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Corrigendum  
 
Hjalmarson, H. W.; ANSAC, NAVIGABILITY ALONG THE NATURAL CHANNEL 
OF THE VERDE RIVER, AZ, Oct. 4, 2014 
 
I made a book-keeping error of unknown cause when I copied the table of 
cultivated acres from the Walnut Creek Appendix E and transferred the copied 
table to the main report where I computed the total cultivated areas and the 
impact of the settler farming on the base flow of the Verde River (see comment at 
the end of this corrigendum that explains why this book-keeping error did not 
affect my analysis of navigability along the Verde River.). This oversight is shown 
in the first item that follows and the subsequent errors and corrections are the 
ripple affect of the oversight. I’ve also carefully checked the corresponding tables 
for the other sub-watersheds and found no other error. The following corrections 
should be made to prior main report (X015) of which this 2nd Addendum is part of 
the publication: 
 
Page 23 Walnut Creek Table    
Error 
 T18N R6W    50  
 T18N R5W            1180 
 T18N R4W    55  
  T18N R3W  110  
 

TOTAL          1395  
 
Corrected   (For p. 23 of main report. Same table in Appendix E, p. 24 was/is correct.) 
 

T18N R6W    50  
 T18N R5W              110 
 T18N R4W    55  
  T18N R3W  110  
 

TOTAL            325  acres 
 
Page 26 Total cultivated land Table and also slide 56 of Verde River PowerPoint program. 
Error 

Location    Acres         Flow, cfs1 
 
Granite, Williamson Valley,                                                  
Walnut, and Big Chino Creeks      8095       35 
USGS Clarkdale gage    8215       36 

 
Corrected 
 

Location    Acres                Flow, cfs1
 

 
Granite, Williamson Valley,                                                  
Walnut, and Big Chino Creeks      7025       30 
USGS Clarkdale gage    7145       31 

 
 



 3

 
Page 26  First line of paragraph 
Error 
 
It’s interesting that the total cultivated land of 8095 acres in the above table is only 45% 
 
Corrected 
 
It’s interesting that the total cultivated land of 7025 acres in the above table is only 39% 
  
Page 26  First line of paragraph 
Error 
 
The median (Q50) Virgin flow, column 5 (2of2) is  column 3  
(1of2) adjusted for the losses to ET in column 4 (2of2) and  
the average annual loss to ET of 5 cfs along the  
approximately 80 miles of tributary channels (See item 2 
Appendix A).  
 
For example: 
Q50 Virgin at gage 5037 = 30 + 35 - 5 cfs =   60 cfs  
                               5040 = 86 + 36 - 5cfs =   117 cfs 
 
Column 6 for Q90 is same manner but with average max.  
(summer) loss to ET long the trib. Channels: 
 
Q90 Virgin at gage 5037 = 30 + 35 - 11 cfs =   54 cfs  
                               5040 = 86 + 36 – 11 cfs = 111 cfs 
 
Corrected 
 
The median (Q50) Virgin flow, column 5 (2of2) is  column 3  
(1of2) adjusted for the losses to ET in column 4 (2of2)  
 
For example: 
Q50 Virgin at gage 5037 = 30 + 30 cfs =   60 cfs  
                               5040 = 86 + 31cfs =   117 cfs 
 
Column 6 for Q90 is same manner but with average max.  
(summer only) loss to ET along approximately 80 miles of the 
tributary  channels (See items 2 & 3 Appendix A).  
: 
 
Q90 Virgin at gage 5037 = 30 + 30 – 6 cfs =   54 cfs  
                               5040 = 86 + 31 – 6 cfs = 111 cfs 
 
 
 
 
 
 
 
 
 
 



 4

 
Page 20 near top 
Error             

 
 

Corrected 
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Page 27 near top 
Error   

The mean annual Virgin flow, column 7 (2of2) is column 4  
(1of2) adjusted for the losses to ET in column 4 (2of2)  
and adjusted for the average annual loss to ET of 5 cfs  
along the approximately 80 miles of tributary channels  
(See item 2 of Appendix A).  
                               
Mean annual Virgin at gage 5037 = 48 + 35 - 5 = 78 cfs 
                                             5040 = 179 + 36 -5 = 210 cfs 

Corrected 
The mean annual Virgin flow, column 7 (2of2) is column 4  
(1of2) adjusted for the losses to ET in column 4 (2of2).  
                               
Mean annual Virgin at gage 5037 = 48 + 30   = 78 cfs 
                                             5040 = 179 + 31 = 210 cfs 

 
Addendum page 52 middle of 1st paragraph 
Error 
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  
Corrected 
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 31 cfs to yield an addition of 31 cfs to 
the gaged median discharge of 86 cfs. The resulting estimated natural median  
 
Addendum page 60 middle of 4th paragraph 
Error 
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 
Corrected 
above the Clarkdale gage 09504000. This is equivalent to 22,500 ac-ft per year. These 
 
Comment: Examination of the above errors and associated corrections shows the computed 
flows for the Verde River (Q90, median and mean annual) remained unchanged. This is because 
the rather small error that is equivalent to an incremental reduction in base flow of less than 5 cfs 
((1070 acres x 3.15 ac-ft/acre)/725 ac-ft/yr/cfs) along the Verde River was offset by my 
conservative approach of water budgeting. As I testified on December 18, 2014 (REPORTER'S 
TRANSCRIPT OF PROCEEDINGS VOLUME 4 Pages 1053-1054) I have studied loss of stream 
flow to ET (Hjalmarson, H.W., and Davidson, E. S., 1966, anticipated changes in the flow regime 
caused by the addition of water to the East Verde River, Arizona: Arizona State Land 
Department, Water Resources Report No. 28, 10 p.) and to be conservative I used a 5 cfs loss of 
natural runoff along the tributary streams that was greatly in excess of the actual amount of loss, 
if any, to ET.   Because natural tributary headwater streams were perennial, or nearly so, losses 
of added water would be negligible. Thus, the small oversight was offset and is not a significant 
factor for the assessment of navigability along the Verde River.  
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SUPPLEMENT 1. Regarding reference (B) in Table 1 of 2 on p. 20 of my 
report. The reference (B) for the median pre-development flow is unclear. The 
given reference to the GW model by Pool and others is for the model used by 
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..  
 
The footnote at the bottom of page 20 of my report (below Tables 1 of 2 and 2 of 
2) describes the computation for the numbers referenced by (B). 
 
Also, for ANSAC information, for USGS 09507580 EAST VERDE R DIV FROM 
EAST CLEAR CR NR PINE, AZ, the mean for 1967-2013 = 9.1 cfs. This is water 
added to the Verde River via a trans-basin diversion from the Little Colorado 
River watershed. If this added water had been taken into account in my 
computations the computed loss of 100 cfs to ET from irrigation, stock tanks and 
other human activity from the Mountain fronts (Hjalmarson report, p. 28 and 
Appendix G, p. 52) would have been about 103 cfs. This difference of 3 cfs, the 
result of my avoiding cherry picking by using all the records at appropriate USGS 
gages whenever appropriate, was considered insignificant but also a factor in the 
conservative nature of my unbiased assessment of navigability. 
 
  
A more detailed reference follows: 
  
B – Median pre-development flow from computation of median flow using USGS 
records of streamflow for the indicated gages with adjustment for the human 
caused reduction of base flow at the upstream end of the Verde Valley (Clarkdale 
gage), as of 2005, of about 4,900 acre-feet per year (Garner and others, 2013, p. 
19) with an estimated relative change for the period of record using the relation in 
Figure 11B. (Garner and others, 2013, p. 18). A similar adjustment was also 
made at the downstream end of the Verde Valley, where base flow had been 
reduced by about 10,000 acre-feet per year by the year 2005 because of human 
stresses (Garner and others, 2013, p. 22) with an estimated relative change for 
the period of record using the relation in Figure 13B. (Garner and others, 2013, p. 
21). 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..  
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SUPPLEMENT 2.  Fish and Wildlife Service Method (Hyra (1978) for 
assessment of navigability used by Hjalmarson for the Verde River. 
 
The following is further description of how the Fish and Wildlife Service Method 
(Hyra (1978)) was used for the assessment of navigability of the Verde River. 
The method is used on pages 103 and 104 of the main report and is also shown 
in Figures G4a and G4B on pages 80 and 81 of Appendix G. The method was 
used to assess navigability along the thalwag of the main channel where the 
maximum depth, that varied along the pools, riffles and intermediate reaches of 
the channel, represented a width that could be used for small watercraft such as 
canoes. 
 
The incremental method, used by the Fish and Wildlife Service of the U.S. 
Department of the Interior, uses multiple transects across the river. Typically, a 
transect would be established across a pool, a riffle, and an intermediate area. 
Together these cross sectional measurements would represent a stream reach 
which may extend several miles (Hyra, 1978, p.5). For the Verde River many 
cross sections (e.g. transects) across the river channel were used as shown in 
the example on the following page. 
 
An excerpt from p. 5 of the Hyra (1978) instructions follows. This excerpt shows 
that mean depth can be computed for subsections and clearly is not computed 
for the entire cross section. The use of mean depth (e.g. by Mr. Burtell and Mr. 
Hood) that includes the main channel and flood plain for an entire cross section 
is contrary to established hydraulic principles related to the navigability issue.    
   

 
 
Only part of the incremental method was useful for the Verde River and ANSAC 
because only the area along the thalwag was important for assessment of 
navigability. The recreational potential option of the incremental method and the 
weighting of surface area was beyond the scope of the ANSAC assessment. In 
other words, the isopleths of depth adjacent to the main channel along the river 
were not needed because boating potential caused by a change in stream depth 
along the sides of the main channel was not needed and thus not evaluated. 
Areas of shallow depth (e.g. between the bank and 2 ft. depth shown on the 
following figure) were of no concern for the navigability assessment. Thus, is was 
unnecessary to subdivide transects into subsections and calculate the mean 
depth and velocity of 
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each subsection (Hyra, 1978, p. 5) because only the main channel along the 
thalwag was important for ANSAC. Thus, because only small watercraft (e.g. no 
barges) were being evaluated, only a relatively narrow thread of several feet wide 
along the thalwag was important for the assessment of navigability. In effect, the 
main channel was “subdivided” from the entire cross section for all cross 
sections. 
 
For the Verde River a rectangle of depth versus velocity that encompassed the 
computed depths and velocities of each cross section (e.g. the 5 sample points 
(1 to 5) of the following diagram), was used to facilitate viewing (a convenience of 
the incremental method of Hyra). The minimum depth defined by the lower part 
of the rectangle was most important because depth limited navigability along the 
Verde River. Maximum depth (e.g. the measured 15 ft. depth at USGS gage 
09506000 (p. 17 of the Addendum)) was not applicable because it only facilitated 
navigability as noted in the criteria box on the following example.  

 



 10

 
A note on subdivision of river channels for hydraulic engineering purposes seems 
appropriate because the Hyra method uses subdivision to describe the 
distribution of areas of uniform depth and velocity to evaluate “...these physical 
changes upon a streams desirability for recreation.” (Hyra, 1978, p. 6).  Thus, the 
Hyra method recognizes the connection between channel hydraulics and the 
“safety and pleasure of recreation activities”—e.g. the navigability.  
  
Subdivision of natural channels because of changes in channel shape (also 
roughness changes) such as where a wide-shallow flood plain is present 
adjacent to a main channel is common practice for hydraulic engineers in order 
to avoid deviation from the truth. All hydraulic computations are approximate and 
various methods such as subdivision based on shape are a known practical 
means of approximating the true hydraulic condition.  
 
Resistance to the flow (e.g. - vegetation) is accounted for by the n-value, known 
as Manning’s roughness coefficient. Empirical channel roughness coefficients 
are not easy to correctly ascertain by inexperienced observation, as it is 
dependent on many physical aspects, including streambed composition, 
vegetation, cross-section irregularity (along the channel), channel alignment 
(straight or meandering) and obstructions. The roughness of the channel and 
flood plain often are markedly different and for this reason and for shape 
considerations should be considered separately by using subdivision. 
 
As an experienced river engineer (53 years of experience with rivers mostly in 
the western U. S.), I chose to use the incremental Hyra method to assess 
navigability because it was convenient and it recognized the importance of 
channel subdivision. The measured and computed maximum depth along the 
thalwag (defined by a series of single channel cross sections) simply represents 
a portion of the main channel that could potentially be used for navigation of 
small watercraft such as canoes. The Hyra method allowed me to specifically 
focus on the deeper part of the channel and ignore adjacent shallow areas that 
have little to do with navigability for ANSAC along the Verde River. I’ve used the 
figure on p. A12 of Hyra (1978), that is unique to the incremental assessment of 
the Hyra Method, for this and other navigability assessments of Arizona rivers. 
 
The hydraulic techniques developed for the Hyra method are briefly discussed 
using a transect (cross section) with subdivision (Modified from Figure 5 of 
Milhous and Bovee (1978). The relatively narrow width (w2) of the navigation 
lane (sub-area 2) with the depth (d2) at the thalwag was most important for my 
assessment. Information on this transect can be applied to many channel cross 
sections in the Hydraulics and Channel Geometry section of my report (pages 
44-101). For example, the calibration discharge shown below is comparable to 
the measured discharge of my cross sections (see cross section 15 on p. 88 that 
is one of many I used for the Hyra Incremental Method). The highest 
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extrapolated discharge shown below is comparable to the cross section 
corresponding to the 80 cfs of cross section 15 on p. 88 of my report.  
Milhous, R. R. and K. D. Bovee, 1978,  Hydraulic Simulation in Instream Flow 
Studies: Theory and Techniques, Instream Flow Information Paper No.5, Library 
of Congress Catalog Card # 78-600110 Fish and Wildlife Service, U.S. 
Department of the Interior, 131p. 

 
 
The abstract for the Milhous and Bovee (1978) report is worth presenting 
because it describes the adaptability of the hydraulic technique to many stream 
environments. For example, the Hyra method was adapted (used) for a study 
along Beaver Dam Wash (Fogg, J. L., and others, 1998), a tributary to the Virgin 
River, in northwestern Arizona to evaluate depth and velocity versus suitability 
criteria in Hyra (1978) for swimming opportunities. Water contact swimming 
criteria (Figure A-7 of Hyra) was used to evaluate swimming opportunities (total 
body emersion) along Beaver Dam Wash (Figure 37, p. 62 of Fogg, J. L., and 
others, 1998). The water contact swimming criteria (Figure A-7 of Hyra) uses a 
similar relation between flow depth and velocity for the boating canoeing-
kayaking criteria (Figure A-12 of Hyra and p. 104 of my report) for my study. 
 
Fogg, J. L., and others, 1998, BEAVER DAM WASH INSTREAM FLOW 
ASSESSMENT; U.S. Department of the Interior, Bureau of Land Management, 
BLM/RS/ST-98/002+7200, 109p. 
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A B S T RAC T (Milhous, R. R. and K. D. Bovee, 1978)   
 
Hydraulic simulation for instream flow studies is defined as the description of the 
changes in distribution of velocities, depths, and substrates as a function of 
discharge. ......Several types of techniques for the prediction of the stage 
discharge relationship and the velocity distribution-discharge relationship are 
presented...........Study site preparation involves the strategic placement of 
transects which describe certain types of conditions or habitat areas within the 
channel. Further, the characteristics of the study site may have profound 
influences on one's ability to simulate the hydraulics of the stream. 
 

My assessment of navigability is not based only on the Hyra method. The 
method uses depth and velocity and combinations of depth and velocity based of 
personal experience for utility and safety of different activities. Experienced river 
users may consider Hyra’s safely criteria that was based on conditions that 50% 
of the users would consider the depth or velocity safe for use rather useless. 
Another potential limitation is that depth and velocity are considered the two most 
important streamflow characteristics for determining recreation quality. While 
Hyra’s incremental method has been applied on the Chattahoochee River in 
Georgia, the Salmon in New York, American River in California (Shelby and 
others,1992, p.14), experienced river users may not consider depth and velocity 
very important when encountering the effects of rocky, uneven surface 
formations at various flow levels on boating quality. Also, hydraulic computations 
(modeling) of flow based on selected transects will often inadequately describe 
the complex nature of water movement in rapids (Shelby and others, 1992, p.22).   
 
Shelby, B, Brown, T. C. and Taylor, J. G., 1992, Streamflow and Recreation, 
General Technical Report RM-209 revised, U. S. Dept. of Agriculture, Forest 
Service; 27 p. 
 
My assessment places considerable weight on the fact that boating activity has 
been popular on the entire Verde River for the past 25 years (Factor C, p. 106, of 
my report).   Both inexperienced and experienced boaters have enjoyed the river. 
Consider the following from the local newspaper in the Verde Valley: 
 
NOTE: Limits on boating needed to avoid over use of the Verde River. 
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The following from p. 101 of my report of Oct. 4, 2014 is worth repeating because 
it discusses the navigation lane that is segmented from adjacent shallow areas 
along the river channel. The depths represent the expected range that would 
have been encountered along the natural pool-riffle channel for normal 
conditions. It’s important to keep in mind that most of the Upper Verde River is 
pools and that riffles occupy a much smaller portion of the river. Thus, typical 
depths for natural conditions along the reach from mile 3.3 downstream to the 
USGS Clarkdale gage are at least 3.5 ft (mean annual), 3.0 ft (median, Q50) and 
2.9 ft. (Q90). Also, the depths closely represent depths along a potential 
navigation lane (or corridor) used for small water craft. 
 
For navigability of the Verde River, that is—for susceptibility of navigation, the 
natural flow depths must have been sufficient to accommodate small watercraft. 
Flow depth is a major factor of the Hyra Method. Obviously, flow depths are 
dependent on the channel morphology, hydraulics and most importantly, the 
amount of base flow in the Verde River. Consider the following: 
  

• There is no question that small rafts, canoes and kayaks presently are 
used all along the river (even human depleted flow depths are sufficient). 
See for example the NOTE below. 

 
• Also, there is considerable evidence the channel hydraulics and 

morphology have not changed above Horseshoe Reservoir since human 
settlement.  

 
• There is also evidence the natural base flow along the entire Verde River 

was greater than the present base flow. 
 

• Evidence shows that potential use of early small watercraft required 
similar depths of water as modern small watercraft (e. g. DSL, 2005, pp. 8, 
29-34, and other pages.) 

 
Oregon Department of State Lands (DSL), 2005, JOHN DAY RIVER 
FINAL NAVIGABILITY REPORT; 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, study of 
October 2002 , after receiving a request in early 1997 from the John Day 
River Chapter of the Association of Northwest Steelheaders 
(“Steelheaders”, 44p.) 
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SUPPLEMENT 3.  Samples of February streamflow for Verde River that 
show the wide range of daily flow for the month. 
 
The following is an example of the variable nature and wide range of daily flow of 
the Verde River during February. This example uses (1) USGS streamflow data 
at USGS gage 09510000 and Weather Bureau precipitation and temperature 
data for 1934-37 (before Bartlett Dam) with a general summary for each year, (2)  
graphs showing highly variable precipitation and temperature for February since 
1895 and (3) hydrographs of daily flow at gages 09504000 and 09506000 from a 
USGS study that include base flow for early Feb. 2011. The data show periods of 
base flow as well as periods of snowmelt and storm runoff during February that 
clearly contradict the unsupported claims made by Mr. Hood when questioning 
Mr. Fuller and Mr. Hjalmarson during the ANSAC hearings of Dec. 2014.  
 

February 1933 
 
 
 
 

 

 
 

Weather Bureau, 1933, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 37, Phoenix, AZ, Feb. 1934. No. 2, 10 p. (page 2) 
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Weather Bureau, 1933, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 37, Phoenix, AZ, Feb. 1934. No. 2, 10 p. (page 9) 
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Weather Bureau, 1933, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 37, Phoenix, AZ, Feb. 1934. No. 2, 10 p. (page 10) 
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February 1934 
 
 
 
 
 
 
 
 
 
 
 

 
 
Weather Bureau, 1934, 
CLIMATOLOGICAL DATA, 
USDA, Arizona Section, 
ARIZONA; Volume 38, 
Phoenix, AZ, Feb. 1934. No. 
2, 8 p. (page 2) 
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Weather Bureau, 1934, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 38, Phoenix, AZ, Feb. 1934. No. 2, 8 p. (page 7) 
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Weather Bureau, 1934, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 38, Phoenix, AZ, Feb. 1934. No. 2, 8 p. (page 8) 
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February 1935 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Weather Bureau, 1935, 
CLIMATOLOGICAL DATA, 
USDA, Arizona Section, 
ARIZONA; Volume 39, 
Phoenix, AZ, Feb. 1935. No. 
2, 8 p. (page 2) 
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Weather Bureau, 1935, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 39, Phoenix, AZ, Feb. 1935. No. 2, 8 p. (page 7) 
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Weather Bureau, 1935, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 39, Phoenix, AZ, Feb. 1935. No. 2, 8 p. (page 8) 
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February 1936 

 
 
 
 
Weather Bureau, 1936, 
CLIMATOLOGICAL 
DATA, USDA, Arizona 
Section, ARIZONA; 
Volume 40, Phoenix, 
AZ, Feb. 1936. No. 2, 8 
p. (page 2) 
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Weather Bureau, 1936, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 40, Phoenix, AZ, Feb. 1936. No. 2, 8 p. (page 7) 
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Weather Bureau, 1936, CLIMATOLOGICAL DATA, USDA, Arizona Section, 
ARIZONA; Volume 40, Phoenix, AZ, Feb. 1936. No. 2, 8 p. (page 8) 
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Highly variable Feb. precipitation for more than 100 years. 

 
http://www.ncdc.noaa.gov/cag/time-series/us 

 
Highly variable Feb. temperature for more than 100 years. 

 
http://www.ncdc.noaa.gov/cag/time-series/us 

 
Variable and average annual temperature for more that 100 years. 

 
http://www.ncdc.noaa.gov/cag/time-series/us 
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As part of a USGS study of base flow in the Verde Valley stream flow records at 
the Clarkdale and Camp Verde gages were used that showed base-flow 
conditions (See figure below from Garner, B.D., and Bills, D.J., 2012, (page 10). 
There was no evidence of precipitation, storm-related runoff, or substantial 
snowmelt-related runoff during any survey that included a February 2011 survey. 
 
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.  
 

 
 
By the way, note the relative amounts of base flow for the summer and winter 
periods for Clarkdale gage and Camp Verde gages 
 
Summary for this example using annual, USGS and 1933-36 hydrologic data: 
The above hydrologic data clearly show the variability of February stream flow, 
temperature and precipitation of the Verde River and watershed. If I were to 
select one word to describe precipitation, temperature and especially stream flow 
in Arizona, the word would be variable. Contrary to assertions by Mr. Hood there 
are many periods of base flow along the Verde River in the month of February.  
. 

 
I respectfully submit the above to ANSAC. 
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SUPPLEMENT 4.  Hydrologic data and GLO survey field notes related to 
GLO surveys of Feb.-Mar. 1911 that show most, if not all, measured depths 
of flow were for base flow conditions. 
 
The purpose of this supplement is to show how I identified any depths of flow in 
the Verde River measured during GLO surveys of Feb. and Mar. 1911 that were 
not for base flow conditions. The reason for this examination is because several 
depths of flow were measured and there was rain in the watershed in early Feb. 
1911 and moderate floods on the upper Verde River on Mar. 6-8, 1911. The 
following are the hydrologic data related to the GLO land surveys of Feb. and 
Mar., 1911 for T3N R7E (see p. 11 of my Addendum of Nov. 14, 2014) and T4N 
R7E (see pp 66-67 of Appendix G3c and p. 8 of Addendum).  
   
 
Survey Date           GLO Book   Temp & Precip data     Streamflow data 
 
T3N R7E   2/18-3/9/1911     2396         USWB Feb. 1911        WSP 309 monthly 
 
T4N R7E   3/1-3/20/1911      2397        USWB Mar. 1911         WSP 309 daily  
           stage & monthly 
 
Pages of the GLO survey books related to early March storm period follow the 
weather and streamflow data in this supplement. Dates, location along the river 
and measured depths of flow are noted on the pages of the surveys. The 
appropriate temperature, precipitation, weather descriptions by the US weather 
Bureau, and streamflow records can be consulted as you read through the GLO 
books.  For example, the survey for T3N R7E started on Feb. 18, 1911 (p. 40) 
and a check of the precipitation in the Phoenix-Mesa area (p. 32) shows 
precipitation stopped on Feb. 16, 1911; thus, the weather conditions were 
appropriate and the survey commenced.  
 
This analysis shows that the reported measured depths of flow in the lower 
Verde River for T3N R7E were for base flows and not for floodwater conditions. 
During the potential moderate flooding of about Mar. 6-8 the survey was along 
Sycamore Creek and later along the Salt River and no depths of flow were 
measured along the Verde River. Also, for T4N R7E two of the four reported 
average measured depths of flow (4 ft and 3 ft) in were for base flows and the 
other two depths (each 3 ft.) may also represent some floodwater. During these 
surveys there was not sufficient floodwater, if any, to prevent access to the river 
by the GLO surveyors. All of the depth measurements along the Verde River by 
GLO surveyors were affected by human activities. 
 
Daily precipitation is important for stations: Camp Verde, Cavecreek, Flagstaff, 
Jerome, Natural Bridge, Payson, Phoenix, Prescott and Seligman. 
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A map of the surveyed townships showing measured depths follows: 
 

:
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 February 1911 
 
US Weather Bureau, 1911, U. S. DEPARTMENT OF AGRICULTURE, 
CLIMATOLOGICAL SERVICE, DISTRICT No. 9., COLORADO VALLEY, Report 
for February 1911, 11p. (to left is from  
page 3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
As explained to the left, 
the first 11 days of Feb. were 
warmer than normal and the last 
part of Feb. 1911 was colder than 
normal. 
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US Weather Bureau (1911), page 3. 
 
Heavy rain in central and northern AZ on Feb. 4 and 5, 1911. 
 
 
Below is extract from section snowfall bulletins. US Weather Bureau (1911), page 3. 
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Weather data for March 1911 
follow. 
 
 
 
US Weather Bureau, 1911, U. S. 
DEPARTMENT OF AGRICULTURE, 
CLIMATOLOGICAL SERVICE, 
DISTRICT No. 9., COLORADO 
VALLEY, Report for March 1911, 11p.  
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Below is extract from March section snowfall bulletins that pertains to AZ. US 
Weather Bureau (March 1911), page 3. 
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There was heavy rain in central and northern AZ on Feb. 4 and 5, 1911 and the 
first 11 days were warmer than normal. The heavy rain and warmer temperatures 
produced high runoff in early February. In the middle and last part of Feb. 1911 it 
was colder than normal with a few days below 00 F at Flagstaff and there was a 
snowpack at the higher elevations. There was moderate flooding on the Verde 
River on the 6th-8th of March. The snow disappeared at the 7000 ft elevations on 
the 13th and at the 8000 ft elevation on the 21st of March, 1911. 
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Follansbee, Robert and others, 1914, SURFACE WATER SUPPLY OF THE UNITED STATES 
1911 PART IX. COLORADO RIVER BASIN; USGS Water Supply Paper 309, 266p. (p. 243.) 
 

 
The discharges corresponding to the above daily gage heights are unknown. 
Gage heights in Apr.-July are roughly 2 ft. less than those for adjacent days. The 
cause of this difference is likely scour and fill of the unstable low flow channel.  
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Follansbee, Robert and others, 1914, SURFACE WATER SUPPLY OF THE UNITED STATES 
1911 PART IX. COLORADO RIVER BASIN; USGS Water Supply Paper 309, 266p. (p. 242.) 
 
 
 
T3N R7E: The US Weather Bureau description of precipitation, temperature and 
storms for February and March 1911 clearly shows base runoff of the Verde 
River was present during the GLO measurements of water depth along T3N R7E 
for the survey of Feb. 18 to March 9, 1911. During the last couple of days of the 
GLO survey (about March 6-9, 1911) there probably was direct runoff but most of 
the surveying was along Sycamore Wash and the Salt River. No measurements 
of flow depth on the Verde River were made during any direct runoff as shown by 
the following survey notes for this township. Thus, as stated by surveyor Mr. 
Farmer, the river was very low at the time when measurements of depth were 
made (See page 11 of the Nov. 14, 2014 Addendum for the measurements of 
depth made for base flow conditions when there were diversions by settlers 
upstream).    
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Pages 1, 94-102 for Book 2986 of the GLO survey by Mr. Farmer for at T3N 
R7E follow: 
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River very low at time of survey with depths from 21/2 to 4 ft deep 
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T4N R7E: The US Weather Bureau description of precipitation, temperature and 
a storm for March 1911 form the basis of this assessment. The rains on March 3-
5 produced “moderate floods” on the Verde River on the 6th-8th of March. The 
snow disappeared at the 7000 ft elevations on the 13th and at the 8000 ft 
elevation on the 21st of March, 1911.  
 
Measurements of depth were for base flow conditions except possibly for the 3 ft. 
depths on Mar. 8 and 13, 1911 (pages 45 & 69 of the survey notes). There is no 
mention of high flow in the survey notes. Thus, measurements of depth of 4 ft 
and 3 ft. were for base flow and the two later measured depths 3 ft. may have 
some direct runoff based on records of stage at the USGS gage nr Camp Verde 
and Weather Bureau records. 
 
 

 
Pages 1, 6-8, 42,45,46, 68,69 
Book 2397 of the GLO survey by 
Mr. Farmer for at T4N R7E follow. 
Both this survey (Mar. 1-20) and 
the previous survey (Feb. 18-Mar. 
9) were made by Mr. Farmer in 
1911).  
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Date is March 2, 1911 on p. 6 of survey notes. A measurement of depth on 
following page of notes. 
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Depth measurement of 3 ft on March 2, 1911. 
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Measurement of depth = 4 ft on p. 8 of survey notes. Date is March 2, 1911. 
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Date on p. 11 of survey notes established as March 3, 1911. 
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Date on p. 42 of survey notes is March 8, 1911. 
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Measurement of flow depth = 3 ft. deep on p. 45 of survey notes. 
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Date is March 8, 1911 on p. 46 of survey notes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
March 8, 1911 
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Date is March 11, in middle of p. 68 of survey notes. 
Date is March 13, 1911 on bottom of p. 68 of survey notes. 
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Measurement of flow depth = 3 ft. deep on p. 69 of survey notes. 
Data = March 13, 1911 on bottom of prior page. 
 

 
This description of 
entering the 3 ft. 
deep channel and 
leaving the main 
channel then 
crossing a sand bar 
does not give me the 
impression the flow 
was very high. I’ve 
waded (measured) 
the Verde many 
times as a young 
USGS engineer and 
it would be very risky 
to do so when there 
was direct runoff of 
any consequence. 
 
Based on the GLO 
survey there was a 
sandy main channel 
with defined banks a 
few feet high. There 
were also overflow 
channels in places  
that may of may not 
have contained base 
flow (when there 
were few diversions 
upstream). 
 
 
 
 
 
 
 



 61

 
SUPPLEMENT 5. Six notes on dry land farming 
 
Dry Note 1: A little dry farming in the Prescott area but where ever practicable 
“... irrigation has been employed...”. Text and reference shown below: 
 

 
 
Newell, F. H., 1894, Report on agriculture by irrigation in the western United 
States. Census Office, 11th census, 1890, U.S. Government Printing Office, 336 
pages, page 31 
 
 
Dry Note 2: 
 

 
Baker. H. R.,  1936, Type of farming areas in Arizona; SUBMITTED IN PARTIAL 
FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF MASTER OF 
SCIENCE IN AGRICULTURAL ECONOMICS IN THE GRADUATE SCHOOL OF 
THE UNIVERSITY OF ILLINOIS, 1936,  97p. (p. 88). 
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Dry Note 3: 

 
 

 
(Newell, 1891, pp. 221-222). 
 
Newell, F. H., HYDROGRAPHY OF THE ARID REGIONS, in  Powell, J. W., 
1890-91, Twelfth Annual Report of the USGS, Part 2 Irrigation; WASHINGTON, 
GOVERNMENT PRINTING OFFICE 1891, 576p. (pp. 213-361). 
 
General Comment: A limited amount of (experimental?) dry land farming in Big 
Chino Valley is noted in my report. See for example p. 43, pp 51-52 and p. 69, 
Appendix F.  
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Dry Note 4: 

 
King, F. H. , 1907, Irrigation and drainage, PRINCIPLES AND PRACTICE 
OF THEIR CULTURAL PHASE, 5th edition, THE MACMILLAN COMPANY, 
London, 502p. (p. 102). 
. 
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Dry Note 5: Moisture in the spring months is most useful for the germinating 
seed and the early growth of plants. “Where irrigation is depended upon it is 
important to store a part of the flood waters and the run-off from early melting of 
mountain snows into reservoirs for the supply of late water when the streams are 
low. The dry farmer, where winter rains prevail, stores the moisture in his 
cultivated ground and the fallow lands of other regions act as storage until there 
is sufficient rainfall for the maturing of crops.” The following rainfall table is 
presented that shows sporadic and unreliable summer rainfall (footnote f) is a 
source of water for dry farming in AZ. 

 

 
Buffum, B. C., 1909, ARID AGRICULTURE, A Hand-Book for the Western 
Farmer and Stockman, Published by the Author, 443p. (pp 23-27)  
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Dry note 6.—Bancroft, H. H.,1889, History of Arizona and New Mexico, Vol. 
XVII, 1530-1888, SAN FRANCISCO THE HISTORY COMPANY, PUBLISHERS, 
829p. 
 

Bancroft, 1899, pp 610-611. 
 
 
  
 
 
 

 
 
 
 
 
 
 
 
 
 
Dry farming in Yavapai County 
(when the county was larger) is 
mentioned on the left but the location 
of this farming is not defined. 
 
 
 
 
 
 
 
 
Footnote #3 below is interesting. I 
agree that some early statistics about 
the population, farming, mining, etc.. 
in Yavapai County are confusing. 
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SUPPLEMENT 6.  Comparing results of Hjalmarson’s Methods 1 and 2 with 
USGS Bulletin 1177. 
 
 
The following is an examination of the total and base flow leaving the Verde 
Valley past the USGS gage below Camp Verde (09506000) also known as the 
Chasm gage. This analysis uses the results of Methods 1 and 2, USGS Bulletin 
1177 and ADWR Bulletin 2. The analysis of the hydrology, mostly the ground 
water, base flow in the Verde River below Camp Verde and the human impacts 
for early 1960s conditions as described in USGS Bulletin 1177 is very useful for 
checking the results of my methods 1 and 2.  
 

Twenter, F. R., and Metzger, D. G., 1963, Geology and ground water in 
Verde Valley-the Mogollon Rim region, Arizona: U.S. Geological Survey 
Bulletin 1177, 132 p. 
 
Owen-Joyce, S., and Bell, C.K., 1983, Appraisal of water resources in the 
upper Verde River area, Yavapai and Coconino counties, Arizona: Arizona 
Department of Water Resources Bulletin 2, 219 p 

 
Again, the hydrologic conditions of the Verde Valley area in the early 1960s are  
important for this analysis because the deep well pumping had not significantly 
affected the amount of winter component of base flow entering the Verde River. 
It’s fortunate for my analysis that these rather natural ground water-base flow 
conditions for the Verde Valley area were defined by Twenter and Metzger 
(1963). 
 
Important items are: 
 
1.—“The base flow in the Verde River and most tributaries varies seasonally in 
relation to the amount of water used by plants. Base flow is at a maximum in 
January and February and at a minimum in July and August. The year-to-year 
variation in base, flow that enters the Verde Valley by way of the Verde River and 
tributaries is small. A comparison of 1976-79 data with 1935-45 data showed 
variations in the quantity of summer base flow leaving the Verde Valley, which 
may indicate an increase in use of water along the streams in the valley rather 
than being a result of pumpage from the regional aquifer. Pumping from the 
regional aquifer probably would also decrease the winter base flow as well as the 
summer base flow.”  ADWR Bulletin 2 (1983), page 33.  
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2.—“Ground-water reservoirs that have not been materially affected by 
development are in hydrologic balance that is, the amount of recharge is about 
equal to the amount of discharge. The Verde Valley ground-water basin is in 
hydrologic balance; the amount of water recharged to rocks in the basin is about 
equal to the amount of water discharged as base flow at the Chasm gaging 
station...” “The average base flow at the gaging station during the winter 225 cfs 
or 150,000 acre-feet per year is an approximation of the minimum quantity of 
water recharged to all rocks in the ground-water basin.“ USGS Bulletin 1177  
(1963), p 75. 
 
“No water-level decline has been noted in the short-period records available. 
Recharge to the aquifers probably balances discharge.”   USGS Bulletin 1177 
(1963), p 95. 
 
Examining gage records of base flow (and conducting measurements of base 
flow) in the winter months as discussed above (USGS Bulletin 1177 (1963), p 
75.) minimizes the effects of vegetation transpiration and diversion of surface 
water through human infrastructure such as ditches and pumps. Records of 
stream flow and other data collected in winter, therefore, are expected to be 
more indicative of groundwater hydrologic processes. 
 
 
3.—“All ground water discharged in the Verde Valley ground-water basin, except 
that lost through evapotranspiration, flows out of the basin at the Chasm gaging 
station as surface water in the Verde River. The base flow of the river, where it 
exits from the valley, is 225 cfs. This flow represents the minimum quantity of 
ground water discharged from rocks in Verde Valley.“ USGS Bulletin 1177(1963), 
p 75. 
 
4.—Using Method 1 to compute the reduction in base runoff, about 7025 acres of 
cultivated land was estimated along Granite, Williamson Valley, Walnut and Big 
Chino Creeks. (Hjalmarson’s Report, p. 26). Typically low dams and shallow 
wells were used to divert flow to irrigate cultivated land adjacent to the stream 
channels. A weighted irrigation factor of 3.15 ac-ft/acre was used to determine 
the amount of water lost to ET (Hjalmarson’s Report ,Table 2 of 2, Item G, p. 20). 
“A reconnaissance land classification survey made by the Bureau of Reclamation 
in 1964 identified 13,420 acres as irrigated or as having a history of irrigation.” 
(USBR, 1974, p36 and p91). Thus, as of 1974, the estimated cultivated area 
totaling 7025 acres represents 52% of the land having a history of irrigation.   
 
U.S. Bureau of Reclamation (USBR), 1974, Western United States Water Plan, 
State of Arizona, Chino Valley Unit, Appraisal Report: Bureau of Reclamation, 
125 p. 
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5.—“ Ground water in Verde Valley is used for irrigation and for industrial, 
domestic, and other purposes. Spring flow is the most intensively utilized source 
of ground water. Some springs discharge less than 10 gpm, whereas several 
springs, such as Page Springs, discharge more than 10,000 gpm. Development 
of ground water from wells is increasing, but this development is concentrated in 
small areas near Camp Verde, Cornville, Cottonwood, and Sedona.”  USGS 
Bulletin 1177 (1963), pp 94-95 
 
6. – “Ground water in Verde Valley has a twofold importance: (1) in its 
contribution to the water supply of the Salt River Valley and (2) in its utilization 
within Verde Valley itself. Large quantities of water derived from Verde Valley by 
way of the Verde River help to support the agricultural economy of the Salt River 
Valley in central Arizona. The perennial flow of the Verde River is sustained by 
ground water from springs that issue from rocks in the Verde Valley ground-water 
basin. About 225 cfs of the 465 cfs average flow of the river near its exit from 
Verde Valley is base flow.” USGS Bulletin 1177 (1963), pp 94. 
 
Discussion.--The 465 cfs average flow given above represents the average 
annual virgin flow at the USGS gage near Camp Verde except for the 28 cfs of 
virgin flow that was lost to ET from Quaternary aquifers and the land surface 
upstream of the Clarkdale gage (discussed for my method 2 on page 28 of my 
report). The sum of this loss of 28 cfs and the average annual flow of 465 cfs is 
equal to 493 cfs of virgin mean annual flow. This 493 cfs is an important check of 
method 2 (and also method 1) of my analysis. Consider my Virgin mean annual 
flow of 494 cfs (Figure G3 of Appendix G (p. 53) and Table 2 of 2 on page 20 of 
my report) that is only 1 cfs different than 493 cfs of this independent check 
based on USGS Bulletin 1177 (1963). This is a marvelous independent check 
of my hydrologic methods for ANSAC. 
 
Also, the base flow of 225 cfs in item 6 above can be used to check my median 
flow of 277 cfs that is mostly base runoff (see figure G3 on p. 53 of Appendix G.). 
The sum of loss to ET of 28 cfs as discussed above and 225 cfs is equal to 253 
cfs or roughly the same as the median at the USGS gage near Camp Verde. and 
the average annual flow of 465 cfs is equal to 493 cfs of virgin mean annual flow. 
Again, this is a great  independent check of my hydrologic methods for 
ANSAC. 
 
Three ways of looking at the hydrology of the Verde River near Camp Verde are 
shown in the following figures. The flow-duration relation at gage 09506000, the 
relation of mean annual flow for 09506000 versus winter precipitation and the 
median daily flow with the Q90 flow at the same gage may help ANSAC 
understand the above discussion and the natural hydrology. Hopefully these 
figures are informative.  
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The flow-duration is for my 
estimate of the natural flow 
(gaged Q for period of record + 
100 cfs).  Mr. Burtell’s estimates 
of Q25 and Q50 are greater than 
the corresponding Q25 and Q50 
discharges on the relation that 
has been adjusted to natural flow 
(p. 52, section G2, Appendix G).  
 
 
 
 

 
The winter precipitation 
versus mean annual runoff 
relation is surprisingly good. 
The mean annual 
precipitation for NOAA North 
Central Region of AZ is 
from:  
http://www.ncdc.noaa.gov/c
ag/time-series/us 

 
 
 
 

 
The natural and ordinary 
flow can be viewed 
differently as shown on the 
right where the median 
discharge for each day of 
the entire USGS record of 
flow is presented. The 
natural median (277 cfs) 
and natural Q90 (134 cfs) 
of my analysis are also 
shown. 
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SUPPLEMENT 7.  A critical look at Mr. Burtell’s estimates of natural base 
flow along the Verde River and in the headwater area upstream of the 
USGS gage near Clarkdale (09504000). 
 
First, I must apologize to ANSAC for what is by necessity a potentially lengthy 
discussion.  I’ll start by repeating why I used the annual water budget approach 
to describe the hydrology of the river and watershed (See Addition 7 of my Nov. 
14, 2014 Addendum for additional information on my method).  If the reader is 
unconvinced that Mr. Burtell’s estimates of natural base flow are inappropriate, 
largely because potentially significant flow components are not defined or 
presently known, and wishes to read further, the reasons for using annual 
budgeting are followed by a discussion of what is known using a few facts.   
 
The annual budgeting method I’ve used for this study for ANSAC obviously uses 
average annual amounts of water for transpiration, stream flow, precipitation, 
etc.. Annual budgeting is used even when we know, for example, that water 
consumption by crops is seasonal and where losses to ET are much greater in 
the summer than in the winter. We also know that recharge to groundwater from 
irrigation on lands adjacent to the Verde River and other streams is seasonal. 
These seasonal, and even daily, effects cause within-year changes in base flow. 
These changes of base flow affect navigability. Thus, an ideal assessment for 
ANSAC would include all the natural variability of the water budget components. 
However, because the water budget components we have are not precisely 
defined and because of the complex interrelations among the components, I 
settled on the common practice of annual water budgeting. Ross’s study that was 
used by Mr. Burtell can be thought of as perhaps a starting point or proof of 
concept for understanding ditch impact on river flow.  Perhaps somewhat basic, 
it demonstrated the concept of modeling the ditches. Thus, rather than fool 
ANSAC and myself, annual water budgeting, in the absence of complex computer 
based models that use more information than is available, reflects what we know 
about the natural base flow along the Verde River at this time. 
 

Ross, R.P., 2010, One-dimensional hydraulic model of Verde River near 
Camp Verde, Arizona, including irrigation ditch discharge: Northern 
Arizona University, Masters thesis, 149 p. 

 
There are a few dozen diversions (ditches) in the Verde Valley and most serve 
fewer than ten homeowners. Over time the larger ditches have served more 
homeowners as farms became subdivided. Property owners have a water right 
served by a ditch and for a relatively small fee (dues) can use the water. Ditches 
withdraw as much as 50 cfs to 60 cfs (Verde and Cottonwood ditches) and are as 
much as 17 miles long (Verde Ditch). The pattern of water withdrawal and use 
has changed over time. Farms have been replaced by small acreages with a 
suburban agriculture appearance. Retirees water lawns, fruit trees and gardens 
and enjoy the river environment. 
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As part of a USGS study of base flow in the Verde Valley streamflow records at 
the Clarkdale gage and Camp Verde gage were used that showed base-flow 
conditions (See figure below from Garner, B.D., and Bills, D.J., 2012, (page 10).. 
Note the complex difference in relative amounts of base flow for the summer and 
winter periods for Clarkdale gage and Camp Verde gages. 
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In addition to changes over time there has been considerable variation in water 
use by individuals. Largely because of the sandy soil and poor irrigation practices 
a lot of the water diverted to the land seeps into the ground.  Mounds of ground 
water are formed under cultivated land adjacent to the streams during the 
summer. Some mounding even drowns trees and stunts growth. The water is 
temporarily stored in the ground as it slowly returns to the Verde River during the 
winter. This mounding affect has been the result of general irrigation practices for 
many years as shown in the following table from page 276 of the Hayden Report 
(1940). 
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Ditches and other surface-water diversions in the Verde Valley complicate 
interpretation of the base-flow data.  Water that is diverted from a stream is not 
necessarily all transpired through irrigated crops. Not all return flows have been 
measured for past studies and even had they been measured, their flow varies 
considerably, and several measurements might be needed for a representative 
or average value. Pathways also exist by which some diverted water infiltrates 
the subsurface and flows back to the river. Quantification of these and other 
aspects of the hydrology of ditch diversions are needed. An example of the 
complexity of the ditches follows: 
 
Unaccounted-for water is calculated with respect to a ditch diversion and is the 
difference between the amount of water diverted into the ditch and the sum of all 
measured return flows from that ditch. “In June 2007, the total amount of 
unaccounted-for water among the seven major ditch systems in the Verde Valley 
was 105 cfs; in February 2011 unaccounted-for water was 37 cfs..”(Garner and 
Bills, 2012, p. 22). Unaccounted-for water is not equal to evapotranspiration from 
irrigated fields and ditch systems, as there are several other pathways that 
unaccounted-for water may follow. Obviously some of the unaccounted-for water 
is seasonally stored 
in the ground below 
the irrigated lands. 
(slightly modified 
from Garner and 
Bills, 2012, p. 22). 
Flow components of 
a single complex 
ditch system are 
shown in the figure 
to the right from 
Garner and Bills 
(2012, p. 7). 
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Despite all that is not yet known about Verde Valley ditches and their hydrology, 
recent studies and reconnaissance have led to an improved understanding of the 
ditches as a collection of networked and interrelated canals. A steady-state 
computer model was constructed to simulate surface-water flow in the Verde 
River and the four major ditches in a reach—Ross’s 4 canals (2010) (my note: 
Ross did not do this modeling). Recently, continuous stage-measuring equipment 
has been installed at key locations in some ditches. Future studies could improve 
understanding of ditches through hydrologic monitoring networks and analyses 
designed specifically to monitor the many hydrologic components outlined in the 
conceptual model presented in this report (fig. 5—the previous figure). Because 
ditch operations vary hour-to-hour and ditches likely are never under steady-state 
conditions in the summer, any such study would need to collect data (Modified 
from Garner and Bills, 2012, p. 23). 

 
“The ditches diverting water from the Verde River have not been studied 
comprehensively. Ross (2010) monitored flow rates into and out of four 
ditches at their headgates and final return flows back to the stream 
channels; no conclusions were reached about total water volumes 
delivered to customers, consumptive-use rates, or the spatial distribution 
or temporal variably of return flows other than the terminal return flow . 
Alam (1997) published anecdotal estimates of diverted amounts of water 
based on surveys of ditch operators. A comprehensive investigation of 
ditch-diversion hydrology would be possible, but would be a large 
undertaking well beyond the scope of the present study. Discussion about 
ditches in this report, therefore, is limited to information that was readily 
available and measurable.” (Garner and Bills, 2012, p. 4) 

 
Burtell Item A.—If at this point if ANSAC is not convinced that Mr. Burtell’s 
method is inappropriate with undefined error then lets continue with the above 
discussion and the discussion of Supplement 6 by further examining his 
declaration on the non-navigability of the Verde River. DECLARATION OF RICH 
BURTELL ON THE NON-NAVIGABILITY OF THE VERDE RIVER AT AND 
PRIOR TO STATEHOOD, In re Determination of Navigability of the Verde River 
(Case No. 04-009-NAV), September 2014. 
 
Mr. Burtell attempted to reconstruct ordinary and natural streamflow using “an 
accounting approach that adjusted (increased) gaged flows for upstream 
cultural depletions.” (Burtell, 2014, p. 15). His approach was to use present 
(2009) irrigation diversions to estimate ordinary and natural streamflow (about 
1860). This highly simplified approach has numerous pitfalls as previously 
discussed and including those associated with (1) temporal and spatial changes 
in the irrigation patterns along the numerous ditches in the Verde Valley, (2) the 
unique hydrologic and irrigation pattern for the 2009 “calibration” period that he  
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used, (3) the changing interaction between regional and local groundwater and 
also the Verde River and the ditches, (4) changing base flow of the river from, for 
example, upstream water use by early settlers, (5) the individual ideas as to 
water needs for crops, and (6) site characteristics such as sandy soil, length of 
furrows and land slope. 
 
The study period on 1914-1940 was selected partly because diversions 
appeared to be relatively stable (Burtell opinion item 70). The period was also 
selected because “...pumpage reduced baseflows in the river above Camp Verde 
by less than 1 cfs over the period..” (Burtell opinion item 69). However, the 
pumpage in question was deep well pumping of the basin fill aquifers in the 
upper Verde River Watershed. There was considerable depletion of quaternary 
aquifers and headwater springs above the USGS Paulden gage (Table 2of2 on 
p. 20 of my report and shown in flow diagram on p. 2 of Appendix A).  
 
In his opinion item 68 (Declaration of 2014) Mr. Burtell seems to say that a 
sample of a population should be representative of the population. He incorrectly 
says “In characterizing ordinary streamflow conditions, a period of near normal 
flows is desirable.” There is a difference between what he says and what he 
seems to mean but I’ll not be picky and let that go for now. Let’s focus on the fact 
that the sample should represent the population and not represent, for example, 
a wet period or a dry period imbedded in the study period of 1914-1940. Thus, I 
agree with what Mr. Burtell seems to say but did he practice what he preached?   
 
ANSAC stay with me on this: 
Let’s consider the affect of dry years (2009 was a dry year) on Mr. Burtell’s 
analysis starting with the following quotation from ADWR Bul. 2 (1983), p. 61.:  
“Gaging-station records and seepage investigations along the Verde River 
indicate that the river is a gaining stream, although it does contain some short 
losing reaches. Net base flow leaving the valley is measured at Verde River near 
Camp Verde gaging station. The annual base flow for the 1977 water year was 
80,000 acre-ft (table 9), which is 21,000 acre-ft/yr lower than the average value 
calculated for the 1934-45 water years of 101,000 acre-ft/yr. The data for water 
year 1977 were used because this water year is the only complete year of recent 
base flow data. The value for the base flow may be anomalous because 1977 
was a dry year and more water probably was used for irrigation than was used in 
1934-45. The seepage investigation of June 1979 indicates no appreciable gains 
or losses between the Verde River near Camp Verde gage to the outflow point 
except the gain from Fossil Springs. The outflow is adjusted for the base flow of 
Fossil Creek by adding the discharge of Fossil Springs, which averages 43 ft3/s 
or 31,150 acre-ft/yr...” ADWR Bulletin 2 (1983), p. 61. 
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The significance of the above quotation from ADWR Bulletin 2 (1983), p. 61, 
is that 1977 was not a normal year because it was a dry year and thus more 
water was used for irrigation along ditches such as the Diamond S, Eureka, OK 
and Verde ditches in the Verde Valley (See following figure). In other words, 
more water was diverted from the Verde River for irrigation and was lost to ET 
because 1977 had below normal precipitation. The same is true of 2009 as 
discussed later. 

 
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. 
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While I have several concerns with Mr. Burtell’s estimates of river depletions and 
reconstructed undepleted flows, one obvious concern that comes to mind is 
related to the prior quotation from ADWR Bulletin 2 (1983), p. 61. Mr. Burtell’s 
opinion item 77 of his declaration follows: 
 

Recent measurements by Ross (2010, pp.121-127) do, however, provide 
an estimate of the percentage of irrigation diversions in the Verde Valley that 
return to the river. Between October 2008 and May 2010, Ross measured the 
quantity of surface flow diverted into and directly returned to the Verde River 
along four ditches –Diamond S, Eureka, OK and Verde. He found that, on 
average, approximately 43% of the water diverted was directly returned to the 
river. The remaining 57% was either consumptively used or seeped back to the 
river via the subsurface. For purposes of flow reconstruction I assumed that, 
between 1910 and 1940, 57% of the water diverted from the Verde River and its 
tributaries for irrigation was depleted from the river and needs to be added back to 
the river above the gages. A summary of Ross’ diversion and return flow data is 
provided in Attachment F. 

 
 
Some of the rest of the story as follows: “The ditches diverting water from the 
Verde River have not been studied comprehensively. Ross (2010) monitored flow 
rates into and out of four ditches at their head gates and final return flows back to 
the stream channels; no conclusions were reached about total water volumes 
delivered to customers, consumptive-use rates, or the spatial distribution or 
temporal variably of return flows other than the terminal return flow. Alam (1997) 
published anecdotal estimates of diverted amounts of water based on surveys of 
ditch operators. A comprehensive investigation of ditch-diversion hydrology 
would be possible, but would be a large undertaking well beyond the scope of the 
present study. Discussion about ditches in this report, therefore, is limited to 
information that was readily available and measurable.” (Garner and others, 
2012, p. 4). The Diamond S, Eureka, OK and Verde ditches are shown on the 
preceding figure from Garner and others, 2012, p. 9). 
 
Mr. Burtell used Ross’s data that spanned 2009 that, like 1977 discussed 
previously, was a dry year (See following figure). In other words, depletions of 
Verde River base flow by crop lands were for abnormally dry conditions and not 
representative of normal conditions. Burtell made no mention that 2009 was a dry 
year—even drier than 1977 as discussed in ADWR Bulletin 2 (1983), p. 61 and 
discussed previously. Also, I’m left to wonder if Ross ever intended his data to be 
used as Mr. Burtell used the data. I’ve recently discussed this with Mr. Robert 
Ross, presently a USGS employee, and he was unaware that Mr. Burtell was 
using his unsigned masters thesis for ANSAC. 
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Burtell Item B.--Let us continue to look at Mr. Burtell’s estimates of river 
depletions and reconstructed undepleted flows based on Ross’s data that spans 
2009. Below are time series of precipitation for the north central region of AZ, 
that includes the Camp Verde area, as defined by the National Climatic Data 
Center (NCDC). This approach allows us to use a bigger picture of weather 
conditions for both 1977 and 2009 as related to precipitation records for 1895-
2013. Precipitation for 2009 was deficient by 6.84 inches and ranks as the 7th 
lowest for the period. Likewise, precipitation for 1977 was deficient by 3.97 
inches and ranks as the 28th lowest for the period. Thus, according page 61 of 
ADWR Bulletin 2 (1983), the base flow may have been anomalous for 1977 
because it was a dry year; obviously the base flow for the drier 2009 was even 
considerably more anomalous. A generalization of natural flow in the Verde River 
based on a small and anomalous sample of hydrologic data (river depletions) for 
a dry year like 2009 is faulty. Errors are unknown and the evidence is insufficient 
to make such a generalization of conditions 100 years ago.  
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Burtell Item C.--Continuing with his declaration on the non-navigability of the 
Verde River and the transfer of information from Ross’s study to other areas 
along the Verde River. (See, for example the 3rd column of Table 6, Burtell 
declaration). 
 
The area along the Verde River where the two largest ditches (Verde and 
Diamond S ditches) used by Ross are located in the Camp Verde area studied 
by the USGS (Owen-Joyce,1984). The following two paragraphs, that show the 
hydrologic complexity of the Camp Verde area and the resident ditches, are from 
the abstract of Owen-Joyce, S. J.,1984, Hydrology of stream-aquifer system in 
the Camp Verde area, Yavapai County, Arizona, by Arizona Dept. of Water 
Resources Bulletin 3. (page 1). The following is important because it shows the 
hydrology along the irrigated areas near the Verde River is complex and beyond 
the limited resources of an NAU grad, student to define. This means that there 
are many flow components, such as subflow entering a ditch, that were not 
defined by Robert Ross. It also implies that the complex relations between flow 
entering, leaving and passing through the ditches, river and stream-aquifer are 
unique to a specific area and not transferable because of the complexity. 

 
A dynamic interaction between the distribution of 30,000 acre-feet of water diverted from 
the Verde River to irrigate fields on the alluvium and the inflow of about 1,000 acre-feet of 
water from the underlying artesian aquifer in the Verde Formation determines the quantity 
and quality of water in the alluvium south of Camp Verde, Arizona. About 70 percent or 
21,800 acre-feet of the diverted irrigation water returns to the Verde River as subsurface 
flow, which with 14,000 acre-feet of water flowing through the alluvium from West Clear 
Creek to the Verde River flushes the alluvial aquifer. About 9,300 acre-feet of water is 
lost to evapotranspiration. Inflow from the Verde Formation locally increases the 
concentration of dissolved solids, sulfate, chloride, and arsenic in the alluvium. Water 
quality in the alluvium would deteriorate without the dilution effect caused by the deep 
percolation of irrigation water applied on the alluvium and ground water in the alluvium 
along the Verde River is an important source of domestic water. 
 
Ground water in the alluvium is unconfined and hydraulically connected to the Verde 
River and Verde Formation. Ground-water inflow to the alluvium from the Verde 
Formation occurs in areas where the hydraulic head in the Verde Formation is higher 
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than the hydraulic head in the alluvium; wells open to both formations are another path of 
ground-water inflow. Near the southern extent of the alluvium, the hydraulic head in the 
Verde Formation is lower than the hydraulic head in the alluvium and some water flows 
from the alluvium into the underlying Verde Formation. In 1981 water levels in wells 
ranged from about 5 to 50 feet below the land surface and fluctuated as much as 5 feet 
owing to deep percolation of irrigation water. Saturated thickness in the alluvium ranged 
from 0 to about 30 feet in February to April 1981; the annual minimum amount of water 
stored in the alluvium occurs prior to irrigation and was estimated to be 17,500 acre-feet. 
 

 
 
Burtell Item D--In addition to the problems of his method for transferring 
irrigation diversion information to different reaches of the Verde River, 
supposedly to estimate natural conditions, this paragraph clearly describes the 
non-stationary conditions within the reach of river studied by Ross. Thus, 
estimation of the natural flow in the Verde River within the Ross reach appears a 
daunting task using available data. Mr. Burtell’s method of using 2009 conditions 
supposedly to estimate natural river conditions appears flawed largely because 
of the changing human impacts that started in the 1860s, as described in 
Hjalmarson’s report to ANSAC on the navigability of the Verde River, and as 
described below.  
 
The following is from the introduction of Owen-Joyce (1984) on page 2. 
 

Increases in population and concentration of development along the Verde River 
flood plain are occurring in the Verde Valley in central Arizona, which is 
changing the way that land is used along the river. Some areas previously used for 
agriculture are being subdivided and the amount of ground water used for a 
domestic and public water supplies is increasing. Some of the residents continue 
to irrigate with river water, In other areas of the flood plain, land previously 
covered by natural vegetation has been cultivated. 
 

 
And another example of non-stationary ditch conditions: 
 
“The people all exhibited a lively interest in our visit. any of them feel that, sooner 
or later, there is bound to be a struggle with the people of the Salt River Valley; 
many of them are in doubt as to their power to retain the use of the water they 
are taking; while on the other hand these regular trips of observation which result 
in no action taken encourage them to continue widening and deepening and 
lengthening their ditches.” (page 18 of Exhibit E of the Hayden Report, 1940). 
 
Also, the present diversion characteristics of the Central Verde (CV) ditch  are 
significantly different than the original diversion method in effect at statehood. 
(See the lengthy description of changes starting on p. 119 of Hayden, 1940).  
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Below is an old tractor supplying power for water delivery on the O. K. ditch. 
Effects of old water delivery methods on Burtell’s 2009 based method could be 
significant. 
 

 
(Hayden, 1940, p. 118) 
 
Burtell Item E--Another example that shows problems with Mr. Burtell’s method 
for transferring irrigation diversion information to different reaches of the Verde 
River is revealed by seepage investigations and water–quality information. Three 
seepage investigations (Owen-Joyce, 1984, p. 21 and also the 3 dots in the time 
series figure in Burtell Item B of this report) and water-quality data showed that 
the low flows in streams were not always ground-water outflow from the 
alluvium. Also, inflow to the alluvium from the Verde River does not occur 
during base-flow conditions in all reaches. During the seepage investigations, 
no losing reaches were identified (Owen-Joyce, 1984, p. 33). During high flows 
in the Verde River, some water flows into the alluvium as bank storage but 
drains back to the river after the high flows subside. Thus, there are complex 
hydrologic conditions unique to the area of Ross’s study, that was in an 
alluvial area, and therefore potentially and unknown limitations to Mr. Burtell’s 
method for transferring irrigation diversion information to different reaches of the 
Verde River. 
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Burtell Item F –Lets examine flow conditions between 1914 and 1940 (See Mr. 
Burtell’s opinion item 70 and his Table5) at 09510000 Verde River below Bartlett 
Dam (listed with four other gages in Burtell opinion item 71). The period of record 
for 09510000 is given as February 1925 to February 1939 (Burtell Table 5) when, 
in fact, there are daily discharges for the entire 1914 to 1940 period (USGS 
website). No explanation is given by Mr. Burtell for using only part of the 
available record of streamflow. The flow-duration curve for USGS gage 
09510000 follows. 
 
I’m left to wonder why Mr. Burtell is using the rather large flow defined by Q25 for 
the assessment of navigability of the Verde River. Frankly, even the median 
(Q50) value of discharge has limited use relative to say Q80 (e. g. use on the 
John Day River (Northwest Steelheaders Ass'n, Inc. v. Simantel, 199 Or.App. 
471 (2005)) or Q90 values of discharge. The minimum depth of flow is 
associated with the lower discharges defined by the lower part of the flow-
duration curve. Thus, Q80 or Q90 is most important because depth limits 
navigability along the Verde River. Maximum depth (e.g. the measured 15 ft. 
depth at USGS gage 09506000 (p. 17 of the Addendum)) is important but not as 
an important decision threshold for navigability because it only facilitates 
navigability. 
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Calendar year flow duration curves for USGS gage 09506000 Verde River near 
Camp Verde cause me to wonder why Mr. Burtell used Q25 for his assessment 
of navigability. The curves below are for gaged data with no adjustment for 
human impacts. A limited number of years (April 1934 to Dec. 1940, Burtell Table 
5) is used to define the hydrology of ASLD stream segment 3. The reconstructed 
discharges seem too great with a human impact of 176 cfs—versus 100 cfs 
determined by Hjalmarson (Appendix G, p. 52). 
  

 
 
 
 
Again, **Q80 or Q90 is most important for assessment of navigability because 
minimum depth limits navigability along the Verde River.  
 
** An 80% exceedance level was used for the John Day River in Oregon. See  
SUPPLEMENT 10. John Day River in Oregon of this 2nd Addendum 
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The undesirable affects of using short and different periods of record (partial 
periods within 1914-1940, Burtell opinion item 70) for the five gages in Figure 5 is 
demonstrated using the following flow duration curves for USGS gage 09510000.  
The flow duration curve is computed using record at 09510000 for the period 
June 1915 to July 1921 that corresponds to the period record used by Mr. Burtell 
at the gage near Clarkdale.  The median for this relatively short period of gaged 
record is 324 cfs or 29% greater than the median of 252 cfs (red dot in figure) 
computed by Mr. Burtell.   
 

The decreasing amount of mean 
daily discharge over the 1914-40 
period can also be demonstrated 
for other USGS gages in 
Burtell’s Figure 5 where, for 
example, the computed median 
flow at 09510000 using the 
period of record at the gage near 
Camp Verde is less than 252 cfs. 
Obviously, this is because the 
mean daily flow at 09510000 
decreases within the 1914-40 
period that Mr. Burtell selected 
for his analysis.  
 

The above flow-duration curves clearly show the error Mr. Burtell made when he used 
only part of the available USGS data. The lower curve (with red dots) in the above figure 
corresponds to the partial period of record (shown by horizontal dashed line) for the 
below Bartlett Dam site in the figure below.  
 
The short periods of record for 
the gages used by Mr. Burtell 
are shown by the dashed lines 
to the right. The regression line 
shows a decreasing mean 
annual flow for the period. 
Thus, I would expect the non-
stationarity to be present in 
Burtell’s data.  A great example 
of this problem is shown by the 
defferences between the two 
flow-duration curves for 
09510000 in the above Figure. 
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Burtell Item G--  What about the headwater area upstream of the USGS 
09503700 gage near Paulden that includes important sources of the Verde River 
such as Granite Creek, Walnut Creek, Big Chino Wash and Williamson Valley 
Wash? There was farming on land immediately adjoining perennial tributary 
streams where they leave the mountains. In terms of early human impacts (e.g. 
irrigation and railroad dams) this area is most interesting and important because 
the early settlers easily diverted a lot of streamflow to cultivated land. The original 
GLO surveys show a considerable amount of cultivated land in this headwater 
area (Appendices C, D and E and Supplement 11 of this Second Addendum).  
 
G1: Also, there are significant recorded appropriations along tributary streams for 
irrigation given on page 15 of Exhibit E of the Hayden Report (1940). These 
appropriations are for the late 1800s and total several thousand miners inches 
with two appropriations for all the water in Granite Creek and another one for all 
the water in Walnut Creek. For Walnut Creek alone the appropriations are for 50 
cfs with an additional appropriation for all the water (page 15 of Exhibit E of the 
Hayden Report, 1940 and p. 25 of Appendix E and p. 66 of Appendix F).  A table 
of the appropriations in more familiar units of cfs follows: 
----------------------------------------------------------------------------------------------------- 
Row        Walnut Ck      Granite Ck   Big Chino Ck   Willianson Valley Ck 
              cfs              cfs             cfs         cfs  
 
 
   1           25.0           1.875            100         3750 
   2           12.5          20.000            200                       
   3           12.5           5.000             50                       
   4           All Water     12.500             25                       

       5                                                       All Water 
       6                                                       All Water 
     
    Total                     50 cfs                      40 cfs                       375 cfs              3750 cfs 
 
Total of Walnut, Big Chino and Willianson Valley Creeks  =  4275 cfs  + all for Walnut Ck 
 
GRAND TOTAL  = 4315 cfs + all for Granite Ck (twice) and Walnut Ck 
----------------------------------------------------------------------------------------------------------------------------- 
 
I’m left to wonder why Mr. Burtell (Table 6, DECLARATION OF RICH BURTELL, 
Sept. 2014) apparently ignored the above information. To me, an appropriation of 
4,315 cfs potentially is a lot of water. Mr. Burtell should further explain why he 
used only a couple of cfs depletion on the Verde River below Granite Creek 
(Table 6, DECLARATION OF RICH BURTELL, Sept. 2014).   
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G2: Along Granite Creek, for example, diversions mostly for irrigation were so 
great that the unregulated water supply was insufficient for all demands. The 
numerous small diversions (ditches and shallow pumps) took a volume of water 
in excess of the amount flowing in that stream, and there were lawsuits 
concerning rights to use the water. (e.g. Appendix C, p. 10) 
 
G3: Furthermore, in regard to irrigation, “Among the principal tributaries of the 
Verde are Walnut, Granite, Oak, Beaver, and Clear Creeks. Walnut Creek is dry 
during a portion of the year, its waters being entirely diverted upon the adjacent 
land.” (Newell, 1891, pp. 309-310). 
 
Newell, F. H., HYDROGRAPHY OF THE ARID REGIONS, in  Powell, J. W., 
1890-91, Twelfth Annual Report of the USGS, Part 2 Irrigation; WASHINGTON, 
GOVERNMENT PRINTING OFFICE 1891, 576p. (pp. 309-310). 
 
G4: “In an early account of lower Big Chino Valley, the Bureau of Reclamation 
(1946) described the relation of streams in the Verde River headwaters as 
follows: “the head of the Verde, formed by the junction of Chino Creek (Big Chino 
Wash?) and Williamson Valley Wash, is fed by permanent ground water.” The 
confluence of Big Chino Wash and Williamson Valley Wash at that time was 
located about 1 mi upstream from Sullivan Lake. This segment of Big Chino 
Wash is now ephemeral, and aggraded with sediment above Sullivan Lake 
dam...” (Wirt, L., 2005, p. A17) 
 

Wirt, L., 2005, The Verde River headwaters, Yavapai County, Arizona in Wirt, 
Laurie, DeWitt, Ed, and Langenheim, V.E., eds., Chapter A, 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. 

 
Below is a photograph of base flow in the Verde River that obviously is more than 
the flow described by Mr. Burtell. (from page 3 of my Appendix A and also shown 
on p. 36 of Appendix C). 
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G5: Farming along Walnut Creek in 1934. There was farming along Walnut Ck. 
before and after Arizona statehood. 

 

 
 

 
Apparently Mr. Burtell 
overlooked readily 
available information that 
showed there was 
considerable farming 
along tributary streams 
upstream of the Verde 
River near Paulden gage. 
 
Mr. Burtell appears to 
have relied only on Mr. 
Hancock’s exhibit in the 
Hayden Report (1940) 
while ignoring other 
information in the Hayden 
Report and the GLO 
surveys.  
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G6: Farming along Walnut Creek in 1914 and bridge needed in 1922. 

 
Water in Walnut Creek 

 

 
Clearly there were human impacts (e.g. irrigation and railroad dams) in the upper 
watershed when Hancock visited the area. (Hayden, 1940) contains exhibit F by 
H. L. Hancock (1914). 
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Burtell Item H.--Steps leading to the Burtell-Hood computation of 
reconstructed flow (cfs)—aka natural flow. 
 
In regard to questions of Mr. Hjalmarson by Mr. Hood concerning Hjalmarson’s 
impression of Mr. Burtell’s declaration. I’ve had the time and interest to review 
the subject report and can respond to Mr. Hood’s question.  
  ---- 

 
 
   REPORTER'S TRANSCRIPT OF PROCEEDINGS 
15 VOLUME 5 
16 Pages 1076 through 1226, Inclusive 
On page 1223 Mr. Hjalmarson said ---    
   And that's where I'm going to stand. I did 
8 not look at it in detail, but I have a lot of 
9 experience. I've reviewed I don't know how many 
10 reports, hundreds of scientific reports, and I get 
11 pretty good at seeing when something smells a 
little 
12 bit. 
13 Q. Aside from telling us all that it smells a 
14 little bit, do you have any information or 
evidence to 
15 indicate that Mr. Burtell's estimate of return 
flow 
16 percentage is erroneous? 
17 A. Only my suspicion. 
18 Q. Okay. 
19 MR. HOOD: That's all I have. Thank you 
20 for your patience, Mr. Hjalmarson. Thank you to 
the 
21 Commission. Appreciate it. 
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This is a critical examination of Mr. Burtell’s reconstruction of what he calls 
natural streamflow conditions on p. 15 of his Declaration of September 2014 for 
ANSAC. Mr. Burtell’s opening remarks follow. My focus is on the accounting 
approach he used.   
 

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

 
NOTE: ANSAC is encouraged to read section VII. STREAMFLOW 
RECONSTRUCTION of Burtell’s Declaration if any part of my following 
examination is unclear. 
 
A. Analysis period 
 
Mr. Burtell discusses available USGS records of streamflow and decides on 1914 
to 1940 for his study period. This period was discussed previously in my Burtell 
Item A and Burtell Item F of this SUPPLEMENT 7. The last figure in my Burtell 
Item F is a relation between mean annual flow and time and is potentially 
especially informative when used with Burtell’s Table 5. 
 
B. Gages  
 
Burtell uses five USGS gages along the Verde River as shown in his Table 5 
(next page). The record lengths for the five gages are shown in the “last figure” 
mentioned above. A simple cursory examination of the “last figure” shows a non-
stationary problem with the data used by Mr. Burtell. The first 6 columns of Table 
5 are standard stuff as explained by Mr. Burtell. Let’s focus on columns 7 and 8 
— the reconstructed discharges for Q25 and Q50 (median). 
 
Columns 5-6 of Mr. Burtell’s Table 5 are annual amounts of daily mean flow. 
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C. Diversions and Return flows 
  
My examination continues following Mr. Burtell’s Figure 6  below. The data in columns 7 and 8 of 
Table 5 above are the sum of the measured values in columns 5 and 6 of Table 5 and data at the 
bottom of columns 4-8 shown in Table 6.  
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The first 2 columns of Table 6 are from pages 9 and 317 of the Hayden (1940) 
report. The sites (reaches) are along the Verde River and the diversion rates 
were estimated by T. A. Hayden (1940) and H. L. Hancock (1914). Both Hayden 
and Hancock used crude methods to estimate ditch capacity such as the making 
of an estimate of maximum capacity of dry ditches and using reported maximum 
and normal capacity. Hayden refers to his estimate of ditch flow as “A rough 
estimate was made in July of the continuous flow of water running 
simultaneously in the, main ditches of the Verde area....” Thus after reading the 
Hayden and Hancock reports, the diversion rates in column 2, Table 6, are 
considered by me as very rough and potentially biased estimates.  
 
ANSAC, it’s important to be aware that the water diversion rates in column 2, 
Table 6, are for the irrigation season of May to September. Mr. Burtell’s diversion 
rates in column 2 and his corresponding computed depletion rates in column 3 of 
Mr. Burtell’s Table 6 are not for a year—the rates are for 5 months or 42% of a 
year. According to the Hayden (1940) report the irrigation season in the Verde 
River watershed is about 5 months each year. 
 

“The irrigation season is approximately five months - May-Sept. 
inclusive.” P. 5 of T.A. Hayden (1940). 
 
“Water is used for approximately five months from May to September 
inclusive - the period being shorter in the higher elevations around 
Prescott and on Upper Oak Creek and longer in and near the main Verde 
Valley.”  P. 8 of T.A. Hayden (1940). 
 
“On the basis of 250 sec.-ft. flow in all ditches, 500 acre-feet daily, or 75,000 
acre-feet annually, is being diverted over a five-months period for 7,000 acres of 
land in Upper Verde Valley, Oak, Beaver & Clear Creeks.” .” P. 10 of T.A. 
Hayden (1940). 
 
“No system of complete control could be carried out without some method. of 
measuring the water and the physical difficulties involved in doing this on so 
many widely scattered farms end ditches would be great and would reçuire a 
number of men continuously for over five months out of each year.” P. 14-15 of 
T.A. Hayden (1940). 
 
“This is estimated at not less than three men for five or sin months a season,......” 
P. 16 of T.A. Hayden (1940). 
 
“Uses water about 5 months of the year.” P. 304 of T.A. Hayden (1940). 
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The depletion data in column 3, Table 6, were computed by Mr. Burtell using 
information from a study of four ditches in the Camp Verde area by Rob Ross. 
(Mr. Ross’s Masters Thesis was about the measurement of diverted water to 
ditches and the effect of the diversion on flow hydraulics along the Verde River. 
Rob is presently with the USGS at Flagstaff and we’ve discussed his work on the 
Verde at length). The depleted data are discussed by Burtell in his opinion 77 of 
his Declaration of September 2014 and also on pages one and five, and also at 
length in Burtell Item A of this SUPPLEMENT 7. Data (for 5-month irrigation 
season) in column 3 are the product of values in column 2 and 0.57. The 
multiplier 0.57 mathematically is 1 - 0.43 as discernable in the following 
Attachment F of Burtell’s Declaration of September 2014. 
 

 
 
Also, it’s important to be aware that the water diversion rates in columns 2, 3 and 
5-8, Table 6, are for the irrigation season of May to September. A possible 
exception is the depletion associated with the mine at Clarkdale (opinion 79 of 
Mr. Burtell Declaration of September 2014) that may be an annual amount.  
 
D. How are Burtell’s Tables 5 and 6 related?   
 
Mr. Burtell totaled the estimates of flow depletion for the five USGS gages at the 
bottom of columns 4-8, Table 6. He then “reconstructed” the Q25 and Q50 
discharges in columns 5 and 6 (Table 5) with the corresponding results in 
columns 7 and 8 (Table 5). For example, for the near Camp Verde gage the 
reconstructed Q50 of 360 cfs is 184 cfs + 176 cfs (see column 6 of Table 6). 
He reconstructed Q25 and Q50 discharges by, for example, erroneously 
summing 184 cfs (annual flow) and 176 cfs (5 month flow) to create 360 cfs (an 
annual flow) for the nr Camp Verde USGS gage. This procedure erroneously 
assumes there was 7 months of 176 cfs of reduced (by diversion) flow when, in 
fact, there was no diverted flow during winter months according to at least six 
accounts by Hayden (1940). In other words, flow was created (more than 74,000 
ac-ft/yr) that, in fact, is imagined and exists only in the amounts of reconstructed 
flow listed in columns 7 and 8 of Mr. Burtell’s Table 5.  
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E. What about ATTACHMENT F and Ross’s data in Mr. Burtell’s report? 
 
First Issue: It’s unclear if the diversion and return data are averages for the 
measurement period. If so, because the periods for each ditch are different and 
represent different irrigation seasons of the year where ditch flow varies, then the 
averages for the four ditches may not represent the same irrigation seasons (e.g. 
Diamond S has 2 ditch closure periods (Fig. 56 of Ross, 2010) and the Verde 
ditch has only one(Fig 55 of Ross)). Second Issue: One obvious example of a 
potential problem is the Diamond S ditch where on Ross’s p. 125 and Figure 56 
is unclear and shows an average consumption of 11.15 cfs that does not agree 
with the difference between the average discharge and average return (26.25 cfs 
- 20.55 cfs. ). Mr. Burtell assumed the 11.15 cfs amount was correct (footnote c 
of Attachment F) but a cursory examination of Figure 56 by me shows that such 
a large avg. consumption is impossible if the periods of ditch closure are included 
in the computation of the consumption.  
 

Ross, R.P., 2010, One-dimensional hydraulic model of Verde River near 
Camp Verde, Arizona, including irrigation ditch discharge: Northern 
Arizona University, Masters thesis, 149 p. 

 
Another example of Mr’ Burtell’s use of Ross’s confusing data for the Eureka 
Ditch on Ross, 2010, p. 122 and Figure 54, p. 124.   Ross shows an average 
consumption of 9.48 cfs that does not agree with the difference between the 
average discharge and average return (9.13 cfs – 3.70 cfs)  

 
Third Issue: To make matters worse 
Mr. Burtell was inconsistent in his use 
of Ross’s (2010) data as shown in 
Attachment F. As mentioned above, 
Mr. Burtell used the average 
consumption of 11.15 cfs for the 
Diamond S Ditch (Ross 2010, p. 125) 
instead of the difference between the 
average diversion and return (26.25 
cfs - 20.55 cfs). However, for the 
Eureka Ditch he used 9.13 cfs – 3.70 
cfs. 
 
Thus it is unclear to me because (1) 
what periods the average diverted and 
returned discharges represent, (2) if 
the average amounts of the 4 ditches 
are comparable and (3) if the data are 
accurate. 
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A cursory examination of Ross’s 
report and in particular his Chapter 7 
shows a few large differences 
among the graphs of discharge and 
return flow. One example is the 
Verde ditch (Figure 55) where the 
return flow is about 1 cfs but in 
Attachment F the return flow is 8.38 cfs.  
 
The evidence suggests that Mr. Burtell 
relied on Mr. Ross’s sometimes 
confusing thesis without properly 
examining Mr. Ross’s work and he did 
not consult with or ask Robert Ross for 
permission to use his unsigned thesis. 
Because of both Mr. Burtell’s and Mr. 
Ross’s confusing analyses I attempted 
to contact Mr. Ross in early January 
2015 and learned through Mr. Brad 
Garner, author of  Garner and others 
(2012) that “Rob Ross (rross@usgs.gov) 
was now a USGS employee and works 
on Grand Canyon projects nowadays.” It 

took some time for Rob to get with me because he was very busy with his new job. 
We’ve discussed his report at length including the purpose and limitations of his study as 
an NAU grad. student with limited funding. Rob was open and honest about limitations 
and errors of his study and graciously allowed me to use the following quote:  

 

 
“I feel that the data gathered for four ditches from 2008 to 2010 are 
neither temporally or spatially adequate to model historic flows for the 
Verde River” Robert Ross Feb. 10, 2015 
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SUPPLEMENT 8. Comparing results of Hjalmarson’s Methods 1 and 2 at the 
mouth of the Verde River (USGS gage 09510000) and the USBR (1952) 
average annual virgin flow with the annual precipitation for the North 
Central Region using precipitation data from the National Climatic Data 
Center (NCDC). 
 
As shown below, the computed mean annual Virgin Flow of 763.6 cfs agrees 
marvelously well (only 1.8% difference) with the Virgin flow of 751 cfs (USBR, 
1952) in Table 1 of 2 on p. 20 of my report. This scientific based independent 
method of estimating the Virgin flow at the mouth of the Verde River by using a 
simple precipitation vs runoff relation (using current data) suggests the methods 
used by Hjalmarson for ANSAC are accurate. 
 
The following map and table shows the North Central region and the associated precipitation 
gages. (NOAA, 1977, CLIMATOLOGICAL DATA, ANNUAL SUMMARY, ARIZONA; VOLUME 81 
NUMBER 13, 20 p.) (page 19)  
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The table below is simply a sample of the NE region for 1977 showing stations in 
the North Central region. NOAA, 1977, CLIMATOLOGICAL DATA, ANNUAL 
SUMMARY, ARIZONA; VOLUME 81 NUMBER 13, 20 p. (page 5) 

 

 

 
 
 
The relation between annual precipitation for the north central region and annual 
runoff is examined. Calendar year streamflow data for USGS gage 09510000 
were from the USGS website and USGS WSP 1313. Time series of precipitation 
amounts for the north central region of AZ were obtained from the National 
Climatic Data Center (NCDC) website. The time series for the precipitation 
(green graph) was shown previously in this analysis (Burtell Item B). 
 
Wells, J.V.B., 1954, Compilation of Records of Surface Waters of the United 
States through September 1950, Part 9. Colorado River Basin, GEOLOGICAL 
SURVEY WATER-SUPPLY PAPER 1313, 748p. pp. 694 and 695.  
 
Mostly because of the different types of storms, the variable antecedent 
watershed conditions and the spatial variation of precipitation, a lot of scatter 
about a relation between annual precipitation for the north central region and 
annual runoff is expected. See the last paragraph on p. 6 of Appendix J for a 
discussion of types of storms that produce runoff from Arizona watersheds.  
 
The streamflow and precipitation data used for the analysis are shown on the 
next page. A Minitab regression analysis that uses the tabled data follows the 
data.  Minitab is a statistical software owned by a private company 
headquartered at State College, Pennsylvania with subsidiaries around the 
world. Minitab is used by several government agencies including the USGS 
WRD.  
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Continued
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Note: To address any 
homoscedasticity issues from 
the apparent dissimilar amounts 
of variance across the range of 
values for the independent 
variable, the variables were 
transformed to logarithms; the 
resulting regression produced 
no significant difference in the 
estimate of mean annual Virgin 
flow for ANSAC.  
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The relation between winter precipitation and mean annual runoff at the mouth of 
the Verde River is shown below.  
 
 

 
 
The lower end of the above precipitation-runoff relation shows the affect of large 
springs in the Verde River watershed. The relation is rather flat where for small 
amounts of winter precipitation the annual runoff is rather constant. In other 
words, much of the river flow for dry years is from spring flow in the watershed 
and this spring flow is from groundwater that was recharged from precipitation for 
previous years. This carryover storage in the ground is the source of springs like 
Big Chino (the headwater springs below Granite Creek), Fossil Creek, and 
several others (See Appendix G, section G1, pages 4 and 5) that have large 
source areas and supply a rather steady base flow for the Verde River.  
Apparently the total outflow of springs with carryover storage is a few cfs more 
than Q90 used for this study. Also, many other springs are recharged annually 
(more recently) and the flow is more closely related to recent precipitation and 
associated ground water recharge. See also my comments on p. 1007, 
12/18/2014, Volume 4, Verde River (REPORTER'S TRANSCRIPT OF 
PROCEEDINGS 15 VOLUME 4, 16 Pages 839 through 1075, Inclusive). 
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SUPPLEMENT 9. Use of USBR (1952), also known as the White Book, for 
average annual virgin flow at the mouth of the Verde River for ANSAC. 
 
Experts Hjalmarson and Gookin have used the Virgin flows for various rivers as 
part of the ANSAC hearings. Mr. Burtell also used Virgin flows (Table 21 of 
USBE, 1952) at four locations on the Gila River (Table 14 of Burtell’s Gila 
declaration). Mr. Hjalmarson used Virgin flows for his Santa Cruz analysis and to 
check his results on the San Pedro and lower Gila analyses, and Mr. Gookin 
used the White Book for the San Pedro, Santa Cruz and the Gila. Thus, “experts” 
have considered USBR (1952) as a reliable source of hydrologic information for 
ANSAC. 
 
Mr. Hjalmarson used Table 21 of the USBR (1952) for the source of virgin flow at 
the mouth of the Verde River and he also checked scientific literature for any 
recent valid deficiencies or issues with USBR (1952). Mr. Hjalmarson reported 
his findings on p. 59 of his Addendum of Nov. 14, 2014 – no issues with USBR 
(1952) were found. Because the Virgin flows of the USBR (1952) are for flow 
across state and international boundaries, Mr. Hjalmarson considers the Virgin 
flows as reliable, and generally not to be ignored, until the US Dept. of the 
Interior finds the data unreliable and makes revisions (this is pure speculation). 
 
Mr. Gookin has testified before ANSAC that he considers the White Book as 
having the best information available. See for example Mr. Gookin’s report 
below: 
 
GOOKIN, T. A., 2009, ANNUAL VIRGIN FLOWS IN CENTRAL ARIZONA; 2009 
Annual Water Symposium, MANAGING HYDROLOGIC EXTREMES, Arizona 
Hydrological Society, American Institute of Hydrology, 10 p., page 1: 
(http://azhydrosoc.org/memberresources/symposia/2009/papers/gookin.pdf) 
 

“The “White Book” represents approximately 15 man-years of work and is the most 
comprehensive study ever made concerning the virgin flows in the Lower Colorado River Basin. 
The extent to which human activity in the watersheds of the Lower Colorado River Basin has 
progressively altered the natural flow of the river was studied in greater detail in the “White Book” 
than at any time before or since. The “White Book,” though not perfect, is the best study 
available.” 

 
Note: Mr. Hjalmarson and Mr. Gookin are registered engineers in AZ and have 
sealed their work on ANSAC issues. 
  
Lets take a look at how the USBR views the “White Book” keeping in mind that 
USBR (1952) is an important part of this analysis as I stated on p. 19 of my 
report. The 1952 report follows the 1946 report (p. 17 of my report) and provides 
more detailed “...data regarding the average natural flow of streams and rates of 
water use were needed to serve as the basis for planning future developments 
for the maximum use of available water supplies. “ (USBR, 2012, p. SR3-2). The 
report summarizes data over the period 1914 to 1945. “This period was chosen 
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because it was believed to be a representative period of average stream flow as 
well as a period for which sufficient reliable hydrologic data were available to 
make a comprehensive analysis of water resources and stream depletions. 
Furthermore, the 1914 to 1945 period included the above-average runoff years 
from 1914 to 1929, as well as the drought years from 1931 through 1940, and 
was therefore thought to be appropriate for considering storage problems of 
stream flow in drought years.“ (USBR, 2012, p. SR3-2). 

USBR, 2012, Colorado River Basin Water Supply and Demand Study, 95 pages: 
http://www.usbr.gov/lc/region/programs/crbstudy/finalreport/Study%20Report/Stu
dyReport_Appendix3_FINAL.pdf;  Appendix 3 Summary of Past Colorado River 
Basin Planning Studies, pages SR3-1 to SR3-13 
 

The flow conditions during the 1914-1945 period used by the USBR to define 
natural flow of the Gila River watershed are important for the Verde River 
watershed and ANSAC. For example, my hydrology method 2 uses the virgin 
flow at the mouth of the Verde River that was computed by the USBR (1952) 
(See Table 1 of 2 on p. 2 of my report (Oct. 4, 2014) and also p. 59 of my 
Addendum of Nov. 14, 2014)). Thus, I chose to use the USBR 1952 report and 
agreed with the USBR determination of virgin flow at the mouth of the Verde 
River as discussed above. However, Mr. Burtell referenced the USBR 1952 
report but chose to ignore the changing runoff, the wet and dry years, for the 
1914-1945 period that are summarized above by the USBR (2012). Granted, the 
estimates of Virgin flow are most important while the details of USBR (1952) are 
not.  

Mr. Burtell used data for 1914-40 that were part of the wet and dry years defined 
by the USBR (2012). Mr. Burtell would have been better off had he considered 
the internal non-stationarity of annual runoff defined by USBR (2012, p. SR3-2) 
as I have described in SUPPLEMENT 7 Burtell Item F of this Second Addendum.  
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SUPPLEMENT 10. John Day River in Oregon  
 
The following is an analysis of the navigability characteristics of the John Day 
River using monthly discharge data found in Table 7 (page 24) of JOHN DAY 
RIVER FINAL NAVIGABILITY REPORT of 2014 by the Oregon Water Resources 
Department dated March 25, 2005, 44p. Depths of flow corresponding to Q80 
and Q50 are computed and along with flow velocity are compared with the 
depths and velocities for the Verde River. The natural monthly stream flow at the 
80% and 50% exceedance levels for two sites on the river that is represented by 
flow at USGS gages (14046500 Service Creek (watershed ID 210) and 
14048000 McDonald Ferry (watershed ID 209)) on the John Day River is also 
contained in the Water Availability Analysis of the OR Water Resources 
Department for the John Day Basin as discussed later.  
 
The Oregon Court of Appeals affirmed a finding that the John Day River was 
navigable. (Northwest Steelheaders Ass'n, Inc. v. Simantel, 199 Or.App. 471 
(2005), Court of Appeals of Oregon, 99C12309; A118737, Argued and Submitted 
Dec. 20, 2004., Decided May 11, 2005.). 
 
Also, another report provides an explanation of how the natural stream flow was 
calculated, including how base flow was determined and how consumptive use 
was calculated. (, Determining Surface Water Availability in Oregon, State of 
Oregon Water Resources Department, Open File Report SW 02-002, 158p.). In 
regard to the navigability issue and natural streamflow, the following is from the 
Abstract of Cooper, R. M. (2002), p.1: 
 

Exceedance stream flows are determined directly from gage records, or for ungaged 
streams, by estimation through modeling. When determined from gage records, the 
exceedance flows must be corrected to a common base period, and then, to natural 
stream flow. When determined through modeling, the exceedance flows are estimated 
from statistical models that relate watershed characteristics to natural stream flow. The 
models are derived by multiple linear regression. 

 
USGS gage 14046500 John Day River near Service Creek 
 
A view looking upstream at the gage area is shown below. Cableway is about 80 
ft upstream of the gage where there is bedrock on the left bank and a small pool. 
Wading measurements of Q are typically made about 150 ft below the gage 
where flow depth is small and typically can be waded during dry weather . There 
is a small overflow area on the left bank side of the wading area that is shown on 
the photo below and in the following measured cross section of the channel. 
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A cross section of the channel for a measurement of base discharge made in the 
“wading measurement” area is shown below. The gage height, maximum depth 
and discharge for a few other USGS measurements of discharge that were made 
in the same area below the gage are also shown on the cross section.  
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The relation between channel depth and discharge that corresponds to the 
previous cross section is shown below. The maximum depth corresponds to a 
navigability “lane” that at this location is about 10 ft wide. 
 
Some of the cross section shape is estimated using the approximate depth of the 
channel banks (including the overflow area on the left side).  This is shown by the 
dashed line in the figure below. Average depth for higher flows is not shown 
because it is not useful for this assessment and because measurements of Q 
were made by the USGS at the cableway upstream of the gage.  
 
Based on my professional experience the average depth corresponding to the 
main channel including the flood plain area produces a useless result for 
assessment of navigability. Because navigability is for the main channel, the 
assessment is related to hydraulic conditions for use of small watercraft only in 
the main channel. The overflow segment of the channel area is not related to the 
assessment. Depth along the thalwag area is most important for canoes and 
small boats. 
 
 
The depth-Q relation shown below is simply defined by straight line connection of 
the USGS measurements of Q. The mean depth is the same as the average 
depth. 
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USGS gage 14048000  John Day River near McDonald Ferry 
 
A view looking downstream at the gage area is shown below. The cableway is 
about 350 ft downstream of the gage. Wading measurements of Q are typically 
made about 800 ft below the gage where flow is rather uniform across the 
channel and typically easily waded during dry weather . Distribution of flow 
across the channel at the gage reach is not uniform with a shallow riffle area 
(shown by the reflection of sunlight off the water) in the center and left bank area 
and with a deeper area on the right at the gage.  
 
 

 
 
 

The following cross section is for the wading measurement area shown in the 
above figure. Cross section data furnished by the USGS follows this analysis. 
 



 107

 
 
 
The relation between channel depth and discharge that corresponds to the 
previous cross section is shown below. The relation is simply defined by straight 
line connection of the USGS measurements of Q. The maximum depth 
corresponds to a navigability “lane” that at this location is about 37 ft wide. 
Because navigability is for small watercraft (e.g. small boats) a “lane” along the 
thalwag of the main channel is used for the assessment. If barges, for example, 
were being assessed for ANSAC then an average depth for the main channel 
segment might be relevant. 
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As previously discussed, The Oregon Water Resources Department (OWRD) has 
developed a model called the Water Availability Reporting System that can be used to 
determine what the average monthly flow at two sites on the John Day River (near 
gages 14046500 and 14048000) was if normal rainfall is assumed and no consumptive 
uses or flow regulation existed (Oregon Water Resources Department, 2004).  
 
These conditions are the same as those that existed at the time of Oregon’s 
statehood in 1859. The model provides mean monthly flow for two exceedence levels, 
50% and 80% at the two locations previously discussed (gages 14046500 and 
14048000). The flow data below are from Table 7 (page 24) of the JOHN DAY RIVER 
FINAL NAVIGABILITY REPORT (OWDR 2004).  
 
Access, with steps as of January 2015,  to the OR water website follows: 
 http://www.oregon.gov/owrd/pages/PUBS/ToolsData.aspx 

1.       Click on the WARS link under Surface Water, 2.       Select View Water Availability, 3.       Pick 
John Day Basin and then the  subbasin: either SERVICE CREEK>JOHN DAY R.-AT MOUTH OR 
JOHN DAY R>COLUMBIA RIVER-AT MOUTH and then pick either the 50 of 80 exceedance --- 
submit, 4.       Select Complete Water Availability Analysis tab instead of picking 1, 2, or 3. 

For a selection of Service Creek the following table is part of the display.  

 

 The column Natural Stream Flow on the left is one of the four columns in the Table: Likelihood of 
flows and depths of flow at various points along the John Day River at statehood, 
presented later in this supplement. 
 
The flow depths corresponding to the Q50 (median) and Q80 flows from the 
preceding depth-discharge relations for the two USGS gages follow. These 
depths were computed using the depth-discharge relations shown previously. 
 
 
 
 



 109

Likelihood of flows and depths of flow at various points along the John Day 
River at statehood.  All flows indicated are monthly averages in cubic feet per 
second (cfs) and all corresponding depths are in feet. 
 
        14046500 Service Creek    14058000 McDonald Ferry 
 
         Q50    d50     Q80    d80    Q50    d50     Q80     d80 
 
 Jan    1130    3.1     556    2.3    1250    3.2     626    2.5 
 Feb    2060    4.0     953    2.9    2440    4.2    1050    3.0 
 Mar    2860    4.6    1560    3.5    3250    4.8    1680    3.6 
 Apr    4610    5.6    2710    4.5    4860    5.7    2920    4.7 
 May    4770    5.7    2860    4.6    5050    5.8    3020    4.7 
June    2410    4.3    1270    3.2    2700    4.5    1440    3.4 
July     652    2.4     420    2.1     715    2.7     470    2.1 
 Aug     312    1.8     242    1.7     340    1.9     246    1.7 
Sept     260    1.7     203    1.6     271    1.7     194    1.5 
 Oct     385    2.0     280    1.8     380    2.0     283    1.8 
 Nov     508    2.2     384    2.0     542    2.3     393    2.0 
 Dec     859    2.8     473    2.2     940    2.9     513    2.2 
 

 
The range of natural average monthly flow depth for d80 is from 1.5 ft 
(September) to 4.7 ft (April and May).  Twenty percent of the time during a typical 
month of September the average monthly depth of flow will be less than 1.5 ft. 
Conversely, eighty percent of the time during a typical month of October the 
average monthly depth of flow will be at least 1.8 ft. Also, fifty percent of the time 
during a typical month of September the natural average monthly depth of flow 
will be less than 1.7 ft. 
 
The natural flow depths in the table above are for the areas where wading 
measurements are made at the two gages. These areas are not riffles and they 
are not deep pools. The wading measurement areas are used by the USGS 
because flow velocities are rather uniformly distributed across the channel, flow 
depths are neither very shallow or to deep to wade (a transition zone between 
riffles and pools), and the shape of the cross section is rather uniform.  
 
The navigability assessment for the John Day River is compared to the 
assessment for the Verde using the Hyra incremental method below. The cross 
sections at the John Day River gages (14048000 and 14046500) are used where 
many cross sections are used for the Verde River. Also, the results below are 
where canoeing and kayaking the Verde River is rated as optimum and 
acceptable 90% of the time for a typical year and the John Day River is rated  
optimum and acceptable 80% of the time for a typical year. For navigability, it is 
important to know how often water depth is available; the following rating for the 
Verde River is more stringent than that for the John Day River. 
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John Day River    Verde River 
Minimum Depth = 1.5 ft                            Minimum Depth = 3 ft 
Rating is acceptable 80% of time           Rating is optimal 90% of time 
 

 

 
 

The above depth-velocity relations are for intermediate areas (Hyra, 1978, p. 5) 
and are not for deep pools or for riffles. For the depth-velocity relations used for 
the upper Verde River that includes riffles see page 104 of my report.  
 
Keeping in mind the Oregon Court of Appeals affirmed a finding that the John 
Day River was navigable at statehood because it was susceptible to navigation 
by native American canoes, the flow depths shown above for the natural John 
Day River are considerably less than those for the natural Verde River. 
 
Northwest Steelheaders Ass'n, Inc. v. Simantel, 199 Or.App. 471 (2005), Court of 
Appeals of Oregon, 99C12309; A118737, Argued and Submitted Dec. 20, 2004., 
Decided May 11, 2005. 
  
The John Day River is similar to the Verde River but the main channel of the 
John Day River typically is wider with shallower base flow than the main channel 
of the Verde River. The channel of the upper Verde River is smaller but deeper 
than that of the John Day River. The depths of base flow (Q90) for the Verde 
River clearly are greater than the depths of base flow (Q80) on the John Day 
River.  
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Following are rating curve and measurement of discharge (cross section) 
data furnished by the USGS for 14046500 John Day River at Service Creek, 
OR 
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Data furnished by USGS 
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Gaged Monthly mean discharge for 14046500 John Day River at Service Creek, 
OR.  From USGS website. 
 

00060, Discharge, cubic feet per second, 

Monthly mean in ft3/s   (Calculation Period: 1929-10-01 -> 2014-06-30) 
YEAR 

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

1929    170.0 221.3 475.7

1930 278.0 1,719 1,494 1,898 1,224 754.4 134.8 61.7 60.3 201.6 236.2 249.6

1931 479.3 503.7 1,727 3,795 1,732 415.8 97.3 26.7 38.1 80.6 187.5 315.8

1932 603.6 1,356 7,468 7,951 6,714 1,827 299.6 75.8 64.1 130.7 348.4 249.4

1933 373.4 366.5 2,008 4,974 6,093 3,889 461.5 105.6 106.5 175.5 320.1 812.6

1934 1,288 1,036 1,438 1,263 490.5 675.5 161.3 43.3 42.7 120.0 270.3 468.1

1935 505.2 850.0 1,100 3,703 2,735 991.8 214.3 51.8 31.4 72.4 192.1 215.9

1936 547.1 721.3 2,406 5,699 3,139 948.3 141.8 43.5 63.2 70.5 152.1 236.6

1937 195.2 358.1 2,651 5,523 4,998 1,664 340.5 68.2 60.4 188.0 454.2 1,871

1938 1,298 1,954 4,481 7,764 4,833 1,799 371.7 106.0 77.3 198.4 364.8 460.5

1939 452.7 540.7 5,261 5,018 2,297 745.9 184.7 42.9 49.6 125.4 222.2 333.8

1940 604.4 2,452 4,463 4,729 2,098 543.5 128.3 44.4 134.3 297.5 589.0 1,280

1941 1,141 1,367 3,063 2,623 3,480 2,868 644.7 298.3 491.7 567.3 1,328 2,576

1942 1,630 2,918 3,773 8,247 5,766 2,818 866.8 219.7 166.6 236.9 660.8 2,338

1943 3,244 3,828 5,109 9,812 5,900 3,798 1,295 316.3 232.7 361.3 580.5 520.2

1944 427.6 590.8 1,391 2,660 1,860 1,165 288.2 86.3 88.9 169.4 294.6 319.6

1945 623.7 1,890 2,062 4,352 6,358 2,607 448.1 137.5 130.7 219.7 572.4 1,834

1946 1,961 1,509 4,514 6,679 5,117 2,160 596.0 161.2 280.6 454.5 1,213 2,149

1947 1,026 2,742 3,299 4,403 3,253 1,850 357.2 157.4 177.8 301.2 1,306 2,025

1948 2,982 1,953 2,265 6,517 12,050 8,327 1,456 491.8 281.3 538.0 614.5 823.4

1949 587.9 2,913 5,623 6,582 6,295 1,455 309.5 143.5 153.5 372.7 459.1 515.8

1950 782.5 2,575 3,965 5,878 4,994 3,799 773.9 235.5 132.5 422.2 1,003 1,859

1951 2,280 5,141 3,863 7,403 5,109 1,568 369.0 133.1 120.6 409.2 470.1 741.5

1952 639.5 1,759 4,090 9,124 6,669 2,302 716.1 206.2 184.9 211.8 305.4 361.8

1953 2,282 3,181 3,260 5,629 6,646 5,699 1,277 326.7 249.8 347.2 547.8 1,411

1954 1,138 2,691 2,481 4,257 3,096 2,772 580.4 207.7 218.6 302.4 382.1 340.1

1955 437.4 443.1 709.1 3,040 4,903 2,692 646.7 126.4 115.3 281.7 695.5 3,999

1956 4,050 1,847 6,913 9,622 9,595 3,234 762.6 260.3 221.7 405.1 562.8 818.7

1957 463.4 2,187 5,624 6,960 7,193 2,327 435.8 165.5 148.5 636.3 626.7 1,412

1958 1,793 7,190 3,340 7,189 9,102 3,132 791.3 224.4 242.7 355.9 573.2 1,266

1959 2,378 1,996 2,068 3,862 3,235 1,506 266.2 92.0 265.6 531.9 578.4 494.2

1960 497.9 1,034 3,793 4,646 4,457 2,201 272.1 145.4 125.8 271.7 498.0 604.9

1961 530.3 2,622 3,016 2,758 2,918 1,686 186.7 61.0 98.1 192.6 329.6 491.5

1962 790.7 1,603 2,330 6,204 4,447 2,244 361.4 114.3 98.4 625.7 796.0 1,721
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1963 627.2 4,710 2,063 4,791 5,631 1,794 452.4 129.3 221.7 245.2 491.3 511.7

1964 731.8 824.0 1,289 3,929 3,270 3,485 592.1 193.3 148.2 215.5 392.8 5,540

1965 6,335 6,230 2,996 7,763 6,100 3,182 784.1 476.5 307.4 319.0 465.5 386.3

1966 532.7 535.5 1,964 2,998 1,437 757.3 202.0 53.0 94.5 237.9 562.9 1,559

1967 1,917 1,908 2,149 2,488 6,234 2,915 454.9 81.8 84.6 257.2 383.2 514.7

1968 797.0 1,781 1,509 1,010 1,456 923.1 131.7 136.0 113.5 326.3 1,230 1,382

1969 2,707 1,677 3,184 7,592 5,495 2,329 767.6 116.0 100.1 344.6 375.7 570.6

1970 5,511 3,400 3,325 2,661 5,648 3,117 597.7 115.4 212.6 408.4 896.8 1,153

1971 4,599 3,153 2,958 5,510 6,522 2,900 624.7 125.7 143.4 347.1 504.5 1,330

1972 2,331 3,056 9,383 4,366 6,215 3,174 452.5 145.5 193.3 348.5 462.9 759.5

1973 1,178 861.9 1,418 2,015 2,542 703.7 90.6 15.2 79.7 243.5 2,284 4,727

1974 5,021 2,926 4,950 7,005 6,667 4,817 908.7 191.8 103.3 240.2 395.5 479.8

1975 1,365 1,652 3,286 3,982 7,530 4,738 1,344 299.2 163.8 413.0 540.4 1,313

1976 2,205 1,645 2,360 5,891 5,845 1,899 463.8 544.5 262.3 336.9 403.3 360.2

1977 341.5 427.0 597.2 1,850 1,780 1,036 137.1 43.6 132.0 299.9 596.1 2,347

1978 2,350 2,508 4,582 5,536 3,881 1,843 881.9 224.3 335.2 270.5 341.4 670.5

1979 586.5 2,635 5,823 6,777 8,589 2,147 429.6 207.2 232.9 354.4 562.8 820.9

1980 1,838 2,211 3,037 4,228 4,123 4,020 956.5 172.1 272.2 338.5 494.2 1,274

1981 990.9 2,867 3,072 4,320 4,642 3,277 675.4 140.1 120.3 413.8 661.6 2,915

1982 2,629 7,930 5,564 6,734 7,756 4,876 1,850 419.8 467.6 785.7 950.2 2,293

1983 2,850 4,966 9,773 6,393 8,987 3,914 1,588 500.9 417.8 527.3 917.6 1,931

1984 3,382 3,780 8,885 10,280 9,712 6,805 1,768 593.8 861.9 810.7 1,810 1,713

1985 1,100 1,376 3,739 8,910 3,812 1,671 314.8 255.4 399.3 534.4 598.7 614.5

1986 1,856 6,874 8,505 4,428 3,461 1,747 444.5 162.5 315.6 483.7 888.2 795.7

1987 757.4 2,261 5,089 4,672 2,281 854.2 406.3 143.6 109.7 236.3 377.0 447.9

1988 588.9 979.0 1,620 3,373 2,079 1,174 249.9 77.9 82.9 177.5 422.6 621.3

1989 847.2 1,470 7,545 8,738 6,704 1,950 453.6 223.5 350.3 383.5 518.6 489.6

1990 637.5 654.0 2,393 3,061 2,575 1,774 315.2 137.2 106.4 281.8 443.8 404.1

1991 760.2 1,714 1,947 3,219 6,717 2,931 902.4 201.4 107.8 259.2 816.4 1,335

1992 605.5 1,530 2,117 1,787 838.5 301.8 315.5 81.3 87.8 248.0 456.3 567.2

1993 666.2 1,257 8,960 8,410 8,579 2,988 875.4 459.4 254.3 410.0 359.4 518.5

1994 792.8 592.8 1,879 3,080 3,112 1,411 234.3 59.2 73.2 240.6 371.6 777.6

1995 1,780 4,845 5,251 4,808 6,387 2,792 806.0 235.5 135.6 411.3 871.9 3,044

1996 3,373 8,239 4,707 5,147 5,382 2,089 556.8 177.3 192.0 396.3 959.0 4,170

1997 6,553 4,972 6,040 7,278 5,314 1,954 659.1 284.1 302.8 440.9 529.0 473.6

1998 1,315 1,740 4,351 4,653 7,156 3,733 965.8 283.4 286.0 424.5 722.9 1,620

1999 2,745 2,271 6,026 6,507 6,564 3,028 635.3 289.3 180.8 366.7 518.8 612.1

2000 822.5 2,374 4,546 6,550 2,771 1,162 313.7 75.8 155.2 399.6 404.1 418.7

2001 434.1 571.4 1,811 2,917 2,549 667.0 187.4 76.6 77.4 267.5 405.0 664.2

2002 1,278 1,126 2,010 5,492 2,655 1,230 198.5 70.8 86.6 244.8 290.6 371.2
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2003 1,031 2,155 3,431 4,547 4,089 1,637 211.4 69.7 110.6 233.2 312.2 561.4

2004 1,444 2,502 5,213 4,398 5,167 2,758 516.6 188.3 241.3 372.8 483.9 772.2

2005 753.1 757.1 1,394 2,817 5,996 1,417 325.4 64.3 78.6 286.3 421.7 1,393

2006 4,581 2,601 3,862 8,836 6,706 2,819 471.6 129.5 152.6 338.2 554.4 1,115

2007 1,014 2,146 4,199 3,536 2,223 674.5 120.4 44.0 74.7 307.0 459.6 784.7

2008 742.4 1,455 3,573 4,505 9,663 4,534 601.5 146.0 121.7 314.3 471.6 457.3

2009 1,320 975.2 3,065 6,502 7,057 2,261 371.4 153.7 88.0 322.5 409.4 350.1

2010 1,020 1,304 1,594 3,104 3,855 6,292 718.5 156.5 185.1 401.9 697.9 2,286

2011 4,688 2,693 4,399 9,414 11,970 8,268 1,679 380.1 205.0 453.1 518.4 439.6

2012 958.5 1,202 3,329 6,815 3,818 1,724 466.8 81.6 63.7 293.9 423.1 954.3

2013 716.1 1,664 3,657 4,665 2,477 963.8 210.6 53.3 116.8 400.6 428.8 384.6

2014 498.9 2,461 5,859 4,702 3,796 1,338   

Mean of 
monthly 

Discharge 
1,590 2,290 3,730 5,240 5,000 2,460 559 175 176 330 574 1,150

             
 

 
Following are rating curve and measurement of discharge (cross section) 
data furnished by the USGS for  14048000 John Day River at McDonald 
Ferry, OR 
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Data furnished by the USGS for 14048000 John Day River at McDonald 
Ferry, OR (continued) 
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Data from USGS website for 14048000 John Day River at McDonald Ferry, 
OR 
 

00060, Discharge, cubic feet per second, 

GAGED Monthly mean in ft3/s   (Calculation Period: 1905-10-01 -> 2014-03-31) 
 

Calculation period restricted by USGS staff due to special conditions at/near siteYEAR 

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

1905    317.6 354.6 397.4

1906 671.9 1,276 3,760 6,929 3,388 5,559 759.7 236.3 233.7 288.0 506.2 968.7

1907 1,472 8,025 6,505 8,557 5,305 2,628 808.7 324.5 233.7 320.6 432.7 790.8

1908 908.5 700.2 2,909 4,386 2,774 2,000 659.0 182.1 183.4 357.1 438.0 399.6

1909 1,511 1,310 2,393 3,377 3,239 2,623 470.0 157.6 177.8 238.4 1,094 1,229

1910 1,701 1,897 9,622 5,615 2,379 646.5 193.1 77.7 115.4 256.1 461.2 1,119

1911 631.2 698.7 3,426 3,320 2,940 2,113 607.5 108.0 191.0 331.5 458.0 437.2

1912 2,769 4,004 2,808 8,861 11,660 6,437 1,291 503.1 396.7 422.8 604.0 548.1

1913 865.3 1,124 2,957 9,716 7,334 3,708 1,365 453.7 202.0 510.4 709.8 678.9

1914 1,658 1,808 6,351 6,470 3,927 2,141 703.6 146.6 200.3 416.5 405.8 353.4

1915 571.7 889.4 1,912 2,942 2,424 1,418 511.1 164.7 100.2 234.8 442.3 960.1

1916 786.2 7,066 8,095 8,120 6,601 4,585 1,925 464.4 285.4 373.6 526.1 548.8

1917 607.1 854.0 1,362 10,560 13,180 7,277 1,508 281.2 201.5 301.6 390.2 1,436

1918 3,671 3,312 4,068 4,879 2,786 1,314 289.1 175.4 171.4 356.3 414.3 398.0

1919 703.4 1,130 2,608 9,309 4,577 1,251 254.2 88.7 126.2 270.4 657.5 2,164

1920 1,787 1,644 1,870 6,317 6,604 2,749 598.2 140.0 289.3 469.4 772.8 895.6

1921 3,330 5,947 8,732 8,179 9,953 3,912 678.4 344.5 214.1 328.5 1,610 2,022

1922 745.4 1,398 2,851 9,637 10,790 5,096 577.7 200.0 136.8 271.4 456.2 667.4

1923 2,020 1,241 2,427 6,493 4,793 3,385 1,388 276.8 149.5 300.0 400.0 683.9

1924 667.8 3,627 1,691 2,854 2,254 567.6 150.1 83.6 89.6 189.5 552.6 549.5

1925 1,523 4,686 2,893 7,130 5,154 1,852 370.8 155.5 239.4 304.5 363.7 496.1

1926 431.5 2,434 3,187 3,516 1,552 376.3 88.0 46.8 93.6 201.1 408.1 1,144

1927 1,676 3,391 4,071 5,320 5,390 4,301 698.5 155.9 277.0 642.7 2,018 2,226

1928 3,947 2,590 6,052 6,480 5,979 1,322 427.1 105.5 124.3 248.0 350.7 349.0

1929 346.5 469.0 3,081 3,867 4,658 2,198 370.0 82.0 65.0 171.9 214.1 497.7

1930 351.7 1,996 1,473 1,948 1,228 773.8 145.1 62.9 54.3 189.6 253.0 265.4

1931 485.3 515.4 1,589 3,822 1,852 470.2 124.5 20.3 25.1 75.9 225.1 480.8

1932 764.3 1,438 7,535 7,692 6,796 1,934 327.6 84.7 50.7 122.0 343.0 267.4

1933 379.9 374.4 1,991 4,835 6,023 4,086 561.2 114.7 91.3 171.0 330.4 711.6

1934 1,305 1,078 1,378 1,299 533.1 625.6 189.8 38.5 23.8 88.4 268.5 452.4

1935 524.7 872.2 1,053 3,664 2,710 1,085 271.1 48.5 29.2 65.4 192.0 234.9

1936 612.9 1,004 2,512 5,378 3,267 993.5 190.2 34.4 49.1 59.9 156.7 220.9

1937 216.8 452.8 2,954 5,906 5,118 1,849 410.9 78.9 67.5 187.9 436.6 1,947
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1938 1,369 2,081 5,098 7,934 5,121 1,995 438.7 118.4 79.1 197.6 380.6 466.5

1939 466.2 534.4 4,906 5,036 2,515 815.6 204.5 30.7 39.0 90.0 205.4 323.1

1940 582.3 2,359 4,875 5,430 2,276 634.5 109.5 45.9 121.7 272.5 496.6 1,432

1941 1,390 1,429 3,191 2,747 3,611 3,039 744.3 307.5 520.1 562.5 1,462 2,814

1942 2,027 3,857 4,210 8,424 6,061 3,137 1,029 237.9 167.4 245.2 616.1 2,777

1943 4,074 4,738 5,427 10,350 6,449 4,002 1,384 359.6 259.7 349.1 604.4 531.8

1944 501.0 638.4 1,465 2,653 1,926 1,150 329.1 92.8 80.1 175.6 306.8 354.9

1945 635.4 1,996 2,160 4,425 6,605 2,864 494.8 141.6 123.3 205.5 497.1 1,783

1946 2,327 1,377 4,814 6,572 5,056 2,132 612.2 147.4 264.6 418.1 991.4 2,086

1947 1,090 2,759 3,192 4,202 3,094 1,810 408.3 146.2 155.3 313.3 1,258 2,186

1948 3,271 2,360 2,747 7,143 12,500 9,531 1,847 588.1 410.5 622.1 676.5 946.2

1949 658.7 3,156 5,972 6,489 6,228 1,614 321.1 155.5 142.8 346.5 434.9 558.4

1950 820.4 2,769 4,517 6,023 5,103 4,319 887.9 260.6 156.1 427.1 1,160 2,223

1951 2,746 5,933 4,565 7,723 5,485 1,814 416.5 141.6 133.1 385.8 490.7 756.8

1952 687.0 2,035 3,995 9,341 7,087 2,608 853.9 208.1 186.6 207.9 342.9 401.6

1953 2,463 3,521 3,380 5,551 6,945 5,887 1,375 344.0 276.5 385.5 576.1 1,483

1954 1,252 2,996 2,610 4,165 3,106 2,799 635.5 197.9 225.6 317.4 421.3 407.6

1955 486.7 509.8 717.5 3,038 4,946 2,795 719.4 125.8 82.7 260.1 614.1 4,462

1956 4,955 2,419 6,401 9,376 9,654 3,577 954.1 278.4 273.9 433.7 634.2 847.2

1957 509.9 2,021 6,277 7,500 7,526 2,652 439.4 174.5 157.1 657.2 671.1 1,487

1958 1,949 7,838 3,852 7,425 9,186 3,374 923.7 272.9 259.1 376.0 607.9 1,299

1959 2,507 2,314 2,333 3,895 3,283 1,625 271.6 85.7 209.7 611.6 603.8 523.0

1960 481.9 1,144 3,855 4,861 4,327 2,412 296.8 115.5 112.4 237.2 492.4 628.8

1961 573.2 2,968 3,276 2,894 2,883 1,883 189.1 55.3 89.3 191.1 389.6 613.5

1962 1,010 1,814 2,543 6,373 4,597 2,509 413.1 133.6 94.6 575.1 843.8 2,009

1963 752.2 5,143 2,311 5,182 6,368 2,128 570.4 157.6 225.3 285.6 544.9 559.7

1964 849.1 947.9 1,202 4,035 3,274 3,479 642.4 184.7 130.0 213.8 398.7 7,030

1965 6,402 8,027 3,646 7,466 6,414 3,521 875.6 478.8 343.8 345.0 528.8 464.1

1966 688.1 603.4 2,089 3,195 1,443 785.0 233.0 26.6 54.5 191.7 569.9 1,777

1967 2,015 2,405 2,217 2,657 6,354 3,074 553.9 91.3 76.3 219.9 404.3 474.4

1968 843.9 1,779 1,534 963.8 1,293 934.1 133.7 89.2 89.6 273.4 1,144 1,454

1969 2,902 2,133 3,421 8,370 5,850 2,518 871.5 128.5 97.9 332.2 407.5 619.7

1970 6,165 4,045 3,777 2,936 5,474 3,327 681.9 131.6 177.7 412.7 907.5 1,331

1971 4,798 3,177 2,783 5,400 6,513 2,989 686.6 111.5 96.8 324.6 483.7 1,426

1972 2,690 3,004 10,260 4,443 6,165 3,454 502.1 132.7 145.4 333.1 436.0 698.4

1973 1,062 856.3 1,502 1,874 2,423 722.0 97.7 5.70 27.3 222.7 2,310 5,641

1974 6,245 3,583 5,283 7,910 7,195 5,326 1,024 213.4 92.3 226.8 423.8 506.5

1975 1,399 1,953 3,736 4,464 7,771 5,266 1,548 296.5 174.2 403.4 572.4 1,232

1976 2,399 1,672 2,438 5,923 5,921 1,928 497.5 585.4 276.8 338.4 444.2 382.5

1977 372.8 424.1 556.7 1,724 1,725 1,056 114.8 11.2 97.0 289.3 534.0 2,443
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1978 2,867 2,747 4,594 5,827 4,273 1,971 1,025 232.1 361.8 306.7 370.7 720.0

1979 547.9 4,204 6,476 7,412 9,789 2,251 488.0 183.9 266.1 374.4 654.0 973.6

1980 2,422 2,619 3,761 4,293 4,358 4,194 1,012 194.3 272.8 325.9 520.0 1,242

1981 1,106 3,232 3,244 4,628 4,903 3,641 706.4 136.2 93.0 393.9 558.6 3,434

1982 3,115 8,882 6,454 7,161 8,326 5,166 2,101 507.5 523.0 821.0 1,075 2,559

1983 3,192 5,760 11,450 7,360 9,977 4,946 1,859 580.2 471.4 592.5 1,047 2,191

1984 4,365 4,589 10,200 11,900 10,420 7,714 2,131 700.0 922.8 892.2 2,053 2,032

1985 1,449 1,988 4,273 9,486 4,110 1,924 351.9 272.8 407.3 559.5 658.4 659.1

1986 1,944 8,421 9,270 4,583 3,394 1,842 408.1 171.2 313.1 553.8 951.7 1,003

1987 902.1 2,644 5,667 4,668 2,474 934.5 413.2 173.3 117.4 249.4 405.5 532.9

1988 999.2 1,128 1,737 3,513 2,270 1,294 293.4 67.3 62.1 170.4 415.7 667.7

1989 964.4 1,516 8,251 9,277 7,426 2,117 499.7 220.8 352.5 389.3 529.7 523.9

1990 737.5 726.2 2,600 3,188 2,626 1,813 327.7 122.4 107.0 255.3 429.5 420.0

1991 840.1 1,696 2,102 3,167 6,422 2,955 1,016 236.9 114.6 240.8 761.7 1,453

1992 643.1 1,488 2,331 1,952 842.5 284.7 302.0 66.2 67.1 244.2 436.2 567.0

1993 850.7 1,600 10,460 9,349 9,298 3,581 1,007 518.7 290.5 429.7 409.4 570.3

1994 849.1 652.2 1,973 3,243 3,257 1,559 262.0 38.6 47.4 234.4 401.3 744.3

1995 1,719 5,723 5,794 5,094 7,008 3,034 886.6 277.9 141.9 426.9 687.8 3,115

1996 3,637 9,736 5,355 5,406 5,715 2,292 647.0 198.1 195.8   

1997    507.0 619.1 587.1

1998 1,530 2,167 4,599 4,893 7,598 4,551 1,134 376.0 279.1 470.3 762.2 1,656

1999 3,112 2,404 6,345 6,548 6,598 3,246 674.2 292.2 195.5 343.4 503.2 668.9

2000 889.3 2,583 4,977 6,582 2,961 1,246 321.6 84.3 138.3 379.3 440.9 479.9

2001 494.4 609.9 1,793 2,972 2,785 686.8 202.8 74.7 60.0 252.2 407.6 660.7

2002 1,367 1,098 2,013 5,463 2,724 1,369 228.3 46.4 70.6 250.3 315.0 361.3

2003 806.7 2,475 3,376 4,698 4,222 1,843 234.8 69.4 97.9 218.7 311.0 532.1

2004 1,407 2,958 5,231 4,600 5,257 3,096 556.0 185.9 262.4 375.1 517.2 793.6

2005 783.8 808.6 1,320 2,787 6,085 1,549 360.3 61.3 58.8 286.6 437.9 1,193

2006 5,384 2,951 4,060 8,735 6,848 3,122 595.5 150.2 148.0 352.2 546.4 1,188

2007 1,247 2,117 4,223 3,888 2,612 781.6 154.9 41.7 65.9 312.8 489.4 819.2

2008 839.8 1,577 4,119 4,613 9,643 5,273 754.5 170.3 117.3 308.7 463.2 462.5

2009 1,318 927.6 2,979 6,185 6,679 2,368 420.9 146.9 75.2 292.8 413.8 430.8

2010 1,094 1,483 1,625 3,323 4,099 6,762 781.7 177.7 176.1 346.5 618.0 2,413

2011 5,053 3,096 4,754 10,080 12,320 8,913 1,867 454.2 251.1 457.2 516.3 467.3

2012 1,027 1,235 3,288 7,041 4,244 1,863 571.3 86.2 53.9 269.5 482.5 967.1

2013 684.4 1,813 3,518 4,630 2,511 968.7 258.6 49.3 85.2 413.3 435.1 401.7

2014 450.8 2,530 6,033   

Mean of 
monthly 

Discharge 
1,650 2,560 3,980 5,630 5,240 2,750 646 189 176 330 591 1,140
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SUPPLEMENT 11.  Sample of field notes for T16N R4W in Williamson 
Valley. 
 
The following is a small sample of pages in book 1049 that show the boundaries 
of the fields of corn in the township (shown on page 6 of Appendix D). These field 
notes define a lot of good cultivated land with plenty of water. Following the 
survey notes is a comment about shallow groundwater and a newspaper article 
related to the farming and hydrology of Williamson Valley. 
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The following description of the shallow depths to groundwater in Williamson 
Valley (USBR, 1974, pp 59-60) agrees with the previous land survey notes of 
book 1049. This description supports the fact that the early settlers could use 
shallow wells to irrigate of farm land. 
 

 
 
U.S. Bureau of Reclamation (USBR), 1974, Western United States Water Plan, 
State of Arizona, Chino Valley Unit, Appraisal Report: Bureau of Reclamation, 
125 p. 
 
 
 
SUPPLEMENT 12. Appropriations not of record and total appropriations. 
 
The total amount of farming by early settlers in the Verde River watershed is 
unknown. Also, the water supply is less than the appropriations. 
 

“Many of the appropriations on the Verde 
are not of record....” 

 
(page 14 of Exhibit E of the Hayden Report, 1940 and p.10 of Appendix C.) 
 
A “... total of 465,350 inches on the Verde proper in addition to two 
separate appropriations of the entire flow of the river.” (page 15 of 
Exhibit E of the Hayden Report, 1940).  These appropriations of 
11,600 cfs (excluding the two for the entire flow) directly from the 
Verde River (excluding tributaries) obviously suggest the flow in the 
river was/is over allocated. 
  



SUPPLEMENT 13. Channel and vegetation from Sullivan Lake to Camp 
Verde area—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 on the early USGS topographic maps in 
Appendix K, it appears very similar even with the much small scale of the early 
maps. 
 
 
 
Following from Anderson, 1976: 
 
 

 

 
 
 
 
 
 

 
 
 
 



 
 

 





 









 



 

















 
 
See p. 62 of Addendum for aerial photos downstream of West Clear Creek. 


