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ADDITION 1.  Federal land surveys  
The following are additional Federal Land Surveys and Homestead Entry 
Surveys along the Verde River.  These plats are additions to the 
HYDRAULICS AND CHANNEL GEOMETRY, Section 2.—
Federal Land Surveys of the report. 
 
 
 
 

 
 
 
 



 3

 
 

General description of T16N R3E 
is to the left. Survey was by C. B. 
Foster during April 23-24 and 
May 3-8, 1877. For this Township 
the Verde River was described 
as a beautiful stream with an 
average width of 66 ft (100 links) 
and an average depth of 3 ft.  
 
Thus, for roughly 10 miles along 
the single meandering channel of 
the Verde River (see map above) 
the average depth was 3 ft. 
 
Several settlers were engaged in 
farming in the Township. Note 
the ditch on above map. 
 
This condition is consistent with 
the description by Dr. Pearthree 
in section G3a.--Geomorphology 
of Verde River Channel of 
Appendix G of this report for 
ANSAC. 
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Federal Land Survey (on left) along 
northern boundary of the Salt River 
Indian Reservation (see above plat) show  
width of Verde River of 330 ft. (5 chains).   
Correcting for skew, width is about 250 ft. 
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Note: Widths and average depths correspond to a 
portion of the total width that was considered the 
main channel that was at least 250 ft wide. My 
estimate of the mean of the maximum depths is 
4 ft. for the 250 + ft wide main channel.  
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A 5 ft. depth of flow was noted 
for a survey on Feb. 20, 1911 in 
T4N R7E by Farmer, RA., 
1911(page on left); General Land 
Office Survey Notes, Book 2398. 
 
The location is shown on the 
above map of the boundaries 
surveyed with the corresponding 
page numbers of the survey 
notes. 
 
 
 
 
 
 
 
 
A description of the Verde River  
along the boundary line between 
T3N R7E and T2N R7E 
is shown on the following page. 
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The total width of the Verde 
River along the boundary 
line between T3N R7E and 
T2N R7E was about 850 ft.  
( 66 x (14.33-1.46) ) with a 
main channel of 264 ft. 
wide. A sand bar is noted on 
the west side of the main 
channel. This condition is 
consistent with the 
description by Dr. Pearthree 
in section G3a.--
Geomorphology of Verde 
River Channel of Appendix 
G of this report for ANSAC. 
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ADDITION 2.  Riparian trees need soil and water to exist—a comment. 

Sediments along the Verde River have different textures, depending on 
factors such as how quickly the stream moves laterally, the presence of 
upstream dams such as Bartlett Dam and the presence of slack water or wide 
overflow areas.  Fast-moving water, especially in the absence of a supply of 
sediment, leaves gravel, rocks, and sand that hardly qualify as a soil. Slow-
moving water leaves fine textured material (clay and silt) when sediments in 
the water settle out. Soils typically are classed by texture that is determined 
by the percent of clay, silt and sand. Thus, to be a typical soil, clay, silt and 
sand is needed while gravel, cobbles and boulders have little to do with being 
a soil. 

The fact is trees grow in soil along stream channels where water is available 
for seed germination and plant growth. Reservoirs behind dams such as 
stock tanks, Watson Lake Dam and Bartlett Dam store sediments that once 
were available for downstream soil development along the Verde River and 
other Arizona rivers. It stands to reason that with less soil there are fewer 
trees that afford protection from bank erosion during floods. 

Obviously there is little bank protection where trees will not grow without 
water that has been stored behind dams, diverted in canals to fields and/or 
lowered below the root zone by ground water withdrawal. 

“Human activities that have led to the negative alteration of riparian areas began with the 
intentions of benefiting society. Still, these alterations have had significant impacts in the 
degradation of riparian areas. In Arizona, these alterations are even more important 
since there are fewer riparian areas.” 

Zaimes, G. (2007). Understanding Arizona’s Riparian Areas. Tucson, AZ: 
University of Arizona Cooperative Extension, 109p.   
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ADDITION 3.  Channel depth as measure for navigability—three examples. 
 
The following information on channel depth along the Verde River is from USGS 
data and is related to Item B of the SUMMARY AND CONCLUSION of the report.  
About 95% of the pool and riffle sequence in the Verde River is in the form of 
pools. Because measurements of stream discharge, historically current-meter 
measurements, typically are made near the ends of pools where depths can be 
waded (less than about 3.3 ft) and flow velocities are greater than the USGS 
recommended minimum velocity of 0.5 ft/sec., a small adjustment was made to 
the measured depths and a minimum depth of 3 ft was used for the entire river. 
This condition is also discussed in the first paragraph of the Navigability section 
of the report and in section G4c.- Verde River Channel of Appendix G. 
 
A brief word about measurements of stream discharge: A current-meter 
measurement is the summation of the products of the subsection areas of the 
stream cross section and their respective average velocities. The cross section is 
defined by depths at verticals 1,2,3,4, . . . n.  Etc.... These depths, measured by 
the USGS, are used for the assessment of navigability. 

 
 
 
 
 
 
 
 
 
 

Measurements of discharge are made by wading, using boats and from 
cableways. Wading and cableway measurements are shown in the USGS 
photographs below. The man wading the stream is using a wading rod to 
measure depth and an acoustic velocity meter to measure velocity. A tape is 
across the stream to measure location and width perpendicular to the direction of 
flow. Wading is limited to depths of about 3 ft depending mostly on velocity of 
flow and condition of the channel bottom.  
 

For greater depths the measurement is from 
a cableway. An Acoustic Doppler Current 
Profiler (ADCP) is used in the scene to the 
left. The ADCP measures velocity magnitude 
and direction using the Doppler shift of 
acoustic energy reflected by material 
suspended in the water column, providing 
essentially a complete vertical profile of 
velocity (and also the depth of water). 
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Channel conditions that are related to navigability at two USGS gages are briefly 
examined. The gages are: 
 
09506000  Verde River near Camp Verde, AZ 
09508000  Verde R. below E. Verde River near Childs, AZ 
09504000  Verde R. near Clarkdale, AZ 
 
A.  USGS gage 09506000 
 
An example of the difference of depth for a riffle and the depth for corresponding 
upstream pool. Measurement data are from USGS website for station 09506000. 
 

 
 

Site is the USGS gage 09506000 Verde River near Camp Verde, AZ. Low flow 
measurements normally are made at the riffle 800 ft downstream near the 
mouth of Chasm Creek. On December 5, 2013 a measurement of low flow (No. 
344) was made at the cableway located in the pool about 1000 ft upstream of the 
gage. Nearly the same discharge (210 cfs versus 205 cfs) was measured (No. 
345) at the riffle 13 days later on December 18, 2013. 
 
The mean depth of flow at the riffle and cableway was 1.56 ft and 12.9 ft., 
respectively. 
    
  Meas       Date         Q         Ght     Site                           Mean        Max. 
   No.                         cfs         ft                                         depth       depth 
                                                                                              ft              ft.                
 
  346   2014-06-11     43.6    3.18  Chasm Ck (riffle)        1.82 
  345   2013-12-18    210      4.41  Chasm Ck (riffle)      1.56        3.70 
  344   2013-12-05    205      4.44  Cable (pool)             12.90       15.00 
  343   2013-09-12   1010     6.98  Cable (pool)              15.90 
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The measured cross section in the pool for USGS measurement 344 was 
determined by the USGS using an Acoustic Doppler Current Profiler (See below). 
The BT graph is what the USGS considers the real depth. The VB graph can 
have some spurious results from the effect of the beam reflecting off of some 
type of debris in the water (algae mat, clump of floating grass, etc.). The 
maximum measured depth of flow in the pool at USGS gage 09506000 was 
15 ft during a base discharge of 205 cfs on Dec. 5, 2013. 
 

 
 
The rating for USGS gage 09506000 that reflects hydraulic conditions at the riffle 
(a constriction formed by deposited sediment at mouth of Chasm Ck.) control 
about 800 ft downstream of the gage is shown below.  The maximum depth of 
flow (red line) is also shown. A maximum flow depth of about 3.7 ft. at the 
riffle area corresponds to a discharge of 205 cfs on Dec. 5, 2013 for USGS 
measurement 344. Obviously, the depth in the pool of 15 ft. is considerably 
greater than the depth of 3.7 ft. at the control (condition defined by the rating 
curve) for the gage. 
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Note: The measurements of discharge at the numerous miscellaneous sites 
used for this assessment of navigability typically were made in riffle areas where 
the river could be waded. Most of the pools that comprise about 95% of the river 
are deeper than 3 ft and thus could not be waded using conventional methods. 
The deep pool in the preceding example at gage 09506000 is not necessarily the 
deepest pool along the Verde River. It simply is a deep pool where the depth was 
measured and is a good example of the differences in flow depth at pools and 
riffles. Clearly the typical depth of base flow along the Verde River is greater than 
the depth suggested by current meter measurements made while wading. 
 
By the way: In the Verde Valley upstream from this site -- “The main Verde River 
channel may be considered as a fairly deep drain extending down the 
approximate center of a narrow basin 40 miles long and from 1/4-mile to a mile 
wide.....” (Hayden, 1940, p.12). 
 
Hayden, T. S., 1940, Irrigation on upper Verde River watershed from surface 
waters: unpublished report of SRP, 329 pages. 
 
B.  USGS gage 09508000 
 
A plot of mean depth of flow for measurements of discharge at USGS gage 
09508000 is shown below. The relation of decreasing mean depth as discharge 
increases clearly shows how worthless the use of mean depth for a channel can 
be for the assessment of navigability. Obviously, both the maximum and mean 
depth in the main channel, where potential navigation would occur, increases 
with increasing discharge.  
 

I (Win Hjalmarson) personally made one 
of the measurements of discharge 
shown on the plot and can assure 
ANSAC that mean depth, especially 
when the computation includes an 
overflow area, is a meaningless 
measure of navigability at this and 
nearly all locations. Also, the low water 
control for the gage is very unstable. 
The gage has been operated by the 
USGS to define high flow conditions. 
 
For further discussion on this subject of 
mean depth across the entire channel, 
that includes the main channel and 

overflow areas, versus maximum depth, that represents the depth for small watercraft, see Item 3 
of Appendix D in Hjalmarson, 2014, NAVIGABILITY ALONG THE NATURAL CHANNEL OF THE 
SANTA CRUZ RIVER (From the Mexican border to the mouth at the Gila River near Buckeye, 
Arizona), An assessment based on history, hydrology, hydraulics and morphology. 
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The stage versus discharge relation for 
09508000 is to the right. This relation 
uses low flow data (discharge and 
corresponding gage height) for annual  
minimum daily discharge for the 1930s. 
Corresponding measurements of higher 
flows, available on the USGS web site, 
that represent similar control conditions 
are also plotted. USGS rating methods 
are used and the estimated maximum 
depth for the main channel below the 
gage is about 4.4 ft. Care was taken to 
identify where overflow on the flood 
plain first occurs to avoid confounding 
the estimate of channel depth.  
 
 
 
C. USGS gage 09504000 
 
Two low-water segments of ratings for the gage where the control is a riffle 
approximately 50-100 ft. below the gage are shown below. The rating segments 
represent a channel filling in the riffle area of about 0.5 ft resulting from a small 
flood. The control for the gage and another rating for this site at the cableway are 
shown on page 79 of the report.  
 
The gage is located on a bend to the right where the gravel, cobble and boulder 
riffle remains on the left side of the channel. The water surface slope changes 
from a stepped water-surface profile to a rather uniform profile with increasing 
flow rates (figures on p. 79 of report). As stage increases at the gage the control 
changes from what is know as a section control to a channel control.  
 
The estimate on 
the right of 
maximum channel 
depth at the riffle 
control for the 
gage incorporates 
classic analytical 
methods used by 
the USGS.  
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ADDITION 4. Channel and vegetation downstream from Bartlett Dam—
unpublished USGS aerial photos. 
 
The following unpublished areal photographs are from Anderson, T.W., 1976, 
Evapotranspiration losses from flood-plain areas in central Arizona: U.S. 
Geological Survey Open-File Report 76–864, 91 p. When the single channel is 
compared to the channel shown in the 1904 USGS Fort McDowell Quadrangle in 
the next section (and also in Appendix K) it appears very similar except at the 
mouth of Sycamore Creek. The single channel at Sycamore Creek is further to 
the west in the 1973 aerial photo. Channel movement where tributary debris, 
especially at the mouths of large tributaries, is dumped (typically during floods) 
into the Verde River is expected. 
 
The channel depicted in the following 1973 aerial photos clearly is not a wide-
braided channel with a braided pattern and unstable low-flow channels as 
described by Mussetter on p. 3 of his recent declaration Navigability of the Verde 
River. 
 
Obviously the flow depicted in the following photos is human impacted and highly 
regulated at Bartlett Dam.  
 
 
Following from Anderson, 1976: 
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The gage area is shown on the next page. 
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The number and size of trees along the channel of the Verde River in 2014 is 
considerably different than in 1973 as shown in the two photos below. 
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Note the recent (post 1973) braiding upstream of Highway 87 shown below. 
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ADDITION 5. Channel for lower 18 mile reach located upstream of the 
mouth at the Salt River --three items to consider 
 
On p. 3 of his declaration Navigability of the Verde River, Dr. Mussetter states 
the following: 

 
 
Item 1.-- The 1904 USGS map below shows a single channel for the same reach 
that Dr. Mussetter says was a wide-braided channel with a braided pattern and 
unstable low-flow channels. Also, the 1913 (survey of 1911) Federal Land Survey 
map on the following page shows a single channel. Other plats presented 
previously (Addition 1) also show a single channel.  
 

 
Note the diversion canal on 
the west side of the Verde 
River. 
 
From Appendix K. 
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From p. 67 of Appendix G. 
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Item 2.— On page 28 of his declaration Navigability of the Verde River Dr. 
Mussetter presents an aerial photograph (Figure 22) of the mouth of the Verde 
River. He alleges the photo was taken in 1934 and he appears to assume the 
recent sand and silt deposit is representative of the lower Verde River. Perhaps 
this photo is the basis for his “braided pattern and unstable low-flow channels.” 
The deposited sand in the photo appears to me to be recent and temporary 
based mostly on the damming effect along the right-bank side of the Salt River.   
 
The City of Phoenix had an early history of deposited silt sealing its infiltration 
gallery and wells along the west side of the Verde River near the mouth. In fact, 
the USGS wrote a report on the issue that stated “Sediments deposited by the 
river are highly effective in sealing up the gravels that supply the city's wells, the 
amount of sealing depending on the silt content of the water and the discharge of 
the river at the well fields.”(McDonald, Harris B. and Padgett , Harold D., Jr., 
1945, Geology and ground-water resources of the Verde River Valley near Fort 
McDowell, Arizona, USGS Open-File Report 45-109, 119p., page 82 and others).  
 
A photograph from this report follows: 
 

 
 
 



 36

In their abstract McDonald and Padgett (1945) state:  
 

The Verde River is a perennial stream that rises about 20 miles north of 
Prescott, Arizona, and flows southeast and then south to its junction with 
the Salt River about 20 miles northeast of Phoenix, Arizona. The area 
considered in this report is the lower part of the Verde Valley, below 
Bartlett Dam. In this area the Verde Valley is cut in valley-fill deposits that 
occupy a basin formed by down faulting in ancient crystalline rocks. 

 
On pages 16-18 McDonald and Padget (1945) describe the geomorphology of 
the reach below Bartlett Dam to the mouth at the Salt River. The following is part 
of their description that is related to navigability: 
 

The valley-fill sediments at one time covered the hard rocks at the 
edges of the valley to a higher elevation than they do now. The drainage 
system was developed on the unconsolidated sedimentary material, and 
as down cutting of the main valley progressed the tributary streams held 
their previously established courses across hard rock barriers that 
normally would have resisted erosion. This may be seen in several of the 
washes that enter the Verde River from the east. 
 
The present flood plain of the Verde River below Bartlett Dam ranges 
in width from one- to three- quarters of a mile and the relatively narrow 
stream channel swings from one side to the other. At the surface in 
the flood plain is fine material, largely silt, which overlies gravels and 
sands laid down in former channels of the river. The river has not showed 
much tendency to cut into and destroy the areas of the flood plain lying 
outside the present channel; consequently these areas have been 
developed for human use. Much of the farming is done in these areas and 
the entire water supply for the City of Phoenix has been developed in 
them. (emphasis added) 
 

 
 
Item 3.--For the same discharge, rivers like the Verde River with low slopes tend 
to have meandering channels (Leopold, L.B., Wolman, M.G., and Miller, J.P, 
1964, Fluvial processes in geomorphology: New York, Dover Books on Earth 
Sciences, 503 p.). The plot below is the result of a scientific study where 
characteristics of many natural river channels were examined. The USGS 
scientists found a distinction between meandering and braided channels based 
on slope. This distinction shown below has withstood the test of time. Thus, why 
would Dr. Mussetter expect braiding? Surely Dr. Mussetter isn’t basing his 
opinion on a single aerial photo in 1934 of local flood debris at the mouth of the 
Verde River. 
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Summary of Addition 5.-- Based of the Verde River that is shown in both the 
1904 USGS Ft McDowell Quadrangle map and the Federal Land Surveys (for 
example of 1911 for T4N R7E), information in the USGS report by McDonald and 
Padget (1945) and the science based distinction between meandering and 
braided of Leopold, Wolman and Miller (1964), the natural single channel of the 
Verde River was meandering. Also, the 1973 channel shown in the USGS aerial 
photos of the preceding section (Addition 4) was meandering.  
 
I’m left to wonder if Dr. Mussetter is showing a temporary condition where sand 
and silt that had collected in pools along the river channel (see for example 
Appendix G section G3b) was remobilized (flushed) during direct runoff and 
carried downstream as suspended and bed load to be re-deposited downstream. 
Another possibility is that  tributary sand and silt was simply temporarily 
deposited along the lower Verde River by a small flood and subsequently 
removed when the flow of the river was increased sufficiently (or for a sufficiently 
long time) to produce scouring action in the channel.  
 
Clearly, except possibly for a temporary condition, Dr. Mussetter’s idea that the 
natural channel was braided for base flow conditions is simply not supported by 
the evidence. The natural typically single channel was meandering.  
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ADDITION 6.  Dr. Musseter’s three sites, Dr. Schumm’s report and what is 
natural and ordinary—some thoughts and facts. 
 
On p. 3 of his declaration Navigability of the Verde River Dr. Mussetter states the 
following: 

 
 
Item 1.—First, Dr. Mussetter neglects the fact that the navigability issue is being 
revisited because the rules used by ANSAC for the first assessment did not meet 
Federal Standards. For example, Dr. Schumm’s opinions that Dr. Mussetter 
agrees with were based on a different set of rules that do not pertain to the 
natural and ordinary condition now being used. My understanding is that the 
present purpose is to determine if the Verde River was susceptible to navigation 
at the time of Arizona statehood (February 14, 1912) in its ordinary and natural 
condition. (See for example p. 5 of my report). When human impacts are 
understood and applied with the proper hydrologic context, we can begin to see 
what the natural Verde River once was.  
 
A rather recent report by the Salt River Project (SRP) discusses human activities 
that alter the quality or flow of water, particularly flood control and irrigation, along 
the Verde River. For example, according to the environment assessment report 
(SRP, 2007, pages 91-92) human factors and the riparian vegetation along the 
Verde River are as follows:   
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Salt River Project, 2007, Draft Habitat Conservation Plan Horseshoe and Bartlett Reservoirs, 
SUBMITTED PURSUANT TO SECTION 10(A)(1)(B) OF THE ENDANGERED SPECIES ACT; 
403p 
 
By the way, there is an interesting description with human impacts in the same 
SRP report (2007, pages 171-172) of the riparian area along the Verde River in 
the Verde Valley: 
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Item 2.— A brief look at Dr. Mussetter’s sites 1-3 (see map on next page that is 
from his report). Sites 1-3 are significantly impacted by humans and are not 
natural. 

Photograph from:  
 

 
 
The normal water surface elevation is 2026 ft. The original corresponding water 
storage of 131,500 ac-ft has been reduced to 109,200 ac-ft (2007 SRP report p. 
14, and 2003 survey of reservoir area) by sediment deposition in the reservoir 
area. As of 2003, deposited sediment had reduced the water storage capacity 
behind Horseshoe Dam by about 22,300 ac-ft. 
 
Another excerpt from the SRP environment assessment report (Salt River Project 
(SRP) (2007) pages 94) discusses the riparian vegetation along the Verde River 
and human impacts:   
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Sites 2 and 3 obviously are 
impacted by regulated flow 
below Horseshoe and Bartlett 
Dams. Impacts include 
altered streamflow and 
sediment discharge that are 
discussed in my report. Dr. 
Mussetter neglects to show 
that the hydrologic and 
hydraulic conditions at sites 2 
and 3 do not represent 
natural and ordinary 
conditions. The simple fact is 
sites 2-3 are affected by 
humans. 
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Site 1 is interesting because Dr. Mussetter neglects to mention that it lies within 
the normal water surface elevation of Horseshoe Reservoir (see map below) and 
has been inundated a few times by water stored behind Horseshoe Dam. Also, 
site 1 has been subjected to backwater and associated deposition of river 
transported sediment during large floods especially when storage in Horseshoe 
Reservoir was large. The amount of reduction in reservoir storage by deposited 
sediment captured by Horseshoe Dam is on the order of 620 AF per year (SRP 
2007, p. 90). The relatively recent (historically speaking) deposited sediment 
along the Verde River in and along Site 1 is easily scoured, especially during 
storm runoff, and is quite variable in amount and location because of the 
influence of fluctuations in lake levels. Site 1 is located in one of the most 
unstable areas along the human impacted Verde River. 
 

 
 
The Chalk Mountain USGS topographic map is on the next page. The full lake 
level is also known as the active conservation pool.  
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The relation below shows the effect of the aggrading channel of the Verde River 
at gage 09508500 where a delta like environment has been created by 
backwater and associated sediment deposition at the USGS gage and cableway 
above Horseshoe Dam and reservoir. On the right side of the cableway the flow 
is perpendicular to the cable but on the left side the flow is parallel to the cable. A 
small small human caused 
delta has formed at the 
cableway. The channel 
geometry is ever changing 
in this human caused 
unstable environment. Site 1 
is downstream of the USGS 
gage, (see map on previous 
page) 

 
 
The surficial geologic map of the upper end of Horseshoe Reservoir is shown on 
the next page. 
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Above to the right is the surficial 
geologic map of the upper end of 
Horseshoe Reservior that corresponds 
to the USGS map on the left. Site 1 of 
Mussetter’s report clearly is seasonally 
submerged.  
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Samples of when reservoir storage was large enough to impact Site 1 are shown 
on the following page. Site 1 has been inundated by the reservoir and by 
backwater associated with the reservoir a few times since Horseshoe Dam first 
stored water on Nov. 15, 1945.   
 

 
 
Because of reduced storage from deposited sediment since Horseshoe Dam was 
constructed, Site 1 was inundated more frequently and at greater depth in recent 
times. This changing inundation of Site 1 is depicted in the above USGS figure. 

 
Probable backwater 
during high flows starts a 
few feet above reservoir 
elevation of 2000 ft. (sill 
of spillway) at 67,000 ac-
ft capacity. Capacity is 
from p. 103 of Giordano 
(2010). 
  
Giordano, Gerard, 2010, 
The Verde River, Bartlett 
and Horseshoe Dams, 
Images of America, 
Arcadia Pub. Charleston 
SC, 127p. 
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Below are cross sections 1 and 6 for Dr. Musseter’s site 1 that is located within 
the active conservation pool according to the USBR. Clearly the channel 
condition is impacted by the reservoir where there would be backwater effects 
during high flows when storage in the reservoir was great. An obvious impact 
would be sediment deposition in and even upstream of the reach of site 1.  
 
MEI (Mussetter Engineering, Inc.). 2004. Inundation and substrate stability study to support Verde 
River vegetation analysis. Prepared for Salt River Project. Unpublished. Available at 
<http://www.fws.gov/southwest/es/arizona/HCPs.htm>. 
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In the evaluation of the navigability of the Verde River, the greatest challenge to 
me is the fact that by 1912, the river had been so altered by human activities that 
it is difficult to assess its condition in its "natural and ordinary" state. In this 
regard I find it unconvincing that SRP (2007) down plays the impact of 
Horseshoe and Bartlett Dams on Verde River morphology and the riparian 
habitat. Conversely, SRP (2007) blames ranchers and cattle and irrigation 
diversion for negative impacts to the riparian vegetation and wildlife. Surely the 
trapping of 22,300 ac-ft of sediment behind Horseshoe Dam impacts channel 
morphology and/or plant growth. For example it’s obvious to me that the 
fluctuating lake levels, stream flows, sediment deposition, scouring of fresh 
sediment deposits by floods and growth and removal of woody riparian 
vegetation along the Verde River where it enters Horseshoe in the Site 1 area is 
the result of human impacts. 
 
 
 

 
 



 49

 
 



 50

 
 



 51

 
 
 
 
 
 



 52

ADDITION 7. Hydrology, consumptive use of water by crops, and estimated 
base runoff – comments related to my general approach 

 
Method 1.—As discussed on p. 21 of the Report, this method uses records of 
cultivated land by early settlers as defined mostly on the original Federal Land 
Survey plats. Water consumption by crops was estimated using an irrigation 
water use factor of 3.15 ac-ft/year. The annual amount of water consumed by 
crops in the headwater area of the Verde River is simply the product of the acres 
of irrigated land and the water use factor (See page 26 of report). At the 
Clarkdale gage (09504000) the water use was equated to a base flow of 36 cfs, 
that was adjusted for transmission loss along stream channels, to 
evapotranspiration (ET) of 5 cfs to yield an addition of 31 cfs to the gaged 
median discharge of 86 cfs. The resulting estimated natural median discharge is 
117 cfs (See p. 26 of report). This budgeting method obviously uses average 
annual amounts of water but we know, for example, that water consumption by 
crops is seasonal where losses to ET are much greater in the summer than in the 
winter. 
 
Let’s examine Method 1 a little closer. The general disposition of the water along 
Big Chino Creek (Appendix F), for example, can be represented using a flow 
diagram by the American Society of Civil Engineers (Jensen, 1973) (See diagram 
below). A large percentage of the water diverted to crops may return to the Big 
Chino Creek (See the usable return flow arrow at bottom right). Thus, the crops 
(See the large evapotranspiration arrow on the right of the diagram) may use a 
relatively small portion of the water. The remaining losses of water diverted, as 
shown below, include evapotranspiration along the distribution system, runoff 
and non beneficial evapotranspiration.  
 
Method 1 does not require 
precise definition of these losses 
that can remain undefined for this 
analysis. Method 1 simply uses 
the estimated annual 
evapotranspiration by crops and 
makes a small adjustment for 
average annual project water 
losses. 

 
 
M. E. Jensen, 1973, 
Consumptive use of water and 
irrigation water requirements, by 
American Society of Civil Engineers, 215 pages 
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Method 1 continued.-- water use by plants changes throughout the year.  
 
The evapotranspiration by the riparian 
vegetation along the flood plain of the 
Verde River and tributary streams is 
shown in the simple cross section to the 
right.  
 
The same type of diagram could be 
shown for the crops such as corn.  
 
Anderson, T. W., 1976, Evapotranspiration losses from flood-plain areas in 
Central Arizona, USGS Open-File Report 76-864 
 
 
 
The monthly water use by plants 
(transpiration), in percent of the annual 
water use, is shown to the right. Nearly 
all of the water use is during the growing 
season of May through September. 
There is very little water use during the 
months of November through March. 
   
The daily and weekly water use by 
plants varies more than the mean 
monthly values shown to the right. 
 
 
 
 
 
 
 
 
 
A sketch of the daily change in water use by plants is 
shown to the right. Nearly all of the water use (ET) is 
during the daylight hours. Water use also varies from 
day to day because of cloud cover, rainfall, temperature 
and wind. 
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A few samples of the within-year distribution of water consumed by crops are 
shown below. These samples are simply to give the reader an idea of how water 
use varies by crop type and throughout the year. Source: Erie, L. J. and others, 
May 1982, Consumptive use of water by major crops in the southwestern United 
States, U.S. Dept. of Agriculture, Conservation Research Report No. 29, 41p. 
 

 
 

’ 
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Method 1 continued.—significance of changing water use by crops   
 
Because of the somewhat erratic flows of tributary streams and the lack of  
regulatory storage, settlers typically applied surface water to the fields during the 
growing season. There was little water diverted from streams during the non-
growing season. Thus, diversions and associated consumptive use by crops was 
seasonal and occurred typically during warmer periods when losses of water to 
ET were high and base runoff was low. For example, the decrease of base 
discharge in Aug. and Sept. 1915 shown below appears to be the result of 
upstream diversion for crops. 
 
 

 
 
For this assessment for ANSAC an annual average amount of consumptive use 
by crops was used (See, for example, the annual water budgets on pages 26-28 
of the report). This simple method obviously ignores the impact of seasonal 
consumptive use by crops that produced a seasonal effect on the base flow of 
the Verde River. Because there was considerably less loss of base flow in the 
winter than during the summer and spring when natural flow was/is rather low, 
this simple method computes (estimates) a conservatively lesser amount of 
natural base discharge.  
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Methods 1 and 2.--Below is a simple example (a flow-duration relation) of the 
annual water budget method that simply adds an average value (31 cfs) for 
consumptive use by crops to the human impacted river flow.  

 
Another simple example of using the average annual consumptive use by crops 
method is shown below. This example is related to Method 2 (pages 28-30 of the 
report and pages 52-53 of Appendix G). In Figure G3 is stated: Graphs are 
smoothed in places but show sufficient detail for assessment of navigability. 
Detail is needed to define lower flows that potentially limit navigability but less 
detail is needed for high flow.  Of particular importance for the assessment is the 
lower flow (Q90) as discussed in item B on p. 106 of the report and also in 
section G4d of Appendix G. The conservative nature of this method of analysis 
can be seen using the flow-duration relation below where the Q90 value for this 
assessment is below the green relation that doesn’t even account for much of the 
human effects. This method produced a conservative assessment of navigability. 
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A third simple example that is also related to Method 2 as discussed in the 
previous example uses supplemental evidence Item No. X023, 10/15/14, FMI-
Sean Hood, Freeport X002 (USGS Water Supply and Irrigation Paper 175). As 
with the previous example, the conservative nature of this assessment of 
navigability is further demonstrated in the following flow-duration for the lower 
Verde River. 
 

 
 
Hydrology and navigability.—Is hydrology necessary? Brief thoughts. 
 
While going to great lengths with considerable time and effort to estimate the 
natural hydrology of the Verde River watershed—especially the upper watershed 
above the USGS gage near Clarkdale (09504000), I sometimes wondered if such 
effort was warranted for the ANSAC issue. Rather than make causal claims the 
natural river was navigable (or not navigable) it seemed important to add 
substance to such claim of navigability. However, it’s been said that the 
hydrology is not needed because the entire Verde River presently (past 25 years) 
is navigated by small watercraft. Also, under present channel conditions we know 
that most of the pool-riffle river is pools that typically are more than 3 ft deep. 
There also are the original Federal Land Surveys that show a much wider (and 
therefore larger because of more base flow) river than the present river channel 
above gage 09504000. The Federal Land Surveys also show average depths of 
flow of 3 ft of more at many locations downstream of gage 09504000 (keeping in 
mind that some of this reach is unsurveyed). Also, over much of the river, the 
present channel geometry is similar to past geometry because the incised 
channel is constrained by bedrock and other erosion resistant rock. Thus, even 
the U. S. Fish and Wildlife Service Method shows much of the river condition of 
the Verde River is (was) optimal for navigability without using natural hydrology 
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for the assessment. However, as a curious river engineer, I felt a need to know 
more about the natural flow of the entire Verde River. 
  
As part of examining the natural hydrology and associated subsequent human 
effects I dusted off the Hayden report (in my library) and refreshed my memory of  
cultivated lands in the Verde River headwaters along areas such as Granite 
Creek, Williamson Valley Creek, Big Chino Creek and Walnut Creek (see for 
example page 21 of my report). The Hayden report (Hayden, 1940) contains 
exhibit E by C. A. Turney (1901) and exhibit F by H. L. Hancock (1914) that 
purportedly show irrigated lands of the Verde River watershed. However, these 
reports do not show irrigated lands and water use in much of the upper 
watershed above the USGS gage near Paulden (09503700). For example, 
neither report shows irrigated lands for Williamson and Big Chino Valleys and 
also along Walnut Creek. Mr. Turney said (p. 9) that the upper Verde watershed 
was not visited and Mr. Hancock appeared to follow his lead. There were many 
farms of early settlers in the upper Verde watershed (For example, see last page 
of this addition). However, Mr. Hancock examined at least part of the Granite 
Creek area but he neglected the remainder of the upper Verde River watershed. 
Therefore, the Hayden report with exhibits was of little (very limited) value for my 
assessment. 
 
I’ve learned to be cautious of the Hayden report and present an example of why. 
Seems the idea of pumping Montezuma Well, a unit of Montezuma Castle 
National Monument, was considered plausible by Phoenix area water users as 
discussed on page 19 as follows: 
  

 
 
Montezuma Well is a tourist attraction and important to the local economy let 
alone the fact that the well has served as an oasis for humans and wildlife for 
thousands of years.  
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The Hayden report was used for Method 2 as described on p. 28 of my report.  
 
A note in regard to my Method 2 and the use of the virgin flow at the mouth of the 
Verde River (751 cfs on page 20 of my report, based on the 1952 USBR report). 
A recent study financed by the U. S. Department of the Interior (USGS) 
examined the 1946 USBR estimate of virgin flow at the mouth of the Gila (Lukas 
and all, 2012). This recent study suggested that the 1946 estimate might be “... 
improved, or at least confirmed with modern hydrologic modeling.” (Note: The 
estimates of virgin flow in the 1946 and 1952 USBR reports are nearly identical 
at the USGS gage at Gila River at Gillespie Dam) It’s difficult to speculate how a 
confirmation or a change of the virgin flow at the mouth of the Gila River (USGS 
gage at Dome) would translate to the virgin flow at the mouth of the Verde River. 
A large part of the uncertainty is related to the large estimated losses of Gila 
River flow to evapotransporation (ET) downstream of Phoenix (mostly below the 
USGS gage at Gillespie Dam). Thus, if improvement of the USBR estimate of 
virgin flow at the mouth of the Gila is found (assuming there was a study), the 
associated change in virgin flow may translate to improving the estimate of ET 
and not translate to the virgin flow of the Verde River or other rivers. In any 
event, aside from this pure speculation, there is no known substantiated reason 
to not use the USBR (1952) virgin flow for the Verde River.  Also, information in 
the 1952 USBR report has been used by several parties for other rivers that are 
part of this ANSAC issue. Thus, a virgin flow of 751 cfs was used for the mouth 
of the Verde River. 
 
Lukas, J. J., Wade, Lisa and Balaji, R, Oct. 2012, Paleohydrology of the Lower Colorado River 
Basin and Implications of Water Supply Availability, Colorado Water Institute, Colorado State 
University, Completion Report No. 223, financed by USGS, 34p. 
 
USBR, March 1946, The Colorado River: A comprehensive report of the development of the 
water resources of the Colorado River Basin for irrigation, power production, and other beneficial 
uses in Arizona, California, Nevada, New Mexico, Utah, and Wyoming. Bureau of Reclamation, 
United States Department of Interior, Washington: Government Printing Office, 300p. 
 
Finally:  An obvious challenge of ANSAC is to naturalize (a term related to 
present national politics) human-affected hydrologic and hydraulic conditions in 
the post diction process. For example, the human-affected observed streamflow 
records should be naturalized to remove the effects of human depletions, 
diversions, reservoir operations, and the like. Methods used to accomplish 
naturalization, with a minimum of error, are described in my report. Every 
reasonable effort was made to substantiate the naturalization. Some error is 
unavoidable in post diction of natural conditions. For example, human effects on 
hydrology are not necessarily recorded by the tree rings and their presence in 
streamflow records introduces error into the naturalization and post diction.  
 
 
 
 
 



 60

Relating Methods 1 and 2 to recent conditions. – A different perspective. 
 
Consider the study by the USGS (Blasch and others, 2006, page 2 and Table 21) 
that presents rather recent water use for the Verde Valley and upper watershed 
as follows:  

 
Average water use in the Big Chino, Little Chino, and Verde Valley 
subbasins was about 12,000, 13,000, and 47,000 acre-feet per year, 
respectively, for 1990–2003. Agricultural and residential water use 
exceeds other water uses; however, agricultural use within the Chino 
subbasins has decreased since the 1960s and 1970s. 

 
Blasch, K.W., Hoffmann, J.P., Graser, L.F., Bryson, J.R., and Flint, A.L., 2006, 
Hydrogeology of the upper and middle Verde River watersheds, central Arizona: 
U.S. Geological Survey Scientific Investigations Report 2005–5198,101 p., 3 
plates. 
 
On pages 26 and 27 of my report I discuss Method 1 and show the impact of 
human depletions mostly for agriculture equal to about 31 cfs for the watershed 
above the Clarkdale gage 09504000. This is equivalent to 22,500 ac-ft per year. 
Considering the losses to ET along the stream channels (5 cfs) the human 
depletion at the fields (cultivated land) is 36 cfs or 26,100 ac-ft per year. These 
amounts of human water use compare very closely with the rather recent water 
loss of 25,000 acre-feet per year shown above (Blasch and others, 2006, page 
2). While agricultural conditions including deep well pumping started during the 
comparative period, the close agreement supports Method 1.  
 
Also, because the results of Methods 1 and 2 closely agree, this comparison with 
the close agreement is considered support of both Methods 1 and 2 of my study.’ 
 
It’s also interesting that the recent water use of 72,000 ac-ft per year (100 cfs) for 
the watershed (Blasch and others, 2006, page 2) is the same amount of loss I 
computed for naturalization using the Virgin flow (USBR 1952) at the mouth of 
the Verde River as shown on pages 20 and 28 of my report.  
 
Again, because the average annual water use of 100 cfs for my methods is the 
same as the average annual water use for the USGS study (Blasch and others, 
2006, page 2), all methods (Blasch and others (2006), USBR (1952) and my 
methods for this ANSAC study) are considered supported.  
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This is an example of the many settler farms in the upper Verde River watershed. 
Exhibit E by C. A. Turney (1901) and exhibit F by H. L. Hancock (1914) of the 
Hayden report (Hayden, 1940) did not include irrigated lands like the farms to the 
left for much of the upper Verde River watershed. 
 
Irrigated lands in the upper Verde River watershed are documented in 
Appendices C, D, E and F of this report. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ADDITION 8. Channel and vegetation downstream from West Clear Creek 
downstream to Sheep Crossing--unpublished USGS aerial photos. 
 
 
The channel depicted in the following unpublished 1973 aerial photos clearly is a 
pool-riffle meandering channel. Much of this area was not surveyed by GLO 
surveyors. The explanation for the mapped vegetation is given in Addition 4. 
 
Following from Anderson, 1976: 
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