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Corrigendum

Hjalmarson, H. W.; ANSAC, NAVIGABILITY ALONG THE NATURAL CHANNEL
OF THE VERDE RIVER, AZ, Oct. 4, 2014

| made a book-keeping error of unknown cause when | copied the table of
cultivated acres from the Walnut Creek Appendix E and transferred the copied
table to the main report where | 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 2" 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 wasl/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, cfs’

Granite, Williamson Valley,

Walnut, and Big Chino Creeks 8095 35

USGS Clarkdale gage 8215 36
Corrected

Location Acres Flow, cfs’

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



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 (20f2) is column 3
(10f2) adjusted for the losses to ET in column 4 (20f2) 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 - 5¢cfs = 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 (20f2) is column 3
(1of2) adjusted for the losses to ET in column 4 (20f2)

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



Page 20 near top

Error
-------- METHOL 2 ==mmmmmm memmmmmm METHOD 1 cmemmmeema
USGS Q50 Virgin Virgin mean Average annual ET virgin Virgin mean
Gage F annual flow (F) Fed Survey (G) Fed Survey annual flow (H)
cfs cfs cfs cfs cfs
Qso0(I} Q30(1)
(A) Y - ] & . -. 78?
£037 41 76 3z 60 54 210
E040 114 207 36 117 111
S060 277 494 - - - -
E100 — 751 - . " -

F - The 100 cfs difference beween the virgin average annual runoff and the
gaged mean annual flow was distributed between the two general areas
of cultivated land where base runoff was diverted from sStream channels.
These two areas are the watershed above gage E037 and the watershed
between gage E040 and 5060 where losses of base runoff to ET were
distributed as a percent of total cultivate lands for these two areas
as given in Hayden (1940) on pages 7% and 83.(Hayden, T. 5., 1940,
Irr1Eat1on on upper Verde River watershed from surface waters:
unpublished report of SRP, 329 pages. According to Hayden 28 percent of the
irrigation was above gage 5027 and 72 percent was in the verde valley.

G - Amount is from cultivated lands shown on the original Federal Land Surveys.
water use for the total acres (8385 and 8505 above USGS gages 09503700
and 09504000, respectively, was determined using the weighted irrigtion
factor of 3.15 ac-ft/acre (Pool and others page 37. 201L1).

H - Amount in column 7 is the pre-development mean annual flow plus the aver:ge
annual ET in column 4. Again, the average annual ET is from irrigated lands
tyqﬁca11y watered by diversion from streams using low rock dams and shallow
wells Tocated in the stream sediments. .

I - Amount in column & is the pre-development median plus the average annual ET
minus the av?. annual loss to ET (5 cfs) along the 80 miles of trib. channels.

J - Amount in column 6 is the pre-development median plus the awvg annual ET
minus the summer (maximum) loss to ET (11 cfs) along the tributary channels.
(See slide 32 of Appendix A for computation of ET loss along channels).

Corrected
-------- METHOL 2 -—--———- ceememm METHOD | oo
USGS Q50 Virgin Virgin mean Average annual ET virgin Virgin mean
Gage (F) annual flow (F) Fed Survey (G) Fed Survey annual flow (H)
cfs cfs cfs cfs cfs
Qs0(I) Q30(1)
(A) - ] - & & -
5037 58 76 30 60 54 6
S040 114 207 31 117 111 210
EDB0D 277 494 - - - -
E100 - 751 - - - -

F - The 100 cfs difference beween the Virgin average annual runoff and the
gaged mean annual flow was distributed between the two general areas
of cultivated land where base runoff was diverted from stream channels.
These two areas are the watershed above gage 5037 and the watershed
between gaﬂe E040 and 5060 where losses of base runoff to ET were
distributed as a percent of total cultivate lands for these two areas
as given in Hayden (1940) on pages 75 and &3.(Hayden, T. 5., 1940,
Irrigation on upper Verde River watershed from surface waters:
unpublished report of SRP, 329 pages. According to Hayden 28 percent of the
irrigation was above gage 5027 and 72 percent was in the Verde valley.

G - Amount is from cultivated lands_shown on _the original Federal Land Surveys.
water use for the total acres (7025 and 7145 above USGS gages 09503700
and 09504000, respectively, was determined using the weighted irrigtion
factor of 3.1t ac-ft/acre (Pool and others page 37, zcllg.

H - Amount in column 7 is the pre-development mean annual flow plus the average
annual ET in column 4. Again, the average annual ET is from irrigated lands
tyqica11y watered by diversion from streams using low rock dams and shallow
wells located in the stream sediments.

I - Amount in column § is the pre-development median plus the average annual ET_

n
J - Amount in column 6 15 the pre-development median plus the ava annual ET



Page 27 near top

Error
The mean annual Virgin flow, column 7 (20f2) is column 4
(1of2) adjusted for the losses to ET in column 4 (20f2)
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 (20f2) is column 4
(1of2) adjusted for the losses to ET in column 4 (20f2).

Mean annual Virgin at gage 5037 =48 + 30 =78 cfs
5040 = 179 + 31 = 210 cfs

Addendum page 52 middle of 1° 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 | testified on December 18, 2014 (REPORTER'S
TRANSCRIPT OF PROCEEDINGS VOLUME 4 Pages 1053-1054) | 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 | 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..



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.

1, Simulation of the Stream. The stream reach simulation model
utilized in this approach uses several cross sectional tran-
sects, each of which is subdivided inte subsections. For any
stage (water surface elevation} the mean depth and velocity of
each subsection is calculated. 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.

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



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.

BOATING CANDETNG-KAYAKING

CRITERIA

PHYSICAL SAFETY OPTIMUM
DEPTH o 2.5 Tt +
aiintmum 0.5 ft 1.0 ft
maximum HA NA

VELOCITY 0.5-7.0 fps
minimu m | O fps 0 fps

mmmmmmm 10.0 fps 9.0 fps

COMMENTS: Higher velocities exclude cpen canoces. Higher
velocities safe only under certain conditions.

LEGEND

DEPTH

(]
0 1 2 3 4 5 & 7 B9 10

VELOCITY

A=12




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.), | 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 | 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.
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Figure 5: Subdivision of a cross section into a series of channel segments, each with
geometric elements particular to the channel segment.

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 TRACT (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.

Verde Independent

Thursday, January 15, 2015

Clarkdale establishes limits on Verde River commercial users

S.t;a.fwa'ép 6 ﬁé r

Thursday, January 15, 2015

12



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 watercratft.
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:

e 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.

e Also, there is considerable evidence the channel hydraulics and
morphology have not changed above Horseshoe Reservoir since human
settlement.

e There is also evidence the natural base flow along the entire Verde River
was greater than the present base flow.

e 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.)

13



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

USGS 09510000 VERDE RIVER BELOW BARTLETT DAM, AZ
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WALTER B. HARE, Meteorologist
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GENERAL SUMMARY

The month was the coldest February in 57 years of record
with & mean temperature of 41.7°, 7.2° below normal. Every
station in the State reported temperatures below normal and|
average daily deficiencies from 2° at Parker in the southwest-
ern corner to 15° at Eayenta in the northeastern uplands. The
month opened with four days of cold, clear weather. This was|'
followed by two days of cloudiness and rain attended by nor-
mal temperatures. On the 7th, a cold spell in the wake of|
brigk, northerly winds lowered temperatures to record breaking|'
levels. 21 of the 90 stations reporting had below zero temper-
atures. At Phoenix, a temperature of 24° on the 8th, the|'
lowest recorded so late in the winter, cansed extensive damage
to citrus and a 20 per cent loss in the lettuce erop. Following
this came ten days of clear, comparatively warm weather, |
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TeMPERATURE. —The monthly mean for the State, as shown
by the records of 90 stations, was 40.4°. The mean departure
from the normal for 78 stations having a record of ten or more
years was —7.2°. The highest monthly mean was 55.0° at

Benefite to plant growth were more than offset, however, by
the unseasonably cold nights which continued to prevail. On
the 26th, a 3 day cycle of rains began. Precipitation in all
parts of the State aided plant and cattle growth. Cold weather
continued but minimum temperatures were somewhat higher.
The last day of the month was its warmest and gave promise
of better weather to come.

Precipitation for the month averaged 0.67 inch, about one-
half the usual amount and less than one-fourth the February,
1982, fall. Snowfall was much below normal. Run-off from
watersheds in the State was less than one-tenth that of a year
ago but the amount of stored water was about the same. Wind
movement was above normal and relative humidity percentages
concomitantly low. A thunderstorm was noted at 7 localities
in the central portion of the State'on the 25th. Moderate hail
fell on the eame date at Castle Hot Springs and light hail one

day later at Bowie, but no damage was reported R.B.E.

Red Rock; the lowest. 19.0°, at Fort Defiance. The highest
temperature reported was 89% at Parker on the 23d; the lowest
was —26° at Fort Defiance on the 7th. The gren.t.est daily
range was 60° at Fort. Valley on the 11th. There was an aver-.
age of 19 clear days, 5 partly cloudy days and 4 cloudy days.

PrrcrerraTion.—The average precipitation for the State, as
shown by the records of 122 stations, was 0.67 inch, The
mean departure from the normal for 102 stations having a record
of ten or more years wag —0.66 inch. Rucker Canyon report-
ed the greatest monthly amount, 8.29 inches. Lakeside re-
ported the greatest 24-hour fall, 1.90 inches,on the 26th. Five
stations reported no prec:pltat:on during ths month. There
was an average of 2 rainy days for the month,

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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FEBRUARY, 1983- CLIMATOLOGICAL DATA: ARIZONA SECTION 9

Daily Precipitation for February, 1938
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CLIMATOLOGICAL DATA: ARIZONA SECTION

FeprUARY, 1683

Daily Temperatures for February, 1988
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February 1934

USGS 09510000 VERDE RIVER BELOW BARTLETT DAM, AZ
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2 ARIZONA SECTION

W. B. HARE i
Vor. XXXVIII Pnomu-x. Aniz., FEBRUARY, 1934  No. 2]

GENERAL sumz

The current month was the warmest February since 1907 and
its mean temperature, 52.0°, was quite a contrast to the re-
markably low average of 40.4 which occurred a year ago. Ab-
normally high temperatures persisted. during the entire mont.h,-
with very little variation in temperature, although ‘maxima
were generally recorded during the first week and minima
during the period 8-12th.

Precipitation was only 67 per cent of the normal amount
and confined to two-periods, light scattered rain or snow falling
in the northeastern quarter of the State 7-10th, and general
precipiation falling 19-28th, Heavy amounts were recorded in
central portions on the 28rd and 24th. Stored water in all
reservoirs showed a slight decrease during the month and the

. higher elevations only a very small covering of snow, which
removed them as a usually potential factor in ‘the replenish-
ment of the depleting water supply. At the close of the month
a few communities were still greatly in need of water and were
planning to drill new wells or seek water at some distant source.
. Livestock were in generally fair to gnod condition. The mild
weather was favorable for cattle but water was low in some
gections and feeding of cattle was necessary owing to a shortage
of grass. Shipping of citrus and lettuce continued. The warm

- weather hastened the growth of lettuca and the crop was ahead

of normal. i H. B. H.

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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--FEBRUARY, 1934 - " CLIMATOLOGICAL :DATA: ARIZONA SECTION

-T

Dafly Precipitation for February, 1934
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February 1935

 USGS
USGS 09510000 VERDE RIVER BELOW BARTLETT DAM, AZ

9880

1608

DAILY Discharge, cubic feet per second
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1935 1935 1935 1935

— Daily mean discharge === Period of approved data

2 ARIZONA SECTION
_ ' .W. B. HARE
Vor. XXXIX ProENIX, AR1z., FEBRUARY, 1935 "No. 2

GENERAL SUMMARY

The mean temperature for February was near normal but the
average precipitation was 84 per cent above hormal. -

Unseasonably warm weather occurred during the first few
days of the month, preceding a series of storms beginning on
the 5th and continuing through the 156th. The showers were
frequently accompanied by light hail or eleet, and thunder-
storms were recorded on the 6th, 7th, 8th, 10th, 12th, 13th
and 14th. Precipitation was especially heavy over a large area

in the central part of the State and diminished in intensity|:

toward the borders. Fair weather with increasing temperature
obtained 16-22nd, followed by light scattered precipitation,
mostly in the higher areas of the State and in the form of snow
or sleet, 23-25th. Clear weather with sub-normal temperatures
prevailed during the remaining three days of February.
Reports from all sections of the State indicated the water sup-
ply and range conditions to be much better that at the same
time last year but only average or somewhat below normal.
Snowfall was decidedly below normal and at the close of the
month only the regions above 7,500 feet were snow covered.

Run-off from the watersheds was comparatively poor as most of |

the moisture soaked into the dry ground. However, the heavy
rains of the central sections providéd a very substantial increase
to the stored water of the Salt River Valley and to the reser-
voirs of the various cities of this region. A sudden flood on
the San Carlos River on the 7th caused Indians of the San
Carlos Reservation, near Globe, to abandon their brush tepees
and flee to higher ground; only slight flood damage occurred.

The comparative absence of snowfall and extremely cold
weather fostered the growth of range forage, and livestock were
surviving the winter in good to excellent condition. In the
lower desert regions, an abundance of sheep pasturage was
available. Lettuce and citrus shipments continued in the Salt
River and Yuma Valieys, and at the latter section carrot ship-
ping and cotton plantmg were also progressing.

H. B. H.

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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FEBRUARY, -1985 CLEMATOLOGICAL DATA: ARIZONA SECTION

Daily i for , 1985

Day of month
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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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February 1936

USGS 09510000 VERDE RIVER BELOW BARTLETT DAM, AZ

T ave0

1888

DAILY Discharge, cubic feet per secol

288
Feb 81 Feb 08 Feb 15 Feb 22 Feb 29
1936 1936 1936 1936 1936

— Daily nmean discharge == pPeriod of approved data

. WRO.Renn, 4.2.36-060

2 ARIZONA SECTION
' W. B. HARE _
Vor. XLL - PHOENIX, AR1zZ., FEBRUARY, 1936 No. 2

GENERAL SUNMMARY

Temperatures during® February averaged somewhat below
normal while precipitation was decidedly above normal. The
number of cloudy days and days with rain was considerably
above normal, but clear, dry weather during the latter part of
the month brought the average relative humidity down to ap-
proximately normal figures.

The month was characterized by extremes. Temperatures
during the first few days were quite cold, with killing frosts
generally over the State on the 4th, 5th and 6th and with a
minimum as low as five degrees below zero recorded at Ft. Val-
ley:; while during the latter part of February increasing tem-
peratures obtained until the last day of the month, when a
maximum of 87° was reached at Gould’s Raneh. Great varia-
tion in precipitation occurred, as only a trace fell at Agua Cal-
iente and Mohawk but 8.48 inches was recorded at Junipine.
However, good soaking falls of great benefit to ranges and water
supply covered the State, with heaviest falls in the central
highlands and very little rain in the southwest and Painted
Desert country of the northeast.

Snowfall wasa the greatest of the season, although the average
of 1.8 inches was 0.6 inch below normal. Some heavy amounts
occurred: Ft. Valley, 43.0; MecNary, 40.0; Grand Canyon,
23.0; Henry’s Camp, 18.7; Alpine, 19 0. At the close of the
month the ranges were generally bare but considerable snow
remained unmelted on the higher peaks of the east-central and
north-central sections so as to make excellent prospects for an
adequate water supply during the months following.

Agricultural activities flourished. Lettuce developed well
and harvesting was about to begin. Shipments of carrots, cab-
bage, caulifiower and other vegetables were made, as well as
many carloads of citrus fruit. Numerous fruit trees were in
bloom in the lower valleys. Livestock continued in good con-
dition and range grass was up in most sections. H. B. H. °

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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FrBrUARY, 1936 " CLIMATOTOGICAL DATA: ARIZONA SECTION

Daily Precipitation for Feb v, 1888
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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.
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Figure 7. Instantaneous discharge at U.S. Geological Survey streamflow-gaging stations 09504000 and 09506000, June-July
2007 and January-February 2011, central Arizona.

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 | 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.

| 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 | 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 TAN 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:

“ 27 Townships crossed by Verde R
I 14 Surveyed (early) |
13 Unsurveyed but with a
few Homesteads

. _ thus
lMaximum Depth is used

I 1 Assessment for smal| watercraft,
=4
¥

Avg. Depths
TITNR2W D=11t
TI7NRIW D=11t

T16N R3E  Avg. D = 3 ft for entire
Township. For 10 miles
along the single
meandering channel
T4N R7E D=3,3345ft
TSNR7E AvgD=3, 3,25, 25, 3,
2.5,3,4,3,3:25,25,
3,2.5ft (all for 250 ft
Wide main channel)
“River very low"

T2N R7E Chann)ﬁl about 5 ft deep. s

P4 Ty — = SOTTSOALE |
il | L S § ! ,T — BHORRI =
e

29



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).

‘GENERAL SUMMARY.

The stormy conditions that set in near the middle of
January continued with but little interruption during
February. While the average precipitation for the
month was not much above the normal, yet, combined
with that for January, it may be considered as making
up generally for the light precipitation that characterized
the fall months and the first half of the winter. The
total for the months November, December, January, and
February, for the basin of the Green, is 4.68 inches, or
1.31 inches less than for the corresponding months a
year ago; for the Grand, the amount, 6.33 inches, is
practically the same as that of a year ago; for the San
Juan the total is 8.54 inches; Lattle Colorado, 4.70 inches; -
and the Gila, 5.45 inches. These values are 0.32, 0.69,
and 2.38 inches, respectively, more than for the cor-
responding months in 1909-10. . As explained to the left

In western New Mexico water for irrigation is likely . ’
to be adequate, except in the southern part. In Arizona the first 11 days of Feb. were
it iS pIentlful, and the Supply will last till sumimer, the warmer than normal and the |ast
season of frequent rains. "Lhe range outlook is very
favorable in New Mexico and Arizona. part of Feb. 1911 was colder than

Temperatures in Arizona and Wyoming averaged lower normal
than the normal, but in the remainder of the c(,list,rict a :
slight excess was general, o

The sunshine was deficient, and the relative humidity
was somewhat greater than usual.

TEMPERATURE.

The mean of the 134 stations reporting was 36.9°, or
0.5° below the normal. By subdivisions the means and
departures were: Western Wyoming, 12.8°, —2.5°;
western Colorado, 24.2° - 4-1.4°; eastern Utah, 30.2°,
+1.2%; western New Mexico, 38.1°, +1.4°; Arizona,
46.3°, —2.0°; and southeastern Nevada, 39.8°. The
highest monthly mean was 57.6°, at Maricopa, Ariz.,
and the lowest, 5.4°, at Corona, Colo. Except in the
extreme southwestern part of Arizona, the first 11 days
were warmer than the normal throughout the distriet,
and in the central part high mean temperatures continued
nearly a week longer. Fromthe 15th to the 22d,inclusive,
there was a marked daily deficiency of temperature in
Arizona and southeastern Nevada, and from the 20th
almost to the end of the month in the central and northern
Q:u'ts of the district. By subdivisions the extremes were:
Western Wyoming, 48° and —30°; western Colorado,
59° and —25°; eastern Utah, 69° and —27°; western
New Mexico, 78° and —12°; Arizona, 82° and —20°;
and southeastern Nevada, 67° and 10°.
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PRECIPITATION.

The average for the 177 stations. reporting was 1.62
inches, or 0. 39 inch above the normal. An excess was
noted on’ all drainage areas except the Grand. By
watersheds the means and departures were: Green, 1.41,
+0.22; Grand, 1.63; —0.08; San Juan; 2.97, 1. 91
Little Colorado, 1.73, +0.48; Gila, 1.71, +0.37; Mim:
bres, 1.69, 4-0.86; and Colorado, proper, 1.30, +0.12
inch. The greatest monthly amount was 7.02 inches,
at Durango, Colo.; this came largely in the form of snow
and 1s the greatest of record at that station for any month.
The least monthly amount was 0.05 inch, at Aztec, Ariz.
The average number of days with 0.01 mch or more of pre-
cipitation was 4 in western Wyoming, 10 in western Colo-

rado, 7 in eastern Utah, 7 in western New Mexico, 5 in
AI‘lZOIl& and 3 in southeastern Nevada. For the district
as & whole the average was 7 days. At the close of the
month 97 stations in Colorado having an average eleva-
tion of 8,585 feet showed a mean depth of 29 inches of
snow. This depth is 5.6 inches less than that reported
for the corresponding date last year. Heavy rain fell
in the central and northern parts of Arizona on the 4th
and 5th, causing a moderate freshet in the rivers from
the 4th to the 6th.

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.

TP AL Fans dassASiA ALY W TT maa L N T W N T LAV FR V] )

Arizona.—The snowfall for February was one and one-half times
greater than the total for the preceding two months. The average
depth at 8,000 feet elevation is about 14 inches. Over the upper water-
shed of the Gila the depth averaged 27 inches, and for that of the Little

Colorado the average was 49 inches.
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FEBRUARY, 1911. - Districr No. 9. CLIMATOLOGICAL SUMMARY. 7
'i‘.u;_:.z: 2.—Daily precipitation for F&mm, 1911, District No. 8, Colorado Valley.
Tray of month.
Stations. Watershed I . T - T 4
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FeBrUARY, 1911. " Districr No: 9. CLIMATOLOGICAL SUMMARY. 9
TaBLE 2.—Daily precipitution for February, 1911, District No. 9—Continued.
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10 Districr No. 9. CLIMATOLOGICAL SUMMARY. FEBRUARY, 1911

TaBLE 3. — Mazimum and minimum temperatures at selected stalions, February, 1911, District No. 9, Colorado Valley.

Arirona.
. Logan, Nev.
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GENERAL SUMMARY.

The mean temperature throughout the district was
materially higher than the normal, but not so high as
that of March a year ago, which month it resembled in
respect to the slight va,riai)ility of temperature from day
Yo day. It was verK favorable as regards the amount
‘and distribution of the precipitation and the lack of any
severe conditions. The storms were about the average.
as regards number and occurred at short and regular
intervals.- Everything considered, the conditions were
- fine for March. ' _ '
. - TEMPERATURE.

The mean of the 140 stations reporting was 48.3°, or
3.2° above the normal. By subdivisions the means and
departures - were: Western Wyoming, 30.7°, +1.9°%;
western Colorado, 36.0°, +3.3°; eastern Utah, 43.1°,
+3.5%; western New Mexico, 49.2°, +4.8°; Arizona,
57.3° +2.9° and southeastern Nevada, 54.2°. The
highest monthly mean was 69.4°, atMohawk Summit,
Ariz., and the lowest, 16.4°, at Corona, Colo. In the

. extreme southwestern part of the district, in the vicinity

.of the Gulf of California and in southeastern Nevada, 9
or 10 days were cooler than the normal, while in the rest
of the district -only 3 or 4 days were relatively cool.
With one exception the deficiencies were small. This
is rather remarkable, as uniformity in the mean tempera-
ture, especially in the central and northern parts of the
district, is ‘not common to March. By subdivisions, the
extremes were: Western Wyoming, 62° and —16°;
western Colorado, 73° and —12°; eastern Utah, 86° and
—6°; western New Mexico, 83° and 2°; Arizona, 99° and
15°; and southeastern Nevada, 93° and 22°.

PRECIPITATION,

The average for the 187 stations reporting was 1.22
“inches, or 0.04 inch below the normal. The average for
March, 1910, was 0.56 inch. By watersheds, the means
and departures were: Green, 0.73, —0.69; Grand, 2.00,
+0.11; San Juan, 2.53, +0.51; Little Colorado, 1.33,
+0.50; Gila, 0.81, —0.11; Mimbres, 0.91, +0.30; and
lower Colorado, 0.96, —0.07 inch. The greatest monthly
precipitation was 6.36 inches, at Corona, Colo., while
there was none at Hermanes and Pratt, N. Mex., and
Naco, Ariz. The rains of March 3-5, in Arizona, caused
moderate floods in the Verde and Salt Rivers on the 6th,
7th, and 8th. High water also occurred in the Muddy
River, in southeastern Nevada, on the 10th, The dam-
age by these freshets consisted principally in making the
streams unfordable and thus interrupting traffic. The
average number of days with 0.01 inch or more of pre-.



Below is extract from March section snowfall bulletins that pertains to AZ. US
Weather Bureau (March 1911), page 3.

Arizona.—The snowfall of the month was greatly deficient, and de-
cidedly less than that of March last year, except over the upper Gila
watershed. The snow at 7,000 feet elevation disappeared on the 13th;
at 8,000 feet on the 2lst; at 8,500 feet on the 25th, and at 9,000 feet
about the 30th. At higher altitudes the snow is well packed and is
melting slowly.

12 District No. 9. CLIMATOLOGICAL SUMMARY. Maren, 1911

TasLE 2.—Daily precipitation for March, 1911. District No. 9—Continued.

‘ ) i}my of month. |

Statlons.

Total.

. T T
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Marcs, 1911, District No. 9. CLIMATOLOGICAL SUMMARY. 13

TagLe 2.—Daily precipitation for March, 1911. District No. 9—Continued.

| Day of month,
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14 Distrior No, 9. CLIMATOLOGICAL:SUMMARY. MargcH, 1911
TasLe 3.— Maximwn and minimum temperatures for March, 1911, District No. 9, Colorado Valley.
\ . Arizona. i :
T - - Logan,
Date. | Bisbee. | Flagstam, | , Fort Grand | ey, | Phoenix. | Prescott: |St. Michael -‘s Carlos.| 1 Y e
ate. | d BES . .r\pache‘ CBNYOTI. . nix. rescotl. aels. san Carlos, | ucson. | uma.
| |
\ | I
Max. | Min. iusx, Min. | Max. | Min, | Max. | Min, Hu.l Min. | Max. | Min. | Max. wn.lm; Min. | Max | Min, | Max. | Min. | Mull!‘“m-IH”' Min
| | . | i | H
T { ]
8| 41| 45( 25 530 go| & | 25| 78| 40| ns| 45 5| 25 48| 22| &7 4@ 1 @ 45 r | o4az| 63|
62, a0| 45| 25, 62| 0| a9f 2| 75| 40 ve| 46! & | s0| 2 72| B6, G| 43 6| 44| 2]
63| 44| 47| 29| 2| 33| 48| 80 o8| 41| 70| 50| 5| 30, 2| 0| e6| 40| 7H| 48| 7| 48] e4| 4
65| 47| 42| 31| 62| 35| 47| 82| 76| 36| 69| 80| 48| 35| 54| I2| e, 44| 72| B4 TN| 49| o8| 47
55! 46| 43| 32| 65| 44| 47| 30| e8| 36| 66| 54| S0| 41| s2| 40| 66 ‘ 50, T &7 63 49, 67, 30
G0l 47! 42| 31| 53| 40| 44| | 75 | 40| 68, | s0| 30 0| 36| e! 4 70| =5 | 7 . 45 o6 35
¢61 1| 48| 28, 63| 81| s2| 2| 76| 45| 74| 46| 58| 25| 56| 28| 74 a7| 78| 42, S| 46| 8| 35
72| 43| 54| 2| e7| 32| | | s s2; 7| 45 2| 32, 60| M| 78 0 w| 43| s o @W @B
72| 47| 83 833 e8] 34| 53| 30| 74| 52| 78| 62| 61f 30| 48| 82| s0| 0| S$| 45 82| M| es| a3
7| 47| 43| 32| 64| 37| 48| 31| 7| 38| o6| 55| 52| 41| 46| 28| eo| 42| 74| 6 7| &2 ‘ 67| &2
62| 44| 42\ 2| s5| sa| so| 24| 75| av) ea| 42| s2| s0| | | es| 42| 72| e8| w4l @] w| m
G| &7| dof 22| 62| 27| 0| 18 78, 40| 73| 42 54 25 ) 28| 74 @ 76| ) | 47| 63| 38
g8| 43| 49| 26| e9| ;| 54| 2| s2| a| 77 43 | ® | 25| 8| 2| 75| sl m| &| s| & @ &
70| 45| 52) 30 66| 85| 60| 28| 83 41| 81| 40| 63| 28| 65| 21| 7H. 46| 79| 43, 8 56| 75| 47
71| 46| o, 31, 68| 32| 68| 30| 85| 42| s 49| 66| 35| 56| 25| 80| 38| 70| 44| &7 s0f 7| 43
74| 4| & 2 e 46| 67| 28|-78| 45| s3| s2e| es| 33| s8| 2| 7wl 4| se| 46| o0l s m 3
67| 62| &) 2| e7| a7| 62| 23| 85| 45| 83| S| 64| 33| 6| 32| | 42| sa| s | ss| s| s
66| 47| gof 28| 67| 86| e4f 28| 84 46| s2) s e8| 31| e2| 81| T F| 85| 46| s, M| W 45
67| 44| 57| @ 67| 32| o3| 21 s2| 5| s| 0/ es( 38| | 2| s2| ;| s| 4, s| w| s| @
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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 0° F at Flagstaff and there was a
snowpack at the higher elevations. There was moderate flooding on the Verde
River on the 6™-8" of March. The snow disappeared at the 7000 ft elevations on
the 13" and at the 8000 ft elevation on the 21% 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.)

SALT RIVER BASIN, 243

VERDE RIVER NEAR CAMF VERDE, ARIZ.

Location.—Just below power plant of Arizona Power Co. at Camp Childs, Ariz.,
about 19 miles southeast of Camp Verde, Ariz., and about 3 miles above mouth
of Fossil Creek.

Records available.—February 26 to December 31, 1911.

Drainage area.—Not measured.

Gage.—Inclined staff in three sections on left bank about 300 feet below power plant
of Arizona Power Co, .

Channel.—Bowlders and bedrock; apparently permanent.

Discharge measurements.—Made from car and cable 1 mile above gage.

Diversions.—About 60 second-feet of water diverted from Fossil Creek used for
power development and returned to the river above the gage.

Accuracy.—No estimates can be prepared until additional discharge measurements
are made.

Cooperation.—Gage height record furnished by the United States Reclamation
Bervice.

The following discharge measurement was made by C. C. Jacob:

. August 5, 1911: Gage height, 5.02 feet; discharge, 208 second-feet.

Daily gage height, in feet, of Verde River near Camp Verde, Ariz., for 1911,
[O. 0. Btevens, R. C. Ricketts, observers.]

Day Feb. | Mar Apr. | May. | June, | July Aug. | Sept. | Oct. Nov, Dec.
5.4561 4.5 8.35 8.5 b 2| ) P 5.1 5.5 5.6 5.2
5.46| 4.5 3.3 3.6 3.0 5.0 5.7 5.4 5.2
59 4.4 2.3 3,55 4.0 | 50 5.6 54 5.2
6.06] 4.3 3.3 3.8 4.5 |, 5.0 5.5 5.4 5.2
10.85¢ 4.15| 3.3 3.6 4.0 5.0 6.4 5.26 5.2
12.75 4.1 8.8 3.56 | 3.9 5.0 4.9 7.9 5.4 5.2
1.2 41 5.3 3. 65 4.0 8.0 49 6.45 | &3 5.2
8.0 4,05 3.3 4.5 53 5.0 4.85 5.9 5. 25 52
7.5 B850 3.4 .66 4.2 4.9 4.9 5. 56 5.2 5.2
w3 4.8 3.4 N 8.9 52 4.9 5.45| &2 5.2
13.76 | 8.7 3.85( &45] 3.76] &0 4.9 5.4 5.2 5.2
8.7 365 3.3 3.4 3,66 4765 | 6.8 5.3 5.2 5.2
7.2 3.5 3.3 3.6 3.76| 4.9 5.4 5.3 52 5.2
6. 54 3.5 3.35 3.50 .50 4.9 5.7 5.3 5.2 5.2
6.15| 3.5 8.4 3.5 3.5 4.9 | &b 5.2 5.2 5.2
5.95 | 3.5 3.4 3.5 8.6 49 | 53 5.2 5.2 5.2
BT 3.5 3.4 3.5 4.3 4.8 5.2 5.2 52 5.2
5.45| 3.5 3.4 2.4 5.5 5.0 5.1 5.2 52 5.3
5.256 3.5 8.4 3.4 4.4 4.9 5.1 5.2 5,2 5.3
5.15 3.5 24 2.8 58 4.9 55 5.2 52 52
5.1 3.4 a4 4.0 6.5 b.25| b6.56) B2 52 5.3
5.0 3.4 3.4 3.65| 6.0 5.9 5.3 5.2 5.25 5.3
5.0 3.4 3.4 .55 60 5.7 545 6.2 5. 25 5.8
4.05 3.3 3.4 5.8 5.5 5,85 &1 5.1 52 5.3
4.9 33 34 3.6 6.8 5.8 52 5.1 52 5.3
4.9 3.3 8.4 3.6 5. 55 5.5 5.2 5.15| 6.2 5.3
4.8 3.2 8.5 3.5 51 6.4 5.2 5.4 52 5.3
4.76 | &2 3.5 3.35{ &5.65 5.6 51 5.6 52 5.3
4.7 3.3 8.56 | 8.4 5.3 5.4 5.15 5.85| 5.2 5.3
4.7 3.3 8.5 5.45{ &1 5.3 5.2 5.75 52 5.3
LN 3 R 5 T PO 5.0 5.2 |oeoiad] BB [l 5.3

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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BALT RIVER

BARIN.

BALT AFD VTERDE RIVERS AT McDOWELL, ARIZ.

The following estimates of monthly discharpe are published as furnished by the
United States Reclamation Bervice, For description of imgation plan of the Balg
River project in Arisons, se¢ Tenth Annual Report of the Reclamation Service,

Esitmated mn.l'.ug,r r.i!vi.pp‘pp.rg; .;_f.S‘qit and Terde rivers for 151 T,

Ealt Tilver hear

Verds TRiver at

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.)
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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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Meridian, Arizona. X\OUIQ 8

7 FEast of the Gila and Salt Rive
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Gilwand Salt River Meridian. Arizona, is strictly confiormable to the field notes of
Standard lines e .
. Jany4 -Feby. 27, 1. the,survey thereof on file in this Office, which have beem sxamined and approved.
| Febym-mar 2, 1911 U. 8. GENERAL LAND OFFICE ) \ Lo .
Washington, D. C. ) Comm;mrwm .

March 23, /913,

Township
Subdivision * -
Meander : . . -
Boundas - i T
ry A.F. DUNNINGTON,
. Topographer in charge.
Instructions October 11, 1910,

Pages 1, 94-102 for Book 2986 of the GLO survey by Mr. Farmer for at T3N

R7E follow:



- -
Book "I®

)N

4679

BOOK 2396

FIELD NOTES i w13,

OF THE SURVEY OF THE

. Of the ._Gila and Salt River Principal Meridian,

@ In the State of Arizona,

EXECUTED BY

Robert A. Farmer,

Topographer,

In the capacity of U.S. Surveyor...., under instructions dated... October 11- 7970

issued by the THritock-Skates~-Swreelyor Gormerns—=to--Eoveris - suruoys- iRehwded -t

-
Growp-Ne. — T D & be-blve Commissioner of the General Land
- to'A. F. Dunnington, Topographer in Charge.
Office, ; 29 ==~ prerswomt- bo-enethority e trvecs sm-tie-Aek of
Survey commenced February 18- 191.1.
Survey completed March 9= 191.1. -
h 4
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Meanders T. 3 N., R. 7 B. -l =

e e —

|

{ |

i |H. 4° 0' B. B5.32 che, 8et iron post for amgle point |
i | with brass onp stamped A P

[N. 7° 45" W. 9,00 * f@ot iron post for Angle point |

| ! with brass oap stamped A P !

¥, 19° B, 6,10 " to M. C. of sec, 19, which im 2. llD i
| che. West of { sec. cor. bet. | I
seoo. 19 and 20.

M. 17° 15' E. 7.02 * to M. O. of segs, 19 and |
which is 6,70 gha, !' Q% 1' E. |
of § sec. cor, bet, seos. 19 |
and 20, |

|Land, level.
|82i1, Znd rate.
|Timber, mesquite and cottonwcod.

Thence in seo. 20,
Ower level land,
|Through dense mssguite brush,

|H. 22° 45' E. 8.00 ghs. Bet irom post for mngle point |
| with brass eap stamped A P
| i
Horth 5.90 " to M. C. of sec, 20, which is !
I 16.90 ohe, Teat of W ®ec. cor.
| Ho. 3 in the center of the NW.

1 of sec. 20,

5 W. 9° 30" W. 3,56 * Bet iren post for angle point
| with brass cap stamped A P

| |
| ’l. 28° 16" W. 5.30 * 8o M. C. of secs. 19 and 20, |
1

which 4w 11,83 ohs, 8, 0° 1' W, | i
| of the cor, of secs. 17, 18, 19 i
| and 20, i

| iLand, level. .
| {8011, 2nd rate. |
!mush metquite and seattersd cottonwocd trses.

[
Thenoe in sec, 19, \
!drrr level land, | |
i!'h:ough mesquite brush and trees. - : i
T T TN k1 W

of the cor. of secs, 17, 18, 18
and 20, i

Tand, level.
.‘011 =nd rata.

{ {

| "lh 1te brush and t . :

I squite brush and trees _ _ March 6, 1911
| . - Mardhi6, 1911,

| |




95
ROCI 2396 BLY
Meanders T. 3 N., R. 7 E.
i |¥areh 7, 1911, at 8h., a.m., l.m.t., I set off 33¢ 36' .
| | on the latitude arc, §° 31' B. on the deoclination are,
‘ | and determine a meridian with the solar at the M. C. of f
i | secs. 18 and 19, whnich is 11.80 che. 8. 89° 53' W. of !
i | the ecor, of secs. 17, 18, 19 and 20,
| |Thence I rum with meanders in ssc. 18,
i EOn:' level land,
| ".nueugh mesguite brush and trees.
i ¥. 54° 45' W. 10,04 cho. to M. C. of sec. 18, which im
! 14.20 ohs. Bouth of 1/18 seo,cor,
: N¥o. 11 in the genter of the BE.
! 1 of seo, 18,
| |
j il‘. 49° 453' W, 8,00 * Bet irom post for angle point | i
| I with brass cap stamped A P | !
E IN. 248 W, 9.90 " to M. €. of sec. 18, whioch is ‘
| 10.12 ghs. 8. 89° B7' V. of 1/16
i 880, cor. ¥eo. 11 in the center
; of the 8B. { of sec. 18, ! |
‘ H. 20' W, 7.60 " Bet iron post for angle poimt |
‘ with brass eap stamped AP |
‘ ‘
} N. 26® 45' V. 6,80 " 8ot iron post for angle point
f } with brass cap stamped A P
| /N, 30* 46* B, 7,90 = to M. C. of sec. 18 which is 11,648
| | ohs, B. 89° 66" V. of 1/16 sec. :
f cor. No. 7 bot. the XB. and £X. |
i® of sac. 18,
N. 30° 30" B, 7.80 " Bet iron post for angle point
with brase cap stamped A P

¥. 12° 30" T. 8,90 * - Set iron post for angle point |
with brass oap stamped A P

K. 10 18' E. 4.7 = to M. C. of sec, 18 which is 5.00
| ohs. 8. 39° 53! ¥W. of 1/16 sec.

cor, No. 5 in the cenier of the

ME. % of sec, 18,

North 11.98 " Bet iron pest for angle point
J with brass cap stamped A P

N. 32° 45" W, 8,70 * {0 M. C. of mecs. 7 and 18, which
is 8.39 chs. 8 ., B9® 56' W. of |
1/16 seo. cor. No. 1 bet. secs, '
7 and 18, B§.

Land, level.

8oil, 2nd rate.

Brush, sage and mesquite.

Scettered mesqaite and cottonwood treee.

Thenae in mec. 7,
Over level, sandy land, i
Through dense mesquite brush, with soattered mesquite and |

| sottenwod txees.

|

1
On Verde R.
but nq’ depths
of flow meas-

used.

i

{
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Mearders T. 3 ¥., R, 7 B.

I" 26® 35% W. 17.35 chs. Bet ironm post for angle point
with brass ¢ap stamped A P

| ¥, 128 15' B. 4.60 * to M. C. of pec, 7, which is

| 15,14 ohs. B. 89° 55' W. of the
1/16 sec, cor, No. 11 in the
gcnter of the SE. { of gec. 7.
At 60 1lks,, road, brs., E. and V.

|w. 34° 356' B. 24.30 * +to M. C. of Bec, 7, which is 1.35 i

! ohs. 8. 80° B5' W, of 1/16 sec.
core No. T bet. the EB. and BB.
{8 of sec, 7.

X. 35 24* E. 2.33 * to M. C. of mec. 7 which is 1, 00|

i ghs. North of 1/16 sec. cor, Na,
7 bet, the BR. and 8E. §s of

| s0c. 7 |

|E. 28° 45' B, 20,66 " to M. C. of sec, 7 whioh is 10,09
aks., B. 89° 65' ¥W. ef 1/18 sec,
oor, Yo, 6 bet, secs. 7 and 8,
Hi

i
i
1
| ¥. 28° E. 3.30 " Bet iron post for angle point
} with brass osp stamped A P
1
[

|§. 26° &' ®. 10,00 * got an 1ren post for angle point,
with brass cap stamped A P I i

1
| W. 41* 45' B, 8.17 *“ to M. 0. of 3ecs. 7 and 8, vhioch I
: 1s 16,50 chs, N. 0¢ 1t E. of |
1/16 leo. cor. 0. 6§ bet. seos. I
7T and 8, N§.
Last nnuzu along base of 40- ft.
| bluff, brs. NE. sad BV. i
F

Land, lsvel and rolling.
Boil, 2nd mnd 4th rate. *
Brulh sage and mesquite P
mttorql willow, oottnn;ood and mesquite treses. Moving east
away from Verde

River toward

| Mange 4 uea: 8, Sycamore CKk..
‘Alnug base of 40-ft. dlusff drs. NE. and BW., No de‘pth of
| Tarough mesquite, gr d and soattered pale verde trees. Waferimeasured,

|¥. 55° 20" X. 6.15 ohs. to M. C. of secs. 5 and 8, which |
\ is 14.88 chs. West of 1/18 seo. i
‘ cor. Mo. 2 bet, secs. 5 and 8,Wf L

| Land, rolling. } i
8011, 4th rate. i
| Brush, greasewood. | ]
| Soattered pale verde trees.
|

[ Maxeh 7, 1911, at this M. C., I set off 5° 28' 8. on the|
declination arc, and at 12h, llm, 30s,, p.m., Observe
the zun oa the meridian; the resulting latitude is 33°

‘ 38t ¥,, which is within 1' of the correct latitude.

i
- ———— |

}nmme In sec. 5,

.0nr rolling land,
|
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o7 ?
BCOK pgos # iz |

Meanders T. 3 ¥., R. T E.

| i
i Through greasewcod bruall and scattered palo verde trees. ‘
5!.52000'1.13509:;-.mx.a.oraac.s which is |
: 11.40 chs, E. 0° 7' . of 1/16 |
| :eo. cor. ¥a. 2 bet. seca. § and
41"10.00 ons., leave bluff, brs.|
FE. and BY. Enter level land, |
with dorwe growik of mesquite
and cottonwcod trees,

¥. B° 55' BE. 8,71 " to M. Q. of sec, 5, whioh is 18-65
oha, Went of 1/16 sec, cor., Fe.:
10 bet. the SE. and 2W. {a of | ]
« 5. s
e Surveying along
N. 8% 45' W. 8,8 " Bet an iron point for angle poin \
#ith brazs eap stamped A P F Sycmqre Wash.
This poit’nt is junction ef 1«{: ! No depths of
bank of Syoamore Wash with left |
bank of Verde River. | water measured.

| Thenos with meanders of lef{ bank of Sycamore Wash, wp |
| airgam, | i
| In sec, B.

¥. 64° 30' E. 12,00 chs, Bet an iron post for angle point
th brass cap stamped A P

¥. 33° 30' B. 7.30 * to M. 0. of snc, § whioch im 5.15
chs, Weat af C. 3 850, 00T. Of | |
sec, O, !

At 1,00 ch., mouth of drain, cou*n !
V.

H. 37* 20 E. 8.,49 * to M. C. of sec, § which is 6.'}5I
chs, H. 0° 7' ¥W. of C. { sec. |
for. of sec, 5. i

N. 67¢ 35' E. 21.63 ¥ to M. C. of sec. 5, which is 15.00 }
ehs., N. 0° 7' V. of 1/16 sec. i
cor. No. 7 bvet. the ¥E. and SE. i
i® of eec, 5, I

|¥. 55 5' E. 8.73 * to M. 0. of sec. 5, whichk is 12, 80
[ chs. West of 1/16 sec, cor. No. |
i 8 bat, secs. 4 and 5, M.

|¥. 50° 30* F. 15.58 “ to M. 0. of secs. 4 and 5, which

| is 10,55 chs. . 0° 7' W. of |

{ sac, cor. No. 8 bet. secs. 1
4 and 5, B§. i

th level. !
Bnil 2nd rato. |
Bmsh masquite and sags. i
|W111uw. cottonwood, and mesquils trees. |

i A S R o .
\ ' ‘

Thence in sao. 4,
|Over level land,
‘!‘hrnug: sage and mesquite brush, with a few scattered

| trees.



Meanders T. 3 ¥., R. 7 B.

8. 87° 51' E. 20,02 chs. to M. C of sec. which is
9,80 chs. N. 0° &% W. of 1/16
sec. cor, No. 3 in the oenter
of the HW. { of sec. 4.

Rast 8.40 ®* Bet an iron post for angle potat
with brass oap stamped A P

F. 61° 15* B, 6.10 " Set an iron post for angle pnint
with brass cap stamped A P

F. 78° 45' B. 6.41 " to M. C. of sec. 4, which is
14,00 cha, N. 0° 3' W, of
sec, cor, No. 4 bet, the HE.
and HW. {8 of seo. 4.

N. 57* 156" %. 10,90 * to M. C. of secs, 4 and 33, =u

which is 10.80 cha. West of thl‘

 1/16 sec. cor. No. 1 bet. secs,

4 and 33, B§, on the N. bdy, of

the tp., both cors. previously
described.

At 8,00 chs., road brs. N. and a.
At 9,50 chs,, road brs. N. and 8.

Land, level.
Soil, 2nd rate.
Brush, mesquite and sage.
Scattered mesquitetress,
- March 7, 1911,

¥arch 8, 1911, at Bh., a.m., l.m.t., I set off 33° 39' N.|

on the latitude arc, 5° 8' 8. on the declination are,
and determine a meridian with the solar at the M. C.

i

of secs, 4 and 33, which is 11.40 chs, East of the cor. .

of secs. 4, 5, 32 and 33, on the N. bdy. of the tp.,
Both cors. previously desoribed.

Thence I run with meanders of the right bank of Bycamore

¥ash, down siyeam,
In seoc. 4,
Over rolling land,
Through greasewocod brush and scattered palo verde trees,
Along 30- ft. bank.
8. 66° V.
of secs. 4, 5, 32 and 33.

1and, rolling.

Boil, 3rd rate.

Brulh greasewood.
Baut.bered palo verde trees.

12,48 ohs. to M. 0. of secs. 4 and 5, which
1s 5,08 chs, 8. 0° 7' E. of cor.

|

Thence in sec. 5,

Over rolling land,
Through greasewood and scattered mesquite brush.

i

March ?, 1911.
Survey1a|ong
Sycameore Wash.

|

i
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BOYY gage
Meanders, T. 3 N., R. 7 E.

99 i
o 2/~

8. 72° 28' W. 20.98 chs. to M. C. of sec, 5, which is 11,41
ehs. 8. 0° 7' E. of the 1/16
8e0. €oTr. No. 1 bet, secs. 5
and 32, on the N. bdy. of the
tp., previocusly desoribed.

8. 79° 30" ¥. 20.34 " to M. C. of eeg, 5, which is 15.12
ehs, 8. 0° 7' . of the { sec,
oor, bet. secs. 5 and 38, en the
H. bdy. of the tp., previously
described. )

At 8,00 chs,, leave rolling land,
® rs, N¥W. and SB. Thence over
lsvel land, through dense mes-
quite.

B. 76* 17 W, 20, to M. C. of sesc. 5, which is alsg
6 sec. cor. No. 3 in the gend

ter of the EW. { of sec. 5,

B. 82° 30' W. 1.50 " .Bet an iron post for mngle point
with brass gap stamped A P

N. 88° 46' W. 6.86 * to M. C. of seo, 5, which is 8,35
chs, West of 1/16 sec. cor. No.
3 in the center of the HW. $ of
sec., 5.
This M. C. is at the junction of
the right bank of Eycamore Wash
with the left bank of Vexde Riv-

Thence with meanders of the left bank of yerde River,
dp_stream, .
In sec. ©. |

F. 18° 40* V. 21.11 che. to M. 0. of secs, 5 and 32, which
[ . is 15.10 chs, West of 1/16 sec, |
[ ocor, No. 2 bet, seca, 5 and 32, |
[ W, on the N. bdy, of the tp., |
| ’ both cors. previously described.|
. At 18,00 ghs,, road brs. NE. and
d, level,

11, 2nd rate. .
sh, mesquite, |

= yarch 8, 1911,

|

|

|
Junctioh of Verde
R. and $ycam0re

Wash. No depths
of flow j‘neasured.

March q 1911

|
: I
;

] 5 |

¥arch 9, 1911, at 8h., e.m., l.m.t., I set off 33° 38' N.
on the latitude are, 4° 44' 8. on the declination aro,
and determine a meridian with the solar at the M. C. of
sec, 5, which is 11.60 chs. East of 1/16 sec. cor. No. 8
bet, the NW. and SW. {s of sec, 5. This M. C. is on the
East shore of low island in S8ycamore wash, in sec. 5, T.
3N.,R. 7E.

ih'noa I run with meanders in sec, 5,
| :
ong low bank,
sage brush.
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Meanders T. 3 N., R. 7 E. BOOK 239

8.

28°%

. B9°

69°

ze.

259

31°

76

62°

52°

29°

ot

15"

an!

15

45

30"

15t

300

15!

v.

w.

w.

5,70 chs, Bet an iron post for angle p;lnt‘

3,60

5.86

2.00

6.12

6.20

4,40

3.70

4,00

9.00

6.22

with brass oap atamped
get an iron post for angle point.
with braes cap stamped A P

to M. C. of sec. 5, which is 6.10
ghs, 8. 0° 7' B. of 1/16 wec.
cor. No. 8 bet, the NW. and SW.
18 of Bsec. 5. f

get an iron post for angle point

with brass gap stamped A P

to M. C. of sec. 5, which is
4.77 chs, West of 1/16 sec. cor,
No. 8 bet. the NW. and 8V. {a of
sec., 5,

Set an iron post for angle point
with brass cap stamped A P

8et an iron poet for angle point
with brass gap stamped A P

Set an irom post for angle point
with brass cap stamped A P

to M. C. of sec. 5, which is
13,74 chs, X, 0* 7' W, of 1/16
sec. cor. No. 8 bet. the NW, and
8W. 48 of sec. B,

Bet an irom pest for angle point
with brass cap stamped A P

get an iron post for angle point
with brass cap stamped A P

8et an iron post for angle polnt\
with brass cap stamped A P

|
to M. 0. of sec, 5, which is I
11,50 chs. Rast of the 1/18 mec
cor. No. 8 bet, the NVW. and 8W.|
4® of sec, 6, thnyhceof‘be-‘
ginning. |

|
Land, level. | March 9, 1911.

8011, 2nd rate.
Brush, sage, i Cloudy at noon.

March 9,.1911: Cloudy at noon; no cbservatios for lati- | No depths of flow
! measured.
|

|

T {
|
|
|

tude.

|
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Meanders, T. 3 X., R. 7 E.

[ March 9, 1911,

F

rs of th

f 8alt R

I commence at the meander ocor, of seos.

4 and 33, whieh M. C. is 1 oh. East of cor. of secs. 4,

5, 32 and 33, en the 8. bdy. of the tp., both corners

previously desoribed.

Along the right bank of Balt River (which river is part

' Thence I run with meanders in sec. 33,

of the South and East bdy. ef S8alt River Indian Reserva-

tion), up stream,

Over level land, through brush, along bank 5 ft. high.

¥. 28° 0' E. 9,00 chs, Bet an iron post for angle poim
with brass cap stamped AP

Set an iron post for angle point‘
with brass cap stamped A P

get an iron post for angle point
with brass cap stamped A B

N. 49° 30' E. 11.50 *

| ¥. 63° 30' E. 13,00 *

| ¥. 75° 30" X. 6.62 *

| Land, level.
| Boil, 2nd and 3rd rate.

Mesquite brush.

to M. C. on East bdy. of old
Camp McDowell Reservation,

which is 55.63 chs., B. 8° 45'
from C. C. of secs. 28 and 33,
both corners previously de=

soribed,

.
)

- March 9, 1911,

‘

On Salt River
March 9, 1911.

No depths of

flow measured.
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River very low at time of survey with depths from 21/2 to_A; ft deep

Wz

B Ve
Gsneral desoription, T. 3 N., R. 7 E.

R i o oo S R S S ———

GENERAL IESCRIPTION.

| The portien of T. 3 K., R. 7 E., which is within the !

| 8alt River Indian Reservation, contains two kinds of land, ‘

,ln:uua and roeky, 4th rate, and flat and sandy mlong rive

I’n'. 2nd rate. {

| Verde River runs Boutherly through secs. 5,6,7,8,18,18,

20,29,30,31,32. M the time of survey it was very low, be-| “_

| ing from 24 to 4 f1, deep. V;’ery
Sysamore Wash runs Westerly throuch secs. 4 and 5, LOW!

| into, Verde River. At time of survey, 1t was dry.

{ There ie very little land BEast of the Verds River

|
|

| ]
| £t for cultivation, but almost all of the land West of | |
itke river, except sec. 31 and the 8. § of sec. 30, can be ’
| |

!cult!.nhd when cleared. {
|
[

There are groups of Indian huts all along the West |
side of the river, but none on the East side,

I The quarters of the Indian Buperintendent are in the
| North 4 of sec. 6. An artesian well and windmill are in

it‘ha EE. § of sec. 6.
|
{bank of the river, but on the East side the mesquite ex- |

There is a fringe of cottonwood trees along the West

tends to edge of the bank. | |
| |

Ro%ert A. Farmer, 5 |
Topographer and U. 8. Burveyor. ! |
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Leesurvey of Township No. %  North Range No. 7 FKast of the Gila and Salt River Meridian, Arizona. RI0181
SALT RIVER INDI/IAN RESERVATION

"
A . § 40604 4N,
Sec 6 Sec. 5 Sec. & oo TRACED M Sec. 3. ,{; e Ser. 2 Sec. 1.
V1904 21,408, M e e

PYLEN o'E e et
, “p.w:;gi M e gt : Vst varior
Y g2l 2008 gt b= T4N RTE

a0 E Lo e, g : fr. R Field notes Book 2397 - Survey of March 1-20, 1911

w008

RESERVA Tign

Summary of notes by Win Hjalmarson follows:

Swe 1443 measurements, of shannel bank height were recorded
with typical heights of B to 10 fi. Maximum bank height
was 20 ft and minimum was 4 fi.

Errpe—
Four measured depths of flow in the main channel
were 3,3,3 and 4 ft. Width of main channel was about
260 ft. Several sand bars were noted by the survey
party and 6 split flow areas were note where in each
case the depth of flow in the smaller channel was

See féabout 1-2 ft.  See ¥

NORTH

See. 23 Sec. 24.
Irrigating
|

Sec. 26. Sec. 25, 3
Sec. .35. Sec. 36.

LATITUDE  33°38° 21"

LonsITuUDE 11 40" 557

s vy -
Total number of Acres. 9652 14 Seale 40 Chains to an. Inoh.
Surveys Designated By Whom Surveyed When Surveyed The above Map. of Township No...%..... North.of Range No..7  East. of the
s

Gila and Salt River Meridian, Arizona, is strictly conformable to the field notes of

Standard  lines - ¢ :
reo 2726190 theSurvey thereof on file in this Office. which have beers examined and approved.

Township -

Subdivision ** E Mar. 1-16..1911 U. 8. GENERAL LAND OFFICE S .

Meander - - Mar. 17-20, 191 Washington. D. C. Commissioner. R
Boundary " feb. 18-23,1911 &

A, F. DUNNINGTON, March 25, 19/3.
Topographer in charge.
Instructions October 11, 1910,
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T4AN 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 6™-8" of March. The
snow disappeared at the 7000 ft elevations on the 13" and at the 8000 ft
elevation on the 21* 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.

- T |
= Pages 1, 6-8, 42,45,46, 68,69
BOOK 2307 i Book 2397 of the GLO survey by
FIELD NOTES e Mr. Farmer for at T4N R7E follow.
oF THE SuRVEY OF THE Both this survey (Mar. 1-20) and
" Subdirieion and Neandezs of the previous survey (Feb. 18-Mar.
e e 9) were made by Mr. Farmer in
..... BALT RIVER INDIAN RESERVATION, 1911)

0Of the __Gila and Balt River Principal  Mupidian,

a  Inthe State of Arizona,
. Robert A. Farmex,
Tepographer,
In the capacity of U. 8. Surveyor ., under instructions dated October 1l- ;5,0
o ssued by the Umited-Seates
BTt , ifieh-reerapproved=iy e Commissioner of the General Land
to A. ¥. Dunnington, Topographer in Charge.
Offfce, M fror
Thmereerdnterd | BBE

Survey eommeneed ______ MATch 1= . , 1911,

Survey completed March 20- L1911, .
T
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Date is March 2, 1911 on p. 6 of survey notes. A measurement of depth on
following page of notes.

= ' BOOK 2397 &

Bubdivision T. 4 X., R. 7T E.

Chains

Boil, 1lst rate.
Greasewood brush, and mesquite.
= March X, 1911.

March 2, 1911, at "h., a.m., l.m.t., I eat off 33° 38' N.
- on the latitude are, 7® 26' B. om the deolination aro,
and determine a meridian with ths selar at the { sec,

cor. bet. secs. 31 and 32. I
Thence I run I
West on a random line through midile of meo, 31.
20,00 | 8et temp. 1/16 sec., cor, No. 7. |
40,00 | Bet temp. C. { uﬁ. cor.

60,00 | got temp. 1/16 sec, cor. No. 8.

80,00 | Intersect { seo, ocor. bet. secs. 31 and 36, on the W. bdy
of the tp., previously described.

Thenoe I run

East en a true line through middle of sec, 31,

pescending to river bottom.

6.50 | Absmdoned ditch, 15 lks. wide, course V.

16.50 | Road bre. NE. and 8W.

18,30 | Wire fence brs. ¥. 15° W. and 8. 15° E.
i 20,00 | 8ot an irol post for 1/16 sec. cor. No. B bet. the HW. and
8%. {8 of sec. 31, with brass cap stamped
%o 8 in N.
1/16 8 31 in Wenter g
1611 in B. |

Dig pits 18x18x12 ine. E. and ¥. of post 3 ft. dlet.;and
raise mound of earth 34 ft. base, 1§ ft. high, N. of cor,|

21,50 | Irrigatien ditch, 16 lks. wide, course B.
Foot of descent; enter river bottom land, brs, H. and 8.,

|
|
I
and dense mesguite thicket, same beering. ;
25,00 | Leave thicket, brs. N. and B. Enter old field. |
30.80 | Right bank of Verde River, 4 ft. high. !

;31'. an iron poat for ¥. C. of sec, 31, with brass oap !

stamped
XCin T,
1911 in 8.
6831in V.

|
Dig a pit 36x36x12 ins. 8 ft. W. of post and raise mound |
of earth 4 ft. bmse, 2 ft. high, W. of cor. |




Depth measurement of 3 ft on March 2, 1911.

Bubdivision T. 4 ¥., R. 7 E.

-l

Chains
31.00

40.00
60,00
65,00
66.50

68,00

72.00

80.00

Foot of river bank; enter channel of yerde River, 3 ft,

deep, course B. " S
Point for C. 4 seo, oor. falls in river,
ihl.nt for 1/16 seo. cor. ¥o, 7 falls in river,
Leave channol, ecourse S. 20° 7. Thence over sand bar,
‘F.eﬂ bank of Verde River, 4 ft. high, course 8. 20° E,
Bet an iron post for M. C. of seo. 31, with brass omp
stamped
1/16 X C in V.
1911 in 8.
8 31 in B.

Dig a pit 36x38x12 ins. 8 ft. BE. of post and raise mound
of earth 4 ft. base, 2 ft. high, E. ef cor.

Thenoe over flag, open land.

Leave epen land; enter dense mesquite thicket with scat-
tered cottornwood timbor, brs, K. and 8.

Dry wash, 26 lks. wide, courss SY.

The i sec. cor. bet, secs. 31 and 32.

Land, mostly river bottom.

|Boil, 1st and 2nd rate.

Timber, cottonwood.
penee mesquite underbrush.

40,00
£0.00
80,00

15.00
17.20
17.40

prom the 1/16 seo. cor. No. 6 bet. secs. 31 and 32, HH,
I run

West on a random line through ¥. 4 of sec, 31.

Bet temp, 1/16 mec. cor. Ne. 5.
Bet temp. 1/16 sec. cor., No. 4.
get temp. 1/16 sec.cor. ¥o. 3.
Interseot 1/16 sec. cor, No. 6 bet. seas. 31 and 36, M,

on the ¥W. bdy. ef the tp., previcusly desoribed.
Thence I run
Bast on a trus line through N. § of sec. 31,
Deccending ever smooth land, through brush.

Avandoned irrigation lateral, 20 lks. wide, ocourse BW.

/Road brs. ;l and BW.
|Wire fence brs., NE. snd 8W. Foot of descent.
|
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Measurement of depth =4 ft on p. 8 of survey notes. Date is March 2, 1911.

B
Subdivision T, 4 ¥., R. 7 R. Qo 2397

Bater level river bottom, brs. NE, and SV¥.
| 18,00 |Dry wash, 30 lks. wide, course HNE.

| 20,00 |get an iron post for 1/16 sec. cor. No. 3 in the center of
the NW. § of sec., 31, with brass oap stampod

Bo 3 in N.
B8 31 in center
1911 in 8.

Dig pits 18x18x12 ins. E. and W. of post 3 ft. dist.; and |
raise mound of earth 3 ft. base, 4 ft. high,6 ¥. of cor.

24,90 |Wire fenoe brs, . and 8.

26,00 |Frame house 25x40 ft. brs. N. 2.25 chs. diast.
27,40 |yrrigation ditch, 20 lka. wide, emu;u B. 10° B.
Y Leave brush; enter Zieli, brs. N. and 8.

31.90 Right bank of Verde Rivexr, 8 ft. high, course 8.

Set an ironm post for M. C. of weo. 31, wiih brass cap

stanped

! .. MO0 in E.
| 1911 inm 8.
1/16 8 31 in VW.

| |Dig pit 36x33x12 ins. 8 ft, ¥. of post and raise mound of |
| earth 4 ft, base, 2 ft. high, W. of cor, |

| Enter ohannel of river, 4 ft. deep, copxes 8.
37.90 |Leave channel ef river; thenoe over sand bar.
| 40,00 |Point for 1/16 seo.. cor, No. 4 falls in river.
60,00 |Point fom 1/16 sec. cor. No. O falls in river,

62,20 |Left bank of Verde River, 4 ft. high.

<ot an irom pest for M. C. of sea. 31, with brass oep

stamped
1/16M © in W.
1711 in B.
- ‘8 31 in B.

| Dig m pit 36x36x12 ims. 8 ft. E. of post and raise meund |
| of sarth 4 ft. dase, 2 fi., high, T. af car. i

Thense over rivez Dottom.

66,00 | Enter dense mesquite thicket, alenz river bank. .
80,00 | The 1/16 sec. cor. Ho. 6 bet. secs. 31 and 32, .
Land, mostly river bottom.

Beil, 1lst rate.
Oreasewood brush. Dense mesquite thicket.




Date on p. 11 of survey notes established as March 3, 1911.

u )

Bubdivision T. 4 ¥., R. 7 E. '
] B%R
: o 2397

2 notches on the 8. and § oz the X, adge. ! |

Ysaquite, 8 ins. in diam., brs. M. T9° 20" B., 352 |
Aks, diet,, mkd, TA NR7ES 2037

- Mesguite, 6§ ins. in diam., brs. 8. 61° 058! B., 62 |
ike, dist., mkd, TANR7 282087 :

Mescuite, 10 ins, in diam,, bre. 8. 67° 15' W., 178 |
iks, Gist., mkd, TA HR7ES 3 BT '

Mesquite, 7 ins. in diam., bra, ¥. 84° 60' W., 179 |
iks, dist,, mkd. TAFR7EB 198 T |

After diligent search, fimi no trace of old cor.
Land, river bottom, 60.40 chs. River bed and chanmel,
13

Boil, 1st rate,
Timber, mesquite, with thick mesquite underbrush.

p=
-~
K March 3, 1911, at the oor. of sees. 19, 20, 20 and 30, I
pset off 7°* 0' E. on the deglination are, and at 12h. 12m. |
15s., Psl., l.m.t., observe the sun oif the meridian; M

resulting latitude is 33° 40' ¥., which is within 1' 01'5
| the correct latitude. i
| Thenee 1 Tum
I West oA a random line bet. secs., 19 and 30.

- 20,00 | et temp. 1/16 sec. ocor. No. 1.

40,00 ;et temp, § 20, ocor.

60,00 | Bet temp, 1/16 ®ec. cor. No. 2,

80.00 | Pall 6 lks. M. of cor. of secs, 19, 24, 25 and 30, on the

. ¥. bdy. ef the tp., previcusly desoribed.

| Thenoe I run

| g. e 89' R. on & true line bet. secs. 19 and 30,

1 Descending over smmoth land, through brush.
0.10 | Praw, 15 lks. wide, drains &2. °
12,00 | Dry wash, 20 lks, wide, course B8E. |
20,00 | Set an iron post for 1/16 seo, cor. No. 2 bet. seos. 19
and 30, W}, with brass cap stamped

' To 2 1/16 3 19 in N. ;
8 30 1911 in 8. .

Dig pits 18x18x12 ins. E. and W. of post 3 ft. dist.; and
yaise mound of earth 3} ft. base, 14 ft.high,N. of gor, |

|
¥o B.T.'s availabdble.




Date on p. 42 of survey notes is March 8, 1911.

Subdivision T. 4 ¥., R. 7 B. Booyg

2397

Begin descent along N. slope of ridgs. |
The cor. of secs. 20, 21, 28 and 29.

Land, river bottom, lst rate, 28,00 chs.
Rough and broken, 29.40 oha.
River channel and s and bar, 10.60 chs.
Timber, wesquite and cottonwood, 28,00 chs.
Brush, greasswood and catclaw,

March 8, 1911, at this cor., I set off 5° 4' 8. on the
declination are, and at 12h. 1llm., p.m., l.m.t., oheerve
the sun on the meridian; the resulting latitude is 33° |
40' ¥., which is within 1' of the correct latitude. |

20,00
40,00
60,00
80.04

42,00

46.00] Dry wash, 20,lks, wide, sourss av.

5 Over river bottom, through brush.

From the 1/16 sec. cor. No. 12 bet. secs. 28 and 20, 3§, -.
I run !

West on a random line through the 8. § of seo. 20. '

8et temp. 1/16 sec. cor. No. 1ll.

Bet temp. 1/16 sec. cor. No. 10,

Set temp. 1/16 sec. cor. No. 9. ~ .

Fall 4 lks. 8. of the 1/16 sec. cor. Ee. 12, bet., secs, |
29 and 30, B}.

Thenoe I run |

8. 89° 58' E. on a true line momma.iotuc.m;

w0t an iron post for 1/16 sec. cor. No. 9 in the center
of the SW. } of sec., 29, with brass cap stamped |
No 9 in N. |

1/16 8 29 in center ) |

1911 im B.

Raise mound of stone 2 ft. base, 1§ ft. high, N. of cor.
Leave river bottom, brs. EW. and SE. .
Begin ascent over rough land.

get an iron post for 1/16 sec. cor. No. 3B bet. the £,
and SV. {s of sec, 20, with brass sap siamped
¥o 20 in N. !
8 29 in center |
191) in B. {
Raise mound of stone 2 ft. base, 1} ft. high, N. of co~
Top of aln‘ent. brs. NW. and SE.

Thence over rough land.
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Measurement of flow depth = 3 ft. deep on p. 45 of survey notes.

1
- 48 1
Bubdivision T. 4 N., R. 7 . K 2397 ||
|
] 1 1
| Conins | |
25.00 |Enter shallow channsl of Verds River, 1 to 3 ft, desp, | '
sourse 8Y. ) ===
—— | "2 |
32,00 |Enter main ml.(irt. deap, \sourse SW. | /
— T
» 39.10 |Leave mnin channel, and ascend stesp bank, 20 ft, high, =
40.00 |Top of left bank of Verde River.
Bet an iron post for 1/16 sec. oor, No. 4 and also M. O.,
bet, the HE. and V. {s of sec, 29, with brass eap
atamped e
1/16 HQ in |
1911 in 8.
8 29 in B.
Dig a pit 36xMExle ins. B ft. E. of post and raise mound of
‘ earth 4 ft, bass, 2 ft. high, E. of cor.
Thence over rough and broken land, through greasewood
brush.
41,00 ﬁ:g!.u ascent, bre. HE. and 6W.
46,00 p of ascent, brs. NE. and 8V.
Thenoe over rough and broken land.
60,00 Bet an iron post for 1/16 sec. cor. No. 5 in the center of
the NE. { of sec, 29, with brass eap stamped
- Ho 5 in N.
1/16 8 290 in ocenter
1911 in 8.
F-3 Raise mound of stone 2 ft. base, 1} ft. high, N. of cor.
62,00 Begin desgent brs. ME. and BW. }
|67.00 wash, 8 lks. wide, course SW. '
ot of 4 t; begin t, brs. NE. and 6W. |
’ |
77.00 [op of ascent, brs, NE. and BVW. |
- 80,00 1/16 seo. cor. ¥ 0. 6 bét, secs. 28 and 29, M. '
+ Tiver bottom, soil lst rate, 22.00 chs,
Rough and broken, rooky aad 3»d rate, 40,00 chs.
River and sand bar, 18,00 ehs.
imber, cottenwood fer 7.00 chs.
, oatolaw, mesquite, greasewood.
From the 1/16 seo. cor. No. 8 bet, the NW. and 5W.is of |
sec. 29, I run I
M. 0° 1' E. on a random line through middle of E ‘
seo, 20, ‘
Ll
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Date is March 8, 1911 on p. 46 of survey notes.

46

RO{) .
Bubdivision T. 4 ¥., R. 7 ®. L 239,

~®

el AL 8 4 e e e - g e

| 20.00 !!ntlnwt the 1/16 mssc, cor. No. 3 in the oenter of the
i | HW. { of sec. 29,

' | Thence I run

[8. 0° 2' V. on & trus line through middle of the NV. §

| of sec, 29,

|0vﬂ level river bottom, through heavy cottomnwood timber
and dense arrow weed underbrush.

R;Qtl\f‘.nk of Verde River, 4 ft, high, course SW.

Set an iron poat for M. C. of sec., 29, with brass cap :

etamped

M 0 1911 in B.
1/16 B 29 in ¥.

Cottonwood, 8 ins. in diam., brs. N. 71° 45' W., 54
1ks, dist., mkd, 1/16 8 20 B T |
Cottonwped, 10 ins. in diam,, brs. ¥. 3° 30' V.; 26 |
lks, dist,, mkd, 1/16 8 20 B T |

1,38 | Enter shallow channel of Verde River, 1 to 2 ft. deep,

course BW.
8,00 | Enter main ohannel of Verde River, course EW.

17.80 | Leave channel of Verds River; begin ascent of steep bank,

18.10 | Top of left bamk of Verds River, 20 ft. high.
! Bet an irom post for N. C. of sec., 29, with brass oap
| stamped

| 1/16 X C in N.
8 20 1911 in 8.

Dig a pit 36x36x12 ins, 8 ft. B. of post and raise mound
of earth 4 ft, base, 2 ft. high, 8. of cor.

20,00 | The 1/16 sec. cor. No. 8 bet., the NVW. and 5V. 4s of seo.

9.

Land, river bottom, seil lst rate, 1.25 chs. Rough and
rocky, 1.90 chs, River channel, 17.85 chs.

Cottonwood timber, 1.25 ohs., .

Greasewood brush, 1.90 chs., .

- March B, 1911.

| ¥aren 9, 1911, at h., a.m., l.m.t., I set off 33° 40' K.
on the letitude are, 4° 43' 8. on the deoclination are,
and determine a meridiam with the sclar at the cor. of
secs, 20, 21, 28 and 29.

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.

UBUK .
Bubdivision T. 4 ¥., R. T E. 239

I Chains - |
‘ Thence over river bottom, through timber, :
! 34,00 Leave river bottom and mesquite timber, brs., NE. and BV.

| Begin gradual asgent through seattered palo verde and

o ' ironwood timber, smd greasswood brush.

: 40,00 |Bet an ironm pest for 4 sec, oor, bet, secs. O and 8, with

LS

brass eap stamped

]
| 85 in ¥.
; 8 1911 in 8.

Dig pits 18x18x12 ins. B. and ¥. 3 ft.diet.; and raise
| mo'miliof esarth 3f ft. base, 1} ft. high, ¥. of cor.

| ;'n B.T.'s available,

| 47,00 |Dry wash, 8 1ks. wide, course SE.

49.10 ;Intlﬂaai ¥orth bdy. of old Camp MoDowell Reservation, at
| = point from which the 1§ M. P. brs, 8. 80° 19' V.,
18,37 che. dist.

Set an iron post for C. C. of secs. 5 and 8, with brass

oap stamped

E

E.
..'la ¥B. quadrant
" BB, .
the 8. and 1 on the N. edge.

n!lltlgﬂ
G

gﬂnu
IIF
@ |

‘mma-

| Palo verds, 6 ins. in dlam., brs. N. 894° E., 114
1xs. dist., mkd, TANRTEB500BT
Palo verds, 8 ins. in diam,, brs, 8. &° E., 180 1ks,
aist., mkd, TANRT7EBBCCBT

| Land, rough and broken, 6.90 chs.
| River bottom, 9.10 chs.

Smooth slopa, 15.10 chs.
Soil, 1st to 3rd mats.
Timber, mesquite, pélo verde and ironwood.
|nru.th, greasswood and catolaw,

| - Mareh 11, 1911,

¥arch 13, 1911, at 8., a.m., l.m.t., I set off 33° 42' XN,
on the latitude are, 3°® 9' 8. on the declination are,
and determine a meridian with the solar at the 1/16 seo,
cor, No. 12 bet, secs, 8 and 9, 8.

Thence I run

i ¥. 89* 56' W. on a random line through 5. § of sec. 8.

20,00 | Bet temp, 1/16 sec., cor. No. 1l.

40,00 | SBet temp. 1/16 sec. gor. No. 10.
-
| .




Measurement of flow depth = 3 ft. deep on p. 69 of survey notes.
Data = March 13, 1911 on bottom of prior page.

Subdivision T. 4 ¥., R. 7 B.

[Chains |
!50.00 !Sat temp. 1/18 seo. cor. No. 9.

| 80,00 |Intersect the 1/16 ssc. cor. ¥o. 12 bet. seos. 7 and 8, 8f.

|Thence I run

|8. 89® 56' E. on & true line through 8. 4 of seo. 8,

!o'ur level river bottom,
il‘hxw,gh dense mesgquite thioket.
14,60 Road brs, N. and 8.
18,00 |'I.-av- mesquite thicket.

19.20 |Right bank of yerde River, 10 ft. high, vourse 8. 50° V.
|

|get mn irom post for M. C. of sea. 8, with brass oap

stanped

MO in E.
| 1911 1in B.
; 8 8 inW

1/16 in HW.

[Dig = pit B6x36x12 ims. 8 ft, ¥. of post and raise mound

iof sarth 4 ft. bass, 2 ft. high, W. of oor.

!!o B.T.'s available.

| 19.38 | Enter channel Verde River, 3 ft. deep, course SV.
| 20,00 i?on{_f_n;_i/lb sec. coT., No. @ falls in river.

| 38,70 | Left bank of Verde River, 6 ft. high,

. ‘

i 35,00 | Leave main channel of Verde River; thence over sand bar,

| get an iron post for M. C. of sec. 8, with brass eap
|

stamped

| From watoh -

B8BNCBT

Mesquite, 10 ins. in diam., bre. S. 71e B., 45 lks,

dist., mkd

Mesquite, 6 ins. h'diu., bre. B. 40° B., 36 lks.

dist., mkd BMCBY
Thenee over lavel river botiom,

| Through mesquite timber and brush.

lO.Dﬂi get an iron post for 1/16

and SW. {s of sec. 8, with brass oap stamped

I
‘ ¥o 10 in H.
1/16 B 8 1in center
| 1911 im 8.
|

From which -

sec. oor. No. 10 bet. the SE. |

Mesquite, 10 ins. in diam., brs. N. 384° E., 63 lks,

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).
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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:

Y AVAPAI COUNTY, the largest in the United Stutes (a), comprises about one-fourth the area of Arizona. The
county contains an exceedingly small proportion of irrigable land, since it includes that part of Arizona adjoining
Utah which contains the greater portion of the grand eanyons of the Colorado. These stupendous gorges cut the
great plateau to the depth of from 3,000 to 6,000 feet. The minor lateral canyons, in which flow the tributaries of the-
Colorado, are also cut to a great depth, which decreases toward their head waters. Thus the water of the northern
part of the territory, though large in amount, is wholly useless, lying as it does hundreds and thousands of feet
below the level of the arable lands. It is only toward the southern portion of the county, where the great platean
begins to break off and the valleys are less deep and narrow, that agriculture has been seriously attempted.
Along the line of the Atlantic and Pacific railroad, which crosses the county from east to west, at an elevation of
from 5,000 to 7,000 feet, some crops, especially for forage, are raised without irrigation. For example, at Flagstaff,
at an elevation of about 7,000 feet, corn, potatoes, and vegetables, as well as a little wheat, oats, and barley are
thus cultivated, the cereals being generally cut for forage purposes. The same is true of Prescott, although near
tha', place irrigation has been employed wherever practicable. On the head waters of the Agua Fria, at an
elevation of about 4,500 feet, there is also a little dry farming.

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

Dry Note 2:

hras V11
Intermediate Altitude Livestock Orspiog Arem

ires VI1 has & somswhet hipher altitude than Aress 77 mnd ¥, the range in
sltitude varying from 3,000 te 6,000 fest. It is primerily s lfivertock prazing
sras, although s meell number of irripated valleys 4re zonthered throughout the
arsa. Water supply for thess arell irrigated sress Lo obtalned from streame,
srall reservoire, and in a few cases from wells. There lf cne seell artszisn well
dietriot (flowing) 3o this srea. Asreage eerved, howsver, iz not grest. Jone dry
farming i» practiced in certain higher altitude seetions, but predusticn is uncers

tain.

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:
DEFICIENCY OF WATER.

As to the practical bearings of these investigations it is sufficient to
state that the area cultivated by irrigation in most drainage basins of
the arid region is far larger than can be covered by the present water

222 HYDROGRAPHY OF THE ARID REGIONS.

supply, and each year the crops upon thousands of acres in various
localities are injured or lost for lack of water at critical times. Besides
this, there is a still greater acreage which can be reached by canal sys-
tems constructed or projected, including bodies of land as good as that
now under eultivation and sometimes better, and in addition to these
irrigated and irrigable lands there are in many parts of the arid region
plains of arable land so vast that by no possibility ean they ever be
brought under irrigation. Thus as a whole the water supply can never
be conserved too carefully, for there will always be fertile lands in ex-
cess of that supply.

With greater economy in the use of the present available water, a
greater acreage each year can be successtully enltivated, but there will
soon be a limit to the slow growth in this manner, for under ordinary
circumstances it will happen that each year the amount of land sue-
cessfully ceultivated must fluetuate with the variations of waterin the
rivers; in years of large flow, the farmers will be prosperous, while,
when droughts oceur, a certain portion of the crops will be lost, it de-
pendence is placed wholly upon the unregulated flow of the streams.

(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:
102 Irvigation and Drainage

Fig. 20. The dry-farming aveas (in black) in the western United States
(After Newell.)

King, F. H. , 1907, Irrigation and drainage, PRINCIPLES AND PRACTICE
OF THEIR CULTURAL PHASE, 5" 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.

Tun Arip Recroxy Raixrart Tasre. _
Winter Spring Summer Tall Totals

STATE. PLACE. Sec. of State. inches Inches  inches inches inches‘
CALTFORNIA ...Los Angeles ...... SOWooo 8.9 4.3 0.1 2.3 15.6
. "San Diego ....... B e 5.4 2.4 0.3 1.3 ) 9.43
Salton .......... S 18 0.2 0.3 0.3 2.5
San Jose ......... E Cen. .......... 7.5 4.6 0.1 2.6 14.8 |-
OREGON ........ The Dalles ....... N. Cen, ......... 1.8 2.6 0.0 4.1 15.4 )
' Pendleton ....... NoB. 4.7 4.2 1.8 3.8 14.5 o
WASHINGTON.. . North Yakima.,..B. ..o 4.0 2.0 0.7 2.2 8.9 =
Spokane ..., .. Bast ............ 6.8 4.1 2.7 4.7 18.3 -
NEVADA ....... Carson City....... West ....oen 5.3 2.7 0.7 2.1 10.8 x5
Potts ............ Central .......... 2.0 3.1 1.4 0.8 3L a =
Pioche ....ovvn... 5. B o 4.3 2.8 1.6 11.2 =
IDAHO ..........Boise ........... Central ... ...... 52 3.7 1.3 2.7 12.9 |
Pocatello ........ S E ... ... 3.0 4.1 0.9 1.8 9.8 =
UTAI ........... Provo City........Central .......... 3.9 3.9 0.9 2.2 10.9 ;
Moab ............ Eastern ... ...... 2,0 1.8 14 2.3 7.5 ]
Salt Iake City....N. Cen. ......... 4.1 5.9 2.0 3.8 15.8 '
o Togan ...... LLLNWO 3.4 5.8 15 34 14.1 |
MONTANA ......Kalispell ...... .. North ........... 3.4 4.1 4.3 4.6 164" b
Crow Agency..... South .. .......... 1.9 4.3 4.8 2.6 13.6]
WYOMING ......Laramie .........South ........... 0.9 3.5 3.5 2.0 0.9
: Evanston ........ S.W. oL 4.0 4.3 1.9 2.9 13.1 } o
Cheyenne ,....... 8 E ... e 1.3 4.7 5.0 2.1 13.1
Ft. Laramie...... E Cem ... 14 4.3 37 L7 11 J L2
Rawlins ......... S Cen. ... 20 4.6 2.8 2.6 12.9
Winter Spring Summer Fall Totals Lo
BTATE. PLACE. Sec. of State. inches thches inches  inches inches o3
WYOMING. ...... Lusk ............ E Cen. .......... 1.5 5.1 4.7 1.6 12.9
1.5 3.6 2.5 1.8 94
1.9 6.3 2.6 2.6 13.4
4.3 4.0 2.7 3.3 14.3
14 4.2 3.9 1.6 11.1
14 21 1.2 - 0.6 5.3 }, e
Four Rear........ . 0.9 4.1 3.8 2.5 11.3 o
. COLORADO ..... I't, Collins........ 1.6 5.8 4.6 2.6 14.6 g
Denver .......... L7 5.4 4.4 2.2 13.7
Grand Junction. .S 1.4 2.9 1.0 2.2 77 %
Las Animas...... 1.0 3.6 5.1 1.7 11.4 =
Hamps .......... 1.0 4.8 6.1 12 1317 4 a
NEBRASKA ..... Kimball ........, 1.9 5.3 5.9 1.8 1497 g
KANSAS ........Garden City.. 2.4 5.6 8.6 3.0 osre §
NEW MEXICO...Santa Fe..... LN 2.0 2.7 6.2 3.3 4.2 =
- ) Mesilla Park...... 12 1.0 48 2.4 0.4 g
ARIZONA .......Prescott ......... 4.5 2.8 5.3 3.0 1561 £
Tueson .......... 2.3 0.9 4.5 2,1 0.8
Yuma ........... 8 1.3 0.4 0.4 0.6 2,7
a—Largest Tainfall in winter,

b—TIsvenly distributed.

c—Spring and summer receive most moisture.
d—Late summer.

e—Spring and summer,
f—Summer.

Buffum, B. C., 1909, ARID AGRICULTURE, A Hand-Book for the Western
Farmer and Stockman, Published by the Author, 443p. (pp 23-27)



Dry note 6.—Bancroft, H. H.,1889, History of Arizona and New Mexico, Vol.
XVII, 1530-1888, SAN FRANCISCO THE HISTORY COMPANY, PUBLISHERS,

829p.

Yavapai cvounty, so named from the Indian tribe, Bancroft, 1899, pp 610-611.
was one of the four original counties created by the
first legislature of 1864. At that time it included over
half of the whole territory—all north of the Gila and
east of the meridian of 113° 20"; and it still comprises
more than one fourth, with an area of about 28,000
square miles.* North of latitude 35°, or of the rail-

road, is the Colorado plateau, cut to a depth of 1,000
to 6,000 feet by the grand cafion of the great river,
and by the hardly less wonderful cafions of the Colo-
rado Chiquito and other branches. This region has
some fine forests and extensive grazing lands, but as a
rule little water available for agriculture; and it is for
the most part unoccupied, except by the Hualapai and
Suppai Indians, and Ii:y a few Mormons on the Utah
frontier. South of latitude 35°, the country is moun-
tainous, but has many fertile valleys, of which that of
the Verde is most extensive. It is well timbered, and
has in most parts plenty of water, the climate being
the most agreeable to be found in the territory. Here
the lands are tilled to some extent without irrigation.
All the mountains are rich in the precious metals; but
most of the mines, as of the population, about 10,000
souls—perhaps considerably more®—are in the south-
western corner of the county. Prescott, founded in
1864 on Granite Creek, at an altitude of about 5,500
feet, 1s delightfully situated, and has many fine build-
ings of wood, brici, and stone. More than others in
Arizona, it is described as resembling an eastern town.
In 1864-7, Prescott was the temporary seat of gov-
ernment, and since 1877 has been the permanent cap-
ital; it has many large mercantile establishments; is
well supplied with banks and with public buildings;
and has three daily newspapers, including the Arizona
Miner, the oldest journal of the territory. Its popu-
lation is about 2,000. Flagstaff, with perhaps 500 in-
habitants, is the leading railroad town, and the centre
of an active lumbering and mercantile industry. The
Arizona Central Railroad to connect Prescott with the
Atlantic and Pacific in the north, and with Pheenix
in the south, is expected to accomplish great things
for the capital and for the country.*

Dry farming in Yavapa County
(when the county was larger) is
mentioned on the left but the location
of thisfarming is not defined.

Footnote #3 below isinteresting. |
agree that some early statistics about
the population, farming, mining, etc..
in Yavapai County are confusing.

3 Hamilton gives the pop. in 1882 as 27,680, which is doubtless a great ex.
aggeration, though I have no means of determining the correct figures. Ace.
to the U. S. census of 1880, Yavapai had a pop. of 5,013, and Prescott 1,836.
Hodge gives the county pop. as 13,738 in 1876. Hinton, 15,000 in 1878, All

this is very 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).

Discharge, in cfs

2000

1000

Flow-duration relation for 09506000 (nr Camp Verde)
Mean daily discharges for period of record
Natural flow = gaged + 100 cfs

+Burtell Q25 =419 Q50 = 360
¢ Q50 =272 Q90=134
NOTE: The Q90 of 134 cfs is conservatively
low because of unknown human related
effects of groundwater mounding on base
flow at irigated lands in Verde Valley area

\__Mean annual = 494 cfs

.
o 50 100
% time Q is equaled of exceeded

Verde River near Camp Verde, AZ USGS gage 09506000

Winter (Nov-Mar) precipitation versus mean annual flow

Natural flow = gaged + 100 cfs

The winter precipitation
versus mean annual runoff

1500
1935-44, 1989-2013
............ Qo0
..g weeeneene \Winter base flow
Regression R-sq = 89.7%
€ 1000 * .
g .
= o~
"
2 1 . ol
& 500
c
3 |
=

Winter Precip, in inches

The natural and ordinary
flow can be viewed
differently as shown on the

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

&h NATIONAL OCEANIC AND
= ATMOSPHERIC ADMINISTRATION

20

Verde River near Camp Verde, AZ 09506000

Median daily and Q90 natural daily discharge
For period of record

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.

1000 —

500

Daily Q in cfs

Approx. Irrigation Season

200 300 400

Calendar day

100
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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, | must apologize to ANSAC for what is by necessity a potentially lengthy
discussion. I'll start by repeating why | 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, |
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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The Verde Ditch--one of oldest ditches in Verde Valley.

Acres served appear approximately the same since 1889. Differences in
acres appear related to the source of the information and possibly to actual
changes in acres served. Data are from the Verde Ditch wedsite.

http://www.verdeditch.com/page/about-us

Row year Acres Comment
served
1 1868 600
2 1889 1170
3 lg9s8 1185
4 1901 1200 Turney Report
5 1914 1170 Hancock Report
6 1914 1245
7 1940 1250
8 1979 1402 Verde ditch Co. 6 ac-ft/yr = 8419 ac-ft
g 1997 1237 VNRCD
10 2000 1110 ADWR

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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Figure 7. Instantaneous discharge at U.S. Geological Survey streamflow-gaging stations 09504000 and 09506000, June-July
2007 and January-February 2011, central Arizona.
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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).

DIVERSION AND ACRIACE

Hona of the ditches seemed to be carrying a grester amount than ordinar-
ily; several were cerrring less than they hed wery recemtly contained. The
fallowing canels on the Varde and the Southern half af Oalk Cresk are the
largest in the antire wvalley. Thizs neighborhood is on the telephone line to
Jerome from whenee telephoniec comnection exists with Phoenix.

Estimated Hasns. heaf Estimnted
Canals snd ieasured heed full head in ac.=-fts full head in
Locztion in incheg in inches Aerespe for 7 mo.flow 7 mos- flow
OQuic Cregk sssessns
JENOE secsssnssns 20 50 15 13.88 34.T0
Shuerman ssesssnas &l 83 28 15+ 36 o272
E\hullmm [ TR RN ‘I'_U 4& l'? 3‘4!50 E‘&iﬁﬂ
E]‘l'l.'lEmE.J:], (L ET T .a:l 5U 8 Eﬁiﬂs 6540?
HL'.E]'.‘.Elb:.F L ] E? 1‘?& E- 113! EU 325-45
Willerd sscsssess 10 10 o 2083 20.83
P-E.E,E‘ e R R 159 139 5':' 25'95 23-95
Dieckinsen & Horst 350 350 215 1655 1695
Fﬂin TEEEE TR TN lﬁg 22-5 155 ":'hDS 1210’*
HH.'I:‘E- FRrR TR RRE RS ﬁ-El lgﬂ 'iﬂ 16-93 50'?5
Terde River svves
Duff ssesssavsnns 432 168 35 12.49 49.96
Dub:t:‘.'. [ EEIEEEE :}5- 72 5‘0 ?iﬁﬂ 15-0-0
El- Io:&n: [ERE RN ] 'rx? J.,S'l? 55 13-95 &EQE'D
T'rl :Cl'_'\.au_ﬂ. I EERE TR EE ﬂg ::f:' 33!28 ":'.:6!1.1.
Tunnel eesssessse LSO SED 230 7«92 15+ B4
Cottonwood sseses  TL1 Tl 680 11.329 11.39
I":i.ﬂlfﬁ],r SRR EEEEE BES 408 158 15.02 26.T0
D’t Kb LR 5_...? EQU E‘lO E‘-I'a"ﬁ 10-2*
= :'Ek.ﬂ TIEEEIEER] ":.":- ?&T 42’3 ll-].'L 13-52
H’ﬂf_‘llﬁﬂ. AEBERBRODE R lO"LE 1.042 13{"5 BJM Q-M
Etﬂr_ﬁri!ﬂ EIT T 94 170 a0 lgl-ﬁﬂ 52!'55
L'i:n.Eﬂi IR EREREREREEENLEN 235 2-:'5 5“!‘.'3 ?-E‘U I?I.ED‘

Total sssessss &61L 5100 4399

The great varistion in the uss of water is largely due to faulty com-
structions, to individual idems as to the need of water and to slope of landa,
g3 the borders ere always rum with the grestest slope even where the water
guts gulleys in the lend. The totsl of weter measured emounted to 4611 inches
for 4399 mcres, which 1s equivalent to 1l.042 inches per scre. This average
flow will give the land a3 follows:
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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).

o

= out|

“a
f Wner )28

— /
‘ G er'n.ﬂ
A

NOTTOSCALE

EXPLANATION

== water and general flow direction Flow components not measured in this study
t ET, Riparian evapotranspiration
ET, Evapotranspiration along ditches
\ * Groundwater flow f, Infiltration of ditch and irrigation water into subsurface
Fow components measured in this study F_‘7 Irrigation water applied to fields

Evapoiranspiration

=]

. Streamflow in ET, Evapotranspiration of irrigation water applied to fields
o Diverted streamflow _\S, Transient storage change in ditch and irrigation systems
b Streamflow out F,,; Return flow from fields

=N~

wy  Tributary streamflow in D, Retumn flow from ditch-diversion system
GW,, Discharge to stream of groundwater from ditch infiltration
GW,,,,, Groundwater flow into or out of stream, excluding ditch water

Figure 5. Conceptual diagram of an idealized perennial stream system with an active irrigation system (ditch diversions
and irrigation).

73



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 20f2 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, |
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 ft*/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.
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Figure 6. Synoptic base-flow survey measuring stations, 2007 and 2011, Verde Valley, central Arizona.

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 | 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 diversionsin the Verde Valley that
return to the river. Between October 2008 and May 2010, Ross measured the
guantity 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 viathe subsurface. For purposes of flow reconstruction | 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 datais
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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Monthly precipitation at Camp Verde, AZ

2009 precip. only 57% of annual avg. with most of deficit during growing season.
Unusual precip. amount of 1.12 inches on May 24, 2009
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Burtell Iltem 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 7"
lowest for the period. Likewise, precipitation for 1977 was deficient by 3.97
inches and ranks as the 28™ 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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Time series of annual precipitation for NOAA North Central Region of AZ
2009 is year used by Mr. Burtell (opinion Item #77)
1977 is year discussed in ADWR Bulletin 2 (1983), p. 61.
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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 3 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 O 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 ltem 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, whichis
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 suppliesisincreasing. Some of the residents continue
toirrigate 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.

Discharge P pe deliveri ng water to land from 0.K. Ditch fram 6"
Centrifngal pump operated by old tractor. June 7, 1940.

(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.

09510000 Flow duration curves for Feb. 1925 to Feb. 1939
and for 1914 to 1939 (pre-Bartlett Dam)
Burtell used period Feb. 1925-Feb. 1939.
5000 — :\ @ "Measured" - from Burtell Table 5.
3 i 0 “Reconstructed” - from Burtell Table 5
4000 3 H <& From Hjalmarson Appendix G page 53.
@ - o T ——. Avg. Annual Flow from Appendix G p. 53
O - ! NOTE: Hjalmarson's data include 100 cfs for human impacts.
€ 3000 3
&/ = Hy Most important for
%" = A assessment of
© 2000 — hy \ 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).

09060000 Flow Duration curves for Calander Years
1935-1940 gaged data from USGS web site
No adjustment for human impacts such as diversion for irrigation

® "Measured" - from Burtell Table 5
(O "Reconstructed” - from Burtell Table 5
At Q25 & Q50 the "Recon" - "Meas" = 176 cfs

73]
©
£ For the Verde River
o the lower base flows
e Q25 are most important
@ for assessment of
navigability
% Q50
. Q90
D —
| '- ' - I
0 50 100

% of time indicated Q equaled or exceeded

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 2" 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
09510000 Flow duration curves for Feb. 1925 to Feb. 1939 daily discharge over the 1914-40

and for 1914 to 1939 (pre-Bartlett Dam) period can also be demonstrated
Burtell incorrectly used period Feb. 1925-Feb. 1939

1 for other USGS gages in
| \ @ “Measured" - from Burtell Table 5. Burtell's Figure 5 where, for
Period 1914-1939 example, the computed median
Period June 1915 to July 1921 that flow at 09510000 using the
DG Clkdale gage as used by period of record at the gage near
Mr. Burtell - see Burtell Table 5

e Camp Verde is less than 252 cfs.

Mean daily Q, in cfs

Obviously, this is because the
LG mean daily flow at 09510000
| % decreases within the 1914-40
o . | periodthat Mr. Burtell selected
0 50 100 for his analysis.

% time Q is equaled or exceeded

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

[ I
the gages used by Mr. Burtell Verde River at Mouth (09510000) before Bartlett Dam

1914 to 1840 (Mr. Burtell's period)

are shown by the dashed lines See Burtell's Table 5 for site characteristics
to the right. The regression line 2000 = sicampYere
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Burtell Iltem 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 =4315cfs+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. Al7)

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).

Construction of Sullivan Lake
Dam in 1935. The base flow that
is diverted around the
construction area is mostly from
tributary streams (Qmf and Qga).
A very rough estimate is Scfs.
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G5: Farming along Walnut Creek in 1934. There was farming along Walnut Ck.
before and after Arizona statehood.
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TR T ; - overlooked readily
available information that
_ showed there was
- considerable farming
#=z= along tributary streams
- ZZer  upstream of the Verde
==+ River near Paulden gage.

Sz Mr. Burtell appears to
iwez= have relied only on Mr.
Hancock’s exhibit in the
T Hayden Report (1940)
while ignoring other
information in the Hayden
- " Report and the GLO

,6;‘;.: i it
i SUIVEYS.

ki CumA
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G6: Farming along Walnut Creek in 1914 and bridge needed in 1922.

WEEKLY JOURNAL-MINER WEDNESDAY MORNING, APRIL 14, 1915

Water in Walnut Creek

SUPREME eovi'r
GIVES CRANE VERDICT

(From Sunday's Daily)
The Supreme Court of Arizona
handed down an opinion on Friday
rcwﬂmg the judgmient of the lower
court in the case of H. J. Crane
versus T. L. Franklin, Thiz action
was appealed from the Superior counrt
ef Yavapai county by Andersom &
Il..imsun. attorneys for Crane.
. It was originally tried in July, 1914,
and was brought by Franklin, who al-
leged that he had rendered services
tlo Crane as a laborer and upon
Crane’s ranch, on Walnut creck.
Franklin claimed a total of $1340.
The evidence showed that Cranc and
Franklin had made a verbal agree-
ment by which Franklin leascd Ganc’s
ranch and that he took possession and
worked the same for one year. Ac-
cording to the agreement Franklin
was to receive one-half of the crops
raised, but he did not receive his
sharc. The parties were unable to
agree on the termas of the written
lease, and at the close of the first
year Franklin left the ranch. The
case was tried by Judge F. O. Smith,
and under his instructions the jury
returned a wverdict for Franklin for
$540. This judgment has now been
reversed and the case remanded to
the Superior court of this county for
a new trial

WEEKLY JOURNAL-MINER, WEDNESDAY MORNING, JULY 5, 1922,

— |

1WA[NIIT GREEK
' BRIDGE WANTED

o Rmdmtn of D‘m Petition
¢ Board for Wood Viaduct
¥y Across Troublesome Creek;
‘I School Bonds Sald.

iFrom Trenday's Dally)
t! A bridge over Walmut creek is
Jflearnestly desired by recidents of that
district. according o representations
of 3 committee of Walnat Creek
ipeople who called at the office of
the hoard of supcrvisors yesierday
0 see what conld be done abom i,
The eoucrete dip recently con-
structed over the creek 0% all right
a3 far as it gors, committer members
admitted: the trouble i=. it docsn't
go  far  enough.  Serviceable in
seasons of ondinarily  high  water,
real high water s (oo moch to wade
a wagen or an automnobile through, |
cven over the dip. A wooden bridge
woulkl bhe serviceahle at all times,
|preventing stalling of machines right
among a ot of water and also
obiviating the neccssity to drive down
throngh the ereek at ordinary times,
After hearing the statéments of the
Walnut Creek delegation. the heard
said 1t was inclined to give the peti-
tion a favorable hearing amd 10 pass
upon it m 2 short tme.  ft was inri-
mated that construction of such a
bmdge as 1= desiced by residents of
Waltmmt Creek will be underiaken in
a shory time.
The board was in regfiar firsi-of-
E the-month sessian at the court house
yesterday, and in addition to hearing
the Walnut Creck petitioners. ordered
lthe coynty’s bills | paid, anil passeed
®lon {innl proceedings in the sale of
Elthe sehool bonds jfor schools o
E Cedar Glade and in south Freseoit.

AT R

mE T H e 2 A=

dAERYn

'

—_— ——

Clearly there were human impacts (e.qg. iFrigation and railroad dafns) 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.

VERDE RIVER  VOLUME 5 12/19/2014 1076
1 BEEFORE THE
2 ARTZONA NAVIGABLE STREAM ADJUDICATION CCMMISSION

4 IN THE MATTER OF THE NAVIGABILITY )
OF THE VERDE RIVER FROM ITS ) NO. 04-009-NAV
5 HEADWATERS AT SULLIVAN LAKE TO )
THE CONFLUENCE WITH THE SATLT ) ADMINISTRATIVE
6 RIVER, YAVAPAI, GILA AND MARICOPA ) HEARING
)
)

COUNTIES, ARIZONA.

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.

VIlI. STREAMFLOW RECONSTRUCTION

64. In this section of my declaration | 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. Undepl eted
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 VIl. 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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TABLE 5. RECONSTRUCTED VERDE RIVER STREAM FLOWS AND DEPTHS

Naon ASLD DRﬁNEiGE eniCh o DURATION OF DAILY MEAN FLOW (cfs)>® RECONSTRUCTED MEAN
STREAM DEPTH (feet)’
GAGE SIREAM (square RECORD Measured® Reconstructed® (feet)
SEGMENT Slen
miles) 25% 50% 25% 50% 25% 50%
near Clarkdale 2 3530 | Jume 191510 duly ) 84 101 9 16 16
at Camp January 1913 to 4
e 2 4,220 phom flakes 265 149 432 316 14 11
near Camp April 1934 o P
vl 3 5,000 il 243 184 419 360 20 19
below East July 1934 to =
Yerde River 4 5610 December 1940 404¢ 257°4 L 4 e i
below Bartlett February 1925 to
ale 5 6,160 February 1933 387 254 570 437 16 15
Notes:

* From USGS (1954, pp.685-693).

® ¢fs = cubic feet per second.

© 25% indicates that, over the period of record, daily mean flows at the gage equaled or exceeded the specified value during 25% of the time. Similarly, 50% indicates
that the specified flow was equaled or exceeded 50% of the time. The latter is equivalent to the median daily flow over the peniod of record.

¢ Daily mean flow data from USGS (2014a).

* Calculated by adding the estimated stream depletions from Table 6 to the measured flows listed here.

" Based on the reconstructed flow rates listed here and the rating curves presented in Figures 8 through 10.

¢ Daily mean flow data were unavailable for this gauge so monthly mean flow data were used instead.

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.

TABLE 6. CULTURAL DEPLETION OF VERDE RIVER STREAMFLOWS ABOVE USGS GAGING
STATIONS CIRCA 1914 TO 1940

ESTIMATED REDUCTION IN FLOW UPSTREAM OF
TYRIcAL =STIMATED USGS GAGING STATIONS (cfs)™¢
CENERAL SURFACE STREAMFLOW (cfs)
a WATER DEPLETION BELOW near below
LOCATION DIVERSION DITCH RETURN near | atCamp | ol | below East| pinl
S L
RATE (l:fs}a‘ [l:fS}h' c Clarkdale | Verde Verde Verde River Dam
Del Rio 4 2 2 2 2 2 2
Granite Creek 4 2 2 2 2 2 2
Upper Verde (above mouth
of Sycamore Creek) 2 . = . = = .
Verde (between Sycamore
and Oak Craeks) a0 456 456 45 46 46
Phelps Dodge at Clarkdale 9 9 9 9 9 9
‘Verde (between Oak and =
Clear Creeks) = & 67 . = o
Small creeks and springs 5
tributary to Verde - = below = = < =
Oak Creek (in Forest stafion
Reserve) 20 11 11 " b 11
Lower Oak Creek 41 23 23 23 23 23
Beaver Creek 19 1" 1 11 11
Clear Creek 17 10 below 10 10 10
stafion
East Verde River 14 B peon) 8 8
station
gomlUpstean 9 167 176 183 183
Depletion:

Notes:

# From Hancock (1914, p.32) and Hayden (1940, p.9); higher rate used if two values available for same location.

® cfs = cubic feet per second.

© See footnote d in Table 2; no portion of the surface water diverted by Phelps Dodge for mining was assumed to return to the river.

“ Does not account for diversions that retum to the river through subsurface seepage or natural evapotranspiration (ET) losses between the
diversion and the gage site. As such, these values overestimate actual streamflow depletions.

® Adjusted to account for ditches within this reach where (i) the diversion and return are both below the gage (Diamond S); (ii) the diversion and
return are both above the gage (OK); and, (jii) the diversion is above but the refumn is below the gage (Eureka and Woods)
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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 reguire 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.

ATTACHMENT F. ROSS (2010) DIVERSION AND RETURN FLOW DATA FOR VERDE
VALLEY IRRIGATION DITCHES

AVERAGE
DIVERTED AVERAGE PERCENT

DIRECTLY |DIVERTED THAT
DITCH |MEASUREMENT PERIOD Fggngliﬁ%E RETURNED DIRECTLY REF':&E,CE
TO VERDE | RETURNED TO

HEAD GATE
(cfs)® RIVER (cfs)*”| VERDE RIVER

Diamond S | November 2008 to May 2010 26.25 15.10° 58 pp.125,127

Eureka October 2008 to May 2010 9.13 3.70 41 pp.122,124

OK March 2009 to May 2010 16.37 6.22 38 pp.121,123

Verde May 2009 to May 2010 26.35 8.38 32 pp.124-126

Total: 78.10 33.40 43

Notes:

* ¢fs = cubic feet per second

® Does not include infiltration beneath irrigated fields and along ditches that returns to the Verde River as baseflow.
¢ Calculated based on Ross' statement that, on average, 11.15 cfs diverted into this ditch does not retum to the river.

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 ¢
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)

20

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,

1 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

Discharg

1 ,{;"'H Eureka Ditch he used 9.13 cfs — 3.70
s cfs.
: TI'. i Thus it is unclear to me because (1)

9M1/0B 12/1/0B 3/1/09 609 9AM9 12M/09 IMA0 GAMD M0 what periOdS the average diverted and
Date . .
returned discharges represent, (2) if
the average amounts of the 4 ditches
Figure 54 - Discharge and retumn flow of the Eurcka Ditch, Camp Verde, central are Comparable and (3) If the data are

Arizona. Black arrows show ditch closure, and white arrows show resumption of accu ra‘te
operations. Solid black line is diverted flow, and dashed black line 1s returned flow.
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a0 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

op | Attachment F the return flow is 8.38 cfs.

30 —

Discharge (ft¥/s)

i The evidence suggests that Mr. Burtell
relied on Mr. Ross’s sometimes
10 confusing thesis without properly
examining Mr. Ross’s work and he did
- not consult with or ask Robert Ross for
s e _ permission to use his unsigned thesis.
O Jf —A Because of both Mr. Burtell's and Mr.
eoe 12108 oe 09 emoe 1108 3o enmo emmo  ROSS’s confusing analyses | attempted
o to contact Mr. Ross in early January
2015 and learned through Mr. Brad
Garner, author of Garner and others
Figure 55 - Discharge and return flow of the Verde Ditch, Camp Verde, central (2012) that “Rob Ross (rross@usgs.gov)
Arizona. Black arrow shows ditch closure, and white arrow shows resumption of
operations. Solid black line is diverted flow, and dashed black line is ewurned flow. ~ WAS NOW @ 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:

win hjalmarson <hjalmar275@gmail.com> Tue, Feb 10, 2015 at 10:24 AM
To: "Ross, Robert" <rross@usgs.gov>

Very helpful. Can | quote you on this? Please respond.

Wi n

Ross, Robert <rross@usgs.gov> Tue, Feb 10, 2015 at 10:31 AM
To: win hjalmarson <hjalmar275@gmail.com>

As long as it is clear that you are quoting me as a former NAU student who wrote the thesis used, and not in my
official current capacity, then you may quote me as such: "| feel that the data gathered for four large ditches from
2008 to 2010 are neither temporally or spatially adequate to model historic flows for the Verde River.”

Thanks,

Rob

“| 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)

i__'l:_’_____%::_.__._,__“]"_ S _':l"_ ___._l.fl
|

| | ARIZONA ' '

| | oy R -

; e P s b ™
. S P S et R
| — ““"’“ﬁ"""‘.‘_‘_‘;ﬂ" * L

J I.'-;h e
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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)
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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 ltem 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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Regression Plot

S§=356.773

R-Sq=38.9 %

CAL YR +100 = -275.882 + 63.9085 NE Region Pr
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Annual Precip. for North Central Region (inches)

Polynomial Regression Analysis: CAL YR +100 versus NE Region Pr

The regqression egquaticn is

CAL YR #100 = 528.4B88 - 37.3255 NE Region Pr

+ 2.5E433 KE Region PreeZ

E = 346.920 R-Bg = 42.7 R-Sg{adj)
Analysis of Variance

Eource OF EB ME
RegqraEsEion 2 10236076 £198038
Error 118 13350578 120383
Tokal 118 24357054

Eource OEF Beq EE F y
Lin=ar 1 9454456 T4 ._3557 0.00o0
Quadratic 931E5B0 T.7404 0.00&

= 41.7 &

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.

Verde River at mouth - USGS gage 09510000

Winter precipitation (Nov.-Mar.) versus natural mean annual (cal. yr.) runoff
Gaged flow + 100 cfs. Precip. is for NOAA North-Central region of AZ

N 1895 to 2013 *
—  + pre-Bartlett Dam
- -« post-Bartlett Dam
u I R Qo0 <
g k8 R-sq of regression = 78.1% +
d gl
ué - x
c i
2
— 1000 —
©
5 4
c
| —
< _
0 —

0 10 20
Winter P, in inches

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 flowsin 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, isthe best study
avalable.”

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 | 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, | 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 | 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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Imagery Date: 7/6/2014 44°47'40.01" N 120°00°01.51

Googl

lev: 1672 ft “eye alt

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.

depth, in fest

USGS gage 14046500 John Day River

Cross section a few feet below gage showing max. depth
Ght and Q also shown for meas. 733, 735, 737, 738, 740 & 741

Ght=527 Q=3000cfs

Ght=3.26 Q=777 cfs

Ght =260 Q=405cfs

T Ght=2.19 Q=235¢fs
Ght=1.75 Q=112¢cfs

X
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e —d
T T T T
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Distance from left bank, in feet
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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.

John Day River 14046500

Depth versus discharge at USGS gage
(USGS measurements 733-742)

—— Maximum depth | e®
---- Mean depth e

Depth, in feet
1

INNNEENE

l.l.l..l.l l

0 1000 2000 3000
Discharge, in cfs
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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.

© 2014 Google

Googlc earth

Imagery Date: 6/27/2013 = 45°35'19.53" N 120224131751 W elev. 397 ft eye alt 890 ft

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.
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USGS gage 14048000 John Day River

Cross section a few feet below gage showing max. depth
Ght and Q also shown for meas. 680, 684, 687 and 689

3 — Ght=3.67 Q=2250cfs

M
I|IIII

Ght=274 Q=758¢cfs
Ght=253 Q=446¢fs

Ght=2.13 Q=197 cfs

Depth, in feet

Distance from left bank, in feet

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.

John Day River 14048000

Depth versus discharge at USGS gage
(USGS measurements 678-690)

Maximum depth

---- mean depth

111) I|II|II|||I|III||L

Depth, in feet

0 1000 2000 3000
Discharge, in cfs
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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.

Monthly Streamflow in Cubic Feet per Second
Annual Volume at 50% Exceedance in Acre-Feset

Wltl‘!- Consumptive Uses and| Expected Stream Il:eserulls
Storages Flo eent]

1,250.00 2120 1,230.00 57.20 EOIII]I:I G72.00
FEB 2,440.00 3040 2.410.00 117.00 1,000.00 1,280.00
MAR 3,250.00 58.30 3,190.00 163.00 2,10d¢0.00 1,030.00
APR 4,860.00 183.00 4,700.00 272.00 2,10d¢0.00 2420.00
MAY 5,0:50.00 319.00 4,730.00 245.00 2,10d¢0.00 2.400.00
JUN 2,700.00 294.00 2.410.00 67.60 2,10d¢0.00 338.00
JuL 715.00 239.00 443.00 0.00 500.00 -54.40
AUG 340.00 197.00 143.00 0.00 500.00 -357.00
SEP Z71.00 133.00 133.00 D.00 500.00 -362.00
oCT 2E0.00 57.80 32200 D.00 500.00 -178.00
NOV 54200 15.00 527.00 4.53 500,00 22.50
DEC 240.00 1340 92200 36.10 50d0.00 3B85.00
ANN 1.370,0:0:0.00 B5,400.00 1.270,000.00 57.800.00 T53,0:60.00 510,000.00

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.
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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 ds50 Q80 dso Q50 dso Q80 dso
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

BOATING CANDEING- KAYARING

DOATING CANDE MG = KAYARTHG

CRITERIA
CRITERIA
PHYSICAL SAFETY OPTIMUM
DEPTH ) 2.5 L * . FHTSIGAL SAFETY TPTIMUM
minimuym | 0.5 ft 1,0 ft OEFTH 20 L+
" § ft 1.0 ft
maximum HA WA miaimum o ;
VELOCITY 0,5-7,0 fps makimum .
ELDC 0,6-7,0 fps
minimum 0 fps 0 fps \'._LU--L ir i . P
maximum 10,0 fps 2,0 fps Airimem 0 fps 0 fp=
|__moximum j 179 fps | 9.0 fps .

COMMENTS: Higher velocities exclude apen cances. Higher .
velocities safe only under certafn conditions COMMENTS: Higher welocities exclude apen campas. Highar
- : walncities cafe only under certiin conditicns.

i
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LEGEMD

aptimum

QP MU

acceplable

accaplabile

marginal marginal

DEPTH
DEFTH

uuuuu aptable unscceptablie

Sl gl gy
2 3 4 5 6 7 &9 1m0

VELOCITY VELOCITY

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

JOHN DAY RIVER AT SERVICE CREEK, OR  USGS 14046500
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Discharge Measurement Summary Date Genevated: Mon Jan 5 2015
File Information Site Details
File Name 14046500.740.WAD Site Name
Start Date and Time 2014/07/31 11:59:58 Operator(s) JED
System Information Units (English Units) Discharge Uncertain
Sensor Type FlowTracker Distance ft Category IS0 Stats
Serial # P3355 Velocity ft/s Accuracy 1.0% 1.0%|
CPU Firmware Version 3.9 Area ft~2 Depth 0.2% 1.5%
Software Ver 2.30 Discharge cfs Velocity 0.8% 3.5%,
Mounting Correction 0.0% width 0.1% 0.1%
Summary Meihoq 14%
Averaging Int. 40 # Stations 31 # Stations 1.7% -
Start Edge REW  Total width 95.500 _Overall 25% 3.9%
Mean SNR 17.7 dB Total Area 79.564
Mean Temp 77.56 °F Mean Depth 0.833
Disch. Equation Mid-Section  Mean Velocity 1.4099
Total Discharge 112.1769
Supplemental Data
# Time | Location | Gauge Height | Rated Flow | Comments
1l__Thu Jul 31 12:00:51 PDT 2014 13.000] 100.0058]
Measurement Results
St| Clock | Loc | Method | Depth | %Dep | MeasD | Vel CorrFact | MeanV | Area | Flow | %0Q
o 11:54  3.00 Nonel  0.000] 0.0 0.0/ 0.0000 1.00[ 0.0000 o0.000 0.00000 0.0
i 11:59  8.00| 0.6 0.830] 0.6 0.332]  0.1677 1.00] 01677 4.1500 0.6958 0.6
2l 12:01] 13.00 0.6 0.850 0.6 0.340] 0.4537 1.00 04537 51000 23143 2.1
3 12:02  20.00| 0.6 0.900 0.8 0.360 0.4590 1.00 0.4590( 6.300 2.8014 2.6:|
4 12:03 27.00) 0.6/ 0.670 0.6 0.268)  0.8120 1.00| 081200 4.600 3.8080 3.4
5| 12:04 34.00 0.6 0750 0.6 0.300]  0.9208§ 1.00[ 0.0206f 52500 4.8332 4.3
6 12:05 41.00 0.6  0.700] 0.6 0.280] 1.8770 1.00[ 1.8770f 3.151 5.013f 5.3|
7| 12:08 43.00 0.6  0.000] 0.6 0.360] 1.8612 1.00[ 18612 1.800[ 3.35000 3.0f
8 12:07 45.00 0.6 1.200] 0.6 0.480] 1.7828 1.00] 17828 24000 4.2792] 3.8|
9 12:08 47.00 0.6 1.140 0.6 0.456  1.8990) 1.00] 18900 22800 4.3300 3.9
10| 12:09) 49.00 0.6 1170 0.6  0.468] 18005 1.00|  1.8005| 2340 4.2130] 3.8
11| 12:10] 51.00 0.6]  1.140 0.6 0.4%| 1.7877 1.00| 1.7877| 2.280| 4.0764] 3.6
12l 12:11]  53.00) 0.6  1.180 0.6 0.472]  2.5502 1.00] 255020 2.065 52667 4.7
13] 12:14  54.50 0.6 1.130] 0.6 0.452]  2.1253 1.00] 21253 1.977] 42025 3.7
14 12:13  56.50) 0.6 0.900 0.6 0.360[  2.4009 1.00] 24009 18000 43213 3.9
15 12:14) S58.50 0.6] 1020 0.6 0408 15669 1.00| 15669 2.040| 3.1965) 2.8
16) 12:1F 60.30 0.6 1.000] 0.8 0.400 2.3478 1.00 2.3478 2.0000 4.6935 4.2
17| 12:1d 62.50) 0.6/  0.980 0.6 0.392]  2.1677 1.00[ 21677 1060 42485 3.8|
18] 12:17  64.50 0.6  0.940] 0.6 0.376]  2.3458 1.00[ 2.3458 1.880( 4.4009 3.9|
19| 12:18  66.50) 0.6]  0.840] 0.6 0.336  2.213§ 1.00] 22136 1.680) 37184 3.3
200 12:19  68.50] 0.6  0.880] 0.6 0.352]  2.19905 1.00] 21005 10800 43546 3.0
21]  12:20  71.00] 0.6 1010 0.6 0.404]  1.7979 1.00] 17079 2525 45300 4.0
22| 12:21] 7350 0.6]  1.030 0.6 0412 14852 1.00|  1.4852| 2575 3.8239] 34
23| 12:22] 7e.00 0.6]  0.980 0.6  0.392] 18137 1.00|  1.8127| 2450 44410 4.0
24 12:23  78.50 0.6 0.900 0.6 0.360]  1.8333 1.00] 1.8333 22500 4.1247 3.7
25] 12:24  81.00 0.6)  0.880] 0.6 0.352] 1.8638 1.00] 1.8638 22000 4.1001 3.7
26]  12:26  83.50 0.6  0.940] 0.6 0.376]  1.4810) 1.00] 148100 2585 3.8282] 3.4
27| 12:27  86.50| 0.6/ 0.800 0.6 0.320)  1.3038 1.00]  1.3038 2.6000 3.3893 3.0
28 12:2% 90.00 0.6 0.790 0.8 0.316 1.1388 1.00 1.1388 2.963 3.3737] 3.0
3‘ 12:2 94,00 0.6 0.340 0.8 0.216 0.6266 1.00 0.6266( 2.293| 14382 1.3
30] 12:29 98.50 None|  0.000) 0.0 0.0/ 0.0000 1.00 0.00000 0.0000 0.0000 0.0
Rows in italics indicate a QC warning. See the Quality Control page of this report for mors information.

Data furnished by USGS
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Discharge Measurement Summary

Date Generated: Mon Jan 5 2015

File Information Site Details
File Name 14046500.740. WAD Site Name
Start Date and Time 2014/07/31 11:59:58 Operator(s) JED
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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 | | | | | | | | | 1170.0 | 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|1,664340.5| 682 60.4188.0 454.2 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|134.3297.5 589.0 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|5,100| 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|294.6319.6

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

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|1,455309.5143.5 | 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|4,000| 9,124| 6,669 2,302 |716.1206.2 | 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| 98.1192.6 329.6|491.5

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 1946 |1,9611,509 4514 6,679| 5,117|2,160|596.0|161.2|280.6 | 454.5|1,213| 2,149
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

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

1627.2 (4,710 2,063 | 4,791| 5,631|1,794|452.4|129.3|221.7 | 245.2 | 491.3 | 511.7

1964

1731.8|824.0| 1,289 | 3,929| 3,270 3,485 |592.1|193.3 | 148.2 | 215.5 | 392.8 | 5,540

1965

16,335 6,230 2,996 | 7,763 6,100 3,182 |784.1 | 476.5|307.4 | 319.0 | 465.5 | 386.3

1966

1532.7|535.5| 1,964 | 2,998| 1,437 |757.3|202.0| 53.0| 94.5|237.9|562.9 1,559

1967

11,917 1,008 | 2,149 | 2,488| 6,234|2,915|454.9| 81.8| 84.6|257.2|383.2|514.7

1968

1797.0(1,781[ 1,509 | 1,010 1,456|923.1|131.7|136.0|113.5|326.3|1,230 | 1,382

1969

12,707 | 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| 5,6483,117 |597.7 |115.4|212.6 | 408.4 | 896.8 | 1,153

1971

14,599 3,153 2,958 | 5510 6,522|2,900|624.7 |125.7 | 143.4 | 347.1 | 504.5 | 1,330

1972

12,331 3,056 9,383 | 4,366 | 6,215|3,174|452.5|145.5|193.3 | 348.5 | 462.9 | 759.5

1973

11,178 |861.9| 1,418 2,015| 2,542|703.7| 90.6| 15.2| 79.7|243.5|2,284 4,727

1974

15,021 2,926 4,950 | 7,005| 6,667 4,817 |908.7 |191.8|103.3 | 240.2 | 395.5 | 479.8

1975

11,365 | 1,652 3,286 | 3,982| 7,530 4,738 1,344 | 299.2 | 163.8 | 413.0 | 540.4 | 1,313

1976

12,205 | 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

12,350 | 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

11,838 2,211(3,037| 4,228 4,123[4,020|956.5|172.1|272.2 | 338.5 | 494.2 | 1,274

1981

1990.9 | 2,867 3,072 | 4,320| 4,642 3,277 |675.4|140.1|120.3 | 413.8 | 661.6 | 2,915

1982

12,629 (7,930 | 5,564 | 6,734| 7,756 4,876 | 1,850 | 419.8 | 467.6 | 785.7 | 950.2 | 2,293

1983

12,850 4,966 | 9,773 | 6,393 8,987 3,914 |1,588|500.9 |417.8|527.3|917.6 1,931

1984

13,382 3,780 | 8,885 | 10,280 | 9,712 6,805 | 1,768 |593.8 | 861.9 | 810.7 | 1,810 | 1,713

1985

11,100 | 1,376 3,739 | 8,910| 3,812 |1,671|314.8 | 255.4|399.3 | 534.4 | 598.7 | 614.5

1986

11,856 | 6,874 | 8,505 | 4,428 3,461 1,747 |444.5|162.5 | 315.6 | 483.7 | 888.2 | 795.7

1987

1757.4|2,261| 5,089 | 4,672| 2,281 |854.2|406.3|143.6|109.7 | 236.3 | 377.0 | 447.9

1988

1588.9(979.0| 1,620 | 3,373 2,079|1,174|249.9| 77.9| 82.9|177.5|422.6 | 621.3

1989

1847.2|1,470 | 7,545 | 8,738| 6,704 | 1,950 | 453.6 | 223.5 | 350.3 | 383.5 | 518.6 | 489.6

1990

1637.5|654.0 2,393 | 3,061| 2,575|1,774|315.2|137.2|106.4 | 281.8 | 443.8 | 404.1

1991

1760.2|1,714| 1,947 | 3,219| 6,717 |2,931|902.4 | 201.4 | 107.8 | 259.2 | 816.4 | 1,335

1992

1605.5|1,530 | 2,117 | 1,787 | 838.5|301.8|315.5| 81.3| 87.8|248.0|456.3 | 567.2

1993

1666.2 | 1,257 8,960 | 8,410| 8,579 |2,988|875.4 | 459.4 | 254.3 | 410.0 | 359.4 | 518.5

1994

1792.8|592.8|1,879| 3,080 3,112|1,411|234.3| 59.2| 73.2|240.6|371.6 |777.6

1995

11,780 | 4,845 | 5,251 | 4,808 6,387 |2,792|806.0 | 235.5 | 135.6 | 411.3 | 871.9 | 3,044

1996

13,373 8,239 4,707 | 5,147| 5,382 2,089 |556.8 | 177.3 | 192.0|396.3 | 959.0 | 4,170

1997

16,553 | 4,972 6,040 | 7,278| 5,314 |1,954|659.1 | 284.1 | 302.8 | 440.9 | 529.0 | 473.6

1998

11,315 (1,740 | 4,351 | 4,653 | 7,156 |3,733|965.8 | 283.4 | 286.0 | 424.5 | 722.9 | 1,620

1999

12,745 2,271/ 6,026 | 6,507 | 6,564 3,028 |635.3|289.3 | 180.8 | 366.7 | 518.8 | 612.1

2000

1822.5|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

11,278 (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|1,304| 2,817 | 5,996 1,417 |325.4| 64.3| 78.6|286.3|421.7 1,303

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

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 | 4,6882,693 4,399 | 9,414 11,970 8,268 | 1,679|380.1 | 205.0 | 453.1|518.4 | 439.6

2012 | 958.5|1,2023,329| 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

|
|
|
|
|
| 2008 |[742.4|1,455|3,573| 4,505| 9,663 4,534|601.5146.0|121.7|314.3|471.6|457.3
|
|
|
|
|
|

2014 | 498.9|2,461 5,850 | 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

JOHM DAY RIVER AT MCOONALD FERRY, OR  USGS 14043000
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Discharge Measurement Summary Dake Generated: Mon Jan § 2015
File Information Site Details
File Name 14048000.687.WAD Site Name
Start Date and Time 2014/07/23 10:34:19 Operator(s) JED
System Information Units (English Units) | | Discharge Uncertain
Sensor Type FlowTracker Distance ft Category IS0 Stats
Serial # P3355 Velocity ft/s Accuracy 1.0%, 1.0%
CPU Firmware Version 3.9 Area fi~2 Depth 0.2% 1.6%
Software Ver 2.30 Discharge cfs Velocity 0.6% 1.8%
Mounting Correction 0.0% Width 0.1% 0.1%
Summary "‘e"‘of’ 1.5% -
Averaging Int. 40 # Stations 30 # Stations 1.7% -
Start Edge LEW  Total Width 170.000  Overall 25% __2.6%
Mean SMNR 9.2dB Total Area 137.389
Mean Temp 72.52 °F Mean Depth 0.808
Disch. Equation Mid-Section Mean Velocity 1.4313
Total Discharge 196.6468
Supplemental Data
# Time Location | Gauge Height | Rated Flow Comments
1 Wed Jul 23 10:32:31 PDT 2014 0.000) 165.0096
2| Wed Jul 23 10:35:12 PDT 2014]  82.000 165.0096
Measurement Results
st | Clock Loc Method | Depth | %Dep | MeasD Vel CorfFact | MeanV | Area | Flow [ %0
0 10:34 5800 None|  0.000] 0.0 0.0 0.0000 1.00[  0.0000 0.000 0.0000 0.0
1 10:34 70.00 0.6 0.570] 0.6 0.228) 0.3143 1.000 0.3143 6.839 21494 1.1
2| 10:39 82.00 0.6 0.740| 0.6 0.296 0.9485 1.000  0.9485 8.142 77224 3.9
3 10:3q 92.00 0.6 0.600 0.6 0.240( 10348 1.000  1.0348 6.001] 62093 3.2
4 10:37 102.00 0.6 0.69ll| 0.6 0.276| 1.3471 1.00 1.3471 6.210 8.3651 4.3
5 10:3§ 110.00 0.6 0.?'UIJ| 0.6 0.280 1.4127| 1.00 1.4127 5.501| 7.9128 4.0
g 10:39  118.00 0.6  0.900| 0.6 0.360 1.6348 1.000 1.6348 5.850] 0.5631 4.9
7 10:41  123.00 0.6  0.900| 0.6 0.360 1.6775 1.00[ 1.6775 4.5000 7.54820 3.8
g 10:42 128.00 0.6  1.060| 0.6 0.424) 14505 1.00[ 14505 5.3000 7.6877 3.9
o 10:43 133.00 0.6  1.120] 0.6 0.448) 1.5676 1.00] 156760 5.0400 7.00120 4.0
100 10:44 137.00 0.6 1.120| 0.6 0448 1.9032 1.00] 1.9032] 4.480] 852700 4.3
11  10:45  141.00 0.6  1.170| 0.6 0.468) 1.7536 1.000  1.753¢ 4.680] 8.2065 4.2
12)  10:46  145.00 0.6  1.100] 0.6 0.4400 17979 1.000 17979 44000 701120 4.0
13 10:47  149.00 0.6 1.250] 0.6 0.500| 1.5299 1og| 15290 sop00| 7e493] 3.9
14 10:48  153.00 0.6  1.100| 0.6 0.4400 1.7096 1.00] 17006 4.400 7.5229 3.8
15  10:50 157.00 0.6 1.08ll| 0.6 0.432 1.9787 1.00 1.9787 3.?BIJ| 74798 3.8
16 10:51 160.00 0.6 1. l4l]| 0.6 0.456 1.9298 1.00 19208 3 .42l]| 6.6004{ 3.4
17 10:52 163.00 0.6 1.2580| 0.6 0.512] 1.8202 1.00 1.8202 3.84Q| 6.98-8& 3.6
18 10:53  166.00 0.6]  1.180| 0.6 0472 1.7490 1.00 17490 4.1300 722420 3.7
19 10:54  170.00 0.6] 1.080| 0.6 0432 1.6831 1.000 1.6831 43200 727120 3.7
200 10:55 174.00 0.6 1.06l]| 0.6 0.424 1.5131 1.00 1.513] 4.??IJ| 72179 3.7
21 10:56 179.00 0.6 1.02l]| 0.6 0.408| 1.6900 1.00 16900 4.5‘3ll| ?.?S?ﬂ 3.9
22/ 10:57  183.00 0.6| 1.060| 0.6 0424 1.7746 1.00] 1.7746 4240 7.5246 3.8
23 10:58  187.00 0.6/  1.080| 0.6 0.432]  1.4495 1.00] 14405 4.860] 7.0448 3.6
24 10:59 192,00 0.6  0.800] 0.6 0.320) 1.6486 1.00]  1.6486 3.000] 6.5034 3.4
25 11:000  197.00 0.6]  0.880| 0.6 0.352  1.3274 1.000 13274 5.280 7.0082 3.6
26 11:01  204.00 0.6 0.700| 0.6 0.280] 10427 1.000 10427 4.901] s5.1009 2.6
27 11:03 211.00 0.6 0.5'0ll| 0.6 0.200| 1.1965 1.00 1.1965 5.5'0Q| 6.3809 3.3
28 11:04)  226.00 0.6 0..?90| 0.6 0.156| 04131 1.00 04131 3316 I.3696| 0.7
29 11:04  228.00 None|  0.000] 0.0 0.0  0.0000 1.000 0.00000 0.0000 o0.00000 0.0
Rows in italics indicate a QC warning. See the Quality Control page of this report for more information.
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Data furnished by the USGS for 14048000 John Day River at McDonald

Ferry, OR (continued)

Discharge Measurement Summary Date Generated: Mon Jan 5 2015
File Information Site Details
File Name 14048000.687 WAD Site Name
Start Date and Time 2014/07/23 10:34:19 Operator(s) JED
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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)

YEAR Calculation period restricted by USGS staff due to special conditions at/near site
| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1905 | | | | | | | | | 1317.6 | 354.6 | 397.4

1906 |671.9|1,276| 3,760| 6,929| 3,388 5,550 |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|470.0157.6 |177.8|238.4 1,004 | 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
1015 |571.7|889.4| 1,912| 2,942| 2,424|1,418|511.1164.7|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
1018 [3,6713,312| 4,068| 4,879| 2,786|1,314|289.1175.4|171.4|356.3 | 414.3|398.0

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 [3,3305,947| 8,732| 8,179| 9,953|3,912|678.4|344.5|214.1|328.5 1,610 2,022

1922 |745.41,398| 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 |667.83,627| 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|201.1408.1|1,144

1927 |1,6763,391| 4,071| 5,320| 5,390 4,301 |698.5155.9|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 4,6582,198(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|189.6 253.0265.4

1931 |485.3|515.4| 1,589 | 3,822 1,852|470.2(124.5| 20.3| 25.1| 75.9225.1|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|561.2114.7| 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

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 1919 [703.4|1,130| 2,608 9,309| 4,577 1,251 |254.2 88.7 |126.2270.4|657.5 2,164
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

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

11,369 2,081 | 5,098| 7,934| 5,121 1,995 438.7 |118.4| 79.1|197.6 |380.6 |466.5

1939

1466.2|534.4| 4,906 | 5,036 2,515 815.6|204.5| 30.7| 39.0| 90.0|205.4|323.1

1940

1582.3(2,350| 4,875 5,430 2,276|634.5(109.5| 45.9121.7|272.5|496.6 1,432

1941

11,390 | 1,429 | 3,191 | 2,747| 3,611 3,039 |744.3|307.5|520.1|562.5 1,462 | 2,814

1942

12,027 3,857 | 4,210 8,424| 6,061 3,137 1,029 |237.9|167.4|245.2 |616.1|2,777

1943

14,074/ 4,738| 5,427 10,350 | 6,449 4,002 | 1,384 |359.6 | 259.7 349.1 | 604.4 | 531.8

1944

1501.0638.4| 1,465| 2,653| 1,926 1,150 329.1| 92.8| 80.1|175.6|306.8 |354.9

1945

1635.4/1,996| 2,160 4,425 6,605 2,864 | 494.8 |141.6 | 123.3|205.5|497.1|1,783

1946

12,327[1,377| 4,814 6,572 5,056|2,132|612.2|147.4 | 264.6 | 418.1|991.4 | 2,086

1947

11,090 2,759 | 3,192 | 4,202| 3,094 1,810 408.3|146.2 |155.3 |313.3|1,258 |2,186

1948

13,271 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

1820.4 2,769 | 4,517 | 6,023| 5,103 4,319 887.9 | 260.6 | 156.1 |427.1|1,160 | 2,223

1951

12,746 5,933 | 4,565| 7,723| 5,485 1,814 |416.5|141.6 | 133.1385.8 |490.7 [756.8

1952

1687.0(2,035| 3,995 9,341 7,087 2,608 |853.9|208.1|186.6|207.9|342.9|401.6

1953

12,463 3,521 | 3,380 | 5,551| 6,945 5,887 1,375 |344.0 |276.5|385.5 |576.1 1,483

1954

11,252 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|500.8| 717.5| 3,038 4,946|2,795|719.4|125.8| 82.7/260.1|614.1|4,462

1956

14,955 2,419 | 6,401 | 9,376 9,654 3,577 |954.1|278.4 | 273.9 | 433.7 |634.2 |847.2

1957

1509.9 2,021 | 6,277 | 7,500| 7,526 2,652 439.4|174.5|157.1|657.2 |671.1 1,487

1958

11,049 7,838 3,852 7,425 9,186 3,374|923.7 |272.9259.1|376.0607.9| 1,299

1959

12,507 |2,314| 2,333 | 3,895| 3,283 1,625|271.6| 85.7 |209.7 611.6|603.8523.0

1960

1481.9 1,144 | 3,855| 4,861 | 4,327 2,412 |296.8|115.5|112.4|237.2 |492.4 |628.8

1961

|573.22,968| 3,276 | 2,894| 2,883 1,883 189.1| 55.3| 89.3|191.1|389.6|613.5

1962

11,010 1,814 | 2,543 | 6,373| 4,597 2,509 |413.1|133.6| 94.6 |575.1|843.8 2,009

1963

1752.25,143| 2,311| 5,182| 6,368 2,128 |570.4 | 157.6 | 225.3 | 285.6 | 544.9 | 559.7

1964

1849.1947.9| 1,202 | 4,035| 3,274 3,479 |642.4|184.7 |130.0 |213.8 | 398.7 | 7,030

1965

16,402 8,027 | 3,646 | 7,466 6,414 3,521 |875.6 |478.8|343.8|345.0 |528.8 |464.1

1966

1688.1603.4| 2,089 | 3,195| 1,443 785.0233.0| 26.6| 54.5|191.7 |569.9 (1,777

1967

12,015 2,405 | 2,217 | 2,657 | 6,354 3,074 |553.9| 91.3| 76.3|219.9|404.3 |474.4

1968

1843.9 1,779 | 1,534 | 963.8| 1,293 934.1133.7| 89.2| 89.6|273.4 (1,144 1,454

1969

12,902 2,133 | 3,421 | 8,370| 5,850 2,518 |871.5128.5| 97.9|332.2|407.5|619.7

1970

16,165 4,045 3,777 | 2,936 5,474 3,327 |681.9|131.6 | 177.7 |412.7 |907.5 1,331

1971

14,798 3,177 | 2,783 | 5,400| 6,513 2,989 686.6 |111.5| 96.8|324.6|483.7 1,426

1972

12,690 3,004 | 10,260 | 4,443 | 6,165 3,454 |502.1|132.7 | 145.4 | 333.1 | 436.0 | 698.4

1973

11,062 |856.3| 1,502 | 1,874| 2,423|722.0| 97.7| 5.70| 27.3|222.7|2,310 5,641

1974

16,245 3,583 | 5,283 | 7,910| 7,195 5,326 1,024 |213.4| 92.3|226.8 |423.8 |506.5

1975

11,399 1,953 | 3,736 4,464 7,771 5,266 | 1,548 |296.5 | 174.2 | 403.4 |572.4 1,232

1976

12,399 1,672 | 2,438 | 5,923| 5,921 1,928 |497.5 585.4 | 276.8 | 338.4 |444.2 |382.5

1977

1372.8|424.1| 556.7| 1,724| 1,7251,056|114.8| 11.2| 97.0|289.3 |534.0 2,443
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1978

12,867 |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|706.4136.2| 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 | 1,850 |580.2 |471.4|592.5|1,047 2,101
| 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|272.8 407.3 559.5658.4 |659.1
| 1986 |1,944|8,421| 9,270 45583 3,3941,842|408.1|171.2313.1|553.8|951.7 1,003
| 1987 |902.1|2,644| 5,667 4,668| 2,474 934.5413.2173.3|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| 62.1170.4|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|277.9141.9|426.9 |687.8 (3,115
| 1996 [3,637|9,736| 5,355 5,406| 5,715 2,292 647.0198.1195.8 | | |

| 1997 | | | | | | | | | 1507.0 | 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| 84.3138.3 379.3|440.9|479.9
| 2001 [494.4|600.9| 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 4,2221,843|234.8| 69.4| 97.9|218.7|311.0|532.1
| 2004 [1,407|2,958| 5,231 4,600| 5,257 3,096 556.0185.9 | 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 |754.5170.3 | 117.3 | 308.7 | 463.2 | 462.5
| 2009 [1,318|927.6| 2,979 6,185| 6,679 2,368 420.9146.9| 75.2|292.8|413.8|430.8
| 2010 [1,004|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| 53.9269.5|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 | 1,650 2,560 | 3,980 | 5,630| 5,240(2,750| 646| 189| 176 330| 591 1,140
Discharge
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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.

Depth to water is 20 feet or

less in wells tapping the valley fill in the central part of Big Chino

and Williamson Valleys, principally along Williamson Valley Wash and
south of Chino Creek. In Big Chino Valley a perched condition exists
and deeper wells penetrating volcanic rocks have water levels, in
pleces, reportedly as much as 100 feet deeper than that in the
shallower wells. 1

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.
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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:

Mapping of Vegetation Types and Densities

EXPLANATION
Aerial photographs were used to map the areal extent, areal DESIGNATION OF VEGETATION TYPE
AND DENSITY, 1

density, and general type of vegetation. The photographs were taken

) . T Cottonwood -willow
between May 30 and June 18, 1973, using black and white modified

v Mesquite
infrared film. The film enabled easy identification and distinction of x Riparian scrub
certain types of riparian vegetation because of the different infrared- : Light density

2 Medium density
reflectance characteristics of the different vegetation types. The

3 Heavy density

vegetation was in full foliage at the time the aerial photographs were
taken. The scale of the photographs is about 1:13, 000 or 1 in (25 mm)
equals about 1, 100 ft (330 m).
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See p. 62 of Addendum for aerial photos downstream of West Clear Creek.



