquifer that has hydraulic heads that are as much as 100 ft above 
the hydraulic heads of the lower basin fill.” (Pool and others, 2011, p. 31). 
 

Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser, L.F., 2011, 
Regional groundwater-flow model of the Redwall-Muav, Coconino, and alluvial 
basin aquifer systems of northern and central Arizona: U.S. Geological Survey 
Scientific Investigations Report 2010-5180, 101 p. 

 
 

 
Figure 1. Upper Verde River with Big Chino Creek (Wash) area. 
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With the exception of alluvial fans at and below Partridge, Pine and especially Walnut 
Creek, there may have been perennial flow in much of the natural channel of Big Chino 
Creek downstream from Partridge Creek (See for example p. 7 Appendix B). Even as 
far north as Seligman there probably was seasonal intermittent flow in places. Partridge 
Creek was intermittent with perennial pools where underflow in the perched stream 
sediment surfaced in place. Of importance for this study of navigability is that  there was 
a supply of water throughout a typical year that was perched above the basin fill in 
Quaterary sediments that reached the natural Verde River. 
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The reader should be aware that during early settlement two places were named Chino. 
One was 4 miles west of Seligman and the other was at Del Rio Springs. Az. Place 
Names identifies these places. See Item 3 of Appendix H. 
 
. 
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Historic and current information about Big Chino Creek that is related to the assessment 
of navigability of the Upper Verde River follows. The information includes the original 
Land Surveys and early newspaper accounts related to hydrology and land use for 
assessment of navigability of the Upper Verde River under natural conditions.  
 
Federal Land Survey maps (plats) with information, such as channel widths, from 
selected associated survey field notes for the reach of Big Chino Creek from the 
Seligman area to the Verde River are used. The maps and survey notes, when used 
together, provide valuable morphology, hydrology and hydraulic information for the 
assessment of navigability for ANSAC. These maps and field notes were obtained from 
the Bureau of Land Management (BLM) in 2013. 
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T23N R6W 
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T23N R6W 
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T22N R7W 
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T22N R6W 
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T21N R6W 

Meander pattern and 
green vegy and soil 
type suggest 
intermittent flow. 
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Meander pattern and 
soil type suggest 
perennial or  
intermittent flow likely. 
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T21N R6W 
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T21N R5W
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T21N R4W
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Partridge Creek was perennial in places but is classed as intermittent because base 
runoff seeped beneath porous sediments in many places along the channel. 
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Car wrecked 
in deep 
water 

 of Partridge 
Creek 
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See Appendix H Item H2 for account of flow in Upper Verde River (probably Big Chino 
Creek) by Spanish explorer in 1598 
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In the mid 1960s the author was performing field duties for the USGS and observed a 
low lift centrifugal pump installation on the upstream side of an earthen dike in Big 
Chino Valley. Apparently the use of these pumps along Big Chino Creek began in the 
late 1890s. 
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The installation is roughly depicted in the center sketch of the following three cross-
section sketches of Big Chino Valley. The suction line was in a dug pit (a shallow well) 
on the upstream side of the dike or earth dam. It appeared that the pit was dug by a 
bulldozer to get to the underlying ground-water as the level was dropping from human 
extraction by deep wells and upstream human diversion. See item 11 of Appendix A for 
further description of this type of pump installation. 
 
The general response of crop irrigation practices in Big Chino Valley to the declining 
perched water table is depicted in the three simple sketches shown on the next page. 
The deep well in the third sketch is in the basin fill aquifer.  
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Note: A total of 15000 miner’s inches = 375 cfs or about 270,000 ac-ft/yr. Obviously this 
amount greatly exceeds any likely base runoff but it suggests the possibility that 
irrigation diversion was made at the several dikes that intercepted snow melt runoff and 
storm runoff in addition to base flow. 
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T18N R2W
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 T17N R2W 
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Before Sullivan Lake 
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Misc. Information 
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Appendix G.—The natural and ordinary Verde River from USGS Clarkdale gage 
(09504000) to mouth at Salt River. 
 
This evaluation of the navigability of the middle and lower Verde River (mile 36.6 to mile 
230 at the mouth, Figure G1) focuses on the natural hydrology before the watershed 
and flow in the Verde River and tributary streams were altered by human activities. The 
evidence shows that the natural river had a substantial natural base flow considerably 
greater (about 100 cfs greater, Item F of Table 2 of 2) than the gaged base flow (Q90) 
at and downstream from USGS gage 09506000. The fact is that the base-flow waters of 
the Verde River have been materially decreased by diversions mostly for agriculture, 
ranching and mining since settlers first arrived in the watershed some 50 years before 
Arizona statehood. Most of the loss of base flow was the result of diversions for 
irrigation along tributary streams in the Verde Valley and Chino Valleys areas and along 
the Verde River. 
 
The evidence also suggests that the natural and recent geometry of the channel 
upstream of Horseshoe Dam are approximately the same probably, to some degree, 
because of outcrops of bedrock and coarse channel material limited channel adjustment 
for the lesser base flow. At the very least, the considerable use over the past 25 years 
of the river by small watercraft suggests a well-defined main channel with adequate 
depths, widths and velocities for navigability. The evidence also suggests there was a 
single well defined main channel along the entire river following the large floods of 1891 
and even 1993. Downstream of Horseshoe Dam, where nearly all flow is from controlled 
releases from the two major reservoirs, the main channel typically is well defined but 
there are a few braided reaches where the recent channel(s) of the lower Verde River 
is(are) not considered representative of the natural condition. For practical purposes the 
flow below Horseshoe Dam is considered totally regulated and human altered and the 
Bartlett and Horseshoe reservoirs serve as sediment traps that cause disequilibrium of 
the natural channel. Thus, while much of the size and shape of the natural main channel 
are considered approximately the same as the recent channel for this study, it is likely 
that flow in the recent channel with the highly regulated flow below Horseshoe Dam is 
shallower and probably wider than it was in the natural channel.  
 
The few historic accounts of navigating the Verde River occurred with human-impacted 
conditions where the base flow was significantly depleted. Human impacts to the Verde 
started in the 1860s. As noted above, navigating the entire river using canoes and 
kayaks has been a popular activity for about the past 25 years. Because successful 
boating on the river is greatly dependent on the amount of base flow, predevelopment 
navigability on the natural river likely would have been better simply because of the 
greater amount of natural base flow.   
 
This analysis relies heavily on my personal experience, evidence submitted to ANSAC 
by the Arizona State Land Department (especially reports by Jon Fuller such as Fuller, 
J. E., 2003) and the descriptions of the Verde River channel by both Pearthree (1993) 
and Cook and others (2010), of the Arizona Geological Survey. 
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This appendix includes (1) many recent photographs of a well defined channel of the 
Verde River, (2) a brief history of the use of the river, (3) an analysis of the hydrology 
with the base, median and average annual flow along the Verde River with examples of 
human impacts that support the use of Virgin flow determined by the USBR (Item F of 
Table 2 of 2), (4) the geometry of the natural channel followed by (5) the assessment of 
navigability using a comparison with the John Day River that was recently determined to 
be a navigable river for title purposes in Oregon.  
 

 
Modified from: Garner, B.D., Pool, D.R., Tillman, F.D., and Forbes, B.T., 2013, Human effects on the hydrologic 
system of the Verde Valley, central Arizona, 1910–2005 and 2005–2110, using a regional groundwater flow model: 
U.S. Geological Survey Scientific Investigations Report 2013–5029, 47 p. 
Figure G1.—Verde River Watershed showing present (human affected) surface water 

conditions. 
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G1.  Description of river and watershed 
The Verde River watershed is located in north-central Arizona and is bounded on the 
northeast by the Colorado Plateau and mostly resides in the Basin and Range province. 
The topography, geology and channel morphology of the Verde River are diverse. The 
channels of many tributary streams (Oak Creek, Fossil Creek, Wet Beaver Creek, East 
Verde River, Sycamore Creek, etc.) are bedrock lined. The Verde River is, and has 
been, entrenched and rather confined in both the alternating bedrock areas and the 
basin fill areas (alluvial basins). Channel material typically has a lot of gravel and 
cobbles with boulder riffles separated by long pools that collect finer sediment in the 
absence of large floods. There are also (1) reaches of predominantly sand and (2) 
reaches of slightly imbricated small boulders that create armoring of the channel bed.  
 
For a detailed description of the Verde River Holocene channel and floodplain alluvium 
associated with the Verde River see: 
 
Cook, J. P., and others, 2010, Mapping of Holocene River Alluvium along the Verde 
River, Central Arizona, Report to the Adjudication and Technical Support Unit Surface 
Water Division Arizona Department of Water Resources, Arizona Geological Survey, 
51p. 

Mapping of Holocene River Alluvium along the Verde River, Central Arizona 

 
 

Mapping of Holocene River Alluvium along the Verde River, Central Arizona - Report 

Surficial Geologic Map of the Verde River Corridor, Central Arizona - Sheet A & B 

Surficial Geologic Map of the Verde River Corridor, Central Arizona - Sheet C & D 

Surficial Geologic Map of the Verde River Corridor, Central Arizona - Sheet E & F 

Surficial Geologic Map of the Verde River Corridor, Central Arizona - Sheet G & H 
Surficial Geologic Map of the Verde River Corridor, Central Arizona - Sheet I & J 

 
 
The above maps show active river channel deposits that are mostly unconsolidated, 
very poorly sorted sandy to cobble beds, often by the low-flow river channel, but can 
range from fine silty beds to coarse gravelly bars in meandering reaches.  The maps 
also show active stream channel deposits composed of very poorly-sorted sand, 
pebbles, and cobbles with some boulders to moderately-sorted sand and pebbles. 
Channels are generally incised 3 to 7 ft below adjacent recent terraces. Channel 
morphologies generally consist of a single thread high flow channel or, in places, multi-
threaded low flow channels with gravel bars. These active channels of recent silt to 
boulder material convey base flow, direct runoff and flood flow. Downstream of Bartlett 
Dam where river sediments have been intercepted and stored, the channel banks have 
eroded with some channel widening. 
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Many springs are shown 
on the map to the left 
(see also table of largest 
springs on next page).  
Note:  This map is for 
the Verde River Basin 
that is used for 
management by ADWR. 
The map is not of the 
entire Verde River 
watershed and, for 
example, does not 
include the Granite 
Creek sub-watershed, 
the Prescott, Del Rio 
Springs and other 
springs in the upper 
watershed. However, the 
map is useful for 
showing ANSAC the 
numerous springs where 
many, under natural 
conditions, contributed 
to the base flow of the 
Verde River. 
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Largest Springs (ADWR records) 

 

 
Big Chino Springs 
 

 

 See photos below 
of 2 largest springs  

All flow diverted to 
Clarkdale in late 1800s 

Being depleted by 
groundwater withdrawal in 
Chino Valleys 
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G1a.—Photographs and notes (starting near the mouth). 
 

 
Photo in Davis, A. P., 1903, 
 

 
 
Bryan, Kirk, 1925, The Papago country, Ariz.: U. S. Geol. Survey Bull. Water Supply 
Paper 499,,436p. 
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Single channel along most of the 
Verde River in the Ft Mc DOWELL 
Area.  
 
FT McDOWELL 15 min Quad. 
Edition of 1906 
 

  
 
 
Before Bartlett and Horseshoe Dams 
a single channel in 1906  
 
5 braided channels in 2014  
Shown below 

 

 
 
 

Single channel reach is now 2 channels  
              General  braiding  along  
                    modern channel 
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A full view of the braided Verde River (shown on previous page) located 4 miles 
upstream of mouth. 
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Stream alluvium (to right) along major drainages consists of unconsolidated silt, sand, 
gravel, and cobbles and where saturated has the greatest well yield of all units in the 
watershed.  

 
Wide sandy channel and floodplain area at Fort McDowell Indian Reservation 
 
Pearthree, P., and others, Sept. 20, 2011, Mapping of Holocene River Alluvium along 
the Verde River, Central Arizona; Arizona Hydrological Society, Power Point, 28p. 
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Note: Unless otherwise identified, source of photos in this appendix from 
https://www.facebook.com/verderiver?   (Verde 
River Facebook page) 

 
 

USGS photo 
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            Box Bar Rec. Area-Tonto Nat’l Forest Below Bartlett Dam  

 

 
 
 
                                               
It is generally assumed that armoring 
results from the winnowing away of 
fine particles to leave a lag deposit of 
the coarse fraction at the surface. This 
is probably the process that causes 
surface pavement immediately below 
a dam where a channel is exposed to 
the discharge of clear water, the 
sediment having been trapped above 
the dam. (Leopold, 1994).

USFS photo 

USFS photo 
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                                  Bartlett Dam 
 
In 1939, Reclamation completed Bartlett Dam on the Verde 
River in central Arizona; it is the highest multiple arch dam in 
the United States, rising 287 feet at its highest point. It has 
performed structurally in a satisfactory way since its 
construction. 
 

 
 
A) Example of less confined reach of Verde River. Below Bartlett Reservoir the modern 
Verde River has incised through basin fill (Tsy) deposits and exhibits wide meanders, 
secondary channels, and widespread Holocene deposits. B) Example of bedrock 
confined reach of Verde River below Childs. Almost the entire valley bottom is covered 
by channel (Qycr and Qy4r) or young terrace (Qy3r) deposits due to flooding and 
channel migration (From: Cook, J. P., and others, 2010, Mapping of Holocene River 
Alluvium along the Verde River, Central Arizona, Report to the Adjudication and 
Technical Support Unit Surface Water Division Arizona Department of Water 
Resources, Arizona Geological Survey, 51p). 
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View above to the west toward Horseshoe 
Dam. High water line above recently 
drained reservoir marked by white arrows 
and piled sticks.  
 
B) View to the northeast from above 
Horseshoe Reservoir. Piedmont fans near 
the left side of the photo exhibit numerous 
water lines. Verde River in center of photo 
B is incised in large deposit of sediment 
behind the dam. Photos taken 6/09/09, 
Horseshoe Reservoir 0% full. 
 
 

 
From: Cook, J. P., and others, 2010, Mapping of Holocene River Alluvium along the 
Verde River, Central Arizona, Report to the Adjudication and Technical Support Unit 
Surface Water Division Arizona Department of Water Resources, Arizona Geological 
Survey, 51p. 
 

Photo from  
Verde River Facebook page. 
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                                                   Above Horseshoe Dam 

 
 
 
Although before 1870 the Verde River 
may have been a suitable route of travel 
by canoe, a serious drawback was the 
ongoing hostilities and the fact that 
people in boats or on rafts  would be 
vulnerable to attack from enemies 
concealed in the vegetation along the 
banks. 
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Sharlot Hall Museum photo
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                                                            Verde Hot Springs 
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Title : Childs Electrical Plant, c. 1910 
Date of Photograph : C. 1910; 1910 
Collection : J. Hawley Collection  
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                                                            Verde Falls Area  
“Navigability based on either actual use or susceptibility to use may be established 
despite the presence of obstacles to free passage, such as rapids, riffles, or occasional 
areas of low water requiring portage, so long as the ‘natural navigation of the river is 
such that it affords a channel for useful commerce.” Northwest Steelheaders v. 
Simentel, 199 Ore. App. at 484, 112 P.3d at 390 quoting The Montello, 87 U.S.(20 Wall) 
at 441.   
 

2008  
By Hjalmarson 
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Photo by Hjalmarson 
                                                                                Many diversion dams 

 
 

 
 

“No Indians were seen again until reaching Camp Verde, although throughout Chino 
and Agua Fria Valley they frequently commit depredations. The ranchmen always take 
their rifles with them; and it is a common occurrence for herders to be picked off, or men 
shot, while at work in the fields. The Apache-Mohaves roam through this region, and 
their country extends east to the mountains beyond the Verde River.” 
Humphreys, Brigadier General A. A.,1872, PRELIMINARY REPORT Concerning EXPLORATIONS AND 
SURVEYS PRINCIPALIY IN NEVADA AND ARIZONA; CONDUCTED UNDEE THE IMMEDIATE 
DIRECTION OF 1st Lieut. GEOEGE M. WHEELER, Corps of Engineers 1871, 
WASHINGTON,GOVERNMENT PRINTING OFFICE,96p.  
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Access all along the Verde River     
Photos from Verde River Facebook page. 
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USFS, 2014, A boater guide to the  
Verde River, 24p. 

 http://www.fs.usda.gov/Internet/ 
FSE_DOCUMENTS/ 
fswdev3_009800.pdf 
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                                                                               Cottonwood Ditch Diversion Dam 

 
 
Navigability does not depend on an absence of occasional difficulties in navigation. U.S. 
v. Holt State Bank, 270 U.S. 49, 56 (1926). See also United States v. Utah, 283 U.S. at 
84, 86 (noting that conditions created by flood deposits of logs and driftwood “do not 
constitute a serious obstacle to navigation” and that, with respect to shifting sandbars in 
the river channel, “the mere fact of the presence of such sandbars causing impediments 
to navigation does not make a river non-navigable”). See, for example, Appendix H. -  
Examples of navigating troubles along the Missouri River in 1811. 
Photos from Verde River Facebook page 

   
 
                                       Upper Verde 
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Photo from Verde River Facebook page. 
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Photos: Evans, K and McClain, C., 2005, Wild 
and Scenic River Proposal for The Upper 
Verde River, in conjunction with the Arizona 
Wilderness Coalition, 179p. 

 
ANSAC held a public meeting in Prescott, Arizona on May 1, 2014 to gather lay 
testimony on the navigability issue of the Verde River. Several people testified regarding  
their boating on the Upper Verde River. One woman, who I understand is the County Ag 
Agent in Prescott area, testified she had kayaked all over the upper Verde River. 
 

KE-216
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Beaver on Upper Verde.  
 
Note person on right bank for 
scale. 
 
Photo from Verde River on 
Facebook 
 
 
 
 
 
 

 
 

 
 
“In 1826, Ewing Young along with a group of 30 men were working the Gila River and 
some of its tributaries. The Young party also worked up the Salt River to its junction with 
the Verde River. Here the party divided, part following the Verde River to its source and 
the other following the Salt River to its source in the White Mountains. The two groups 
rejoined and trapped down the Salt and Gila rivers to the Colorado River, where they 
enjoyed good beaver trapping (Hagen 1997).” (Carrillo, C., and others, 2009, An 
Overview of Historical Beaver Management in Arizona, Wildlife Concerns Updates, 
Proceedings of the 13th WDM Conference, p. 216-224.) 
 
 
 
 

Hjalmarson 
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G1b.--Newspaper accounts related to navigability of Verde River 
 
There is little evidence of early pioneer use of the Verde River for navigation. The area 
was remote and exploration of the watershed was dangerous, especially before about 
1870, because of hostile Apache Indians.  
 
The following newspaper account of April 2, 1892 indicates that the experienced Day 
brothers actually used a small boat for trapping beaver along the Verde River from 
Camp Verde (Verde River) to Yuma (Gila River). The reported trip took 6 months along 

800 meandering river miles on the Verde, Salt and 
Gila Rivers. Reportedly, this was the 5th trip made by 
Mr. J. K. Day. When Mr. Day was appointed fish and 
game commissioner for Arizona a few years later, he 
reportedly knew as much about game than anyone 
else in the territory, According to the newspaper 
account, this was the 5th trip by Mr. Day and the 
brothers planned another trip the following 
September. There is no evidence that this newspaper 
account was in any way inaccurate. Also, because to 
the present day beaver occupy the upper Verde River. 
There is no reason to assume similar trapping with 
boats did not extend upstream to the mouth of Granite 
Creek.  
 

 
 
 
 
 
 

 
The above account is especially interesting because by using a small boat for beaver 
trapping shortly following two large floods in 1891, a well defined main channel is 
implied. Clearly, the channel recovers quickly following large floods. 
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G1c. Cultivated land 
 
Black, John A., 1890, ARIZONA THE LAND OF SUNSHINE AND SILVER HEALTH 
AND PROSPERITY, THE PLACE FOR IDEAL HOMES, COMMISSIONER OF 
IMMIGRATION, Republican Book and Job Print, Phoenix, Arizona, 143p.  
 
“As to areas now under cultivation and which may be brought under cultivation,the table 
here shown is based upon careful estimates closely verified by much inquiry from 
reliable sources, the first column showing the acreage now under cultivation and the 
second the estimated cultivable area:” 

 

 
Hayden, T. S., 1940, Irrigation on upper Verde River watershed from surface waters: unpublished report of SRP, 329 
pages. 
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G1d.—Early descriptions of Verde River 
 
Hodge, H. C., 1877, ARIZONA AS IT IS; OR, THE COMING COUNTRY, COMPILED 
FROM NOTES OF TRAVEL DURING THE YEARS 1874, 1875, AND 1876. NEW 
YORK: PUBLISHED BY HURD AND HOUGHTON. BOSTON : H. O. HOUGHTON AND 
COMPANY, 273p. 
 
“The Verde River is one of the largest northern branches of Salt River, its upper 
branches rising at different points to the east, north, and northwest from Prescott. It 
becomes a fine river of eighty feet in width about fifty miles northeast from Prescott,and 
thence runs a southerly course to its junction with Salt River near Camp McDowell. Its 
whole course is about one hundred and fifty miles.” (Hodge,1877). 
 
Greely, General A. W. and Glassford, Lieut. W. A., 1891, Report on the Climate of 
Arizona; EXTRACT FROM A LETTER OF THE SECRETARY OF WAR ON 
IRRIGATION AND WATER STORAGE IN THE ARID REGIONS, 51st Congress 2nd 
Session, House of Representatives, Exec. Doc. 287, 88p. 
 
“The recent Indians when discovered by the Spanish conquerors lived by farming and 
then as now their farming was made possible by the artificial storage and carriage of 
water. Their period may be said to begin with the time when the present ruins along the 
valley of the Rio Verde were efficient channels watering rich lands, and has been 
continued to the present day.” 
 
The following is from Chapter 7 of: Sabin, Edwin L., 1914, Kit Carson Days (1809-
1868), CHICAGO, A. C. McCLURG & CO., 669p.   
 

“The Salido, wherever its banks were wooded, was a beaver resort. The Ewing 
Young party trapped down it until they reached the mouth of the Verde, or San 
Francisco a tributary coming from the north. As was the custom, they turned and 
trapped up the San Francisco, to its head.”  
 
"A fine, large stream," has been said of the San Francisco, in some cases rapid 
and deep, in others spreading out into wide lagoons. The ascent * * *by gradual 
steppes, which,, stretching into plains, abounded in timber. The river banks were 
covered with ruins of stone houses and regular fortifications; which * * *appeared 
to have been the work of civilized man, but had not been occupied for centuries. 
They were built upon the most fertile tracts of the valley, where were signs of 
acequias and cultivation.14 
 
Indians bothered the trappers almost nightly from the time they reached the San 
Francisco. Trapped animals were killed and animals and traps stolen. Meanwhile 
much fur was "caught." Twenty-two of the men were dispatched back to Taos, with 
the pelts, there to sell them and to buy more traps, for a fall hunt.” 
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“14, p. 46. Extract from the journal of Antoine Leroux, of Taos, who was a guide for 
Lieutenant A. W. Whipple, through the country, upon one of the Pacific Railroad 
explorations (Vol. 3, Pacific Railroad Surveys. Washington, 1856). Upon modern 
maps the San Francisco River is entitled the  Verde.” 
 
 

Camp McDowell 
 
 
 
Hinton, J. R., 1878, The Hand-book 
to Arizona, Resources, history, 
towns, mines, ruins and scenery: 
Payot, Upham & Co., San 
Francisco, 593p.(with appendix) 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Camp Verde 
 
Hinton, J. R., 1878, The Hand-book to Arizona, Resources, history, towns, mines, ruins and 
scenery: Payot, Upham & Co., San Francisco, 593p.(with appendix) 
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Yavapai County 
 
Hinton, J. R., 1878, The Hand-book to Arizona, Resources, history, towns, mines, ruins 
and scenery: Payot, Upham & Co., San Francisco, 593p.(with appendix)  p. 43 
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Ancient irrigating ditch in the Verde Valley.  
 
Mindeleff, Cosmos, 1892, ABORIGINAL REMAINS In VERDE VALLEY, ARIZONA; 
THIRTEENTH ANNUAL REPORT, BUREAU OF ETHNOLOGY, TO THE SECRETARY 
OF THE SMITHSONIAN INSTITUTION, 1891-92, p.185-257. 

 

 
 
 “[T]here is no reason to suppose that the ancient ditch did not irrigate nearly the whole 
area of bottom land. The ancient ditch is well marked by two clearly defined lines of 
pebbles and small bowlders, as shown in the illustration. Probably, these pebbles 
entered into its construction, as the modern ditch, washed out at its head and 
abandoned more than a year ago, shows no trace of a similar marking.”(Mindeleff, 
1892). 
 
Old ditch near Verde in Verde 
Valley 
 
The author Mindeleff presents a 
few hypotheses about when the 
ditches were used and the 
areas irrigated (Mindeleff, 
1892,). Several ditches along 
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the Verde River and tributary streams were identified by Mindeleff. According to 
Mindeleff the ditches could have been a few tens of years old rather than hundreds of 
years old. 
 
This ditch was uncovered by the Feb. 1891 flood (Powell, 1906, p. 240). The flood of 
1891 widened the channel greatly but in subsequent years vegetation became estab-
lished and the width gradually became restricted (Leopold and Wolman , 1957, p.5). 
Note the defined single channel shortly following the 1891 flood. 
 
Looking across from right side of Verde River in 1895 in Camp Verde area. 
 

 
Fewkes, J. W., 1895, Archeological 
Expedition to Arizona in 1895;  
Seventeenth ANNUAL REPORT, 
BUREAU OF ETHNOLOGY, TO 
THE SECRETARY OF THE 
SMITHSONIAN INSTITUTION, 
1895-96, 752p.. 
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Hodge, H. C., 1877, Arizona as it is, or The 
Coming Country, NOTES OF TRAVEL DURING 
THE YEARS 1874, 1875, AND 1876; NEW 
YORK:PUBLISHED BY HURD AND HOUGHTON. 
BOSTON : H. O. HOUGHTON AND COMPANY. 
273p. 
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Carson trapped along the Verde.  
 
“A common misconception is that trappers used canoes. They used mules to transport 
beaver pelts. Also, accounts of beaver trapping are sparse partly because they entered 
Spain’s territory illegally and did not wish to become Spain’s prisoners. It could be said 
they were men of deeds and of few words but, in fact, some could neither read or write.” 
(Peters, 1875), 
 

 
 

Peters, D. C., 1875, Kit Carson’s Life and Adventures, from facts narrated by himself; 
Dustin, Gilman and Co., 604p 
 
 
Davis, A.P., 1897, Irrigation near Phoenix Arizona, USGS Water Supply Paper 2, 98p. 
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G1e.—Mines in the watershed with a sample of water use at one mine. 
 

 

 
 
Millwood, R. H., 1903, 
Arizona’s Mines, Mining 
Districts Owners and 
Operators and post office 
addresses (Yavapai  
County), The Arizona 
Mining Directory, 60p. 
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The following are many of the mines in the Verde River Watershed. Several mines in 
the Prescott area (Bradshaw District) are not included because of the difficulty in 
separating mines in the Hassayampa, Agua Fria and Verde River watersheds. 
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The following, by means of a single example, shows that it takes water to produce 
copper. According to the July l8, 1908 issue of The Engineering and Mining Journal, 
p.149, the United Verde Jerome mine produced 3,000,000 pounds of copper per month 
or 36,000,000 pounds/yr. Using the value of the average water used only for smelting of 
10.3 gallons per pound of copper produced (Mussey, 1961, Table 17) the estimated 
amount of water use was about 2 cfs/yr. Also, carrying this example further, according 
to the USGS a little more than 25 gallons of water is used for the production of one 
pound of copper from domestic ore in 1961 (abstract of USGS WSP 1330-E).  This 
amount compares well with the use of 28 gallons per pound given by Singh (2010). 
These average annual amounts suggest about 4 cfs was used by the United Verde 
Jerome mine. Thus, my estimate of the water use at statehood by the largest of the 
many mines in the Verde River watershed was about 2-4 cfs. Thus, the total water use 
by the mines at statehood is unknown but obviously impacted the base flow of the 
Verde River. 
 
Copper production of the United Verde mine near the time of statehood is shown on 
pages 106 and 345 (Mining and Scientific Press, 1911, Vol. 102, Copper Production in 
1910 by States, Jan. to June 1911,  866p.): 
 

 
 

 
 
Mining and Scientific Press, 1911, Vol. 103, NEW 
YORK- State of the Copper Market.—Production 
for June— United Verde Dividend.—Superior & 
Boston.—Interest in Pioche.—Little Interest in 
Poncupine, July 1911,  854p. Photo on page 87 is 
to the left: 
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G1f.—Diversions (a sample of present conditions) 
 
The USGS recently conducted a study of base flow in the Verde Valley and found that 
the Upper Verde River, Oak Creek, Beaver Creek, and West Clear Creek are major 
sources of base flow in the Verde River. Groundwater discharge directly into the Verde 
River also was an important contributor of base flow to the Verde River. The schematic 
diagram below shows major irrigation ditches along the Verde River as a function of 
river mileage along the Verde Valley. (Garner, B.D., and Bills, D.J., 2012, Spatial and 
seasonal variability of base flow in the Verde Valley, central Arizona, 2007 and 2011: 
U.S. Geological Survey Scientific Investigations Report 2012–5192, 33 p.). The USGS 
found that the dozens of surface-water diversions from streams, including gravity-fed 
ditch diversions along the Verde River, are the most prominent human alterations in the 
Verde Valley.  
 

 
 

 
The summer and winter base flow 
along the Verde River in the Verde 
Valley are significantly different (See 
figure to left). The difference is 
mostly because of diversions and 
also high ET during summer months.  
 
The amount of predevelopment base 
runoff also varied seasonally 
because of seasonal differences of 
ET along springs and from riparian 
vegetation along tributary streams 
and the Verde River.
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G2.  Hydrology 
 
Under present, and recent, conditions there is considerable travel by canoes and 
kayaks along much of the Verde River downstream of Granite Creek. Exceptions are 
areas affected by SRP reservoirs—namely Bartlett and Horseshoe where there is also 
boating on the river. General speaking, there is considerable recreational boating along 
the Verde River. Also, there are a few commercial businesses providing small boating 
opportunities for visitors and local residents.  
 
The amount of base runoff in the Verde River obviously is a potential factor limiting 
navigability. As explained previously in the Hydrology section of this report, the natural 
and ordinary perennial/intermittent stream flow is comprised of surface runoff and base 
runoff.  Surface runoff is derived from precipitation and snowmelt. Base runoff is 
maintained by ground-water discharge all along the Verde River. Base flow is 
comprised of ground-water discharge from mountain front springs and seeps (Base Qmf 
on Figure 3 of this report) and Quaternary aquifers (Base Qqa) and basin fill and deeper 
aquifers (Base Qbfa). Base runoff Qqa and Qmf was first used by settlers for farming 
and mining because it was on or near the surface at springs and along streams and 
could be rather easily diverted using small dams or shallow wells.  
 
The computation of base runoff of the upper Verde River above the USGS gage near 
Clarkdale (09504000) is discussed in detail in the Hydrology section.  
 
Important parts of this analysis of the hydrology below USGS gage 09504000 are (1) 
USGS records of stream flow at gages 09503700, 09504000, 0950600 and 09510000; 
(2) a report by the USBR (1952) that calculated the Virgin flow for the mouth of the 
Verde River; and (3) a report by the USGS (HA-664 by Freethey and Anderson (1986)) 
that estimated base runoff (Qbfa, the 90th percentile of daily discharge) for the basin fill 
and underlying aquifers. An important part of the hydrologic analysis was the distribution 
of the 100 cfs difference between the Virgin average annual runoff and the gaged 
average annual runoff at gage 09510000 (See Item F of Table 2 of 2).  
 
Base runoff of the lower reach of the Verde River is simply computed by adding (1) the 
100 cfs difference (Item F of Table 2 of 2) that was associated with early settler use of 
base flow such as for mining (section G1e) and irrigation (section G1f) and (2) the base 
flow (from USGS HA664) at and below the USGS gage 09506000. The base runoff 
associated with Qqa and Qmf was simply distributed across the middle Verde River 
between USGS gages 09504000 and 09506000. The resulting natural base flow is 
shown in Figure G3. 
 
The larger springs in the Verde River Watershed are mostly carbonate springs in 
tributaries such as West Clear Creek, Sycamore Creek, Oak Creek and Fossil Creek 
where they discharge from the lower Paleozoic rocks of the Redwall Limestone or the 
Martin Formation (Parker and others, 2005 and Bills and others, 2007). Springs in the 
lower part of Sycamore Canyon maintain a perennial flow in lower Sycamore Creek 
within the primitive area. The discharge of Sycamore Creek during the dry months of 
July and August ranges from 4,550 to 5,125 gallons per minute. About half this 
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discharge comes from Summer's Spring. Fossil Spring, for example, has a very steady 
flow of about 21,647 gal/year or about 48 cfs (Figure G2). The rather steady discharge 
from these springs supports the rather steady base flow of the Verde River.  
 

 
 
Figure G2. Discharge of Fossil Springs from intermittent current-meter measurements in 

Fossil Creek above and below springs (Parker and others, 2005). 
 
Natural average annual runoff and median runoff (Figure G3) were computed in a 
similar manner as base runoff using records of stream flow at USGS gages 09506000 
and 09510000.  
 

 
Figure G3.—Natural and recent flow in the Verde River from mouth of Granite Creek to 
the mouth. 
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G3.  Channel geometry 
 
G3a.--Geomorphology of Verde River Channel 
 
Because the subject of geomorphology of the natural channel of the middle Verde River 
is ably treated by Phil Pearthree, PhD, the following is from: Pearthree, P. A., 1996, 
Historical Geomorphology of the Verde River, Arizona Geological Survey Open-File 
Report 96-13, 29p.  
 
“Even though the Verde River is entrenched in a deep valley and young alluvial deposits 
are thin along all of its course, most of the streambed and many of the banks of the river 
are formed in very young, unconsolidated alluvium. Everywhere along the river, a low-
flow channel exists that conveys perennial discharges. Low-flow channels typically are 
shallow and 15 to 60 m wide, although the width and depth of these channels is quite 
variable. The bed forms of the low-flow channels are characterized by a repeating 
sequences of pools (deeper water areas) and riffles or rapids (shallow water areas 
typically dominated by cobbles and small boulders). Alternating pool and riffle 
sequences are characteristic of streams that carry coarse bed load sediment.” 
 
“Low-flow channels of the Verde River are invariably located within a much larger 
channel that is shaped by large floods. These larger flood channels are typically 100 to 
300 m wide, and are as wide as 1,200 m along the lower Verde River. Deposits 
associated with the flood channels typically are coarse gravel bars and finer sandy 
areas. Flood channels are evident because of freshly deposited sediment and the lack 
of abundant large vegetation; in many reaches, the margins of flood channels 
correspond with prominent banks. Young river terraces commonly exist along the 
margins of and slightly higher than flood channels. These terraces typically are heavily 
vegetated unless they have been altered by human activity. Many of these young 
terraces are part of the floodplain, as they are inundated during large floods. Flooding 
on terraces is relatively shallow and the impact of flooding on the terrace vegetation is 
typically is not great.”  
 
“The young alluvium that forms the channel bed and low banks of the Verde River is 
generally composed of coarse gravelly deposits and much finer sandy overbank or 
slack water deposits. This young sediment does not have much cohesion and is 
susceptible to scour and bank erosion during large flow events. Older river deposits 
typically are coarse, and underlying rock units are indurated to a greater or lesser 
degree. These units are much more resistant to lateral bank erosion than young stream 
deposits. Thus, the potential for changes in channel morphology and shifts in channel 
position during large floods is greatest in areas where young terraces are extensive. 
However, young terraces commonly have relatively dense and large vegetation, which 
tends to stabilize these deposits.” 
 
“The geologic floodplain of the Verde River is coincident with the extent of young 
channel deposits and low terraces along the river. As used in this report, the geologic 
floodplain is the area along the river that has been subject to erosion and deposition by 
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the Verde River in the past few thousand years. Changes in channel position that have 
occurred during the past few thousand years have occurred within the limits of the 
geologic floodplain. The geologic floodplain is bounded by older geologic units such as 
bedrock, basin-fill sediments, older deposits of the Verde River, or alluvial fan or terrace 
deposits of tributary streams. Usually, the margins of the geologic floodplain are 
associated with significant topographic relief that constrains lateral migration of the 
Verde River channel.” 
 
“Low-Flow Channels. Cadastral surveys from the 1870's record evidence of a 
continuous low flow channel throughout Verde Valley that was very similar to the 
modern low-flow channel of the Verde River. Surveys conducted by Foster in 1873 and 
1877 documented a through-going stream about 0.5 m (1.5 ft) deep and 15 to 30 m (50 
to 100 ft) wide with a sandy bottom. It is not clear from the survey notes whether this 
low-flow channel was within a well-defined flood channel. The Verde River of the 1870's 
was described as "a beautiful stream of clear, pure water with an average width of 100 
links (66 ft) and an average depth of 3 feet" (Foster, C.B., 1877, General Land Office 
Survey Notes, Books 217 and 1665: microfiche on file with U.S. Bureau of Land 
Management, Phoenix.; see Table 4). The banks of the low-flow channel were 
estimated to be 3 ft (consistent with the depth estimate). Cottonwoods, willows, and 
mesquite lined much of the river bank. The low-flow channel clearly existed within a 
much broader geologic floodplain, described in the survey as bottomland with large 
amounts of fine farming and grazing land (Foster, C.B., 1873, General Land Office 
Survey Notes, Book 137: microfiche on file with U.S. Bureau of Land Management, 
Phoenix.). A significant amount of irrigated farming was underway in the bottomlands by 
1873-77. The land surveys of the 1870's did not describe marshy land adjacent to the 
Verde River, nor did they document any areas where the low-flow channel was ill-
defined. A resurvey conducted in 1916 in the Camp Verde area records wetted 
channels about 60 to 120 m (200 to 400 ft)wide, and in a number of places the 
surveying team could not directly survey across the river because it was too swift and 
deep (Richards, 1916). It may be that 1916 was an unusually wet winter, resulting in 
increased flow in the Verde River relative to 1873 and 1877.” 
 
“The low-flow channel along the lower Verde River documented in 1911 was shallow 
and some what wider than the low-flow channel in Verde Valley. The land survey of 
1911 recorded wetted channel ranging from about 3 to 6 chains (180 to 360 ft) wide and 
1 to 4 ft deep (Farmer, RA., 1911; General Land Office Survey Notes, Book 2398: 
microfiche on file with U.S. Bureau of Land Management, Phoenix.) This low-flow 
channel was within a much larger flood channel. The flood channel evidently was quite 
obvious, as it was the primary channel noted in the survey data and notes. The banks of 
the flood channel were fringed with cottonwoods and mesquite.” 
 
“Positions of low-flow channels clearly have changed substantially through the pastcentury. 
Substantial changes in the positions of the banks of flood channels have dictated changes in 
the areas within which the low-flow channels can flow. In addition, the positions of low-flow 
channels have changed after floods in reaches where the flood channel has remained fairly 
stable. An example of the extent of change in low-flow 
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channel position in Verde Valley is shown in Figure 6. In this area, many substantial 
changes in channel position occurred between the original survey in 1877 and 1950. 
Several large floods occurred during this period, as was noted above, and substantial 
changes in flood-channel positions probably occurred as well. In the Clarkdale area, 
human activity likely significantly altered the position of the low-flow channel as well. 
Changes in position of low-flow channels between 1950 and 1970 were very limited, but 
the floods of 1978 and 1980 evidently caused some substantial changes in channel 
position.” 
 

“Historical land surveys in the Camp Verde area and along 
the lower Verde River reveal that the general form of the 
flood channels of the Verde River have not changed 
substantially since the time of statehood. Low-flow channels 
have shifted position to a greater degree than the larger flood 
channels. The size and general form of low-flow channel in 
Verde Valley, however, was about the same in the 1870's as 
it is today.”  
 
Examination of available information shows that the low-flow 
or main channel changes position in the two basin-fill areas 
but the general cross-sectional size and shape of the main 
channel has remained rather uniform. In other words, there is 
enough width and depth for small watercraft. 
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G3b. Notes on channel material and sediment transport using photographs of the 
Verde River 
 
These notes are related to the question: was the Verde River navigable under natural 
and ordinary conditions? The following, along with other information in this report for 
ANASC, satisfies what I consider useful information for assessment of navigability along 
the entire Verde River. Also, to me, natural means what it says—no effect of humans. A 
couple of the photos that follow are also shown in other places of this report. This 
section is best used in conjunction with section 4. -- Energy and morphology 
considerations of this report for ANSAC. 
 
The riffle near the center this scene is associated with the small tributary wash on the 

left side of the photo (right bank 
side). Sediment load consisting of 
silt, sand, gravel, cobbles and 
boulders is deposited at the mouth of 
the wash in the Verde River. Such 
deposits are the source of many of 
the riffles along the Verde River. 
Also, tributary sediment below 
Sullivan Lake Dam is a major source 
of the suspended and bed load along 
the Verde River.  
 
 
 

 
Much, but not all, of the entire Verde River is a gravel or cobble bed stream. Typical 
gravel-bed streams have bed surface median sizes Ds50 in the range from 8 to 256 mm.  
Boulder-bed streams have median sizes in excess of 256 mm.  Sand-bed streams have 
median sizes between 0.062 and 2 mm. Particle sizes are shown below: 
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The following two USFS photographs (Neary and others, 2012) show pools with 
deposited sand.  The sand can be seen in the shallow areas of the pools. This sand is 
remobilized during direct runoff and carried as suspended and bed load great distances 
downstream toward the Horseshoe reservoir sediment trap. Pools along the river act as 
small sediment traps that partially fill during small discharges and are flushed during 
large discharges. 
 

 
 

 
For many years river engineers have noticed a channel forming discharge along rivers 
that is associated with bank full stage. There continues to be some debate on this 
subject but the natural mean annual discharge computed for this ANSAC study of the 
Verde River appears to conform to the “channel forming discharge.”  Many river 
engineers also believe that over a long period of time the total maximum bed load is 
transported by the “channel forming discharge” or the effective discharge. Supposedly 
at discharges both smaller and larger, less bed load is transported. For more discussion 
see section 4 of this report. 
 
As stated previously much of the channel of the Verde River is cobbles and gravel but 
there are reaches of predominantly sand and reaches with many boulders—especially 
the riffles. The riffles formed by tributary dumps of sediment load into the Verde River 
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channel had a wide range of sediment size but the finer sediment washed away leaving 
the coarser material.  
 
Generally speaking, riffles also form along natural perennial gravel bed rivers 
independent of tributary dumps. Also, the coarse surface of the channel bed, called 
armoring, occurs when the smaller sediment is carried away. It’s common that when 
discharge increases and motion of the bed material begins, nearly all sizes of the 
heterogeneous bed material move at the same time. The finer material moves faster 
leaving behind the coarser material.   
 

There are also reaches that are laterally and also vertically 
confined by bedrock or erosion resistant rock. 
 
 
Photograph by Hjalmarson looking upstream at Verde River 
Channel from below Black bridge in Camp Verde. The river 
channel has scoured through the alluvial sediments 
(Holocene material) into the Verde Formation (light colored 
material). 
 
 
 
 
 
 
 

Huge boulders that are difficult to 
move by large floods are shown 
in photograph below. 
 
Photo from: Bowman, S. N., 
2001, VERDE RIVER TMDL FOR 
TURBIDITY, Arizona Department 
of Environmental Quality, 33p. 
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Bedrock bank 
 
 
Photo from: Bowman, S. N., 2001, VERDE 
RIVER TMDL FOR TURBIDITY, Arizona 
Department of Environmental Quality, 33p. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There obviously is a considerable amount of silt, sand and gravel at this location. 
 
Photo from Evans, K 
and McClain, C., 
2005, Wild and 
Scenic River 
Proposal for The 
Upper Verde River, In 
conjunction with the 
Arizona Wilderness 
Coalition, 179p. 
 
 
 
 
 
 
 
 
 

A mixture of sand, gravel, cobbles and small boulders from basalt, sandstone, 
limestone, etc. areas. The sediment clearly reflects the wide range of geology in the 
watershed upstream of this location. Some of the stones are rounded and some are 
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angular suggesting a wide range of possible channel resident times and distances from 
rock source area. 

 
 

 
Photos from: Evans, K and McClain, 
C., 2005, Wild and Scenic River 
Proposal for The Upper Verde River, 
in conjunction with the Arizona 
Wilderness Coalition, 179p. 
 
 
 
Gravel-bed streams usually show a 
surface armor.  That is, the surface 
layer is coarser than the substrate 
below. 
 
 

 
 
 
 
 

A gravel and cobble channel bottom that probably has some armoring effect. 
(Neary and others, 2012—both photos on this page) 
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Mostly small boulders and cobbles. 

 
 

 
 
 
 
Effect of 1993 floods in upper Verde River (UVR) shown below. Comparison of UVR 
vegetation next to the channel a decade before (A: 1979) and after (B: 2003) the 1993 
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floods, Verde River Ranch. (Photo A by James Cowlin and photo B by Alvin L. Medina, 
USFS.) 
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Vegetation along the banks tends to 
stabilize channel banks and cause 
scour of the main channel. This 
scene is along the upper Verde 
following the 1993 flood. Flood 
debris (of 1993 flood) is on the trees 
with a beaver fallen tree in the left 
bank foreground of the scene. All 
along the Verde River the main 
channel bed generally stabilized and 
recovered to a navigable channel 
within days after the 1993 flood.  
(Photo from Neary and others, 2012) 

 
 
View looking north at Verde River that is incised in large deposit of sediment behind 
Horsehoe Dam on 6/09/09. Horseshoe reservoir acts as a sediment trap for suspended 
and bed loads (the sediment yield above this location) transported down the river. There 

is more movement of sediment than the 
sediment yield at this location because the 
coarser material typically moves only short 
distances along the channel during direct 
runoff (floods, snowmelt and storm runoff).  
 
In contrast, some of the very large boulders 
that have rolled onto the channel and flood 
plain from steep side slopes appear to have 
not moved for many years. 
(Photo from Cook, J. P., and others, 2010) 
 
 
 

Summary:  (1) There is a wide variety of channel material along the entire river that 
ranges from predominantly sand reaches to cobble and boulder covered reaches to 
huge boulders to bedrock channel bottoms and banks. The gravel, cobbles and 
boulders do not move much during a typical year.  (2) Some reaches and most riffles 
have many boulders that can be moved only by high-energy large floods. (3) Some of 
the larger boulders from the steep side slopes for all practical purposes may have such 
a large threshold shear value that they don’t move. In reaches with these huge boulders 
the concept of “channel forming discharge” may not apply because of the impact of 
boulders on channel roughness and the flow velocity distribution. (4) The sediment yield 
(deposition at Horseshoe reservoir) is predominantly sand, silt and small gravel. (5) All 
along the Verde River the main channel bed generally stabilized and recovered to a 
navigable channel within days after the 1993 flood.  
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G3c.—Selected GLO townships and maps 

 
A single well defined 
channel is shown on 
the left. 
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The page below is from GLO survey notes for the survey plat on the following page. 
This page shows a 4ft depth of flow for March 1911. Also, the channel was a maximum 
of about 400 ft. wide. See plat on next page for additional information. 
 
 



 67
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This measurement of the channel width 
(300 ft.) for the San Francisco (Verde) 
River is one of the earliest available for 
the lower Verde. Even at this time 
(1867) the watershed was not in a fully 
natural state because of diversions for 
mining and crop irrigation. 
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G3d.—Depth-discharge relations for recent channel in the vicinity of USGS gages 

09506000, 09508500 and 09511300. 
 
The following three sets of depth-discharge relations for the middle and lower Verde 
River were determined mostly using USGS current-meter measurement information 
available on the USGS National Water Information System 
(http://waterdata.usgs.gov/az/nwis/si). The maximum depth is for a width-segment of 
roughly 5 ft. or more across the river channel. 

 

 
Relations above and below gage. 
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Depth-discharge relations for 
gage and cableway. 
 
 
 
 
 
 
 
 

The depth-discharge relation to the left is 
considered representative of the modern 
lower Verde River near the mouth. 
Braided reaches like that shown below 
are obviously human impacted and not 
considered representative of natural 
conditions. 
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G3e. Discussion and summary of Section G3 
 
Use of Verde River: The entire river is currently used by small watercraft such as 
canoes and kayaks. See, for example, items 6 and 10 of Appendix A, section G1a, and 
Appendix I. Because small water craft are used along the Verde River, navigability 
under natural conditions with a much greater amount of base runoff would be 
considerably improved. In fact, in the absence of diversions for irrigation and mining and 
with the beautiful scenery, the natural Verde River would be ideal for small watercraft. 
 
Channel material: The diverse and colorful gravel, cobble and small boulder sediment 
reflects the diverse geology. There is a wide range of sediment size. Most of the 
channel is gravel and cobbles. There are very large boulders in the upper Verde and 
there is a lot of coarse sand in the basin fill areas of the Verde Valley and lower Verde. 
The many riffles typically are boulders and cobbles and during periods of low flow silt 
and sand collects in the long pools behind the riffles.  
 
Movement and form of channel: The evidence in this Appendix and in the Report 
shows the Verde River behaves like a typical channel where “A natural channel 
migrates laterally by erosion of one bank, maintaining on the average a constant 
channel cross section by deposition on the opposite bank. In other words, there is 
equilibrium between erosion and deposition. The form of the cross section is stable, 
meaning more or less constant, but the position of the channel is not.” (As described by 
Leopold, 1994, p.5 for rivers in general.).  Also, the Verde River appears to be carrying a 
load of sediment at or near carrying capacity and tends to erode and deposit sediment 
in equilibrium and flow is in curved meandering, or slightly meandering, paths and in the 
basin fills areas has a wide-eroded floodplain. 
 
Channel shape:  The Federal Surveys indicate a fairly deep base flow and a rather 
wide channel with a few sand islands in the lower Verde River. 
.  
Depth of base flow: Depths typically are at least 3 ft.  Federal surveyors recorded and 
average depth of 3 ft. at one crossing in the middle Verde. Depths of base flow of 3 and 
4 ft. were recorded at a few crossings in the lower Verde River. Even the depths of flow 
at the time of the Federal Surveys were depleted to some degree by diversions for 
irrigation and mining. So those depths were measured even though the river was not in 
its natural condition and its base flow had been adversely impacted by humans. 
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G4. --Navigability ---John Day River versus the Verde River 
 
G4a.-Natural hydrology 
 
Some of the hydrology (especially the base flow) (Figure G3 and Table G1 below) and 
physical characteristics of both the Verde River and the John Day River in Oregon are 
similar. These and other similarities are important because the Oregon Court of Appeals 
held particular segments of the John Day River navigable based on the reaches’ 
susceptibility to navigation by Indian canoes. In the Oregon case navigability for title 
was found to be based on susceptibility to navigation even where evidence of actual 
navigation was lacking. 
 

 
Figure G3.  Flow-duration curves for the middle and lower Verde River and USGS 

gages 14046500 (solid line) and 14048000 (dashed line) on the John Day 
River in Oregon. 

 
Table G1.—Virgin or predevelopment discharge, in cfs, at indicated USGS gages on the 

Verde and John Day Rivers. 
 
                       Camp Verde    Bartlett              John Day (Oregon) 
Flow type  09506000 09510000 14046500   14048000 
 
Mean annual  489  749  1940    2060 
Median (Q50) 272  558    746       787 
Base (Q90)  172  179    130          137 
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Northwest Steelheaders Association Inc. v. Simantel, Decided: May 11, 2005, Court of 
Appeals of Oregon.: http://caselaw.findlaw.com/or-court-of-appeals/1419601.html, 10p. 
 
The John Day River is 284 miles long and the second longest free-flowing/undammed 
river in the continental United States (the longest being the Yellowstone River). The 
river drains an area of nearly 8,100 square miles, which is approximately 8% of the total 
area of Oregon. By contrast, the Verde River is 230 miles long with a drainage area of 
6,188 square miles at the Salt River confluence, which is about 6% of the total area of 
Arizona. Both rivers drain mountainous areas with spring snowmelt and the channels 
have numerous pools and riffles. The John Day and Verde Rivers are shown below. 
 

 
Photo of John Day River on left from Eric Mortenson of The Oregonian, October 02, 2009 , “John Day 
River property will become Oregon's largest recreation site” 
http://www.oregonlive.com/environment/index.ssf/2009/09/john_day_river_property_will_b.html 
 
The flow-duration curves of mean daily discharge for the Verde and John Day Rivers 
are average (ordinary) curves that represent natural, or approximately natural, 
conditions (Figure G3).  “The stream flow record integrates the effects of climate, 
topography, and geology, and gives a distribution of runoff both in time and in 
magnitude. When the flows are arranged according to frequency of occurrence and a 
flow-duration curve is plotted, the resulting curve shows the integrated effect of the 
various factors that affect runoff.” (Searcy, 1959). The shapes of the curves for the 
USGS gages on the two rivers obviously are different because the rather steep slope for 
the wide range of higher flows of the John Day curve denotes a more variable and 
larger direct runoff than for the Verde River. However, the curves for low flows are 
similar and it is the low flows that are most important in determining navigability. The 
flatter slope for the Verde River indicates the presence of base runoff from ground-water 
storage in the basin fill and lower Paleozoic rocks of the Redwall Limestone and Martin 
Formation (both typically large aquifers). For example, at Fossil Creek, springs 
discharge from a limestone aquifer supplied at least in part from the leakage through the 
overlying Permian-Pennsylvanian rocks from the C aquifer and thus ground water must 
travel through the Naco Formation at some locations beneath the Colorado Plateau 



 75

(Parker and others, 2005). The flat slope of the lower end of the duration curves for both 
rivers shows there is a large amount of aquifer storage in both the Verde River and 
John Day River watersheds. 
 
The timing, duration, and sequence of water discharges in the Verde River, or any river 
for that matter, is important for determining navigability. On the Verde River, the base 
flow is very important because snowmelt is seasonal and not present a large portion of 
the time during a typical year. The flat slope of the flow-duration curves of the Verde 
River (Figure G3) shows that base flow is all or a large portion of the runoff at least 70% 
of the time during a typical year. 
 
The similarity of the lower ends of the flow-duration curves for the John Day and Verde 
Rivers suggests the rivers have similar navigability characteristics (Figure G3). Both 
rivers have pools and riffles with defined channels and similar amounts of base flow for 
approximately 50% of the time. Thus, if the John Day River is navigable then it follows 
that the Verde River also is navigable.  
 
G4b.- Federal Land Surveys along the John Day River 
 
The following three original Federal survey plats in Oregon for T3N R17E, T3N R18E 
and T2N R19E each include both the Columbia and John Day Rivers.  On each plat the 
Columbia River was meandered but the John Day River was not. The John Day River is 
considered navigable for title purposes in Oregon (Northwest Steelheaders Ass'n v. 
Simantel 199 Ore. App. 471, 112 P.3d 383 (2005)).(Plats were obtained by Hjalmarson 
from BLM website in 2014) 
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T3N R17E    OREGON   John Day River 

 
Excerpts of the above plat 

 
 

Only the Columbia River was 
meandered. Survey was completed 
on March 18, 1880. 
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G4c.- Verde River Channel 
 

The Verde River is incised into bedrock or basin deposits and the overall width of the 
modern and historical Verde floodplain has been relatively stable. There are shifts in 
channel position in the basin deposit areas during large floods. In bedrock reaches the 
Verde floodplain is typically less than 400 ft across. The historic surveys (Federal 
Surveys) define a 300-400 ft. wide channel within defined banks along the basin 
sediment area of the lower watershed and with flow depths of 3-4 ft. A Federal Survey 
in the 1870's described the middle Verde as "a beautiful stream of clear, pure water with 
an average width of 66 ft and an average depth of 3 feet" (Pearthree, 1996). The 
modern and historic Verde channel is/was largely confined within well defined channel 
banks in most, if not all, places. 
 
Sediments within the active Verde channel are generally coarser than Holocene terrace 
deposits exposed in channel walls. There are imbricated small boulders and cobbles in 
places. There is evidence of coarse gravelly sediment with cobbles and small bounders 
below tributary streams. There is also evidence of large boulders that rolled in and 
along the river channel and floodplain from adjacent steep slopes. 
 
The available evidence for the Verde River (depth-discharge relations at USGS gages, 
cadastral surveys from the 1870's to early 1900’s, recent boating on the river, 
geomorphology, etc.) suggests the depth of natural flow was at least 2.6 feet 90% of the 
time during a typical year (Table G2). The median depth was at least 3 feet and the 
depth corresponding to the mean annual discharge was at least 3.5 feet.  

 
Table G2. -- Computed and estimated depths for natural flow along the Verde River. 
 
 
Location     Mean annual Q Median (Q50)     Base (Q90) 
                                                                                      Modern       Adjusted for 
                                                                                                       channel      Fed. surveys    
 
Mile 3.3 to gage    > 3.5 ft.  > 3.0 ft.  > 2.9 ft. 3 ft. 
09504000 
 
Gage 09506000 3.8 ft.     3.1 ft.  > 2.8 ft.  3 ft. 
 
Gage 09508500 4.5 ft.     3.7 ft.           > 2.6 ft. 3 ft. 
 
Downstream of 4.5 ft.     4.0 ft.           > 2.6 ft. 3 ft. 
Gage 09510000 
 
 
The evidence also suggests the natural and recent geometry of the channel upstream of 
Horseshoe Dam are approximately the same probably because (1) there is roughly ½ 
the natural base flow to maintain channel geometry and size, (2) there is bedrock and 
erosion resistant rock adjacent to the river channel, (3) the channel is not dry and  
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(4) there is coarse channel material in many places. According to Pearthree (1996) “the 
general form of the flood channels of the Verde River has not changed substantially 
since the time of statehood. Low-flow channels have shifted position to a much greater 
degree than the larger flood channels. The size and general form of low-flow channels 
in Verde Valley, however, was about the same in the 1870's as it is today.” 
 
At the very least the considerable recent use of the river by small watercraft suggests a 
well defined main channel with adequate depths, widths and velocities for navigability. 
Downstream of Horseshoe Dam where nearly all flow is from controlled releases from 
the two major reservoirs, the main channel typically is well defined but there are braided 
reaches where the recent channel(s) of the lower Verde River are not considered 
representative of the natural condition. For practical purposes the flow below Horseshoe 
Dam is considered totally regulated and human altered and the Bartlett and Horseshoe 
reservoirs serve as sediment traps. Also, flow is diverted for irrigation of Indian lands in 
the lower reach. Thus, while much of the size and shape of the natural main channel 
are considered approximately the same as the recent channel for this study, the recent 
channel of the highly regulated flow below Horseshoe Dam probably is wider and 
shallower than was the natural channel.  

 
G4d.- Navigability 
 
Consider the following table of required drafts for recreational watercraft on the John 
Day River shown below. The table is from page 30 of “JOHN DAY RIVER FINAL 
NAVIGABILITY REPORT” of March 25, 2005. This report presents the findings and 
conclusions of the Oregon Department of State Lands (DSL) concerning the ownership 
or “navigability” of a 174-mile segment of the John Day River extending from Kimberly 
at River Mile (RM) 184 to Tumwater Falls at RM 10. The Oregon State Land Board 
(“Land Board” or “Board”) directed DSL to conduct this study in October 2002 after 
receiving a request in early 1997 from the John Day River Chapter of the Association of 
Northwest Steelheaders. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 80

Based on the analysis of the significant hydrologic and hydraulic evidence in this 
Appendix and the analysis for the upper Verde River of this report for ANSAC, the 
depths along the entire Verde River are several times greater than the drafts required 
for canoes and kayaks shown in the above table (Table 9). Like the John Day River, the 
Verde River is navigable. 
 
However, as is evident in the assessment of navigability for the Upper Verde River, my 
assessment uses a high standard associated with the optimun conditions defined by the 
Fish and Wildlife Service of the Dept. of the Interior (Hyra, 1978). While such a high 
standard in not necessary, I find it useful to eliminate any doubt regarding the 
navigability the Verde River. 
 
Early (pre-1870) explorers and beaver trappers typically did not use canoes or boats on 
the Verde River. The mode of travel by trappers was on mules because they entered 
the area from the east (e.g. Taos) and travelled overland to various rivers such as the 
Gila, Salt, San Pedro, San Francisco and Verde Rivers. Also, potential boating along 
the Verde River before about 1870 was hazardous because persons in boats would be 
exposed to attack from Indians concealed in the vegetation along the banks. 
 
Modern small watercraft such as canoes and kayaks easily travel along the entire length 
of the Verde River. It’s important to note that hydrologic and hydraulic conditions under 
natural conditions (pre 1860s) probably were considerably more conducive for boating 
when there were few or no withdrawals for irrigation, mining, railroad and domestic use. 
Thus, for about the past 25 years the Verde River has been popular for boating even 
under depleted base flow conditions. 

 
The Fish and Wildlife Service method is 
easy to use and is based on hydraulics of a 
single channel cross section that is 
representative of channel conditions 
(Figure G4a).  These navigation 
requirements (Instream Flow Information 
No. 6) were developed by R. Hyra (1978) 
for the Fish and Wildlife Service of the 
Dept. of the Interior.  Channel depth and 
width requirements are defined for types of 
watercraft such as rafts and rowboats 
(Figure G4a) and canoes and kayaks 
(Figure G4b). Optimum suitability 
conditions are shown for canoes, kayaks 
on the Verde River. 
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Figure G4a.  Acceptable and optimal depths and velocities for small watercraft. 
 
 

 
 
Figure G4b.  Acceptable and optimal depths and velocities for small watercraft. 
 
It is my opinion the Verde River from river mile 36.6 (USGS Gage near Clarkdale) to mile 
230 (mouth at Salt River) was susceptible to navigation at the time of statehood 
(February 14, 1912) in its natural condition. During ordinary years the river conditions 
were optimal for navigation using canoes and kayaks 95% of the time and river 
conditions were acceptable and optimal for small boats and rafts about 95% of the time. 
Evidence relied upon to form this opinion is in this report and in the references for this 
report.  
 
See the main report for my assessment of the Upper Verde River. 
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Appendix H.-- Miscellaneous subjects 
  
Item H1.--Example of navigating troubles on the Missouri River. 
 
These are notes of troublesome areas while navigating along the Missouri River 
in 1811—a river considered navigable for title purposes. The small boat had a 
sail. This is presented to ANSAC as a simple demonstration that navigable rivers 
have conditions at times and in places that make navigation difficult. 
 
Brackenridge, H. M., 1816, Journal of a Voyage up the River Missouri, performed in 
1811, Baltimore, Published by Gould and Maxwell, Early western travels 1784-1846, 
166p. 
 

 
 

Passed an island, where 
the river widens 
considerably; the current 
rapid, obliged to abandon 
oars and poles, and take 
the towing line. 
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Monday I3th. Water. falling - 
continued with the towing 
line. At ten, a fine breeze 
springing up, hoisted sail. 
Passed the river a Boyer, and 
the houses of M'Clelland, 
who formerly wintered here. 
Some woody country 
hereabouts; but that on the 
upland is very inferior, chiefly 
shrubby oak. A short distance 
above this place we 
encountered a very difficult 
and rapid current, but being 
luckily a little aided by the sail, 
we passed tolerably well. 

Tuesday 2Ist. This morning 
fine, though somewhat cool. 
Wind increasing from the N. 
E. Current rapid, but for the 
eddies in the bends, it would 
be almost impossible to 
ascend. There are but few 
embarras, or collection of 
trees, &c. The sand bars are 
fringed with a thick growth of 
willows, immediately behind 
which there are young 
cottonwood trees, forming a 
handsome natural avenue, 
twenty or thirty feet wide. 
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This report gives a view of the difficulties of navigation from the mouth to the western 
part of North Dakota (far downstream of Great Falls Montana) which Henry Marie 
Brackenridge well described - the changes and rapidity of the current, the falling in of 
the banks, the snags, and the shifting nature of the river bed.  He returned to civilization 
with beaver pelts.      
 
Brackenridge lived to see steam navigation and transportation transform the entire 
Missouri Valley into a thriving centre of civilization; on the sites which his eye had 
selected for towns, to be established in a far-distant future, there soon arose large 
cities. 
 
 
 
 
 
 
 

The high waters enable us to 
cut off points, which is no 
small saving of the distance. 
The waters begin to fall, 
though great quantities of 
drift wood descend, and 
thirty or forty drowned 
buffaloes pass by us every 
day. 
(Approx. location) 
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Item H2--Spanish explorer in the upper Verde 
 
A very early account of the Verde River in December of 1598 from: Bolton, H., 1916, 
Spanish Exploration in the Southwest, Scribners Co., New York, 487p. 
 
As part of the Don Juan de Onate expedition on pages 243-244: 
 
“As it was late they camped for the night about two arquebus shots from there, on the 
bank of a river3 of fair width and much water, with good pasture and a cottonwood 
grove. The following morning, as the chief whom they had as a guide wished to return, 
the witness begged the chief of this rancheria to go with him and show him the mine 
from which they got ores. He consented willingly, and having travelled about four 
leagues through very fine, fertile land, with extensive pastures, they came to another 
river, wider than the first, where they spent the night. This river flowed almost from the 
north. They crossed it, and having travelled about two leagues they came to another 
river, much larger, which flowed from the north. They crossed it, and having travelled 
about a league, arrived at the slopes of some hills1 where the Indian chief said the 
mines were whence they got the ore.” 
 

“3 This would seem to correspond with the northwestern branch of the 
Verde River, which was crossed between Bill Williams Mountain and Prescott. 
The old trail from Antelope Springs, south of Bill Williams Mountain, crossed 
the river at Postal's Ranch. It is just possible that they crossed Black Forest 
farther north, and went through old Camp Hualpai, where the trail forked, 
but I doubt it.” Win’s Comment: This probably would be Big Chino Creek. 
 
“1 I am in doubt as to whether the last stream was the Big Sandy or the 
Spenser River, a branch of the Santa Maria, but the indications seem to point 
to the latter. In that case the mines were in the Aquarius Range; in the other 
case, they were in the Hualpai Range. Both of these ranges have become 
mining districts.” 

 
 
Item H3.—Fish in upper Big Chino Valley 

 
Gilbert, Charles H. 1898, Notes on a collection of fishes from the Colorado 
Basin in Arizona: Proceedings of the United States National Museum, 
Volume: 20: 1898-01-19, pp 487—499.  
 
 
 

Gilbert collected several fish specimens near Chino and other places in Arizona on or 
before 1898. There is possible confusion of the location of Chino but I’ve relied on 
Arizona Place Names and the date of Gilbert’s and Scofield’s sampling. Also, I’ve 
considered Wirt’s (2005) interpretation of the location. Thus, I assume the samples were 
collected from Chino Creek that is near Chino and located a couple of miles west of 
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Seligman. It is noted that both men were prominent scientists and would not have 
incorrectly confused the Del Rio Springs area with “Chino.” Chino Creek (Map, Prescott 
N. F., 1927) rises near the southeast end of Aubry Cliffs and flows through Big Chino 
Valley to the Verde River near Paulden. 
 
The stream Chino Creek is so named on early topographic maps and thus a perennial 
or intermittent stream is implied. More recent USGS maps show the stream as Big 
Chino Wash and thus an ephemeral stream is implied. With all of the impoundment of 
direct runoff, upstream groundwater withdrawal and the lowering of groundwater levels 
in Big Chino Valley by groundwater withdrawal it’s easy to understand how the creek 
became a lowly wash. 
 
ARIZONA PLACE NAMES gives the following location for Chino AZ 
 
Chino Yavapai Co. G. L. O. Map, 1921. 
Station A. T. & S. F. R. R., 4 miles west Seligman. At head 
Big Chino valley. See Chino valley. 
 
Also, 
Chino Creek (wash) Yavapai and Coconino Cos. Map, Prescott N. F., 1927. 
Rises northwest of Mount Floyd southeast end Aubrey cliffs 
in T. 26 N., R. 6 W., runs through Chino valley entering Verde 
River in approximately T. 17 N., R. 1 W. See Chino. 
 

Wirt, L., 2005, The Verde River headwaters, Yavapai Count, Arizona in Wirt, Laurie, 
DeWitt, Ed, and Langenheim, V.E., eds., Geologic Framework of Aquifer Units and 
Ground-Water Flowpaths, Verde River Headwaters, North-Central Arizona: U.S 
Geological Survey Open-File Report 2004-1411, 33 p. 
The fishes suggest Big Chino Wash was perennial or intermittent. There is a meander 
pattern in T21N R6W (See Appendix F) that also suggests perennial or intermittent flow 
in the upper Big Chino Wash. 
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The following are descriptions of the fish from Gilbert’s report. 
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Item H4.—USGS gages on Verde River are not at channel constrictions. 
 
At the ANSAC hearing on the Gila River in Phoenix on Aug, 20, 2014 Dr. Mussetter said 
the USGS installed gages at channel constrictions. His is mistaken. Based on my 
experience with approximately 2000 USGS gages in the western US, gages at 
constrictions are the exception and definitely not the rule. In 1993 when I retired from 
the USGS, I had personally inspected all the gage sites in Arizona. The six USGS 
gages on the Verde River are not on constrictions as shown below.  
 
09503700  Gage at upper end of straight reach. No constriction. 

 
 

 
 
USGS photo 
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095040000 Gage on outside of bend at upper end of rather straight reach.  
No constriction--just a small riffle control for the low-flow rating. 
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09506000  Gage 600 ft upstream from Chasm Creek on straight reach. 
                   No constriction at gage. 
 

   
 
 
 
09508500  Gage below sheep crossing  on straight reach. 
                   No constriction at gage. 
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09510000  Gage 2.7 mile below Bartlett Dam on straight reach. 
 No constriction at gage. Trees cover view of banks and gage. 

 
 
 
09511300 Gage 1 mile above mouth on rather straight reach. 
No constriction at gage. 
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Item H5.--General effect of dams 
 
The following general effects of dams on downstream river channels may apply to the 
Verde River below Bartlett Dam and Granite Creek below Watson Lake Dam. 
 
Williams, G.P. and Wolman, M.G., 1984, Downstream Effects of Dams on Alluvial 
Rivers. USGS Professional Paper 1286. U.S. Government Printing Office, Washington, 
DC, 83p. 
 
ABSTRACT 
This study describes changes in mean channel-bed elevation, channel width, bed-
material sizes, vegetation, water discharges, and sediment loads downstream from 21 
dams constructed on alluvial rivers. Most of the studied channels are in the semiarid 
western United States. Flood peaks generally were decreased by the dams, but in other 
respects the post-dam water-discharge characteristics varied from river to river. 
Sediment concentrations and suspended loads were decreased markedly for hundreds 
of kilometers downstream from dams; post-dam annual sediment loads on some rivers 
did not equal pre-dam loads anywhere downstream from a dam. Bed degradation varied 
from negligible to about 7.5 meters in the 287 cross sections studied. In general, most 
degradation occurred during the first decade or two after dam closure. Bed material 
initially coarsened as degradation proceeded, but this pattern may change during later 
years. Channel width can increase, decrease, or remain constant in the reach 
downstream from a dam. Despite major variation, changes at a cross section in 
streambed elevation and in channel width with time often can be described by simple 
hyperbolic equations. Equation coefficients need to be determined empirically. Riparian 
vegetation commonly increased in the reach downstream from the dams, probably 
because of the decrease in peak flows. 
 
Commonly, the section of maximum degradation in most cases was close to the dam, 
and degradation then decreased progressively downstream. However, large and small 
depths of degradation commonly were distributed somewhat irregularly with distance 
downstream from the dam. Also, the downstream location of zero degradation ranged 
from several to about 2,000 channel widths (4 to 125 km). For these reasons a smooth 
longitudinal profile is rare. In some cases not even the anticipated downstream decline 
in degradation was observed within the distance covered by the cross sections.  
Further, although the longitudinal profile downstream from many dams tended to flatten 
with time as expected, this did not occur in all cases.  Changes in channel elevation 
limited even to 1 or 2 m can significantly affect the longitudinal profile on many rivers. 
 
Many analyses were performed in seeking correlations of variables that would 
characterize conditions before and after dam closure. No simple correlations could be 
established between channel size, channel gradient, particle size, or quantities of flow, 
with the exception of a tentative relation for channel width. This reflects the number of 
variables and great variability of conditions in the sample. In several of the rivers 
studied, bank erosion appears to account for more than 50 percent of the sediment 
eroded from a given reach. Bank erosion is related to bank composition. Erosion may 
be particularly severe where the river impinges on a bank of readily credible sand. Fine-
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grained cohesive sediments may slow the rate of erosion at specific points. In large 
rivers flowing on sand beds, such as those found in many areas of the western plains of 
the United States, the location of controls, discharge, and fluctuations of discharge 
appear to be principally responsible for varying rates of bank erosion. 
 
Many large dams trap virtually all (about 99 percent) of the incoming sediment. The 
erosion of sediment immediately downstream from the dam, therefore, is not 
accompanied by replacement. Thus, although the rate of removal by the post-dam 
regulated flows may be less than that prevailing prior to regulation within a reach, the 
process does not result quickly in a new equilibrium.  Both lateral erosion and 
degradation cease when the flow no longer transports the available sediments.  Such 
cessation of net erosion may occur through local controls on boundary erosion, 
downstream base-level controls, decrease in flow competence (generally associated 
with armoring), infusion of additional transportable sediment, and through the 
development of channel vegetation. Armoring (increase in d50) appeared to be 
approximately proportional to the depth of bed degradation downstream from three 
dams for which data were available. 
Hundreds of kilometers of river distance downstream from a dam may be required 
before a river regains, by boundary erosion and tributary sediment contributions, the 
same annual suspended load or sediment concentration that it transported at any given 
site prior to dam construction. 
Channel vegetation blocks part of the channel, resulting in reduced channel 
conveyance, faster flow velocities in the channel thalweg, or both. Conveyance is 
decreased both by physical reduction of flow area by the vegetation and by impeding 
the sediment transport process and inducing bed aggradation. 
 
Item H6. --Desert Land Act 
 
Evolving Federal law encouraged use of water along semiarid (desert) streams and 
according to Bull (1997) the Desert Land Act (March 3, 1877) encouraged settlers to 
divert water from the streams of semiarid regions such as the Verde River watershed in 
order to claim homestead rights to farmland. Diversion dams were constructed that 
diverted streamflow into rather straight ditches. Such diversion of base runoff along 
some tributary streams may have served to locally increase unit stream power by 
increasing gradient, thereby causing a reach close to equilibrium to become 
degradational. Also, the ditches became paths for floodwater and eroded farmland 
along flood plains. The part of the Desert Land Act related to this study is: 
 

"That it shall be lawful for any citizen of the United States, or any person of 
requisite age 'who may be entitled to become a citizen, and who has filed his 
declaration to become such,' upon payment of twenty-five cents per acre, to file a 
declaration under oath with the register and receiver of the land district in which 
any desert land is situated, that he intends to reclaim a tract of desert land not 
exceeding one section, by conducting water upon the same, within the period of 
three years thereafter: Provided, however, That the right to the use of water by 
the person so conducting the same, on or to any tract of desert land of six 
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hundred and forty acres shall depend upon bona fide prior appropriation; and 
such right shall not exceed the amount of water actually appropriated, and 
necessarily used for the purpose of irrigation and reclamation; and all surplus 
water over and above such actual appropriation and use, together with the water 
of all lakes, rivers, and other sources of water supply upon the public lands and 
not navigable, shall remain and be held free for the appropriation and use of the 
public for irrigation, mining, and manufacturing purposes subject to existing rights 
* * *": 19 Stat. (U. S.), 377; 6 Fed. Stat. Ann., 393. 

 
Other early impacts, in addition to deep well pumping in the basin fill aquifers starting in 
the early 1900s, on base runoff of streams in the Verde River watershed include stock 
tanks, reservoirs for railroad and municipal use, diversions for mining and municipal 
use, cattle grazing and large diversions by irrigation organizations including Indians.  
These depleted the base flow along the Verde River and most perennial/intermittent 
tributary streams and rivers throughout the watershed.  
 
Obviously there were significant human impacts on the natural and ordinary flow of 
streams long before withdrawal of water from the large basin-fill and carbonate aquifers 
using deep wells. 

 
Also, before human development, the groundwater systems of the Verde River 
watershed that yielded to base flow were in a quasi state of equilibrium. Long-term 
inflow was equal to long-term outflow with no net change of water stored in the ground. 
Obviously there was natural climate variability (drought and wet periods), forest fires, 
plant disease, etc. that affected recharge to and discharge from aquifers but in the long 
term, there was no change in groundwater storage that supplied base runoff to streams. 
Hydrologists, engineers and geologists have quantified the pre-development (possibly 
natural) conditions (eg, USBR, 1952) using available data and hydrologic knowledge. 
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Item H7.--Historic irrigation diversion (three examples) 
 

H7a.  (Fremont River of Utah) 
 
In his testimony before ANSAC on the Gila River, Dr. Mussetter recently relied upon 
work by W. L. Graf (Graf, W.L., 2002. Fluvial Processes in Dryland Rivers. The 
Blackburn Press, Section 5.4, pp. 196-218.) Specifically, he referred to Graf’s 
discussion of channel change from “catastrophic” floods and applied that to the Gila 
River. Graf uses the Fremont River in Utah (p. 207-208) to argue his catastrophic theory 
of changing channel pattern. He attributes the change of channel pattern of the Fremont 
River to a large flood (in 1896) while ignoring human effects. On p. 207 Graf states that 
the original meandering Fremont River changed to a braided channel during a large 
flood event but he ignores human activity as a related cause.  
 

   
 
The fact is the Fremont River was affected by diversions for irrigation long before the 
1896 flood. See the following USGS record that also shows reservoir regulation: 
 
                                                                             09330000 Fremont River near Bicknell, UT 
  
 
Christensen, R., Johnson, E, and Plantz. G, 1987, Streamflow 
characteristics of the Colorado River basin in Utah through Sept. 1981, 
UTAH  HYDROLOGIC-DATA  REPORT NO. 42, USGS Open-File 
Report 85-421, 674p. 
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For the same USGS gage in 1912 (USGS Water Supply Paper): 
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Following from: MSE Environmental Science and Engineering Solutions for the 21st 
Century, September 27, 2002, Fremont River Watershed, Water Quality Management 
Plan, 97p. 
 
Page 5: The first white man to enter the area was probably Dennis Julian. By the time 
he arrived, Ute Indians inhabited the area. Julian’s name and the date 1836 can be 
found scratched on local rocks. Between 1876 and 1880, the first permanent 
homesteaders came to the region. A Mormon missionary named Franklin Wheeler 
Young settled and named Loa, the present day county seat, after the Hawaiian Volcano, 
Mauna Loa in 1876.  Fremont was settled at roughly the same time (Wayne County 
Commission, 1978). Page 11: “The primary land uses in the watershed are associated 
with livestock production, including grazing on rangelands and alfalfa and grass hay 
production on croplands. Approximately 5% of the watershed is in private ownership, 
while only 2.3% of the land in Wayne County is privately owned. The basin contains 
approximately 16,000 acres of irrigated land and approximately 70,000 acres of private 
and state rangelands.” Page 14: Johnson Valley Reservoir is located northeast of Fish 
Lake, on Fish Lake Plateau. It is a shallow, intermediate sized impoundment of a 
mountain meadow. The dam at Johnson Valley was completed in 1899 (Fremont 
Irrigation Company, 2001). 
 
The following is from page 19 of: Hunt, C. B., Averiti, P., and Miller, R. L, 1953, Geology 
and Geography of the Henry Mountains Region, Utah; GEOLOGICAL SURVEY 
PROFESSIONAL PAPER 228, 224 p.  
 

“According to reports of old timers and records in the Church Historian's office the 
erosion started abruptly on September 22, 1897, when a large flood swept down the 
Fremont River.  Every town in the valley was inundated, their dams and irrigation 
systems were swept away or filled with silt, much of the farm land was buried with 
silt, and the river channel was widened and deepened. From that day to this the 
procurement of water has been a serious problem, as dam after dam has been 
swept away in the continuing erosion. 
 
At Hanksville a dam across the Fremont River, 1½ miles above the mouth of the 
Muddy River, was destroyed when the river cut around it. Another dam was built just 
above the Muddy and two others were built above the site of the present dam but 
each failed in turn. The present dam, built about 1910, had a reservoir depth of 25 ft, 
but~ by 1913 this reservoir was filled with silt and an ample steady supply of water 
for irrigation is still a pressing problem. 
 
At Giles the irrigation system was so badly damaged by the 1897 flood that repairs 
were not completed until the following June when crops were planted again even 
though the season was late. Several dams were built at Bluevalley but, as floods 
repeatedly destroyed them, the town was finally abandoned about 1909. 
 
In Caineville not less than 10 homes, or half the village, have been swept away. The 
Elephant ditch below Cairreville was abandoned when the river cut several feet 
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below the ditch; and the settlers at Mesa then had to take their water from the 
Caineville ditch. A dam built where the Fremont cuts through the Caineville Reef was 
destroyed in subsequent floods and this necessitated moving the intake for the 
Caineville ditch about a mile upstream. 
 
A few people moved away immediately after the large flood; Mesa was practically 
abandoned by 1898, but at the other communities the settlers made the best of the 
circumstances until1909, when the Church of the Latter Day Saints granted 
honorable release to the people who wished to leave. Giles was practically 
abandoned and Caineville nearly so, and the Church assisted those leaving to 
establish homes in Rabbit Valley. The early floods did less damage at Hanksville so 
that few persons moved away. 
 
Church records indicate a population of 552 persons in the area in 1893. The census 
of 1900 records 372.  Further decline is recorded in the census of 1910 which 
records a population of 256. The present population, less than 225, was reached 
about 1920.” 

 
Given this history, I find Graf ‘s decision to ignore human impact as a contributing cause 
of the change from a meandering channel with perennial flow to a braided channel 
indefensible.  The human impacts documented in USGS Professional Paper 228, a 
classic document, show a major and futile human effort to protect homes and farms, 
that in fact contributed to more erosion along the flood plains. Probable impacts as a 
part of those efforts include: 
 

• Diversion dams and orientation of canals 
• Leveling of land adjacent to the river 
• Cultivating (plowing) flood plain farmland 
• Levees 
• Removing bank protecting vegetation 
• Diversion and consumption of base flow 
• Dam construction and dam failure 

 
Canals directed flood water directly on cultivated flood plains that were easily eroded 
and destroyed. Natural restoration of the channel was hindered by the massive amount 
of flood plain destruction and the lack of base flow due to upstream diversion.  

 



 23

H7b.  South Platte River of Colorado  

According to: Eschner, T., Hadley, R., and Crowley, K., 1983, Hydrologic and 
Geomorphic Studies of the Platte River Basin; USGS Professional Paper 1277, 258p., 
“The channels of the Platte River and its major tributaries, the South Platte and North 
Platte Rivers in Colorado, Wyoming, and Nebraska, have undergone major changes in 
hydrologic regime and morphology since about 1860, when the water resources of the 
basin began to be developed for agricultural, municipal, and industrial uses. These 
water uses have continued to increase with growth in population and land development. 
Diversion of flow from channels, storage of water in reservoirs, and increased use of 
ground water have affected the distribution and timing of stream flows and the transport 
of fluvial sediments. All these factors have contributed to changes in channel geometry 
and the riverine environment.“ 
 
On pages A31-A32: “As part of this study of the relation of discharge regulation to 
channel change along the South Platte River there was no reduction of peak flows on 
the South Platte River upstream of Julesburg during the period of record because of a 
relatively small amount of reservoir construction.  It was found that transbasin diversions 
into the South Platte River had offset diversions of water for irrigation, resulting in no net 
change of mean annual flows during the period of record. In contrast, Schumm (1968) 
attributed decrease in size of the South Platte River channel to the decrease in the 
annual peak discharge. “ 
 
“However, a decrease in the annual peak discharge of the South Platte River upstream 
of Julesburg,Colorado, had not occurred during the period of record (Kircher and 
Karlinger, 1981). Thus, morphologic change apparently had occurred in response to 
irrigation development in the basin prior to the period of record. Nadler (1978) proposed 
that irrigation development along the South Platte River changed the river from 
intermittent to perennial. This hydrologic change caused a change in the vegetation that 
stabilized the channel. The temporary reduction of discharge during the drought of the 
1930's allowed vegetation to occupy and become established in areas of channel. 
Subsequent floods were not able to widen the channel, as they presumably might have, 
prior to the encroachment of vegetation.” 
 
Human impacts again faced Dr. Schumm as he acknowledged their existence but 
resisted considering them, instead deferring to experts in other disciplines in his 
introduction to Schumm, S. A., 2005, River Variability and Complexity, Cambridge 
University Press, 220p. “Human activity takes place everywhere, but these impacts will 
not be considered, except as an upstream control, as they are usually obvious. For 
example, riprap, dikes, diversions, etc. can be constructed anywhere, and they are fully 
discussed in the engineering literature (Peterson, 1986) and by experts in the field of 
human impacts on rivers (Brizga and Finlayson, 1999; Wohl, 2000a; Anthony et a!., 
2001). Nevertheless, human involvement with rivers for better or worse is considered in 
Part 6 (Chapters 18, 19, and 20).” 
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The implied message is that human impacts are a snake pit. Thus, it is not surprising 
that human effects in the 1800s have been overlooked in studies of rivers such as the 
Gila (Arizona), Platte (Colorado) and Cimarron (Kansas) Rivers of the western US.  
 
H7c—The Cimarron River in Kansas 
 
A very early account of the Cimerron River in December of 1598 from: Bolton, H.,1916, 
Spanish Exploration in the Southwest, Scribners Co., New York, 487p. 
 
As part of the Don Juan de Onate expedition on pages 255-256: 
 
“Having travelled to reach this place one hundred and eleven leagues, it became 
necessary to leave the river, as there appeared ahead some sand dunes2 and turning 
from the east to the north, we travelled up a small stream until we discovered the great 
plains covered with innumerable cattle. We found constantly better roads and better 
land, such that the carts could travel without hindrance or difficulty, and although we 
encountered some large ravines and broken hills, nowhere were there any over which 
the carts had to pass, as the land was in general level and very easy to traverse. We 
continued in this direction for some days, along two small streams1 which flowed toward 
the east, like the one previously mentioned. We wandered from the direction we had 
been following, though it did not frighten us much, as the land was so level that daily the 
men became lost in it by separating themselves for but a short distance from us, as a 
result of which it was necessary to reconnoiter the country from some of the stopping 
places. Therefore the camp continued its march by the most direct route possible.” 
 

“2 Sand dunes are found at various places along the Canadian. The place where the 
turn was made seems to have been the Antelope Hills, just east of the Texas 
Panhandle. In this case the arroyo ascended was Commission Creek. From this 
point the route was apparently close to the line of the present Santa Fe Road from 
the Canadian to Wichita, Kansas.” 

 
“1 These were Beaver Creek (North Fork) and Cimarron River.” 

 
On pp. 256-257 is a description of a good country of many small streams “bounded on 
both sides by the coolest of rivers and by pleasant groves.” “The fields there were 
covered with flowers of a thousand different kinds, so thick that they choked the 
pasture."  
 
The good country was not to last: “The channel of the Cimarron River in southwestern 
Kansas has changed significantly during historic times. The average width of the river 
was 50 feet in 1874. During and after the major flood of 1914, the river widened until an 
average width of 1,200 feet was reached in 1942.” 
 
Schumm, S.A. and Lichty, R.W., 1963. Channel widening and flood-plain construction 
along Cimarron River in southwestern Kansas. U.S. Geol. Survey Prof. Paper 352-D, 
pp. 71-88. 
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The Cimarron River in Kansas appeared to be typical of streams in a more humid 
environment at the turn of the century. "The Cimarron seems to have reached base-
level and to have begun meandering across its flood plain. Beautiful oxbow curves are 
frequent, and a sluggish nature is everywhere manifest during times of low water." 
According to Johnson (1902, p. 664) Wherever within the High Plains belt the Cimarron 
Valley shows a living stream, it is always a meandering looping stream of uniform width, 
narrow, clear and deep * * *. The bottom land upon which it wanders supports a coarser 
and longer stemmed grass than the uplands. the grass roots reaching to the ground 
water, which lies at a depth here, as a rule, of only 2 or 3 feet * * *.” 
 
“The Cimarron River elsewhere, upstream to the southwest in the Oklahoma Panhandle 
and downstream to the southeast in Oklahoma, during historic times has always been 
typically a wide, shallow, sandy river. As suggested by Johnson, the great difference 
between the Cimarron River in Kansas and the river elsewhere may be that, in Kansas, 
a perennial flow was maintained by ground water. Additional testimony, confirming that 
the Cimarron River was a narrow, meandering perennial stream at the turn of the 
century, was presented by McLaughlin (1947).” 
 
Before the major flood of 1914 there were, or had been, considerable farming along the 
low lands adjoining the Cimarron River. Water was diverted using small diversion dams 
and the flood plains were leveled, plowed and planted. Small wells lowered water levels 
and upstream diversions reduced the available base flow for downstream use. Thus, in 
addition to the flood, a natural event, there was considerable human impact all along the 
river. Leopold (1959 ) described the condition of the Cimarron River as follows:  “In 
searching for a solution to the gully problem we are plagued by an inability to discern 
the differential effects of changing climatic factors and land use by man. For example, in 
Kansas near where Onate spoke of numerous small streams, * * * within the last half 
century channels have widened tremendously.” 
 
Leopold, Luna B., 1959, Climatology and the Problems of Western Grasslands, 
Grasslands, American Association for the Advancement of Science, 8p.  
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Appendix I.—Verde River Blue Trail 
 

 
 

 
Note: Several of the photos in this Appendix that correspond the Blue Trail index 
map are from the Verde River Facebook page. Sources of a few other photos have 
been referenced elsewhere in this report. I have personally verified that each 
photo in this Appendix is of the Verde River and the purpose of the photos is 
simply to provide visual supplementation to the maps for viewer interest. 
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Big Chino Springs 
below Granite Creek 
 
Hjalmarson 1999 
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Note: Miles along river shown here are different than miles for ANSAC study. Miles for 
ANSAC study more closely follow the thalwag. 
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Mound built by beavers to make 
sure all the other beavers know 
their place! They're called 
"castor mounds" because the 
beavers who build them coat 
them liberally with their 
"castorium," which is their musk 
or scent." 
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After 1917 – possibly 1929 
 

 
Verde at Tapco recent photo 

 
 
 
The Verde River Blue Trail continues to the mouth at the 
Salt River. See https://www.facebook.com/verderiver for 
photos for segments 11 through 33.  
The photographs restart at Bartlett Dam on next page.  
 
 

 
 



 9

 
 

Bartlett Dam— 
Reservoir’s impact on natural  
Verde River 
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EAGLES  

• Verde River at the Needle Rock 
Recreation area (Needle Rock / Box 
Bar) is closed to foot and vehicle 
entry on the east side of the river 
from December 1 to June 30. 
Floating through is allowed, but no 
stopping in the river or landing on 
the east side of the river is 
permitted. Contact Tonto National 
Forest, Cave Creek Ranger District, 
(480) 595-3300. 
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Appendix J. -- Historic stream flow and/or floods using tree rings and 
paleohydrology 

 
Historic annual flow for the Verde River has been reconstructed based on tree ring data 
by three investigators. As explained more fully below, reconstructed discharge based on 
tree rings has limited utility in the navigability assessment of the Verde River because 
the relation of the tree ring data to measured discharge is not strong.  
 
First Reconstruction: 
The first reconstruction was by House, Pearthree and Klawon (2002). The following is 
taken directly from their report: 
 

An annual dendrohydrologic (tree-ring-based) reconstruction of annual flow for the 
Verde River is available that spans the period 1984 AD to 570 AD [Graybill, 1989; 
Van West and Altschul, 1997] (Figure 3). These data provide a relatively accurate 
record of annual flow volumes on the Verde River, but their relation to the 
occurrence of large peak discharges is not particularly strong. Historically, 
most periods of particularly high flow volumes are associated with a higher 
probability of the occurrence of one or more large floods comprising a portion of 
that volume. Major peaks in the tree-ring record in 1839, 1866, and 1868 
correspond directly to only one year with a particularly notable flood (Fall, 868). In 
fact, the reconstructed value for 1868 AD is the second largest departure from the 
mean in a 1414-year record (the largest is 1793 AD). It is notable that large 
floods in 1862 and 1891 are not associated with large departures in the tree-
ring data, and large floods in the 20th century are not well represented. Thus, 
the linkage is indirect and variable, but the data provide an important point of 
comparison and a valuable record of hydrologic variability. (emphasis added) 

 
Figure 3. Dendrohydrologic reconstruction for the Verde basin [data from Graybill 
1989; Van West and Altschul, 1997]. Positive Zscores indicate relatively wet years 
and large flow volumes. 

 
House, Pearthree, and Fuller (1995) performed a detailed analysis of the 1993 flood 
including the physical evidence of the Verde River’s largest paleofloods at a site near 
USGS gage 09508500 located above Horseshoe Dam.  
 

The Verde River experienced very large floods in January and February of 1993 
during a major episode of flooding that affected most of the large drainages in 
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Arizona. The January flood peak discharge on the lower Verde River (4,100 cms  or 
145 000 cfs) was the largest of the gage record, and the February flood peak (3,650 
cms or 129000 cfs) was the second largest. These large, very recent floods provide 
an exceptional opportunity to investigate the genesis of large floods on the Verde 
River, to compare the sizes of the 1993 floods with other large historical and 
prehistoric floods, and to evaluate the fidelity with which slackwater deposits and 
other paleostage indicators reflect the peak water surface. 

 
There is little doubt that the 1891 and 1993 floods were very large (see graph on next 
page). It’s interesting that the evidence suggests that a few days following these historic 
floods there was a defined main channel along the Verde River above Horseshoe Dam 
reservoir. 
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Second Reconstruction: 
 
The second reconstruction was by Treeflow (2014).  In 2008 David Meko and Katie 
Hershboeck from the University of Arizona Laboratory of Tree-Ring Research also 
developed a reconstruction of the Gila River flow in central Arizona. This reconstruction 
was part of a larger research project funded by the Salt River Project. Individual 
reconstructions were developed for the Verde River. The long-term reconstructed flow 
for the Verde River in thousands of ac-ft is shown in blue below. Observed flow is 
shown in black and the long-term mean is shown by the horizontal black line. 
 

 
 
The following analysis uses (1) reconstructed water year streamflow data from the 
Treeflow website for Verde River below Tangle Creek for the period 1330-2005 and (2) 
USGS water year streamflow and water year peak flow data for gage 09508500: 
 
Testimony at a previous ANSAC hearing claimed that there is a general relation 
between water year runoff and the corresponding peak discharge but the regression 
plot below shows a very poor relation. 

 
Minitab statistical 
software. 
 
Water year peaks for 
1891, 1906, 1916, 
1920, 
1925-2005. 
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The following plot further demonstrates the poor agreement between the measured and 
reconstructed peaks as exemplified by the peak of 1891. The poor relation can easily be 
observed with the naked eye. There is an interesting similarity between the 148,000 cfs 
reconstructed peak of 1849 and the measured peak discharge of 150,000 cfs for 1891 (I 
recognize it is poor practice to compare measured and reconstructed peaks). This close 
agreement roughly agrees with the slackwater flood analysis of House, Pearthree and 
Klawon (2002) but the date does not correspond to any known large flood. However, the 
reconstructed peak of 112,000 cfs does correspond to a known flood of 1862 and 
contradicts the findings of House, Pearthree and Klawon (2002) discussed above. Thus, 
the evidence is clear to me that the use of tree rings for reconstruction of the magnitude 
and timing of the peak discharge of past large floods can result in large errors that 
render the method of minimal value. 
  

 
I generally agree with Pearthree (1996):  
 
The history of the flood channel of the Verde River is more complete and interesting in 
the Camp Verde area because of the land survey conducted there 1892 (Drummond, 
1892). In addition, aerial photographs from 1946, 1954, 1972, and 1980 cover this area. 
The flood of 1891 was the largest during the historical period, and probably was one of 
the largest floods on the Verde River during the past 1,000 years (Ely and Baker, 1985; 
House and others, 1995). The flood channel that existed immediately after the flood had 
dimensions similar to the modern channel. The 1891 flood probably caused a 
considerable amount of change in flood-channel position and possibly morphology. The 
survey of 1892 specifically recorded the new positions of "meanders" of the Verde River 
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in the Camp Verde area, and several hundred acres of "fine bottomland" were washed 
away in the flood and replaced by channel gravel (Drummond, 1892). 
 
In his January 8, 2014 Declaration Navigability of the Gila River Between the Arizona-
New Mexico Stateline and the Confluence with the Colorado River presented to ANSAC 
at the Gila River hearing in Phoenix, AZ on Aug. 20, 2014, Dr. Mussetter stated “As is 
true for most dryland rivers, there is strong correlation between the annual flood peak 
and the annual runoff in the Gila River (Figure 5 below); thus, the low flow period in the 
mid-1800s also very likely corresponded to with an absence of major flooding.” 

 
 
However, there is an error with the regression in Dr. Mussetter’s Figure 5 shown above 
which suggests that he may be unfamiliar with retrieving USGS data from its website. 
His annual flows (x axis) are for water years (Oct 1-Sept 30) but his annual peaks are 
for calendar years (Jan. 1-Dec. 31). There is only a 9 month period common to the 
annual pairs of data and 3 important months of Oct. 1-Dec. 31 are not common to the 
data pairs. Thus, a water-year data pair can have a large volume of annual flood flow 
but the peak discharge corresponding to that flow is in another water-year data pair. 
Large floods are known to occur during Oct. 1-Dec. 31 and neglecting this period of 
flood record renders the analysis meaningless. As a result, this relation presented to 
ANSAC by Dr. Mussetter is fatally flawed. 
 
Also, I performed a reconstruction of water year peaks, like that shown above for the 
Verde River, for the upper Gila River at USGS gage 09448500 and obtained similar 
results with the same conclusion as for the Verde River. Based on my 53 years 
experience with surface water hydrology in the southwestern and western United 
States, it is my opinion that there is not a strong correlation between the annual flood 
peak and the annual runoff. Generally speaking, large flood peaks are associated with 
(1) winter storms that originate from large-scale low-pressure frontal systems from the 
Pacific Ocean, (2) late summer and early fall storms with widespread and intense 
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rainfall from hurricanes and tropical storms, and (3) monsoonal storms. Winter storms, 
for example, result from intense rainfall for rather long periods under a variety of 
snowpack conditions that may have accumulated for a month or more. Also, a large 
peak from a hurricane may have a much shorter duration than a smaller peak from a 
winter storm, with a much longer duration. The result of these variable storm types and 
variable antecedent watershed conditions typically is a poor relation between flood peak 
discharge and associated runoff volume. 
 
There is another important technical error with Dr. Mussetter’s regression shown in his 
Figure 5. Assuming Dr. Mussetter had not committed the error discussed above and 
had correctly used pairs of annual data (flood peak discharge and corresponding flood 
runoff for water years), there is the issue of carry-over storage of groundwater that 
supplies base runoff. Base runoff for each water year is not the result of precipitation 
that produced the tree ring for the particular water year. Rather, base runoff is from 
stored groundwater for many previous years of recharge from precipitation. This fact is 
especially important for water years with little direct runoff. Large springs in the Verde 
River watershed have huge amounts of carry-over storage. By failing to account for this, 
Dr. Mussetter’s statistical analyses are inaccurate. The issue of carry-over storage is 
addressed in the third reconstruction.   
 
Third Reconstruction: 
 
The third reconstruction used only the discharges for the periods from October through 
April and December through March for the model because of surface water diversion for 
agriculture in the Verde basin.  The reconstructed October-April discharge is plotted 
with the gaged data on Figure 5 shown below. 

 
 
Smith, L. P. and Stockton, C. W., 
1981, RECONSTRUCTED 
STREAM FLOW FOR THE SALT 
AND VERDE RIVERS FROM 
TREE-RING DATA: WATER 
RESOURCES BULLETIN VOL. 17, 
NO. 6, AMERICAN WATER 
RESOURCES ASSOCIATION, p 
939-947. 
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This third reconstruction had fair agreement with measured data; however, for those 
periods of low flow where all flow was base flow, the agreement was poor. This is 
because much of the base flow of the Verde River is from springs with large source 
volumes that are recharged over long periods of time (many years). In other words there 
is carry-over storage of spring source water that is not accounted for in the analysis of 
annual data. Much of the base flow of the Verde River is not influenced by 
reconstructed discharge for only a single year. 
 
 
 



APPENDIX K.-- Early USGS topographic maps  
 
Early USGS maps of the Verde River area are included in this appendix. Maps 
are arranged starting at the mouth of the Verde River at the Salt River. The 
reconnaissance maps should be used with caution because, in places, later 
USGS topographic maps showed different topography and locations of stream 
channels. 
 
NAME   YEAR   SURVEY COMMENT 
       
Fort McDowell 1906 1904 Shows two channels in a few places.  
   Secondary channels are small and 
   generally agree with original Federal 
   Land surveys. 
 
Cave Creek  1930 1929 Single channel. Shows Bartlett and 
   Horseshoe dam sites. 
 
Camp Verde 1923 1912 Single sinuous channel. 
 
Verde 1910 1892 Recon. Map. Single sinuous channel. 
 
Jerome 1906 1902-03 Single channel. Shows irrigation ditch at 

 Perkins Ranch. 
 
Prescott 1892      1885 Recon. Map. Shows Verde River and  
 Granite Ck. as single sinuous channels.  
 Jerome map of 1906 shows Granite Ck. 
 as braided—probably the effect of the 
 numerous human diversions upstream. 
 
Chino 1891 1880 Recon. Map, Powell Survey. Shows  
   area north of upper Verde River. 
 
 
Note: For the best available resolution of the early USGS topographic maps see: 
http://store.usgs.gov/b2c_usgs/b2c/start/(xcm=r3standardpitrex_prd)/.do 
 
 



 
 
 
 
 
 
 
 
 



 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



 
 



 
 



 
 



 
 
 
 
 
 
 
 
 



APPENDIX L. --  Meandering, channel forming discharge and human impact 
– A discussion for beginners and historians.  

 
It’s common knowledge among river engineers that river channels contain 
ordinary discharges and that floods exceed channel capacity and flow onto the 
floodplain. The Verde River is no exception where the typically single 
meandering natural channel was formed and maintained by common flows rather 
than limited to large flood flows. The processes involved are erosion and 
deposition, and their effectiveness increases with increased discharge. Large 
floods are most effective in forming the river channel over very short periods. But 
also operative is the frequency of events of various magnitudes. Leopold has 
discussed these channel forming processes in nontechnical or elementary terms 
(Leopold and Langbein, 1960) and in highly technical scientific language 
(Leopold,1992 and 1994). 
 
Although I prefer the elementary description of river processes in “A Primer on 
Water” by Leopold and Langbein (1960) because it describes the Verde River 
rather well, the concept of frequency effectiveness, set forth by Wolman and 
Miller (1959), elucidates this matter. They pointed out that the work done by a 
river in erosion and deposition--in simple terms, effectiveness--increases with 
discharge. But low discharges that are less effective and do little work are 
common. The higher the discharge, the more uncommon it is (see for example 
Fig. G3 of Appendix G.). High discharges, when they do occur, are very effective 
in the erosion-deposition process. It follows that some intermediate discharge, 
neither high nor low, is both sufficiently frequent and sufficiently effective to be 
most important in forming and maintaining the channel. (Leopold, L. B.,1960 and 
1994).  
 
The Upper Verde River appears to have a channel-forming (dominant) discharge 
as shown by the US Forest Service cross sections where the average annual 
flow is approximately the bank-full discharge. The uniformity among the USFS 
cross sections suggests the Upper Verde River is a stable stream. Cross 
sections by other agencies also suggest a stable or slightly degrading stream 
because, at a few places, the level of the average annual flow is less than bank 
full. As discussed in the preceding paragraph, the average annual flow may be 
considered the effective discharge, which is defined as the discharge that 
transports the largest fraction of the average annual bed-material load and is 
most important in forming and maintaining the channel. 
 
Most of the time, the flow of the Verde River is in a definite channel commonly 
bordered on both sides by river alluvium (Holocene material). In the canyon 
areas the alluvium area is rather narrow and channel movement is limited by 
adjacent bedrock and vegetation along the banks. In the basin fill areas the  
 
 



channel movement is less constrained by bedrock because the alluvial area is 
wider (See for example Appendix G section G3a.--Geomorphology of Verde 
River Channel by Pearthree). The channel, like channels of most rivers, is 
seldom straight and the bends in the channel have an important effect on the 
manner of flow. 
 
At the outside banks of bends there is erosion and on the inside bank there is 
deposition of transported sediment (deposits are known as bars). There is 
progressive sideways movement of the channel and given sufficient time, the 
channel will eventually occupy each and every position within the valley 
(Holocene area). 
 
As a flowing stream enters a bend in its channel (see following figure from 
(Leopold and Langbein, 1960), the water at the surface being swifter than that  
near the bottom, moves toward the concave bank and tends to erode it. The 
water near the bottom carries sand or gravel toward the inside of the curve by the 
slower moving water. “As indicated by the small arrows on the cross section on 
the left, water near the surface tends to move toward the concave bank and bed 
water toward the convex bank of the point bar. Thus, material tends to 
accumulate on the convex edge of the bend and in doing so builds up the bed on 
that side, giving it a gradual slope. In a curving channel a particle of water, 
therefore, not only moves downstream but also describes a circular path within 
the channel, as it does so. Its path is somewhat like a loosely coiled spring and is 
sketched with some exaggeration of the circular motion in the upper right portion 
of the figure below.” 



Leopold and Langbein (1960) continue: “Now try to visualize what happens: If 
material is eroded off one bank of a channel and is deposited on the opposite 
bank, the channel is going to move 
gradually sideways. Because in most 
channels the bends are somewhat 
irregularly distributed along the length 
of the stream and the bends consist of 
both curves to the right and curves to 
the left, the progressive sideways 
movement of the channel is to the left 
in one place and to the right an 
another. Thus, given sufficient time, 
the channel will eventually occupy 
each and every position within the 
valley; each sideward motion leaves a 
flat or nearly level deposit which was 
caused by deposition on the inside of 
the curve. This flat bordering the 
channel is the flood plain.”  
 
Note: The different meandering 
channel locations to the right are very 
similar to those of the Verde River in 
section G3a by Pearthree. 
 
 
I imagine that since my grandfather (see 
grandfather’s time in preceding figure 
from Leopold and Langbein (1960)) 
arrived in the area that the course of the 
river has changed a little in the Holocene 
area along the Verde River. Movement of 
the channel is natural. A former position of 
the river is indicated by Pecks Lake 
shown in the USGS photo on the right. 
Peck's Lake is an oxbow remnant 
perpetuated by means of a man made 
water tunnel from the adjacent Verde 
River.  
 
 
 
 
 
 
 



Returning to the USGS report A Primer on Water by Leopold and Langbein 
(1960): “The processes of erosion on one bank and deposition on the other are 
about equal on the average, and this gradual movement of the channel over the 
whole valley takes place without appreciable change in the size of the channel.” 
 
“The channel is constantly shifting position, though slowly, and the valley floor, or 
flood plain, is actually the result of this shifting. As long as the river is continually 
making its channel, why is the channel not made large enough to carry all the 
water without overflow?” 
 
“We know from our own experience that most places in the world have more 
days of no rain than days of rain. Light rains occur more frequently than do 
moderate ones; a truly great downpour occurs only once in a great while.” 
 
“A river channel will have only a moderate 
or small amount of water flowing in it on 
most days. On a few days each year there 
is usually sufficient rain or snowmelt to 
raise the river to a peak that just fills the 
channel but does not overtop its banks. 
The great amounts of flow which cause 
the largest floods occur only once in a 
while, generally a long while. The river 
channel is shaped principally by the more 
frequent moderate flood flows, and it is 
large enough to accommodate these. 
Overflow of the flood plain takes care of 
the water of rare major floods that cannot 
be carried within the channel.” 
 
Many hydrologic studies suggest that the 
mean annual flood, that has a recurrence 
interval of 2.3 years, is approximately the 
channel forming discharge.  This 2.3 yr. 
“flood” has a discharge slightly larger than 
bank full and typically occurs only a few 
days each year.  
 
The sketches from Leopold and Langbein 
(1960) on the right depict the amount of 
water in a river channel and the frequency 
with which such amounts occur.  
 
 
 



Note: The base flow discharge for the Verde River varies considerably less than 
that shown in the preceding diagram. The Q50 (median) and Q90 or Q95 amounts 
of discharge fill the channel considerably more than the sketches to the right 
imply.  (See for example section in this report HYDRAULICS AND CHANNEL 
GEOMETRY, 3 -Recent channel geometry with several photos, channel cross 
sections, and current meter measurements.)  
 
Readers interested in this subject are encouraged to read Chapter 8 –
Relationships between Channel and Discharge-- by Leopold (1994).  
(I’ve owned this excellent book for some time.) 
 
Leopold, L. B., 1994, A View of the River; Harvard University Press, 298p. 
 
In addition to the commonly accepted channel forming discharge concept, the 
channel morphology is also related to sediment size (Leopold, 1992) of gravel-
bed streams like much of the Verde River. Leopold shares his observations 
about bed-load transport along a river and its relation to the source of bed 
material. Transported material has a smaller grain size than material seen on the 
channel bed and the major volume of bed-load is sand. Channel bed material 
and riffles in the pool-riffle sequence (clearly like the Upper Verde River) are all 
made up of gravel and larger material that moves at a low transport rate where 
the gravel, cobbles and boulders of which move only occasionally, and for short 
distances when they do move. Thus, this coarse fraction appears to make up the 
principal morphological features of the channel. Leopold’s highly technical 
observations appear to also describe, to some degree, the Verde River as 
evidenced in the photographs of the channel bed and banks and also the large 
deposit of predominantly sand sediment behind Horseshoe Dam (See Appendix 
G).   
 
A potentially useful engineering perspective of stream meanders that is related to 
the Verde River is given by Lagasse, P. F., W. J. Spitz, L. W. Zevenbergen, and 
D. W. Zachmann in the Handbook for Predicting Stream Meander Migration:  
“Most streams that present a hazard through lateral migration at road crossings 
are alluvial. In alluvial streams, the channel is formed by the action of flowing 
water on boundary materials that have been deposited by the stream and that 
can be eroded and transported by the stream. In alluvial streams, it is the rule 
rather than the exception that the banks will migrate through erosion and 
accretion and that floodplains, islands, and side channels will undergo 
modification with time. This is particularly the case in actively meandering 
streams, which continually change their positions and shapes as a consequence 
of fluvial processes and hydraulic forces exerted on their beds and banks. These 
changes may be incremental or episodic, gradual or rapid, and system wide or 
local in scale. Meanders grow and move naturally, but human activities may 
accelerate the rate of change or trigger new changes caused by morphological 
response in the stream system.” 
 



“Predicting channel migration requires consideration of both system wide and 
local factors. The morphology and behavior of a given river reach are strongly 
determined by the water and sediment discharges from upstream. In dynamically 
adjusted systems, the rate of lateral shifting increases with the supply of water 
and sediment from upstream. Changes in runoff and sediment yield, as a result 
of natural processes or human activities, will trigger changes in rates and modes 
of channel migration.” 
 
“Locally, the distribution of velocity and shear stress and the characteristics of 
bed and bank materials will control channel behavior. Therefore, local channel 
morphology such as dimensions (width, depth, meander wavelength, and 
amplitude), pattern (sinuosity and bend radius of curvature), shape (width/depth 
ratio), and gradient will not only reflect upstream controls but also provide 
information on the direction and rate of channel migration.” 
 
“While geomorphologists may view channel stability from the perspective of 
hundreds or thousands of years, for highway engineering purposes, a stream 
channel can be considered unstable if the rate or magnitude of change is such 
that the planning, location, design, or maintenance considerations for a highway 
crossing are significantly affected during the life of the facility. In the context of a 
bridge crossing, meanders may be regarded as stable if they do not migrate 
appreciably during the design life of a bridge crossing (75 to 100 years).” This 
should give the reader a feeling of why the term stable can have different 
meanings for engineers, geomorphologists and even geologists.  
 
A note about human impacts is appropriate at this point. When the base runoff of 
a river is diverted or stored for irrigation, mining, railroad and urban use, the 
amount of stream flow in the river downstream obviously is decreased. When the 
amount of flow is less, the amount of energy is less and when high-energy floods 
move channel material and alter channel shape, there is little or no flow and 
associated energy available to reform the channel.  Also, when there is little or no 
flow, there is little vegetation to restrict erosion of channel banks. Thus, a human- 
impacted meandering channel, when exposed to a large flood, can become a 
braided channel and remain braided for long periods. For further related 
discussion see section G3b of Appendix G and also Appendix M. 
 
An interesting book that I own (retails for as much as $700) on the Dynamics of 
Gravel-bed Rivers edited by Billi and others (1992) contains scholarly articles 
with discussion by leading international experts in a variety of subjects including 
sediment transport dynamics, armoring processes and the impact of engineering 
works and catchment development projects on channel stability. Several of the 
authors have their own data bases for specific rivers and meander bends and the 
associated analyses reflect rather subtle and often highly technical site specific 
characteristics. I also like the following two free books: (1) USGS A Primer on 
Water by Leopold and Langbein (1960) a great general reference and (2) for 
other issues such as the impact of humans, the Handbook for Predicting Stream 



Meander Migration Using Aerial Photographs and Maps by Lagasse and others 
(2004). 
 
Summary:  The meandering channel of the Verde River is similar to the example 
used by Leopold and Langbein (1960) to explain typical river processes in “A 
Primer on Water”.  
  
(1) Channel size is related to a discharge on the order of the 2.3 yr. “flood” or 
roughly the average annual discharge. There is not reason to be picky over the 
precise amount of discharge. 
 
(2) The channel is constantly shifting position especially in the basin fill areas. 
This is how meandering rivers behave and the map of the varying channel 
locations of the Verde River by Pearthree in section G3a is very similar to the 
general map in the “A Primer on Water”. 
 
(3) Meanders grow and move naturally, but human activities may accelerate the 
rate of change or trigger new changes caused by morphological response in the 
stream system.  
 
(4) Changes in runoff and sediment yield, as a result of natural processes or 
human activities, will trigger changes in rates and modes of channel migration. 
 
(5) Human impacts on channel size and shape upstream of Horseshoe Reservoir 
should have little effect on this assessment of navigability. Downstream from 
Bartlett Dam there are human-related changes such as channel braiding. 
 
(6) The processes of erosion on one bank and deposition on the other are about 
equal on the average, and this gradual movement of the channel over the 
Holocene area of the canyons and basin-fill valleys takes place without 
appreciable change in the size of the channel. 
  

 
  
  
  



Appendix M.—A technical report on the lower Verde River vegetation and 
associated channel stability written for the Salt River Project. 
 
Several years ago the Salt River Project (“SRP”) hired consultants to evaluate 
the effect of Horseshoe and Bartlett reservoirs on tall woody riparian vegetation 
along the lower Verde River. A report by ERO Resources Corporation (2004) 
(“Report”) summarizes several studies related to the vegetation that to some 
degree also relates to the ANSAC navigability issue along the Verde River. 
 

ERO Resources Corporation, 2004, TECHNICAL REPORT, LOWER VERDE RIVER 
RIPARIAN VEGETATION;  Prepared for Salt River Project, P.O. Box 52025, Phoenix, 
Arizona 85072-2025, 43p. 

 
Although I disagree with some of the comments in the Report (for example, the 
fact that the braiding that is shown in Appendix G section G1a is not mentioned) I 
found a few observations that have a bearing on navigability to be interesting.  
Specifically, these include the following: 
 

1. Vegetation along the river channel was affected by humans, 
2. Channel morphology has not changed much since Bartlett Dam was built, 
3. There is more vegetation along the flood plains since Bartlett Dam was 

built, 
4. Cattle grazing affects the amount of vegetation along the channel, 
5. The active channel is smaller since Bartlett Dam was built, 
6. The frequency of inundation and mobilization of sediments has been 

reduced by the dams—therefore the formation of the channel has 
changed. 

7. More recently, the minimum flow of 100 cfs below Bartlett since 1994 has 
likely benefitted tall woody vegetation downstream of the dam—thus the 
banks are less susceptible to erosion. 

  
I disagree with the observation (discussed infra in Items M1 - 4) that “Given the 
small size of the SRP reservoirs on the Verde in relation to annual runoff, the 
natural hydrograph is not substantially modified by reservoir operations.” See 
Item M6 for comparison of inflow and outflow hydrographs for 5 periods. The 
inflow hydrograph is substantially different than the outflow hydrograph based on 
simple visual comparison.  
 
Also, the reference in the Report to the pre-Bartlett hydrograph as natural is 
incorrect. There were human impacts to the river long before Bartlett Dam was 
built. Thus, the Report is interesting but should be used with caution.  
 
 



Introduction 
As part of the Salt River Project’s evaluation of the effect of Horseshoe and 
Bartlett reservoirs on tall woody riparian vegetation along the lower Verde River, 
ERO Resources investigated the current (2002) and historical (1934 to 1997) 
riparian plant communities along the lower Verde River. This study of tall woody 
vegetation focuses on cottonwood (Populus fremontii) and Goodding willow 
(Salix gooddingii) because these trees are nesting habitat for various species of 
birds, including the threatened bald eagle, endangered southwestern willow 
flycatcher, and candidate yellow-billed cuckoo. The purpose of the study was to 
examine habitat trends for these three species of birds, not to examine the rate of 
woody vegetation establishment, or changes in amounts of individual species. 
Vegetation was investigated at three sites along the lower Verde River. Site 1 
(Above Horseshoe) is located directly upstream of the Horseshoe high water 
mark. Site 2 (KA Ranch) is located about 2.5 miles downstream of Horseshoe. 
Site 3 (Box Bar Ranch) is located about 4 miles south of Bartlett (see Figure 1). 
The investigation was designed to evaluate historical vegetation trends relative to 
dam construction and operations, and as a baseline study to monitor future 
changes in vegetation communities. Historical photography was analyzed to 
identify trends in tall, woody vegetation stands. The earliest available aerial 
photographs (1934) predate the construction of Bartlett Dam, which was 
completed in 1939, and Horseshoe Dam, which was completed in 1946, with 
additional storage added in 1951. 
 
Mussetter Engineering, Inc. (MEI) conducted a companion study of fluvial 
geomorphology at the three study sites in support of this vegetation analysis 
(MEI 2004). The MEI analysis focused on inundation and substrate stability at 
each of the three study sites. A summary of the conclusions of the MEI study are 
provided at the end of the Literature Review section below. 
 

Mussetter Engineering Inc. (MEI). 2004. Inundation and substrate stability study to 
support Verde River vegetation analysis, November 2003 Draft. Prepared for Salt 
River Project, Phoenix, Arizona. May 20, 2004. 

 
“This study did not collect depth to ground water in relationship to tall woody 
vegetation cover. No data currently exists for ground water depths along the 
lower Verde River. However, field observations and substrate sampling by MEI 
revealed that the soils in the study areas are composed of coarse material with 
relatively little clay and silt content (MEI 2004). In this coarse alluvium, ground 
water should flow freely. It is a reasonable assumption that the ground water 
table is closely tied to the surface water level in the lower Verde River. Thus, 
depths to ground water can be estimated using the cross sections in Appendix A 
of the MEI (2004) report.” Report, p. 3. 
 



 
 
 
 
 



Item M1—Studies of 1986 and 2001 
 
The Report included a summary of a past study on the Lower Verde River below 
Horseshoe and Bartlett Reservoirs: “In 1986, as a part of water right negotiations 
among SRP, the United States, the Fort McDowell Indian Community, and other parties, 
ERO evaluated the riparian vegetation communities on the Fort McDowell Reservation 
using ground and aerial vegetation surveys, analysis of historical aerial photos dating 
from 1934, coring of cottonwoods to determine age, soil studies, and analysis of surface 
and ground water hydrology (SRP 2002a). In 2001, SRP did extensive hydrological 
analysis on the effect of Horseshoe and Bartlett on river flow (Id.). Findings from the 
1986 and 2001 studies are summarized below: 
 

1. The status of cottonwood and willow along the lower Verde River results 
from a combination of natural fluctuations and man-induced changes, 
including such factors as channel migration, land use, pumping, drought, and 
dam operations. 

2. Broad, extensive areas of riparian woodland were not present prior to dam 
construction. 

3. River morphology has not changed significantly since the construction of 
Bartlett Dam. 

4. Given the small size of the SRP reservoirs on the Verde in relation to annual 
runoff, the natural hydrograph is not substantially modified by reservoir 
operations. 

5. Vegetation density on the active floodplain of the lower Verde River has 
increased since the late 1930s when river flows became regulated as the result 
of the construction of Bartlett Reservoir.  

6. Some cottonwood regeneration continues to occur on the Reservation; for 
example, a number of saplings near the Highway 87 bridge resulted from high 
flow events in 1978 and 1980. 

7. Recreational use of riparian areas and grazing by cattle and horses are major 
impacts on establishing cottonwood/willow communities along the lower Verde. 
As a result, recruitment of new trees and shrubs from high flow events has been 
limited. 

8. Upstream from the Fort McDowell Reservation, above Needle Rock, a 
relatively high-gradient channel and riparian land uses (e.g., grazing) appear to 
be the biggest factors limiting riparian vegetation. 

9. Management of recreation and livestock impacts or re-establishing by direct 
plantings have the greatest potential to promote perpetuation of cottonwood and 
willow on the Reservation. 

10. High bank cottonwood trees that are overly mature have been a focus of 
concern due to bald eagle nests. These cottonwood trees appear to be 
decadent primarily as a result of age and disease and a declining water table due 
to the natural migration of the channel to the other side of the floodplain. 

11. A minimum stream flow of 100 cfs would have a beneficial effect on 
sustaining cottonwood and other riparian vegetation by helping to maintain 
stable ground water levels.” 
 
 

Report, citing SRP (Salt River Project). 2002a. Appendix 1: SRP Perspectives, Verde River 
hydrology and other factors in relation to potential flycatcher habitat below HorseshoeRe servoir. 



In comments of designation of critical habitat for Empidonax trailliiextimus submitted to FWS 
Arizona Ecological Services Office. June 13 (year?). 

 
 

Item M2—Mussetter studies of 2004 
 

The Report also cites to MEI’s fluvial geomorphology study of the Verde River as 
follows: “As noted in the introduction, a companion study of fluvial 
geomorphology was conducted in association with this vegetation analysis (MEI 
2004). In summary, the MEI report concludes: 
 
•  Bartlett and Horseshoe have caused little, if any, morphological or 
 sedimentological adjustment of the Verde River. 
•  The changes in hydrology caused by the dams reduce the frequency of 
 inundation and mobilization of sediments. The effect downstream of 
 Horseshoe is less than the effect downstream of Bartlett because of the 

smaller capacity of Horseshoe. 
•  The reduction in frequency of flood events below Bartlett enables vegetation 
 to become better established and withstand higher magnitude floods. 
•  Alternative reservoir operations, ranging up to the full release of flood flows, 
 would have an insignificant effect on the duration of inundation and sediment 
 mobilization on geomorphic surfaces. 
•  Changing reservoir operations would have little effect on the disturbance 
 regime important for establishing and maintaining the health of riparian 
 vegetation. 
•  Increased summer flows of 200 to 1,400 cfs below Bartlett may be 

responsible for supporting additional vegetation along the Verde River 
channel.” 

 
Report at p. ____ 
 
Item M3—Graf study of 1999 
 
The Report also discusses an interesting hydrological analysis of the Verde River 
by Dr. Graf that was made before SRP established a minimum flow below 
Bartlett Dam:  
“In 1999, Dr. William Graf prepared a paper on the fluvial hydrology of regulated 
rivers for incorporation into the Southwestern Willow Flycatcher Recovery Plan 
(FWS 2002, Appendix J). Dr. Graf used 1945-1991 gage data above and below 
the dams and 1904-1944 gage data at the lower gage location to evaluate the 
effects of storage and releases of water on Verde River flows. Major findings in 
the paper are: 
 

•  The dams created conditions of numerous periods of very low flow and no 
flow, which result in a loss of the surface water stream and less recharge to the 
alluvial aquifer. 



•  Larger “ordinary low flows” for most of the year provide ecological benefits 
by increasing ground water recharge and a larger surface water stream. 

•  Reduced mean annual peak flow and increased variability of annual peak 
flows have resulted in a smaller active channel. 

•  Fine sediment is stored behind the dams and is not deposited along the 
channel downstream resulting in poor substrate for cottonwood, willow and 
tamarisk.” 
 
FWS (U.S. Fish and Wildlife Service). 2002. Southwestern willow flycatcher recovery 
plan. Albuquerque, NM.   
 
 
Item M4—Mussetter Study of 2004 
 
Finally, the Report also discusses an interesting fluvial geomorphology study of 
the Verde River: 
 

Mussetter Engineering Inc. (MEI). 2004. Inundation and substrate stability study to 
support Verde River vegetation analysis, November 2003 Draft. Prepared for Salt 

River Project, Phoenix, Arizona. May 20, 2004. 
 
“As noted in the introduction, a companion study of fluvial geomorphology was 
conducted in association with this vegetation analysis (MEI 2004). In summary, 
the MEI report concludes: 
 

•  Bartlett and Horseshoe have caused little, if any, morphological or 
sedimentological adjustment of the Verde River. 

•  The changes in hydrology caused by the dams reduce the frequency of 
inundation and mobilization of sediments. The effect downstream of 
Horseshoe is less than the effect downstream of Bartlett because of the smaller 
capacity of Horseshoe. 

•  The reduction in frequency of flood events below Bartlett enables 
vegetation to become better established and withstand higher magnitude floods. 

•  Alternative reservoir operations, ranging up to the full release of flood 
flows, would have an insignificant effect on the duration of inundation and 
sediment mobilization on geomorphic surfaces. 

•  Changing reservoir operations would have little effect on the disturbance 
regime important for establishing and maintaining the health of riparian 
vegetation. 

•  Increased summer flows of 200 to 1,400 cfs below Bartlett may be 
responsible for supporting additional vegetation along the Verde River channel.” 
 
 
 
 
 
 



Item M5-- Conclusion 
 
“Along the lower Verde River, the area covered by tall woody riparian vegetation 
is dynamic in both the regulated and unregulated reaches. In general, the 
acreage of tall woody vegetation has increased at all study sites since aerial 
photos first became available in 1934, prior to the construction of Bartlett and 
Horseshoe dams in the late 1930s and early 1940s. Some of this increase in tall 
woody vegetation may be due to invasion of tamarisk. Although the study was 
not designed to determine whether the reservoir or reservoir operations have a 
specific effect on cover of specific species such as tamarisk, long-term trends for 
native vegetation types for the study sites indicate that flow regulation has not 
had a significant adverse effect overall on establishment and maintenance of 
native tall woody vegetation stands. The slight increase in tall woody vegetation 
at the two regulated sites over the past 60 years suggests that the dams may 
have provided a slight long-term benefit to persistence of woody stands by 
reducing the frequency and magnitude of scouring. More recently, the minimum 
flow of 100 cfs below Bartlett since 1994 has likely benefitted tall woody 
vegetation downstream of the dam, including the Box Bar Ranch study site. Prior 
to 1994, the lower Verde would occasionally have no flow, which could cause 
phreatophytes to become stressed or die, depending on the duration that the 
stream did not run. 
 
The findings of the vegetation study are consistent with the findings of the fluvial 
morphology study conducted by MEI (2004). The fluvial geomorphology study 
concluded that alternate reservoir operations ranging up to the full release of 
flood flows would have an insignificant effect on the duration of inundation and 
sediment mobilization on geomorphic surfaces, that Bartlett and Horseshoe 
operations have caused little, if any, morphological or sedimentological 
adjustment of the Verde River, and that the reduction in frequency of flood events 
below Bartlett Reservoir enables vegetation to become better established and 
withstand higher magnitude floods (MEI 2004).” 
 



Item M6—Inflow (above Horseshoe) and outflow (below Bartlett) hydrographs 
 
As noted earlier, the inflow hydrograph is substantially different than the outflow 
hydrograph based on simple visual comparison.  
 

 

 
 



 

 
 



 

 
 



 

 
 



 

 


