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FORWARD

As a fourth generation resident of the Verde Valley, with a great grandmother and
several ancestors resting in the Valley View Cemetery at Clarkdale, Arizona, I've
experienced first hand the changing Verde River. When | was born in Phoenix, the
population of Arizona was about 1 million — a small fraction of the present population.
Since settlers first discovered the Verde River watershed in the middle of the 19t
century, the population of the area has also increased at an impressive rate. Many of
the early settlers were miners, ranchers and farmers. My grandparents and great
grandmother arrived in Jerome in 1914 where my grandfather (W. J. Flood), a graduate
of the school on mines at Reno NV, was a mining engineer and member of the Arizona
4t legislature with M. A. Perkins and others.

My personal experience and memories of the Verde River Watershed include my time
as a child living in Prescott during WW2 when my father was an army officer stationed
in Iceland for 6 years. My mother would take us on picnics to various lakes in the
Prescott area including Sullivan Lake at the head of the Verde River. | have childhood
memories of swimming in Sullivan Lake when the water was clear and always flowing
over the dam. My brothers and | were not allowed to swim near the dam.

It's easy to think of my early experiences as the “good old days” and conjure up
impressions of how pristine and natural the area was before tens of thousands of
humans discovered the beautiful area. As I've matured and learned about hydrology as
a professional river engineer for the past 53 years, however, I've grown to realize that
humans impacted the flow in the Verde River long before | was born and even before
my grandfather was born. For example, I've observed the base flow at the USGS
streamflow gage near Paulden, a gage site | personally selected as a young USGS
engineer, steadily decrease. I've also come to realize that when the train dropped us off
for a picnic and swim in the Verde River Canyon in the late 1940s, that the flow in the
river was significantly less than the natural base flow before settlers arrived in the
1850s. The early accounts of the area by military explorations of Whipple, Ives and
Sitgreaves are fascinating. I'm aware of the grist mills on Granite Creek and at Del Rio
Springs and accounts by ranch women and Sharlot M. Hall of the early living conditions.

Thanks in part to John Wesley Powell I've learned that to understand river conditions,
one needs to focus beyond the river on the total watershed. | now realize that before my
education, personal impressions of the natural Verde River were incorrect because
humans within the watershed had significantly impacted the base flow long before my
great grandmother arrived in the area. When human impacts are understood and
applied with the proper hydrologic context, we can begin to see what the natural Verde
River once was.

Win Hjalmarson
2014
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EXECUTIVE SUMMARY

This Report is an assessment of the navigability of the natural channel of the Verde
River with emphasis on the Upper Verde River that uses hydrologic and hydraulic
methods that project hydrologic information into the past. Although the overall
assessment is for the entire river, the detailed assessment focuses on the 36.6 mile
reach of the Verde River from the dam at Sullivan Lake to the USGS stream gage near
Clarkdale, Arizona (hereinafter “Upper Verde River”).

The purpose is to determine if the Verde River was susceptible to navigation at the time
of Arizona statehood (February 14, 1912) in its ordinary and natural condition. This
report is being prepared for proceedings before the Arizona Navigable Stream
Adjudication Commission (ANSAC).

For purposes of this assessment, | have used the following test for determining
navigability

We hold that, to prove navigability of an Arizona watercourse under the federal
standard for title purposes, one must merely demonstrate the following: On
February 14,1912, the watercourse, in its natural and ordinary condition, either
was used or was susceptible to being used for travel or trade in any customary
mode used on water. See The Daniel Ball, 77 U.S. (10 Wall.) at 563, 19 L.Ed.
999.

Also, physical evidence is presented on two issues: (1) navigability or non-
navigability of the Verde River in its “ordinary and natural condition” at the State
of Arizona’s admission to the United States on February 14, 1912, consistent
with the Arizona Court of Appeals decision in State v. Arizona Navigable Stream
Adjudication Comm’n, 224 Ariz. 230, 229 P.3d 242 (App. 2010); and (2)
segmentation of the Gila River consistent with the United States Supreme
Court’s decision in PPL Montana, LLC v. Montana, 556 U.S. |, 132 S.Ct. 1215
(2012).

The detailed assessment of the Upper Verde River used a systematic three-step
procedure to first determine the natural condition of the Upper Verde River, and then
evaluate its susceptibility to navigation in that condition. This approach is necessary
because at the time of statehood the base runoff was impacted by many upstream
diversions for irrigation, storage, livestock and mining. Diversions for irrigation, livestock
and mining to a small degree along the Verde River and to a much greater degree along
headwater tributary streams and mountain front springs reduced the amount of
downstream water. Human activities that greatly altered the flow long before statehood
challenged this evaluation of the navigability.

First, the natural hydrology of the headwater area including tributary streams was
defined using three independent hydrologic techniques. These techniques all use



published information of the USBR, USGS, USFS, Salt River Project, local historic
newspapers and Federal Land Surveys. Second, channel geometry, morphology and
hydraulics were calculated using both flow characteristics from step 1 and also
published information. Information of the USFS, Sierra Club, Arizona Geological Survey
and USGS was especially useful for defining present hydraulic conditions and
estimating the natural channel conditions. Finally, navigability was estimated using two
independent methods of federal agencies based on information from steps 1 and 2.

Important hydrologic characteristics of the upper area are:

The Verde River drained about 2170 square miles at the upper end of the study
reach (the Upper Verde River) and about 3,503 square miles at the lower end. The
watershed was hydrologically diverse because of the diversity of climate, geology
and topography. The mountainous areas that surround the headwaters of the
watershed typically received more than 20 inches of precipitation per year. The
valley areas typically received about 12 inches of precipitation per year. Precipitation
fell during two distinct periods--late summer and midwinter. Snow accumulated in
the higher mountains and typically melted and ran off in the spring. Some of the
runoff for navigation was from the rainfall and snowmelt in the mountainous areas.

When rain fell onto the land in the Upper Verde River watershed it started moving
according to basic principles of hydrology. A portion of the precipitation seeped into
the ground to replenish ground water. Some of the water flowed downhill on the land
surface as direct runoff and appeared in surface streams that were unaffected by
artificial diversions, storage, or other works of man in or on the stream channels. In
the Upper Verde River watershed, most of the runoff from storms reached the river
channel directly on the land surface via overland flow, flow in rills, creeks and
streams. Direct runoff was seasonal because the storms were seasonal and
provided runoff for navigation for part of each year.

The portion of the water that replenished the ground water was very important for
the susceptibility of the Upper Verde River to navigation. Under natural conditions
the water that replenished the ground water was temporarily stored, and later
discharged to the headwater tributary streams at springs and seeps in the
watershed. This base runoff was released from storage during dry periods.
Perennial base runoff was maintained by ground-water discharge to the Upper
Verde River and tributary streams. Several of the springs were fed from huge
reservoirs of stored groundwater that have been recharged for many years. This
stored groundwater is known as carryover storage and is important for annual water
budgeting. Base flow is comprised of ground-water discharge from mountain front
springs and seeps and Quaternary aquifers and basin fill and also deeper aquifers.

Important hydraulic characteristics of the Upper Verde River area under natural
conditions at statehood were:



The natural flow in the Upper Verde River was perennial with a median annual flow
of 60 cfs and 116 cfs, respectively, at the upper and lower ends of the study reach.
The corresponding average widths of flow were about 35 and 50 ft.,respectively.
The measured depths of flow averaged at least 2.9 ft. There were numerous pools
where depths were greater than 2.9 ft.

The cross-sectional geometry (size and shape) of the low-water channel appears to
have remained unchanged even with the human depletion of base flow. The series
of pools (deep water areas) and riffles (shallow water areas typically dominated by
cobbles and small boulders) are relatively stable throughout the Upper Verde River.

Important navigability characteristics of the upper area were:

Using the high standard associated with optimum boating conditions defined by the
Fish and Wildlife Service of the Dept. of the Interior, the 3.3 miles above the
Campbell Ranch area that includes much of the Big Chino Springs area was not
considered navigable.

The depth and current (velocity) of the Upper Verde River flow were important: too
little depth and too much velocity limited navigability. Except during large floods, the
flow depth was sufficiently great and flow velocity was sufficiently small for small
watercraft to navigate along the Upper Verde River.

There are numerous pools where depths were greater than 2.9 ft. and there were
occasional small-steep riffles where portage might be required. Two Federal
methods show the upper Verde River along the 33.3 mile reach was navigable.

For the remaining reach of the Verde River, a total drainage area of 6,188 square miles,
from the end of the upper reach to the mouth at the Salt River (mile 36.6 to mile 230) a
similar but less detailed procedure using the same high standard was used for the
assessment. The technique used published USGS, Arizona GS, Oregon Department of
State Lands and USBR reports. Focus was on the hydrology, channel geometry and high
use of boating along the entire river for the past several years. The navigability
assessment was partially based on similarities between the Verde River and the John
Day River in Oregon that has been found navigable.

Based on all the hydrologic and hydraulic information, data and analysis contained in
this report, it is the author's opinion that the natural channel of the Verde River,

from river mile 3.3 in the Stewart Ranch area to the mouth at the Salt River was
susceptible to navigation at the time of statehood (February 14, 1912) in its natural
condition. During ordinary years the river was susceptible to navigation more than 95%
of the time.



INTRODUCTION

This report and analysis were undertaken to assess the navigability of the Verde River
in its natural condition, at the time of Arizona statehood for presentation to ANSAC. This
analysis is based on (1) my knowledge and expertise concerning hydrology, hydraulics
and fluvial processes, in general, and the application of this knowledge to the Upper
Verde River in central and northern Arizona, in particular, (2) the documents of prior
ANSAC studies, (3) published reports by the U. S. Geological Survey and other State
and Federal agencies, and (4) federal definitions of navigable and natural flow. The
assessment is in two parts—the 36.6 mile reach of the Upper Verde River from Sullivan
Lake to the USGS gage near Clarkdale shown in Figure 1 and the 193.4 mile reach
from the Clarkdale gage to the mouth at the Salt River. The 2-part assessment is
because different methods were used for the two reaches and does not imply the Verde
River should be segmented. The analysis for the 193.4 mile reach is given in Appendix
G and the more detailed analysis for the Upper Verde River follows.
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Figure 1. Upper Verde River watershed.



The test for determining navigability used in this analysis is from Defenders of Wildlife v.
Hull, 199 Ariz. 411,426, 18 P.3d 722 (App. 2001):

We hold that, to prove navigability of an Arizona watercourse under the federal
standard for title purposes, one must merely demonstrate the following: On
February 14,1912, the watercourse, in its natural and ordinary condition, either
was used or was susceptible to being used for travel or trade in any customary
mode used on water. See The Daniel Ball, 77 U.S. (10 Wall.) at 563, 19 L.Ed.
9909.

Also, physical evidence is presented on two issues: (1) navigability or non-navigability of
the Verde River in its “ordinary and natural condition” on the date that the State of
Arizona was admitted to the United States,February 14, 1912, consistent with the
Arizona Court of Appeals decision in State v. Arizona Navigable Stream Adjudication
Comm’n, 224 Ariz. 230, 229 P.3d 242 (App. 2010); and (2) segmentation of the Gila
River consistent with the United States Supreme Court’s decision in PPL Montana, LLC
v. Montana, 556 U.S. __ , 132 S.Ct. 1215 (2012).

This river engineering report evaluates the ability of the natural channel of the Verde
River to accommodate navigation. The necessary studies are channel widths, velocities,
stability and depths at various seasons and locations. The question “was the natural
river channel susceptible to travel?” is answered.

General approach

The ability to navigate a river depends upon many factors such as the amount of flow in
the river channel, the width and depth of flow in the channel, the type of vessel and the
purpose of the travel. Obviously, there must be a minimum depth of water in the
channel because even the draft of a canoe will be a few inches. There are other factors
of an economic and commercial nature that may be less obvious. These non-hydraulic
factors, while important to the actual presence of navigation, are not included in this
assessment of navigability.

To make a reliable evaluation of navigability under the federal test, the anthropogenic
impacts, such as the many diversions along the tributary headwater streams, and to a
lesser degree along the Upper Verde River, for irrigation by settlers, should be adjusted
for because the diversion of flow affected the navigability. Two reports were presented
to the previous ANSAC hearings on the Verde River. These reports were prepared by
Jon Fuller and the Arizona Geological Survey and describe the hydrologic and
geomorphologic characteristics of the Verde River before and at the time of Statehood
and compare those characteristics to those of the present day. These two reports
document important information regarding the history of the Verde River, especially the
long history of human impacts and associated changes of hydrology of the watershed.

In this evaluation of the navigability of the Upper Verde River, the greatest challenge is
the fact that by 1912, the hydrology of the watershed had been so altered by human
activities ( see Appendices A, C-F, for example) that it is difficult to assess its condition
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in its "natural and ordinary" state. The evidence shows that the natural river had a
substantial natural base flow. The reason that the natural flow did not find its way into
the river channel is human interference through diversions, storage, and groundwater
pumping. Yet, as the Arizona Court of Appeals made clear, the Commission must
evaluate the river as though those activities did not occur. When such adjustments are
made, it is apparent that several tributary streams that are presently ephemeral were
sufficiently perennial or intermittent to support a finding that the upper Verde River was
susceptible to navigation by small watercraft and, therefore, was capable of being used
as a highway for commerce. In other words, the base runoff of the Upper Verde River
was considerably more than the present base flow.

The study was performed as outlined in the following diagram. | first examined
background information that included historic accounts of water use in the watershed
and hydrology of the watershed. Then | used a three-step procedure to determine what
we know about the navigability of the Upper Verde River for the natural condition of
flow.

Step. 1: Estimate the amount and temporal distribution of natural flow for the
Upper Verde River

The natural hydrology for the Upper Verde River is based largely on published reports
by the U. S. Bureau of Reclamation, U. S. Geological Survey and Federal Land
Surveys.

Step 2: Estimate the natural hydraulic characteristics of the river channel that are

related to navigation.

The natural size and shape of the Upper
Verde River channel are based on
published and unpublished channel
geometry relations (cross sections of the
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U. S. Forest Service and the Sierra Club. Stream channels
Step 3: Determine whether in its USGS GW Hydrology ﬂgg:
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determined in steps 1 and 2, are used to estimate the size and shape of the natural
river. Two relatively simple methods developed by the U.S. Department of the Interior
were used.

Published information and standard civil engineering and engineering hydrologic and
hydraulic methods were used to accomplish the three basic steps. Also, a considerable
amount of time was devoted to examining plats and field notes of original Federal Land
Surveys throughout the upper watershed.

This report presents the results of a quantitative estimate of the navigability of the Upper
Verde River based largely on USGS, USBR and USFS reports and published USGS
stream gage records. Several USGS reports and a USFS report on the flow
characteristics and morphology of the Upper Verde River, that use relatively recent
channel geometry were used to estimate natural channel geometry. Unpublished
current meter measurements and surveyed channel cross sections furnished by the
USGS, Sierra Club and the USFS are much appreciated. With personal experience this
information formed the basis of this assessment of the navigability of the Upper Verde
River and the following reported analysis.

Note

As noted above, the assessment for the entire 230 mile river is given in two parts.
The first part is the following detailed assessment of the upper 36.6 mile reach from
the dam at Sullivan Lake to the USGS stream gage near Clarkdale, AZ. The second
part is in Appendix G and is a less detailed assessment for the remaining reach of
the Verde River, a total drainage area of 6,188 square miles, from the end of the
upper reach to the mouth at the Salt River (mile 36.6 to mile 230). Obviously, the
assessment for the second part of the river is influenced by runoff and sediment
yield of the upper watershed.

DESCRIPTION OF UPPER WATERSHED

The upper Verde River watershed drains the northwestern Transition Zone and
southwestern Colorado Plateau geologic provinces. Proterozoic igneous rocks largely
define the basin geometry and boundaries of the Big and Little Chino basin-fill aquifers
(Item 6 Appendix A). Big and Little Chino Valleys contain gently sloping reservoirs of
ground water that drain toward large springs near their basin outlets. The ground-water
flow direction of basin-fill aquifers is from the basin margins and tributaries toward the
basin center and then down the major axes of the valleys. Spring flow in the river
canyon emerges from Paleozoic carbonate rocks downstream from the confluence of
the Big and Little Chino basin-fill aquifers (Wirt, F.N., DeWitt, Ed, and Langenheim,
V.E., 2005, Hydrogeologic Framework, in Wirt, Laurie, DeWitt, Ed, and Langenheim,
V.E., eds., Geologic Framework of Aquifer Units and Ground-Water Flowpaths, Verde
River Headwaters, North-Central Arizona: U.S. Geological Survey Open-File Report
2004-1411-D, 27 p.).
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The Verde River drained about 2170 square miles at the upper end of the study reach
at Sullivan Lake dam and about 3,503 square miles at the lower end at the USGS
stream gage near Clarkdale, AZ. The watershed was (is) hydrologically diverse because
of the diversity of climate, geology and topography. The mountainous areas that
surround the headwaters of the watershed typically received more than 20 inches of
precipitation per year. The valley areas typically received about 12 inches of
precipitation per year. Precipitation fell during two distinct periods--late summer and
midwinter. Snow accumulated in the higher mountains and typically melted and ran off
in the spring. Much of the runoff for navigation was from the rainfall and snowmelt in the
mountainous areas.

When reading the historic information of this report for ANSAC it is important to realize
that nearly all accounts of flow condition along the Verde River and tributary streams
describe a river affected by human activity. There were numerous agricultural
diversions directly from streams that when considered as a whole amount to a major
loss of base flow starting in about 1860. The accounts by Whipple and his party in 1854
probably were of the river’s natural condition. (Appendix B).

There were significant human impacts on the natural flow of streams long before
withdrawal of water from the large basin-fill and carbonate aquifers using deep wells.

In addition to deep well pumping in the basin fill aquifers that started in 1926, other early
impacts on base runoff of streams in the upper watershed include stock tanks,
reservoirs for RR and municipal use, diversions for mining and the pipeline diversion
from Del Rio Springs to Prescott and cattle grazing.
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Figure 2. Study reach for upper area.

Table 1.-- Distance from Sullivan Lake Dam to major springs, tributaries and features along the

upper Verde River.
[ Distances are app and have aol bee: yad]
Major tributaries or physiographic features Miles Kilometers
Del Rio Springs via Little Chino Creek -3.0° 48
Lower Granite Spring® 1.0%* 1.6%¢
Sullivan Lake Dam 0.0 00 Wirt, L., 2005, The Verde River
gm m ::fm “‘:’m] :'2 11? headwaters, Yavapai Count,
' Arizona in Wirt, Laurie, DeWitt,
Granite Creek confluence 20 2 Ed, and Langenheim, V.E., eds.,
Continuous flow begins 21 14 Geologic Framework of Aquifer
Upper Verde River springs (upstream end) 22 16 Units and Ground-Water Flow-
Stewart Ranch (west access) 32 5.1 paths, Verde River Headwaters,
Muldooa Casyoa 80 129 North-Central Arizona: U.S Geo-
Paulden gauge (09503700) 98 158 120093: f:qrv;;; DpseeEi Rapork
Verde Valley Ranch 103 166 52 P
Bull Basin Canyon s 185
Duff Spring 13.9 24
Hell Canyon 15.0 29.0
U.S. Mine 19.4 312
Perkinsville diversion ditch 207 a1
Perkinsville 24.0 386
Verde River near Orchard Fault 260 418
RR Crussing downstream of Perkinsville 26.6 423
Mormon Pocket springs 310 499
Sycamore Canyon 349 562
Clarkdale gauge (09504000) 36.6 589

*Distance upstream from Sullivan Lake dam
“*Distance upstream from Granite Creck and Verde River confluence
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Before human development, the groundwater systems of the Upper Verde River
watershed were in a quasi state of equilibrium. Long-term Inflow was equal to long-term
outflow with no net change of water stored in the ground. Obviously there was natural
climate variability, forest fires, plant disease, etc. that affected recharge to and
discharge from aquifers but in the long term, there was no change in groundwater
storage. Hydrologists, engineers and geologists have quantified the pre-development
(possibly natural) conditions using available data and hydrologic knowledge.

In my analysis, the effects of climate change, if any, are considered insignificant
because according to Thomsen and Eychaner (1991), “Tree-ring data do not
indicate a significant change in precipitation from 1602 to 1970.” A brief discussion
of the use of tree rings and how not to use tree rings for hydrology post-diction is in
Appendix J of this report.

HISTORICAL BACKGROUND

Settlement in the arid and semi-arid upper Verde River watershed was highly
dependent on water supply. Most of the early settlers were interested in mining, raising
livestock and agriculture. These economic activities required water and in a short time
there was increasing competition for water supplies. At one time, the base flow of
Granite Creek powered a grist mill a short distance above Prescott and also a couple of
Arrastras in 1866. There were hundreds of acres of cultivated land in the Prescott area
(page 14 Appendix C).

Natural water supplies were important in shaping early settlement. Farmers were
attracted to places where soil was adequate and where streams could be easily diverted
for use on crops. Federal policies encouraged settlement with irrigation during the latter
part of the nineteenth century. “As the demand for water approached the supply of
water, the need to secure a permanent source of water gave rise to water laws, such as
the prior appropriation doctrine, which established the principle of "first in time, first in
right." The development of the prior appropriation doctrine provided strong incentives for
farmers to "use it or lose it" where water was concerned. The prior appropriation
doctrine also codified a widely held perception at the time that water left flowing in
streams was a "waste." Beneficial use became a condition for securing a water right.
(National Research Council, 1996).

Irrigated agriculture was the single largest user of water where initial use typically was
by direct diversion, using low dams, from perennial and intermittent streams. Along
several streams water flowed under stream sediments where shallow wells were hand
dug and water pumped to irrigate adjacent agriculture. An early supply for Prescott was
a shallow well along Granite Creek (Appendix C). There were many rather small
diversions along streams that together amounted to a significant reduction in base flow
along the tributary streams and the Verde River.
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The Prescott Water Works pumping plant at Del Rio Springs started operation on
September 6, 1901 to supply Prescott with one-half million gallons of water per day. In
the early 1900s lawsuits had started and been settled in court as Judge Sloan, for
example, had decided against John Duke and in favor of Prescott (Arizona weekly
journal-miner. (Prescott, Ariz.) July 17, 1901). Mr. Duke claimed Prescott was diverting
his water along Granite Creek. So as early as 1899 and 1900 Prescott was accused of
“taking” water used by others (page 10 Appendix C).

In 1893, the Santa Fe, Prescott and Phoenix Railway had completed its tributary line,
named the "Peavine" because of the way it wound round and clung to the mountains,
from Prescott through Granite Dells and Chino Valley to its junction with the Atchison,
Topeka and Santa Fe line at Ash Fork. The railroad transported the potable water from
Del Rio to the many locations along its northern lines that were not blessed with
adequate water including the towns of: Ash Fork, Seligman, Williams, Winslow and
eventually, the Grand Canyon.

The Seligman Dam was begun in 1898, three miles southwest of Seligman. A contractor
built the dam, with the railway delivering stone, sand and cement on its cars. Sandstone
was hauled 43 miles from Rock Butte, the facing stone came from Holbrook 175 miles
away, and sand was shipped 150 miles from Sacramento Wash. The dam, its total cost
in excess of $150,000, has a storage capacity of 703 acre-feet (Item 5 Appendix A).
(See Item 8 of Appendix A for additional background).

Note

Nearly all of the available original Federal Land Surveys
(plats and Field notes) along the Verde River and tributary
streams were examined for this analysis. These surveys
provide considerable background information and are
discussed later and are also presented in Appendixes B-G
of this report.

Also, the Whipple survey of 1853-54 that is related

to an original land survey and also the latest geology is
presented in Appendix B.

HYDROLOGY

Natural and ordinary perennial/intermittent streamflow is comprised of surface runoff
and base runoff. Surface runoff is derived from precipitation and snowmelt. Base runoff
is maintained by ground-water discharge to the Verde River and tributary streams. Base
flow is comprised of ground-water discharge from mountain front springs and seeps
(Base Qmf on Figure 3 below) and Quaternary aquifers (Base Qga) and basin fill and
deeper aquifers (Base Qbfa).
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GROUND-WATER BUDGET Basin Fill aquifer
a ‘Eliifﬁ'% * GROUND-WATER DUTFLOW GROUND-WATER INFLOW
_‘F,-"- 0 Y & EVAPOTRANSPIRATION —, RECHARGE FROM IMFILTRATING
[ =R ?' ?ﬁmﬂ N ; PRECIPITATION AND RUNDFF
w Sup 8y
ILZ' fﬁ Yool ia UNDERFLOW - UNDERFLOW
STREAM BASE FLOW PERENNIAL-STREAM LOSSES TOD
Qbfa THE AQUIFER
Mountain fronts. ™
Quaternary aquifers.
(stream sediments
and springs) 2
o
A
)
GW inflow - . .
Basin Fill aquifer and deeper aquifers
‘“—l/ ndedlow) ¢ (Layers 1, 2 and 3 of USGS model by
Pool and others, 2011)

Modified from: Freethey, G. W. and Anderson, T. W_, 1986, Predevelopment hydrologic conditions
in the alluvial basins of Arizona and adjacent parts of California and New Mexico, U. S. Geological
Survey Hydrologic Investigations Atlas HA-664, 3 sheets.

Figure 3.—Diagram showing flow components for natural conditions.

Natural streams and washes in Big and Little Chino Valleys were perennial, intermittent
and ephemeral. There was perennial/intermittent flow where the ground-water table
wasl/is shallow and intercepted by the land surface, such as near the topographic outlets
of the valleys. These low-altitude springs often create cienegas, or spring-fed marshes.
The largest low-altitude spring in Little Chino Valley is Del Rio Springs. A 4-mi reach of
lower Williamson Valley Wash is supplied by ground water, or spring fed, as are
reaches of Walnut Creek, lower Granite Creek, and lower Sycamore Creek.

Wirt, F.N., DeWitt, Ed, and Langenheim, V.E., 2005, Hydrogeologic Framework, in
Wirt, Laurie, DeWitt, Ed, and Langenheim, V.E., eds., Geologic Framework of
Aquifer Units and Ground-Water Flowpaths, Verde River Headwaters, North-Central
Arizona: U.S. Geological Survey Open-File Report 2004-1411-D, 27 p.

Much has been said about the source of the Verde River and the recent USGS regional
model of groundwater-streamflow interaction. A simple fact is regional models do not
always represent headwater springs and Quaternary sediments that are above (younger
than) the modeled aquifers like the basin fill of the Big and Little Chino aquifers. In the
case of the upper Verde watershed, many of the once perennial/intermittent tributary
streams were and are hydraulically perched above the basin fill aquifers where
groundwater is withdrawn by deep wells. It is this deeper groundwater that is modeled
above the Paulden gage by the USGS and not the mountain front springs and relatively
small alluvial aquifers along stream channels.
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These streams were depleted long before deep wells were used in the watershed. Early
settlers diverted water for irrigation using low rock dams and shallow wells with
centrifugal pumps all along tributary streams like Granite Creek, Walnut Creek,
Williamson Valley Creek and Big Chino Creek. Based on original Federal Land Survey
plats and field notes, more than 8000 acres of land along headwater streams were
cultivated and irrigated by settlers. This amount of water applied to this acreage
corresponds to an early depletion of base flow in the Verde River even before
construction of Watson Lake dam.

The numerical model structure of a recent and important model used by Pool and others
(2011) did not include a layer above basin fill (layer 1) depicted in Figure 3. In other
words, it did not accommodate steep hydraulic gradients and perched conditions along
mountain front areas and also along tributary streams. Some of these perched
sediments along the tributary streams can be thought of as a subflow zone—a term
often used by ADWR and unique to Arizona water law. Such an overlying layer could
accommodate water storage in recharge areas, define the clay lenses that restrict
vertical flow of water, define recharge to basin fill along diversions and base runoff
along tributary streams to the Verde River. (See Item 9 of Appendix A for more detail on
modeling).

One of the first and reliable determinations of the average natural or virgin flow of the
Verde River was by the USBR in the Department of Interior report "The Colorado River"
(March 1946). This report was to serve as the basis for planning future developments
for the maximum utilization of water supplies present and ultimately available (e.g. The
Colorado River Compact.).

USBR, 1952, Report on Water Supply of the Lower Colorado River Basin: US
Department of Interior, Bureau of Reclamation Project Planning Report, (p. 152),
444 p.

The method used in this assessment of the Verde River eliminates all or much of the
effect of human impacts by using annual runoff data (USBR, 1952) which quantifies the
amount of water that would be present at the mouth of the river if there were no
diversions (the natural and ordinary condition).

A second report defining natural or pre-development runoff was the basin accounting
method for natural stream base flow developed by Freethey and Anderson (1986) that
was used to estimate base runoff (the 90th percentile of daily discharge). This study
divided the basin and range physiographic province into 72 basins that represent
separate groundwater systems. Four of these basins are in the Verde River watershed.
While this method has been displaced by recent groundwater modeling, it was still
appropriately used to guide this analysis of navigability. A limiting feature of HA-664,
however, is that base runoff is only for the basin fill and underlying aquifers.
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Freethey, G. W. and Anderson, T. W., 1986, Predevelopment hydrologic
conditions in the alluvial basins of Arizona and adjacent parts of California and
New Mexico, U. S. Geological Survey Hydrologic Investigations Atlas HA-664, 3
sheets.

A third study combines climatic, surface-water, ground-water, water-chemistry, and
geologic data to describe the hydrogeologic systems within the upper and middle Verde
River watersheds and to provide a conceptual understanding of the ground-water flow
system (Blasch, K.W., Hoffmann, J.P., Graser, L.F., Bryson, J.R., and Flint, A.L., 2006,
Hydrogeology of the upper and middle Verde River watersheds, central Arizona: U.S.
Geological Survey Scientific Investigations Report 2005-5198,101 p., 3 plates.). The
study area includes the Big Chino and Little Chino subbasins in the upper Verde River
watershed and the Verde Valley subbasin in the middle Verde River watershed.

A fourth report, discussed again and in detail in Item 9 Appendix A, on a numerical flow
model (MODFLOW) of the groundwater flow system in the primary aquifers in northern
Arizona was rather recently developed to simulate interactions between the aquifers,
perennial streams, and springs for predevelopment and transient conditions during 1910
through 2005. Simulated aquifers include the Redwall-Muav and basin-fill aquifers.
Perennial stream reaches and springs that derive base flow from the aquifers were
simulated, including the Verde River, and perennial reaches of tributary streams. While
this report was limited to the basin fill aquifer-base runoff connection in the upper Verde,
it was useful for this analysis of navigability.

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

“‘Recharge rates at each ephemeral channel could be better quantified by using more
frequent or continuous water-level monitoring along with colocated observations of
water-mass change by using gravity methods. Aquifer storage properties, including
extents of confined and unconfined groundwater in each aquifer and perched aquifers,
are poorly defined.” (Pool and others, p. 90, 2011)

“A thin layer of Quaternary alluvium overlies the fine-grained facies of upper basin fill
near the Big Chino Wash and forms a local perched aquifer that has hydraulic heads
that are as much as 100 ft above the hydraulic heads of the lower basin fill. A thin layer
of Quaternary alluvium also is a local aquifer near Williamson Valley Wash.” (Pool and
others, p. 31, 2011)

“Perched aquifers may form locally where the Quaternary alluvium overlies low
permeability rocks or the fine-grained facies of basin fill.” (Pool and others, p. 31, 2011).
(See Item 1 Appendix A for sketch of perched aquifer.)
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“Groundwater likely flows vertically between aquifers in many areas, but this flow
component is poorly defined throughout most of the study area. Vertical groundwater
flow could be better defined by the development of water-level records at colocated
deep and shallow wells that monitor different aquifers or permeable zones. Broad
assumptions were used to distribute recharge throughout the model. Better information
defining recharge distributions, especially ephemeral channel recharge, would result in
improved transmissivity distributions. Reasonably accurate storage and transmissive
properties are needed for the proper simulation of the effects of withdrawals on water
levels and groundwater discharge to streams and springs.” (Pool and others, p. 89,
2011).

This assessment of navigability uses the results of USGS reports/models and also,
most importantly, defines the total base runoff by calculating base runoff from the
Quaternary alluvium area that includes the stream sediments perched above the basin
fill (layer 1) and the mountain front areas where there is runoff and recharge. Again, this
part of the total base runoff was not modeled by the USGS. A report by the USBR
(1952) that calculated the Virgin flow for the mouth of the Verde River is an important
part of this analysis.

Estimating natural streamflow

Three methods of estimating the natural and ordinary streamflow of the Verde River
above the USGS Clarkdale gage are use for this analysis. Two of the methods use
records of streamflow, irrigated land and published information on Virgin flow of the
Verde River. The third method, a slope-conveyance method that is clearly an estimate,
uses measured channel width and depth of the Verde River by the Federal Land
Surveyors. The first method (Method 1) uses records of cultivated land.

The following presents two independent and detailed analyses and estimates of the
natural (Virgin) median and average streamflow (including total and baseflow) at four
key gaging stations along the Verde River. Both methods use USGS records of
streamflow at gages 09503700, 09504000, 09506000 and 09510000. The average
annual and median annual discharge for the period of record is used. A major objective
is to define natural conditions for the study reach defined by gages 09503700 and
09504000. The results of these analyses are given in tables 1of 2 and 2 of 2 followed by
a description of the methods. Tables 1 of 2 and 2 of 2 are best viewed as one
continuous table.



Table 1 of 2. Estimates of the natural (Virgin) median and average streamflow

(total and baseflow).

USGS  Drainage 050 pre- Mean Annual Virgin Mean
Gage Area (B} Flow (C) annuzal Tlow {0}
Sq. mile cfs cfs cfs
CA) 2170 . s 90
RO37 2507 30 48 e
LO40 3503 1 179 =
LOB0 5009 177 394 =
100 elel 454 651 51

R.

Gebert, and David 1. Graczyk, 1987, PREPARATION OF AVERAGE ARNUAL RUNOFF
MAP OF THE UMITED STATES, USGS Open File Report 87-535.).
Median pre-development Tlow from USGS GW model (Pool and others, 2011).
(Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser,
L.F., 2011, Regional groundwater—-Tlow model of the Redwall-Muawv,
Coconino, and alluvial basin aguifer systems of northern and central
Arizona: U.5. Geological Survey Scientific Investigations

Report 2010-5180, 101 p.) _

Mean annual Tlow for gaged record with 5 cfs added per USGS GW model
(Pool and others, 2011).

First no. 15 from H! and second mo. 1s from USER. (USBR, 1952,

Report on Water Supply of the Lower Colorado River Basim: US
Department of Interior, Bureau of Reclamation Project Planning Report,
(p. 152}, 444 p.)

At Sullivan Lake that corresponds to HU J.Ei:iErI:izl:IIJ.I:l':r'uEE W. Warren A.
]

Table 2 of 2. Estimates of the natural (Virgin) median and average streamflow

(total and baseflow).

-------- METHOD 2 -------- ===e==== METHOD 1 ---cooeeee-

USGS Q50 Virgin Virgin mean -hrlra.g: annual ET Yirgin ¥irgin mean

Gage (P annual flow (F) Fed

&
E‘D 7 58 76 35 50 56 78

5

rvey (G) Fed Survey annual Flow (H)

cfs cfs cfs cfs

cf=z
ase(Id) Q90(1)

A * * * *

040 114 207 36 117 111 219

] 277 434 o o

5

F_

100 . 751 . * . *

The 100 cfs difference bewsen the \’i:a"rn 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 g:ae 5040 and 5060 where loszes 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 B3.(Hayden, T. 5., 1940,
Ir'r'rgahcn 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 Ve valley.
Amount 12 from cultivated lands shown on the original Federal Land Surveys.
Water use for the total acres (8385 and 8505 above USG5 gages 09503700

$nd 03504000 ﬂ:pﬁtﬁwh was determined using the nﬁhhd irrigtion
actor of 3.15 aec- t/acre (Pool and others page 37, 2011).

Amount 1n coluen 7 is the pre-development mean annual flow plus the average
annual ET in column 4 and minus the average annual loss to ET (5 cfs) al
tl'lI_tr'l?l.lti channels. Again, ;111 average annual is from irrigated lands
typically watered by diversion from streams using low rock dams and shallow
wells located in the stream sediments.

Amount in colurn 5 i3 the pre-development median plus the lvtn.?.-_a.nm.u'l ET
minus the avg. annwal Toss to ET (5 cfs) along the 80 miles of trib. channels.
Amount in colurn & i3 the pre-development median plus the l»._rgumnul'l ET
minus the susmer (maxiewm) loss to ET (1l cfs) along the tributary channels.
(See zlide 32 of Appendix A for computation of ET losz along channels).
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Site A in the 1st column corresponds to USGS Hydrologic Unit 15060201. The Virgin mean annual runoff

for Site A column 5 (10f2) is presented for comparison purposes at the completion of these analyses.

The 3rd and 4th columns (10f2) are the pre-development median and mean annual flow adjusted by 5 cfs

loss

of base flow for depletion of basin fill aquifers.
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Method 1

The human-caused reduction of base flow by diversion of water from streams using low
rock dams and shallow wells in the stream sediment was estimated by the product of a
consumptive use factor and the cultivated acres.

Cultivated lands in the Verde River headwaters along areas such as Granite Creek,
Williamson Valley Creek, Big Chino Creek and Walnut Creek went somewhat unnoticed
because (1) they were not visited during early assessment of irrigated lands and (2)
they were not “surveyed” to escape taxation (Turney, 1901). Water was used
continuously by some settlers with only a squatter's title. Thus, the use of original
Federal Land Survey plats and field notes on file at the Government Land Office (GLO)
is considered a good means estimating water use by farming because the cultivated
lands were documented at the time of the surveys.

Turney, O. A., 1901, Water Supply and Irrigation on the Verde River and
Tributaries, Cleveland Daily Record, 20p.

According to the USGS “centrifugal pumps are adapted to raising water heavily charged
with sediment” where lifts are a few feet. “Centrifugal pumps are usually driven by
water, steam, or gasoline motors, with which they are connected by belting or shaft and
gearing, and they may be erected independently of the motors and at some distance
from them ”(Wilson, p.50).

Wilson, H. M., 1896, Pumping water for irrigation; USGS Water Supply and
Irrigation Paper 1, 54th Congress, 2nd Session, House of Representatives,
Document 108; 57 p.

Irrigation water use factor per acre of land: The “fields were assigned a weighted
irrigation factor of 3.15 ac-ft/yr that was developed from agricultural irrigation data from
the Verde Valley (Arizona Department of Water Resources, 2000)” (Pool and others
page 37, 2011).

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

Cultivated acres were determined along intermittent/perennial Granite Creek,
Williamson Valley Creek and Walnut Creek using the original Federal Land Survey plats
and field notes on file at the Government Land Office (GLO). Cultivated acres along Big
Chino Creek was estimated using 1940 aerial photos of the SCS. Cultivated acres for
four irrigated parcels along the Verde River were from Hayden (1940).
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Hayden, T. S., 1940, Irrigation on upper Verde River watershed from surface
waters: unpublished report of SRP, 329 pages.

Available GLO land surveys along Big Chino Creek typically were made before land
along the channel was cultivated.

Care was taken to separate cienegas, where the ground-water table is shallow and
intercepted by the land surface, from human diversions and cultivated land. For
example about 190 acres at Del Rio Springs was shown as cultivated with a ditch
running by the land. A field inspection and aerial photos show the area probably was a
cienega and thus was not included as cultivated land for this analysis.

Areas irrigated by low diversion dams and shallow wells in the stream sediments
(cultivated land).

Computation of total base runoff METHOD 1
Granite Creek
Township acres
T14N R2W 1380
T15N R1W 100
T16N R1W 370
T17N R2W 350
Total 2200

See Appendix C for Federal Land Surveys and
newspaper accounts.

Computation of total base runoff METHOD 1
Williamson Valley Creek
Township acres
T16N R5W 200
T16N R4W 2140
T16N R3W 250
T17N R5W 220
T17N R4W 770
T17N R3W 20
Total 3600

See Appendix D for Federal Land Surveys and
newspaper accounts.



Computation of total base runoff METHOD 1
Walnut Creek
Township acres
T18N R6W 50
T18N R5W 1180
T18N RAW 65
T18N R3W 110
Total 1395

See Appendix E for Federal Land Surveys and
newspaper accounts.

Computation of total base runoff

: . METHOD 1
Big Chino Creg

Townships

T20N R4W, T19N R4W, T19N R3W, T18N R3W,
T18N R2W, T17N R2W

Acres (mostly from SCS 1940 aerial photos)

Total 900 (Sum of 14 parcels. Small
parcels in marshy areas
not included because ET

See Appendix F for aerial of cultivation is offset by
photos, Federal Land natural ET.)

Surveys and newspaper

accounts.
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Computation of total base runoff

METHOD 1

|
| Tear |Book | Pags

Hayden, T. A., 1940

T.E. Complell |
|
% ReEe Forliins
|
1z | 4 |Verds lfroom |1514 | Hl.H 27id Arzom
| | |
|
|
|
|
1z ¢ |Verds flvarez 1801 | E.I.E Eosindo JAlworez

Hayden, T. S., 1940, Irrigation on upper Verde River watershed from surface

waters: unpublished report of SRP, 329 pages.
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Side Note: | recently discussed past boating on the river with the daughter of Rosindo Alvarez (see above

table) and when she was young recalled seeing a couple of canoes pass her home on the Verde River.
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Computation of total base runoff METHOD 1

The following is presented for interest only and was not used

for this analysis. Any human impact from irrigation in

Sycamore Ck (Dragoon Ck) was not included in Method 1
GRANITE AND DRAGOON CREFKS.

=_ I - " s a gt A
T A ’J i Catr A J7

“!f wpper Verde nenr Granite Creek was not visited,  In this section are No. [}
belonging to Peters Bros.; No. 6o, belonging to Thomas R, King, and Nos., 61 and G2,
to Baker. Dragoon Creek was not visited, O this Creel are John Summers, MNo. 63,
and Neos. 64 and 65, belonging to Packard. I

T]‘.n; Strond report two years ago reported Packard as having 30 acres and 2 diich
of roo inches capacity, located in 1335, If we allow the rectaining ditches net visited
i this neighborhood 15 inches cach, we have a total of 175 inches,

See map on next slide.

Tumey, O_ A, 1901, Water Supply and Irrigation on the Verde River and Tributaries:
Clevaland Daily Record, 20p. (The Sub-Committes of the joint Canal Committes was
composad of J. W, Woolf, W. B, Cleary and T. W. Stewart, who represented The Arizona
Water Co.. The Anzona Canal Co., The Grand Canal Co.. The Maricopa Canal Co., The
Sall River Valley Canal Co_, the Consolidated Canal Co., the Mesa Canal Co.. the Utah
Canal Co_, the Tempe Canal Co_, and the San Francisco Canal Co.)

CANALS. ™

QA Tirney. Mydraulic Measuremants
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“’ 6 Rickdéts e A P | BLACE KES
S Chavex
o 7 Crane e
g 45 Witiard k G A
orris 2% ERDE
> WGWSngfietd A g
10 Fead ]

11 Pewing rotd #9 Jerome FowerCo

50 Fige
BEAVER CX. 8/ Dickinssn K orsé
/e Williams 52 Faun -—
IS L.A Mazwell $I SCDrekinesn
14 TC Maxwell 7 N
/5 Wm Schoder 55 Hars
76 c o 56 Dumas
17 C.F Mahan
16 B Dok o g L FEER VAT
18 Thos Bristow duyd ¥ I Tigtars .
20 Finmey . - - % G0 A
2 Hollingshead 5 g
22 Alrs Clyy DRAGOON CA
23 Shaygs 65 Summers Miles
24 Mubchuson 64 5 Mucdund e bl i e
25 B Casner VRO RIVER Beenlf__2_ 8 = 2
2 M Casner ¥ 74 Eureia
5 Ol ke 75 Woods
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36 Sames Sr 72 Humbere Y9 Sadilers
37 Robinson 73 oK 80 Cole & Mayes

See Item. 12. Claims to surface water of Appendix A for additional information.
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METHOD 1
Total cultivated land
Location Acres Flow, cfs 1
Granite, Williamson Valley,
Walnut, and Big Chino Creeks 8095 35
USGS Clarkdale gage 8215 36

1 Base flow lost from Verde River because of diversions for irrigation of cultivated
land. Diversions typically are low dams and shallow wells in stream sediment
and cultivated land typically is on Holocene sediments (Lynx soil series that is
recent alluvium (Wendt, 1976).

TAmount of base runoff lost to ET from cultivated land shown in column 4 (20f2).

Wendt, G. E, and others, 1976, Soil survey of Yavapai County, AZ -Western Part:
U. S. Soil Conservation Service,121p.

It's interesting that the total cultivated land of 8095 acres in the above table is only 45%
of the reported 18,070 acres under cultivation in 1890 (Black, John A., 1890, ARIZONA
THE LAND OF SUNSHINE AND SILVER HEALTH AND PROSPERITY, THE PLACE
FOR IDEAL HOMES, COMMISSIONER OF IMMIGRATION, Republican Book and Job
Print, Phoenix, Arizona, 143p.). Some of this computed difference is probably because
Method 1 used the ET of some cultivated land that was offset by ET when the land was
marshy.

Computation of total base runoff METHOD 1

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 + 35-5cfs = 60 cfs
5040 =86 + 36 - 5cfs = 117 cfs

Column 6 for Q90 is same manner but with average max.
(summer) loss to ET long the trib. Channels:

Q90 Virgin at gage 5037 =30 + 35- 11 cfs = 54 cfs
5040 = 86 + 36 — 11 cfs = 111 cfs
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Computation of total base runoff METHOD 1

The mean annual Virgin flow, column 7 (20f2) is column 4
(10f2) 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

This completes | METHOD 1

Method 1 is for consumptive use by crops and does not include domestic, mining, stock
tanks and railroad use.

For example:

Upper watershed .--The railroad filled a large number of tank cars on a regular
basis that amounted to about 1 cfs at Del Rio Springs. Also, about 1 cfs was
pumped at Del Rio Springs into a pipeline to Prescott for domestic use. It's easy
to attribute several cfs loss of annual runoff to stock-tank and railroad reservoirs
but the associated loss of base runoff could be roughly estimated but is not
included.

Upper and below Clarkdale gage.—Based on available industrial claims (ltem 12,
Appendix A) to water used along the Verde River downstream of Granite Creek
mostly in the Jerome/Clarkdale area before 1912 total at least 20 cfs. Stockwater
and Irrigation claims total between 2 and 3 cfs for this apparent small sample.

Thus, the Method 1 estimates of virgin flow for the Verde River are conservatively low.
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Method 2

Nearly all of the difference between the Virgin average annual runoff and the gaged
mean annual flow was from ET of cultivated land in the upper watershed (along Granite
Creek, Williamson Valley Creek, Chino Creek, Pueblo (Walnut) Creek) and the Verde
Valley (along the Verde River, Oak Creek, Beaver Creek and West Clear Creek). The
difference is associated with losses to ET from irrigation, stock tanks and other human
activity from the Mountain fronts, Quaternary aquifers (stream sediments and springs)
and land surface of the watershed. Most of this loss is from direct diversion from stream
channels using low rock dams and shallow wells

The irrigated land for these areas is given in the Hayden (1940) Report. The
approximate 100 cfs loss to ET was simply distributed between the two areas on the
basis of irrigated acres in the Harden Report. According to the Hayden Report the ratio
28 cfs was lost to ET from irrigated land above gage 09503700 and 72 cfs was lost in
the Verde Valley.

The median and mean annual Virgin flow, column 3 (20f2) and 4 (20f2), are respectively,
columns 3 (10f2) and 4 (10f2) adjusted for the 28 cfs and 72 cfs losses to ET.

For example:

Q50 Virgin at gage 09503700= 30 +28cfs =58 cfs
09504000= 86 +28cfs = 114 cfs
09506000 = 177 + 28 + 72 = 277cfs

Mean annual Virgin at gage 09503700 = 48 + 28 cfs =76 cfs
09504000 = 179 + 28 cfs = 207 cfs
09506000 = 394 + 28 + 72 = 494cfs
This completes Method 2.

According to a discussion of irrigation practices noted by a Salt River Valley based joint
Canal Committee when its members visited the Verde Valley in 1901 (Turney, O. A,
1901, Water Supply and Irrigation on the Verde River and Tributaries, Cleveland Daily
Record, 20p.) ,the Canal Committee inspected and measured the flow in the Verde
River and the numerous canals along the Verde River, Beaver Creek, Clear Creek and
Oak Creek. They were critical of what they called over-watering irrigation practices. For
example, for a group of canals they found that a total of 4611 miner’s inches (115 cfs)
was delivered to a total of 4399 acres (their measurements of July 1901). This was
equivalent to 18.6 ft of water per acre of cultivated land for a 9 month irrigation period.
The Committee also noted that some cultivated land in the upper watershed went
unnoticed because (1) they were not visited during early assessment of irrigated lands
and (2) they were not “surveyed” to escape taxation. Water was used continuously by
some settlers with only a squatter's title.
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The following newspaper article (July 1900) describes the concern of water users in the
Phoenix area downstream over the irrigation practices in the Verde Valley. The strong
language clearly shows the concern over the large amount of water diverted from the

Verde River where most of the diverted water apparently does not return to the river.

Note: This was before deep well pumping of the basin fill aquifers.

The Verde 18 the most important ag-
Nuent of the Salt river. The two rivers
unite at 4 point but a

STOP THE shart distance ahove
WATER the dams and headgaies
STEALING. of the eanal svstems of
the wvalley. Any dimi-

nution of the Aow of the Verds river is,
therefore, 2 maticr of profound Im-
portance to the capal eompanies and
the water consumers of this  valley.

The normal fliow of the Verde river at
the point whers it emptiss into  the
Falt hos been steadily decrrasing for
some time, and for the past vear or
tvo the lessoned fHow has besn 50
marked that every cainal ond svairy
farm in the valley has suffered from &
thoriened supply of frrigation waicr
There <12 no mystery attaching to this
condition of affairs. No foresi sharps
nor other experts are reguired to ex-
plain the situation. The simple farct is
that the watera of the Verde rilver in
its upper reaches, in Yavapal county,
are unlawfully diverted by ranchers in
suach velume thai it = not dificult to
foresee that zoon the total nermal flow
cof the river will be diverted hy the
mountalin farmers,

The strange featurs of IJIE sHualion,
as forcibly =iiled by Major BEvans in
Yesterday's Republican, isthat thecanal
eompanies and the water eonsumors of
tals volley should tolernte this sise of
affairs for & Gay. Thers can be nn
nuegiicn 85 0 the rightful swnershin

-

of th: waters of the Verde river. They
bolonz tn the water appropriators of
the [all River valley, and the diversion |

=

}:h:tﬂwul 0 shadow of law or right.

the Sali RFiver valley, and th.. diversion
¢i & single gallon through the namer
ditches in the mountain valleys js=
An
Injunction would lie against thesa
wrongful usera af the waters of 192
tpper Verde bevond guestion.

About the only excuse The Repudli-
can has Leard 8o far for non-acilon un
the part of the Salt River valley is the
“seepage theory’—that Is to savy, ihe
theory that when the waters of a r'ver
are diver*ed to the irrigation of lands
whick drain to the river channel, th=
Erealer portion of the water so diverted
I4s5¢z2 back into the chann:l mopre or
le#s farther down stream after having
performed its duty of irrigation and
the ilourishing Buckeye ccuntry soulh-
west 0f Phoenlx s cited as an instance
in point. “Tke proportion of Arrigaiing
water which i« ws back inio the Tt
Etrcam eventually cannot be known
with exactness. But the expertz af jhs
gcological suiey aftera ecries of Lests
in Arizora reported it a= their oplnion
that the reiurned water does not in any
cafe exceed 60 per cemt of the volume
diverted. It is self evidint that not &0
per cent of the waters of the Verde re-
apsar in that stream Te-ween iis
mouth and the newly Irrigated area in
the upper reaches. At best the rosx-
imem return from seepage does aot
eppear until after & saries of years of
full irrigation, and und:r the most fii-
vorable conditions this valley will con-
L.nue to lose enormously from this wn-
lawful diversion. Major Evans' warn-
ing should be heeded without delay.
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Arizona republican. (Phoenix, Ariz.) 1890-1930, July
19, 1900, Page 2, Image 2

Image provided by Arizona State Library, Archives and Public Records; Phoenix,
AZ

Persistent link: http: //chroniclingamerica,joc,aov/lcen/sn84020558/1900-07-
19/ed-1/seq-2/

A recent USGS study (Garner and others, 2013) that modeled the Verde Valley aquifer
(during 1910-2005) showed that base flow at the upstream end of the study area
(USGS Clarkdale gage), as of 2005, was about 4,900 acre-feet per year (7 cfs) less
than it would have been in the absence of human stresses. This loss was from deep
well dewatering of the Little Chino aquifer and did not include diversions from mountain
front springs and seeps (Base Qmf on Figure 3) and Quaternary aquifers. At the
downstream end of the Verde Valley, base flow had been reduced by about 10,000
acre-feet per year (13 cfs) by the year 2005 because of human stresses (mostly deep
well pumping) in the Verde Valley.

Garner, B.D., Pool, D.R., Tillman, F.D., and Forbes, B.T., 2013, Human effects on the
hydrologic system of the Verde Valley, central Arizona, 1910-2005 and 2005-2110,
using a regional groundwater flow model: U.S. Geological Survey Scientific
Investigations Report 2013-5029, 47 p.
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Method 3

Method 3 uses conveyance-slope estimates of historic base runoff using Federal Land
Survey data.

Estimates of base flow in Verde River at east side of section 12, T17N R2W on May
1909 and at boundary between sections 1 and 12, T17N R1W also during May 1909
using width and depth of Federal Land Surveys.

Computation of total base runoff METHOD 3

Photograph to the left is by Fewkes
(1906) looking downstream from
left side of channel at location
3,000 ft upstream from east side of
section 12, T17N R2W where
Federal Surveyors measured width
and depth of flow in the Verde
River. Federal Surveyors also
measured both the width and depth
of flow at a second site about 6
miles downstream between
sections 1 and 12 T17N R1W.

Looking down Verde River
by Fewkes 1906

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

Records of streamflow at the USGS Paulden gage located a few miles downstream
shows there is perennial base flow in the Upper Verde River. The flow in the previous
scene appears to be base flow (unlikely base runoff because of irrigation diversions
along Granite Ck, Walnut Ck, Williamson Valley Wash and other tributaries) because of
the smooth water surface. The Federal Survey was made 3 years later during May
1909. May is typically a dry month. Also, there was no mention of rainy weather in the
records of the Federal Land Survey. Therefore, the flow at the time of the Federal
survey was probably base flow.
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Figure 4.— Major geographical features of the upper Verde River headwaters area
showing two sites where channel width and depth were measured by

Federal Surveyors.

Wirt, Laurie, and Hjalmarson, H.W., 2000, Sources of springs supplying
base flow to the Verde River headwaters, Yavapai County, Arizona:
U.S. Geological Survey Open-File Report 99-0378, 50 p.
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Figure 5.—Site where Federal Surveyors measured width and depth of base flow.
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Figure 6.—Site where Federal Surveyors measured width and depth of base flow.

The surveyors, in May 1909, measured channel widths of 66 ft and 108 ft along the
boundary lines at the two sites and they observed that flow was perpendicular, or nearly
so, to the boundary lines. A depth of 12 inches (1 ft) was also measured at both sites
but the surveyors did not identify the channel shape. Also, it is unknown if the
measurement was of maximum, average or typical depth. Even with this missing
information at attempt is made to utilize this information. Thus, computations of
discharge are made for feasible depths and shapes.



Monthly statistics for 09510000 for early years

00060, Discharge, cubic fest per second,

Mean monthly discharge for

YEAR

Monthly mean in ft3/s (Calculation Period: 1904-01-01 => 1924-01-31)

Jan | Fab | Mar | Apr

May | Jun | Jul | Aug

Petiod-of-record for statistical calculation restricted by user

Sep | Oct | Now  Dec

May 1909 when Federal

1904

236.8 2263 1840 1165

1263 62.0/720.1 1,625

A81.6108,1] 200,65 240.9

1905

survey of T17/N R1W was

14200 7,713 8, 781] 5,226

832 5| 262.6/245 4 566.8)

771,3(543.5| 3,433 475.1

1906

811.8| 1,202 5 458 1,029

245 9| 149,9|233,8 742 .9

210.8(181.3] 312,002,641

made = 199.9 cfs.

1908

1307

2,423 2,613 3,767| 838.1
306.5|1,973) 1,385 301

251.31208,9/217.21430 3
3 5.6 462.5 3799

403,3614.3] 375,21 323 .4

356.4 264 .7 281.5 3,129

1909
1913

1, 760014552 0201 1,2

3.
1905 L 9,2 1373,0 1,355

A75,2)|160,2] 221,1]|354,2

204 4] 338.5 306.5

1914

956.7| 3,045| 716.5) 251.5

1539|113.6/204.0 234 4

229.8326 9] 269.7|652.1

1915

1,242| 2,447 3,591] 2,180

2,663| 206,9|326.,8 | 348 6

231,1)177 4] 248,5 392, 7

This amount of May

1916

8,231 3,765| 5,184) 696.0

231 5| 158.9)201.0 507 .5

1,296/ 725.8) 326.8 340.5

1917

1,222|1,495{1, 759| 6,002

1,253 234, 441070 26,5

388,5 2470 243,1) 2559

discharge is 42% of the

1918

353.9| 904,504 613| 355.2

159 8/ 137.31191,1 544 .5

190,3) 193 41 345,8/ 4578

1919

3954 953,001,550 1,333

1731/ 118,142,125 905.7]

471.1)791 4] 2,850 2,230

1920

mean monthly discharge for

2,235|8,956]1,883| 1,041

305 5[ 208.5/175.7|455 5

—
1921

3153 334.7| 527 4] 235.6

167 4 1359|3965 1 685

227.7240.8]463.1]341.8

367.3/442.2) 2875 1,437

1922

2,594| 2,743 3,279 1,070

2565 162.8/208,51332 7

239.5184.7) 282,7) 1,229

the early years at Verde

1923

347.3|1,222||2,207| 793.6

1932/ 115.9/198,7 254 1

1,923)269.7| 9675 3,500

1924

993 .8

River near the mouth.

Mean of
manthly
Discharge

1,520( 2,570 2,930 1,940

4;0% 414 719

517 338 674 1,100

=¥ [ncomplete data have been used for statistical calou lation

The Manning equation for open channel is used to
estimate discharge in the Verde River. The equation is:

S

=V =
Q A 11

Where:

2
ARZ.fS

Q = Flow rate through culvert [ft3/s or m3/2]
V = Average velocity in the culvert barrel [ft/s or m/s]
£ = Constant, 1.49 for U.S. and 1.0 for SI
n = Manning’s Roughness Coefficient
A = Cross sectional area of the flow [ft? or m?]
R = Hydraulic Radius [ft or m]

S = Channel Slope [ft/ft or m/m]
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Twelve computations are made where

(1)the cross section is defined by a common parabola
shape with a maximum depth = 1 ft,

(2)the depth is the maximum of 1 ft and the cross section
shape is a V, and

(3)the channel has a rectangular shape with a mean depth
of 1 ft. This shape is unlikely and the computation
represents an upper limit for base flow.

Channel slope and Manning n for a USGS verification of
Manning n at the USGS Paulden gage were used for
the three shapes at each site. Average channel slope
for the channel with the maximum likely Manning n
value were also used in a like manner. The
computations are shown in the following table:

Row See below Shape W meanD g
il: a, ¢ parabola 66 0.67 0.0040
2 g e W 66 050 0.0040
3 a, ¢ rectangle 66 1.00 0.0040
4 b, 4 parabkola g6 .67 0.0008
5 b, d ¥ 66 0.50 0.0008
[3 b, d rectangle 6 1.00 0.0008
T a, ¢ parabola 108 0.687 0.0040
8 a, e ¥ 108 ¢.50 0.0040
Q a, © ractangle 108 1.00 0.0040

10 b, 4 parabola 108 Q.67 0.0008
.. b, 4 V 108 Q.50 0.0008
12 b, d rectangle 108 1.00 0.0008

a Average slope of channel

¢ Maximum estimated Manning rovehness coef.
d Verified Manning roughness coef at 1sgs Paulden gage.

o000 OO OO0 OO0

b Slope from n-verification measurementat USGS Paulden gage

.050
.050
.050
.029
.029
.029%
.050
.050
.050
029
.029
.029

63,

124.
49.
30 .
95 .

104.
63.

203.
80.
49.

1566 .

The base flows for the most likely general shapes are
shown below. It is assumed the measured depth by
Federal Land Surveyors was not the mean channel depth.

Estimated base flow,_in cfs, using
channel conveyance-slope method
for measured width and depth
from gp9 Federal Land Survey

Cross section shape

Parabola V
63 40
49 30
104 64
B0 49

Mean 74 46

36
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The following are the notes of the 1909 survey. Distances
are in number of chains (1 chain = 66 ft) and links (1 link =
66 ft). (80 chains = 1 mile).

Computat|on of total base runoff m
North net, seas. 7 and 12
Ovar top of mountain covereq with loosé houlders.
| 4,25 | neseend into canyen.

| 18.00 | cross Verde river , running water 12 ins, deep, 100 lks.
wide course y. and aszcend asteep 5. slope

an. s0 | Ower rolling top of mountain covered with loose rooks
throngh cedar timher and underbrush.

%A .89 ¥all 75 1lka, E. of 4 sec, cor. which I reset as h:lll.n:ivan;“tﬂ

sat n malpals stone 22 ¥ 16 v £.ins. 16 Ins. in tha gro

for 3 seo, cor. marked 094 en N. face; from which

A eadar € lns, Almm, hears. N. 40° K. 60 lks,

| d1at. marked (ﬂ’i&‘?ﬂ“t‘,

A cedar 20 ina. diau beams 5. B8° w. 17 lks. l
dist, marked 09 lﬁ'ET.

Fest houndary of Tp. 17 H. Rg, 1 W.

TS !
course of this hnl.r mile 148 N. 1% 08" W, 38.90 chs,
Thenca from 4 asc. cor. North
/0,88 | Croas fence haars . Aand W, and ieave timber and hrash, |
78.04  ®all & lks, E. of gor. of swas, 1, 6, 7 and 12 ,which 1 |
| peestanlish as rollows, sot & malpals 20 ¥ # *8léna, . | :
.15 ins, in the ground fer nor. Df secs. 1, &, 7, and 12
warked OF oh W, K, face: with § notches on 5. Aand 1 |
notch on M. edges;: and raise a mound of stone 2 't hase |
1 1/2 ft. high ¥, of cor. Pits impracticable. -’
coursa of this half mile is N. 0° 05*' W. 39.94 chs,
Land, mountainous.
go01l, rocky: 4th. rate. |
Timher cedar. !
indertrish, cedar, |
Mountaineus land covered with loose rocks And heavily |
. timbered and coverad with aanse underbrush, exceptlonally
difficult to survey 7A.84 cha,




vy

24,30
30,00
57 .00

%000

£1.50
.0
G060

TG00
TE .00

.00

20.00
T9.20

18 .50

Al 10
A5 40

5800
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|ﬂl’¢lll wagh o0 lka. wide.couraa H. W.

Ridge benrs E. and ¥, ond descond. e

‘Crosa woeh 1o lko. wids couroe M, We ond apoem.

|?l+, 2 ldmegtons 24 x 8 x & ins. L0 inme. in the groumd for

‘& B8O, o0T., marked OB on W. face) from which ;

[ A pinon & ine. diao., bears 5. 45¢ E. B4 lke.

. dist., narked C9LBLEBT . 2
A pdncn 10 ine. diamn., bears H. 41% W. 38 lke.

| di8t., nerked CSLBLIET,

Ridge hoars W, E, and B.W. and Jdoocond

| Along w . elops, deacending.

|::nn wiash 10 1ka. wide couree E. W. erd apoond 3. W

2lep s ;
|H:I.I;F.u.u-'l:nnrn E« and ¥, and deocond oteep B W. olope.
|Eropp woeh 56 ire. wids courss B, E. snd asasnd slcong
5E & <
|Bot & limentome 18 x B x § ine. 12 ine. in the ground for
|l:'I:II'.. of geem. 1, 2, 1) and 13, poarked o8 on ¥, E. faca;
{with & rotches on §. and 1 noteh on B, edpee; from which,
i A codar 4 ine. dios., béars B. G0* W. 166 lko.
idigt., =arked UTAVERIWZLIET.
4 gedor 4 ine. dlap,,;, beare W, 45% W, B0 lke, disi.
mrkod OBT1THRIWEZET .

Ha ‘E-ﬂ'l-lill' trodn availakle. Folioe o moued of stama 3 Ff.
|"_'-.I1-E- 1y ft. hi W. of cor, Fite inpracticabla.
| Land, rw.Eh ani mountainous.,
Sodl, roaky; 4th. rats.
Tilar, asdar.
Tnderbrueh, cedar. : o
Lountolnows lard coveriad with looee roek heavlly tizbered =
;U-'Hﬂ gevered with denso wndergravwth E0,00 cha.
May 33: At thie cox. I set oI 30° MHa' B on the decl.
arc; and doserve the pun on the meridian’'at noon; the
resulting lmt. im 34° GELF H.

|B+« EQF G0" E. en a randem lins Bat. seca. 1 and 18 i
Bat fa=p. 1 Bec.. GeT.
Intereagt £, bdy..of Ip. 3 lke. B. of the oor. of péce.
1, 8, 7 and 18. .
Tharoa T ran . y
¥, 292 51" W, .cn o frue line bet. seam. 1 and 13, 1
'I:lll-;unl:l:l.:uu_ Tougk brokem 3 W. alope coversd with J.uf“_,.—l'"
Tacks- . 2
{E. bank of Werde fivexr, running water 1 ft. deop, courps
|EI Yy ]
!l. bank of Werde Eiver, amd ascend precipitous E. slope
| Enter heavy timher and underbrush ardd along on top ridge
ibenra H. Wo and 8. E. . . s
| Bt lineetone 1E x 10 x ine. 12 ine. imn t-huug:nuund.
|f{l1' gag. 046F., EATEA] on E. face; from whi ar o
& oedar B inas. diam., boars B. EOR E. 5 1ka. dlat. :
markad 137, w
A pinon ¥ ins. diam., bears N. #5% W. 57 lke. dist.
rarked OERALET.. :
Deecasd 3. W. elaps. i
Lanve tigbar and bruah. :
Crean wash P6.1ke. wide couras H. W. ard ascond.
Fidgs bears ¥. and 5. and desoend.
Croms wash 50 1kn. wide oourse 5. asgafd.
The cor. of eece. 1, 2; 11 and 12.
Larsd, mountaincue and reugh.
Boil, mecky; 4th. TRtE.
Timbar, codnr onfdl pimon,




Computation of total base runoff METHOD 3

The conveyance-slope estimates strongly suggest that the
base flow of the Verde River in 1909 was considerably
greater than the simulated flow of the USGS (Pool and
others, 2011) as shown below.

Simulation of GW discharge above Pool, D.R., Blasch, K.W.,

the Paulden gage Callegary, J.B., Leake,
S.A., and Graser, L.F.,
2011, Regional
groundwater-flow model
of the Redwall-Muav,
Coconino, and alluvial
basin aquifer systems of
Other Recharge Estimates (AF/yr) for same area no.rthem EIIE BT -
+ Blasch and others, 2005 28,490 Arizona: U.S. GEO|Oglca|

t and Hjalmarson, 2000 27,600 Survey Scientific
25,725 (Little Chino not included) |nveStigati0nS Repor‘t

R, 1 23,700 (Little China not included)

: Leonard Rice Engineers 21,600 % USG " 201 0'51 80, 1 01 p .

8
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g
g
g
E
u
3
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Computation of total base runoff METHOD 3

The following is previously mentioned information for the
verification of Manning n at the Verde River near Paulden

Verde River near Paulden
Beach lecation; Latinude 34°53'90°, boagitude 112°20032°, Reach beging about 80 fi below
wres 1ging station [AS03TN, Verde River near Paulden (Aldridge and e
Phillips, Jeff V. and
B e Ingersoll, Todd, 1962,
e Verification of
roughness coefficients
for selected natural and
constructed stream
Eemarks; .;..l\;l jalmamson (hydmlogist. LS. Geological 5 ¥, wrillen ¥ " RS Channels |n Arlzona
PR ki ety s ke g L U.S. Geological Survey
L AR AT R professional paper
Table 25 Flow duts and compuied roughness coefficient, Verde Aiver naar Paulden 1 584‘ ?Bp
Dt o s Discharge, in cubic fesl per sscond Tiewsghrund cxmllicant Ristiveg
] Fair
Table 26 Fuerage-resch peoperies, Verds Fver rear Pauiden
Ares, i Topwidih,  Hydradic  Mesnvelocily, in Frouds  Tolsl lenglh,  Tolsd il Walor-surface
Daln wEuEre fee in et rachius, infeed feel poar second marriber in et in et abogat
139 [Tk} 219 1% i
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Computation of total base runoff METHOD 3

i C'raas section at U$G$ F-Jaru-ld'eﬁ -gé-gial
BECTION &
Q=23cfs

LEWATION, IN FEET

5 i
L a @ - 0
T T

|

|
ﬂ {
Db | ;

Figure 16C. View from ftop of reach locking downsineam during
i Aow, Vierde Fiuaer near Pavidan

Pauden.

Discussion and summary of natural hydrology

Three independent estimates were made using published USBR information on virgin
flow at the mouth of the Verde River, cultivated land shown on Federal Land Survey
plats and field notes, typically of the 1870s, and the measured channel width and depth
for base flow made by the Federal Land Surveyors. These estimates suggest the
natural and ordinary base runoff at the Verde River near Paulden gage was about 50-60
cfs or more than double the present base flow that is in the low to mid twenties.
Obviously this is considerably more than the 7 cfs change in base flow from basin-fill
aquifer depletion using deep wells (See Items 4 and 7 Appendix A).

The results of the three independent methods of estimating that amount of Q90,Q50
(median) and the mean annual base runoff follow:



Natural Q90 base runoff (cfs)
Method 09503700 09504000
1 54 111
2 ., *
3 . .
| Used 54 111
Matural median (Q50) base runoff (cfs)
Method 09303700 09504000 03506000
1 60 117
5 58 114 277
5 7d & 46
Mean 60 116 277
Used 60 116 ==
Matural {virgin) mean annual base runoff (cfs)
Method 09503700 09504000 09506000 09510000
1 83 215
5 76 207 494
USBR 751
Mean 80 211 494
Used 80 211

Method 1 required considerable effort as it used cultivated land and hydrologic
information of the original Federal Land Surveys. All of the survey plats and
associated field notes were painstakingly examined. This method is considered
the most accurate/precise of the three methods.
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In addition,1940 aerial photography was also used to estimate the acres of cultivated
land irrigated by direct diversion and shallow wells along Big Chino Creek. This method
which was used for the Big Chino Creek required some judgment when separating
areas watered by human activity from areas watered naturally at cienagas. The
estimated natural loss to ET along the perennial/intermittent tributary stream channels
also required judgment. See Items 2 and 3 of Appendix A for computation of the unit
loss to ET along the channels.

Also, water use was estimated only for irrigation while other uses like livestock (stock
tanks), railroad (Ashfork and Seligman Dams and RR tank cars at Del Rio Springs),
domestic (Del Rio Springs pipeline to Prescott), etc. were ignored. Obviously, the
estimated amount of water use by humans is conservatively low.

Method 2 is rather simple as it distributed human affects (losses to ET) computed using
the difference between mean annual flow for virgin condition (USBR, 1952) and for the
record at the USGS gage 09510000. This difference was simply distributed between the
Chino Valley area and Verde Valley area using the relative amount of irrigated acres
given for each of the two areas in the Hayden (1940) Report.

Method 3, the conveyance-slope estimate using Federal Surveyor measurements,
obviously is a rough estimate of the median natural flow. The two computations are
useful samples that strongly suggest the base flow in 1909, before Watson Lake Dam
and deep wells in the basin fill aquifers, was considerably greater than the gaged base
flow at the USGS Paulden gage.

Nearly 30 channel widths were surveyed along the upper Verde River by the Federal
surveyors. These widths were considerably greater than more recently measured widths
as is discussed in the following section on hydraulics.

Annual Runoff (Virgin flow) along Verde River

With slope-conveyance Q near Paulden (09503700)gage
(ANSAC analysis by Win Hjalmarsen, PE)

800 — 09510000
700 | REACH 09506000
Closed basin

=367 sq. miles 09504000
08503700 ‘

600
500

400 ,
- Median

300

Parabola cross section

200

Discharge, in cfs/year

Hydrologic ™. =
Unit 15060201 % e 7/5 3
V eross section < el

100

———— T T T
0 1000 2000 3000 4000 5000 6000 7000
Drainage area, in sq. miles

Figure 7.—Average annual, median and Q90 streamflow along Verde River.
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Natural median (Q50) base runoff
along study reach of Verde River

# 8
T
.
.
!'JI'IIH
1

=
=
=
(L]
w
"
m s ot 5
- =
E S
= L " T TuS E ':_
= g % sEue g
B e |4 i = Te=1 A
= e 2 il - -, == "
= L M = R s
. 3 i v - S
2 5l — . | - 5 s _ig = =
- : Z b ! < .

¥ = et A - |
E o) e, | vh L

e 1 I | 1 [

o ] m L a1l L] E = L] Li] 1] . L] L] M )] ED 3% 50

METAMCE FROM SRANITE CREEK, 1K MILER

Figuie 13, Base flow in the Verde Riwer Irom the mauth of Granits Creas 1o the gaging stetion near Camp Vends (095060000

Madified frem: Blasch, K.W., Hoffrmann, J.P., Graser, L.F., Brysen, J.R., and Flint,
AL., 2006, Hydrogeclogy of the upper and middle Verde River watersheds,
central Arizona: U.S. Gealogical Survey Scientific Investigations Report 2005-
5198 101 p., 3 plates.

Figure 8.—Median natural base flow and recent base flow from mouth of
Granite Creek to USGS gage near Clarkdale.

The close agreement of the three computations of
median natural runoff (base runoff at gages
09503700 and 09504000 is remarkable. The close
agreement of the two computations of the natural
mean annual flow is also remarkable.

Station Q90 Median (Q50) Mean annual
cfs cfs cfs

95037000 54 60 80

09504000 111 116 211

This completes the Hydrology
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HYDRAULICS AND CHANNEL GEOMETRY

A simple way to think of the Upper Verde River is as an active sinuous river that resides
in recent sediments (sand, gravel, cobbles) and boulder rock that reside in an old
sinuous "canyon." Kind of like sinuous within sinuous. Much of the active channel is
rather straight and some of the bending is because of the sinuous bedrock of the
ancient river system. I'm “old-school” and to me, meandering doesn't really start until
sinuosity value is more than about 1.5. Sinuosity of the active Verde typically is less
than 1.5.

As we learned in the previous section of the report, the natural and ordinary base runoff
at the upper end of the study reach was more than double the present base flow.
Because the change in the base flow might have resulted in a change in channel
geometry, possible temporal changes of channel geometry and hydraulic factors were
examined.

This section is in five parts:

1. General description

2. Federal Land Surveys

3. Recent channel geometry with several photos, channel cross sections, and
current meter measurements.

4. Energy and morphology considerations

5. A summary with comparison of recent and natural channel condition.

1.-- General description

About 3.2 miles below Sullivan Lake Dam

Much of the active channel is
rather straight and a lot of the
bending is because of the
sinuous bedrock of the ancient

- river system. Kind of like sinuous
~ within sinuous.
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The old irrigation ditch and the site of the rock diversion shown in the previous
photographs, and also in the following aerial photograph, is along the left side of the
Verde River upstream of the old Stewart Ranch (Campbell Ranch). There are remnants
of this old ditch that was last used in about the 1960s when | was performing field work
in the area for the USGS. The ditch and the site of the point of diversion that is some
distance upstream of the irrigated land of the Stewart Ranch were examined by my
friend and author Dick Tinlin (PhD U. Arizona, Hydrology) in about 1995. There was no
evidence of channel change along the reach and the elevation of the channel bed
appeared about the same since the ditch was constructed in the late 1800s.

About 3.2 miles below Sullivan Lake Dam

You can think of the Verde as an active sinuous river
that resides in recent sediments and these sediments
reside in an old sinuous "canyon®.




About 3.2 miles below Sullivan Lake Dam

Stewart ran _' :
(Campbell’Ranch)

For this report, the terrace is an abandoned floodplain
largely because of river incision and channel forming
and includes the active floodplain. It is composed of
sediment transported by the river and tributaries and
also of sediment and boulders (rock debris) from
adjacent canyon slopes. The terrace represents the
area of potential channel meandering.

About 18 miles below Sullivan Lake Dam

The UVR is a sinuous
(slightly meandering) river
~ " J confined in a rather narrow
| area of terrace material

bounded by bedrock.

View looking NW at confl
Hell Canyon and the Verg

uence of
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The USFS has identified and classed distinctive attributes of the Upper Verde River
using the Rosgen method. The Rosgen method, while rather general, is used by several
Federal agencies as a uniform classification of rivers. Some prominent physical
characteristics of the river are useful for assessment of navigability.

Neary, Daniel G.; Medina, Alvin L.; Rinne, John N., eds. 2012. Synthesis of
Upper Verde River research and monitoring 1993-2008. Gen. Tech. Rep.
RMRSGTR-291. Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 296 p.

Some of the river terrace sediments have been described as deposited by paleofloods.
Some reaches are narrowly confined by relatively young basalt flows. Some reaches
are relatively linear due to the bedrock confinement of the river, but others contain
meanders that have formed within geologically recent river alluvium. Because of the
confinement by bedrock, the channel/terrace of Upper Verde River can be characterized
as moderately to highly confined, rather low gradient, and low relief.

The meandering and channel characteristics are shown on diagrams in the next two
figures.

Type C (61% of UVR) slightly Type B (19% of UVR) moderately
entrenched channel (W/d ratio >12) entrenched channel (W/d ratio >12)

Type F (1
channel

Where W/d is the width/depth ratio.
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Rosgen stream classification used by USFS

USFS Report

Bankfull: This stream stage is delineated by the
elevation of incipient flooding, indicated by deposits of
sand or silt at the active scour mark, break in
streambank slope, perennial vegetation limit, rock

discoloration, and root exposure.

Characteristics typical of C-, B-, F-, and E-type stream channels found in the UVR.

Stream Portlon Entrenchment WIidth/depth

Sinuosity Slope range

type of UVR ratlo ratlo
C 61 >2.2 >12
B 19 1422 >12
F 16 <14 >12
E 3 >2.2 <12

>1.2
>1.2
>12
>15

oy
O

<0.1-3.9
<2099
<20-39
<20-39
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USFS Report

Entrenchment ratio:
< W at 2D >
3 The channel width at two times

N the bankfull depth divided by the
$ 2 channel width at bankfull.
¥ W
i E ratio = Wp/ W panicun
0 |
L T T T T T T LI DL L L |
o 10 20 n a0 50
Distance from left bank, in feet
Width/depth ratio: Numerical
] ratio of stream width to stream
depth.
R :
. WD ratio=W _ s/ D
& 1
] Keep in mind that USFS results
0 are for the present (not natural)
0 1 a5 = a0 50 base flow and channel morphology.
Distance from left bank, in feet
USFS Report
Summary
% of study  sweom Enfranchmanl  W/D
reach ype General Description Rato Rolic  Sinuoslty Slops  Landform/Soili/Featues
61 [ trw:&mng aluvial 22 >12 <14 002 E:hodwv;;mr:r;l:‘;wzhh ;;10*:.
poOF-DOR. Brood, well-dafnad ertanchrent with walkdefined
fioodpiains, maandens. Rta/pool bed
morphology
a Modarotaly ertrenched, 1410 22 =12 =12 002  Modarate rellef, colladdl deposiion
19 e ate-grodien. to  ond/or reddual soib. Moderate
re-dominaled channeal with 003 entenchiment and W/D rafic
Infrecueently spoced pocts. Vary Narow, genfly Soping valays
stanle plan and picfle,  Stabis Rapids pradominate with oocasonal
banks Pook
E Entrenched, meanderng e pool %l 4 =12 14 «D0E Entrenched n Righly wealhered
16 charmel, of kw gradiant, with rmaaterial, Low-gradient, with high
high widin/cepsth rafio, WD raBa. Meandaning. lonenally
urstable with high bonk eroslon
Rffle/oool bed
3 E  Low-gradient, meandedng., 22 <12 15 @2 Bood voley/moodows. Allal
rMa/pool SIrearm with low WD masterials wiih foodokain,  Hghly
ratio and Iffle deposition. Very sivsous with stoble. wall-vagatoted
aficiant ond stable, High barks, Fiffe/pool mopnclogy, verny
meandar widih rafo, e WD ratio

The Verde River typically is a single slightly entrenched channel with slopes
less than 2%. Base runoff and the average annual flow typically are within a
defined channel. There are numerous riffles and pools with a mix of nearly

straight and sinuous reaches.
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2.—Federal Land Surveys

Arizona BLM maintains current and historical information about land ownership and use
in the United States. They maintain cadastral survey and historical data on lands

patented, along with information on the mineral estate, resource conditions, and permits
or leases on Federal lands.

\““illllll“””

- : The Bureau of Land Management (BLM) and General Land
WGENER g 1,

Office (GLO) Records Automation web site provides live access
to Federal land conveyance records for the Public Land States,
including image access to more than five million Federal land title
records issued between 1820 and the present. They also have
images related to survey plats and field notes, dating back to

O
“murmu\“‘\ 1810.

Reference map for land surveys.

Traar a

o ek % Fr arland
Jat % et il o ey ritndg
= -3 Springs { ) recsn .

Base Map: Owen-Joyce, 5., 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.
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Channel widths from Federal Land Surveys are shown on a recent USGS map.
The USGS gage near Paulden (09503700) is at river mile 9.8.

CHINO VALLEY NORTH QUADRANGLE
ARIZONA-YAVAPI CO.

7.5 MINUTE SERIES (TOPOGRAPHIC)
8W/4 PAULDEN 15 GUADRANGLE
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Verde River

Surveys of Sept. 1871
- Nov. 1871.

Granite Ck.
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About 2 miles below Sullivan Lake Dam T17N R2W
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o ka T o e L Fiqurs AB.  Aerial phatographs of lower
b Gy = i Granite Creok. A, Lower Granite Crook
-Sll'”mﬂi'!‘_:. .2 e e : . and its confluence with the upper Yerde
Lake v R : i o' River. View is north. Last mile of both
Granite Crzak and the Verde River above
confluence are perennial. Canyon walls
of Devonian Martin Formation and Chine
Valley Formation [Cambrian?) capped
by Tertiary basalt; B, Ruggad bedrock
cenyon in lower Granits Creak. View is
south toward Little Chino ground-water
besin. Dipping strata are Proterozoic
Mazatzal Quartzite. Photographs by M.
Collier.
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Gfaite: g*

Spring
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Total in
Mondh. | .
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mile. -

Fobruary ¢ ... ernre| = a2
Mareh 1-26 . . . e . . £.101
April 830 4. . .. 7.071

- D61
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Mean monthly discharge for Feb. 1903 when
Federal survey of T18N R1E was made

= 362 cfs. (See next slide for rest of
comment)



As previously stated: Mean monthly
discharge for Feb. 1903 when Federal

survey of T18N
= 362 cfs.

Monthly statistics for 09510000 for early years

A0060, Discharge, cubic fest per second,
Monthly mean in ft3/2  (Caleulation Perlod: 1904-01-01 -> 1924-01-31)

R1E was made

This amount of Feb.

discharge is 14% of the
mean monthly discharge
for the early years. Also,

it Is the 3@ lowest Feb.

flow at the mouth of the

Verde River.

o Period-oi-record for statistical calculation restricted by user
Jan | Feb | Mar | Apr | May | Jun | Jul  Aug | Sep | Oct | Now | Dec
1004 [[236.8(226.3]184.0{118.5]126.3] 62.9/723.1]1,625]481.6]188 1] 200.6]240.9
1905 1420|7713 8,781 5226|832 .5 262.6/ 2454 566.8) 771.3||543 5 5433 875.1
1906 |811.%|1,202)5 468 1,025]|246%) 1499 2338|742 9| 2108182 3] 312,012,641
1907 12.429|2,615 3,767 B38.11251.3) 2089 217.2|430.3|1403,5 614 .3 375.2/323.4
1908 3I06.51,973{|1,395| 301.2|d43 3| 145.6 462.5|879.9|356.4 | 264 7| 281 .5/3,129
1909 1,760 1,455{2,029| 1 258]|199,9| 135,2 375,0| L 255|475, 160,2] 221 ,1)|354,2
1913 204 4 338,3(306.5
1914 956.7(3,045|716.5)| 251.5|153 9| 113.6|204.0 | 234 4| 229.8| 326 9] 260.7||652.1
1915 1,242 2,447(3,591| 2,180|2,663| 206,9(326,4 3486|231 ,1|[1 77 4| 248,5|392,7
1916 8,231|3,766(5,184| 696.0|/231 5| 158.9|201.0507.5|1,296(|725 8| 326.8|340.5
1917 1,222|1,49511,759) 6002|1253 2344 4170|726 5| 388,524 0| 243 1) 285,9
1918 393 9| 904,54 613) 355,2| 159 8| 137.3191.1 544 5/ 190.3]| 153 4] 3458|4578
1919 345 4| 953,040 1,560 1,333|173.0) 1184 | 2,126 /905.7|47L.1)|741 4 2,850 2,230
1920 |2,235/8,955 1,883 1041|3055 208.5 175,7|455.5|227.7)/240 .8 463.1]|341.8
1921 315,3)334,7|522 4| 235,56/ 167 4| 1259 296,5| 1 B95|367,3|442 2| 287 51,437
1922 2,594 2,745 3,279 LO70|256.5 162.8|208,5/332.7|239.5|184 7] 282 7|1,229
1823 347 .3(1,222([2,207| 793,6/193.2(115.9/198,7 254 1| 1,925 269 7| 967,353,500
1924 993,
Mean of
monthly |1,%0(2,570| 3930 1,420 479 160 414| 719 517 336 674 1,100
Discharge

=+ Incomplete data have been used for statistical ca|cu |ation

QOriginal survey of exteriors June 1902

filed April 14, 1803
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T18N R2E

Present Perkinsville
area on west side
of plat. Note M. A.
Perkins house with
5 ft. ditch.
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Verde River water is clear and pure.

T18N R2E

About 24 miles below Sullivan Lake Dam
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Original survey Ag_l; ?ﬁ%igm June 1902
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diteh, fences, =toc.,
ghout 80 acres of lard,

ated in the township.

out=cropoince,
formation whatever in
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GENFEAT, DEECRIPTION.

The N, and ¥, bds, of this Tp. run over land
s¢ rough and broken as to be impracticable to survey
The only settlers noted in this township are C. P,
Tunhan, who has made substantial improvemsnts in the
8¥4 of Sec, 33, consisting of grod building, irrigation
He occcupiea and cultivates
Arthur G. Tood, in the SW
of Sec, 8, has substantlal improvements consisting
of mood dwelling and outkouses, irrigation ditches,
fences, etc, #nd occuplies snd cultivates about £0
acres of land, part of which is in the SKi of S=c. 7,
#rd a part in the NW} of =ec. 17,
The Sycanore lire in sec., 7, is the only mine loc-

The so0il along the ¥erds river ias very fertile,
and there i3 much valuable land lying within the sur-
veyed section, whick cculd he irrigated, from the
ample supply of water in the Verde river.

The

western nortion of Ip. 18 very rougkh, hroken hy
deep canons and gulcres leading to the erde river,
a8 is alsos the northeastern portion of Tp.
The peological formation of the country is simple,
and consists of mostly stratified limestone, with igneous
There is wery littles signs o mineral.
thlis townshigp.
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Monthly statistics for 09510000 for early years

Mean monthly discharge
for Dec. 1908 when
Federal survey of T17N
R3E (previous 2 slides)
was made

= 3129 cfs.

This amount of discharge
Is the 2" highest mean
monthly discharge for the
early years at the mouth
of the Verde River.

00060, Discharge, cubic feet per second.

ﬁorﬂ:hly mean in ft3/s (Calculation Perlod: 1904-01-01 -> 1924-01-31)

58 Oct | Nov | Dec

2816 1881 200 6 240.0

771.3543.5| 3,433 §75.1

<108 1813|312,
403,51614.3| 37F.21323.4
356.4| 764 7| 2885 3,135

4752 150,2] 221, Trwewr’

2044 4| 336,5|306.5

220,58 326.9| 260.7|652.1

2311|177 4] 248,5(392,7

1,296 725.8| 326.8(340.5

386,5) 247 0] 243 1] 2859

190,193 4 3458 457.8

A7L.11741.4] 2,85012 230

2277 240.8) 463.1341.8

3673442 .7| 787,511,437

239,35 184.7| 282,711,229

1,973 26%.7| 9675 3,500

YEAR Period=of-recard for statistical calculation restricted by user
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug
1004 | 226.8 2063 1840 118.5/126.3 62,8 726.1 1,626
1505 1,420/ 7,713 8 761 5226|832 5| 2026 245,4| 566 .4/
1906 8118 1,202)5 458 L029(248 9] 149,9(233,8) 742 9
1907 12,429 2,615)3,767)838.11251.3) 208.5 217.2/430.3
1908 306.5/ 11,9731, 335] 301.2|443 3| 145 6 462.5 8791
1209 1, 760] 1,155|2 029 LEES.E 1999 135,2/373,0| L, 255
1913
1914 956.7| 3,045{|716.5) 251.5(153 | 113.5(204.0| 234 4
1915 1,242| 2,447)3,591| 2.180)2 6E63| 206,9 325,8| 348 &
1918 #,231|3,766{|5,154) 696,0/231 5 158.9/201,0 5075
1917 [1,222/ 149501 759 6,002]1 253 234 4[41 7,0 726 5
1918 353.9) 904,54 513) 355.2/155 8/ 137.3/151,1]544 .5
19 45,4 953,041, 5600 1,333 173 . 18.4|2,125 905 .7
20 |2,235/8,956|1.883) 1041|305 5 208.5/175.7 455.5
[ 1821 [315.3] 338,752 | 735.6] 167 4| 1358 396.5 L 685
1922 |2, 5541 2,745 3. 2700 LOTDI256 5| 162.8/208,51332.7
1923 [347.3[1,222]]2,207) 793.6[193.2[ 115.9(198.7) 254 .1
1924 9338/
Mean of
monthly |1,520(2,57002,930) 1,420 479 160 414 719
Discharge

517 36| elyal1,100]
N L/

=¥ [ncomplete data have bean used for statictical caloulation

Irrigated acres

Total = 160
2 settlers

Sycamore
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LAND SURVERYS - SUMMARY

Measured Channel Widths along Verde River upstream of Clarkdale area
Federal Land Surveys
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3.-- Recent channel geometry with several photos, channel cross sections, and
current meter measurements.

The natural size and shape of the Verde River channel are based on published and
unpublished channel geometry relations (cross sections of the river) along the upper
river. Current meter measurements and surveyed cross sections that were furnished by
U. S. Geological Survey, U. S. Forest Service and the Sierra Club follow. The pre-
development width, depth and velocity are estimated using the natural streamflow.

The Manning equation was used to estimate ratings at eleven cross sections where
current-meter measurements of discharge were made. Development of the depth
versus discharge ratings required relatively minor applications of hydraulic theory.

The equation, written in terms of discharge, is Q = (1.49/n) AR %3 S 12

Where:

Q= discharge,
A=cross-sectional area,
R= hydraulic radius,

S =friction slope, and
n=roughness coefficient.
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The roughness coefficient and friction slope were selected using observed channel
condition so that the rating curve of maximum depth versus discharge passed through
the corresponding current-meter measurement for each cross section. The cross-
sections for the low-flow ratings at the cableways of the USGS Paulden and Clarkdale
gages were far below the available current-meter measurements that had less influence
on the fitting process. The discharge ratings were analyzed by applying some
elementary arithmetic and algebraic processes and certain basic concepts of open-
channel flow to the available field data.

The Manning equation, written in terms of friction slope and roughness, is
S 2/n = Q/(1.49 AR 2B)

As a check of the ratings, that is independent of estimated friction slope and roughness,
the slope-roughness term ('S '?/n ) was computed for the current-meter measurements
and then applied to the discharge, area and hydraulic radius for the mean annual flow at
nine of the cross sections. Focus was on the maximum depth at each cross section
because it was most important for assessment of navigability.

The value of the Manning roughness coefficient (the n value) assigned to a reach of
river channel represented by a cross section represent the composite effects of the
factors that tend to retard flow. A good method of determining an overall value is by
selecting a base value for a given size of bed material and adjusting for supplemental
factors. The literature that uses the base "n" method gives different categories of bed
material, base "n" values, numbers and sizes of adjustment factors, and limiting values
of roughness. Also, the literature typically gives verified values of roughness for high
flows (for example Thomsen and Hjalmarson (1991) below) and straight reaches of
rather uniform channel material. For low flows along meandering channels like the
Upper Verde River the base roughness can be rather small relative to the many
heterogeneous factors like isolated boulders, shown in several photographs of this
report, that tend to retard flow.

Manning roughness coefficient (n) for the 11 straight reaches represented by the cross
sections along the natural meandering channel of the Verde River was determined
using established procedures of the USGS. The procedure is based on a selected base
roughness for a reach of the river channel where incremental increases of roughness
associated with vegetation, obstructions, the degree of channel irregularity and the
variation of channel cross section are added to the base value.

The above procedure is discussed in the following four reports. Tables 1 and 2 of the
Arcement and Schneider (1989) report are on the following pages.

Arcement, G.J., Jr., and Schneider, V.R., 1989, Guide for selecting Manning’s
roughness coefficients for natural channels and flood plains: U.S. Geological
Survey Water-Supply Paper 2339, 38 p.
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Thomsen, B.W., and Hjalmarson, H.W., 1991, Estimated Manning's roughness
coefficient for stream channels, and flood plains in Maricopa County, Arizona:
Phoenix, Flood Control District of Maricopa County report, 126p.

Table 1. Base values of Atanning’™s n

IModifad o Aldrdpe and Gaoen, 7Y, w1, =, o0 Jeiad
- Aladinn sdrp f — ke
- i Burel rmrptrrial s & ik
Freakeris iy wrillimectenid wridic l.—'I |:|'."||'-"l:'l-"
(man L
_'!.-Jr.d-:ru.lulr'l -
T e 0.2 0.012
3 L]
H M
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Spabie crareds el Dol pdsing
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Prm sall s sadsnins (250,002 0
Coarse s3od . . ... 1-2 00260033 Gravel, cobbles and
Fe pravell ... oo consaes 24
R 24 (LO2E-0.005 boulders common
Cisarsar prrorvel. . o.ss [l
Ciobisle . .. ... Y =% (. Ol i, (S0 . H
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! B negl Iy i T RI‘JEI—-
 Fow isicaard momeral, Caes (15380
Ty B o e Prgia¥ae Mirs Gledy g Va1 s ks foediaTvimnas)

Probably the best means of computing the maximum depth of flow along the Upper
Verde River is the standard step backwater method of computing water-surface profiles
using channel geometry data, like that at the 11 cross sections. The method is also
used in establishing or extending stage-discharge relations at gaging stations or cross
section sites along a stream. A survey of the geometry of many (hundreds) cross
sections of the stream channel along the study reach of the Upper Verde River would
be needed to produce water level profiles and this clearly is beyond to scope of this
analysis for ANSAC. One of the obvious advantages of the step backwater computation
is the flow retarding affect of large boulders can be computed. Also, the flow retarding
effect of the meandering channel (average m = about 1.2 for the upper Verde River as
show below) that typically results in a 10% increase of the depth of flow all along the
river is taken into account.
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Table 2. Adjustmant values for factors that affect the roughness of a channe|
[Modifsed from Aldridge med Geemen, 1573, wable 2]

i walae
Channed condsions adjustment’ Example

Smwzath 0000 Compares 10 the smoolhest channe] abtainable in a given bed malerial.
Minar 0,00 | 0,005 Compares 1o carefully dredged channels in good condiion but having slightly

o of eroded or seouncd sxde slopes,

. ari Moderare 0,000,010 Compares i dredped channels having moderate in considerable bed roughness

2 & and modeeately sloughed o croded side shopes.

! Severs 0,01 [ -0.020 Badly shughed or scalloped banks of natural screans; badly eroded or sloughed
sides of canals of drainxge channels; usshaped, fagped, and mvegular sarioces
of channels in rock.

Graduzl 0000 Size and shape of channel cross sectians change gradualky.

Wariation Altemating 0,001 0,005 Larpe amd emall cross seciions aliermare occaswmonally, or the main flow
in channel oasionally occasionally shifis from side te side owing te chanpes in Cross -sectional
oross seclion shape.

[my) Altzmanng 0,010,005 I.MF sl snnll cross secipons aliermme Frcq_l.:;rul,.. of e main flow freguenily
[requently =hifis from side o side owing fe changes in cross-secional shipe.

Megligible 10, DO, D0 A few seattered obsiructions, which include dedrs deposits, stumps, expossd
rools, bogs, piers. or Soelabed boalders. (kal ocoupy less than 3 porcent of the
cross-sectional arsa,

Minor 00050015 Obsructions cecupy less than 15 pereent of the cross-seational area, and the
spacing between chstruciions is such thal the sphere of iafluence around one
ohsiruction does ool exiend o the sphere of imfluence around asother

Effieet of obatrucrion. Smaller sdjesiments are used for curved smoth-surfaced obgcis
vhatruclion than are used for sharp-edped smgular objects,

{my) Apprecinhle 0. 020,030 Cstructions accapy from 15 o 50 percesd of the cross-sectional area, or the
apade berwssrn obstnactions i3 small emdigh fe cause the effecls af several
ansiructions 1o be additive, thereby hiocking an equivalent part of a criss
seelin.

Severs 0. Db, D50 Obstructioes eccupy more than 50 percent of the cross-sectional area, or the
apace betwesn ohstnucrions 5 small eacaph 16 caase rarbulescs 2oross maost
of the cross section.

Small L0020, 000 Drense grawths of fexible urf grass, such as Bermuda, or weeds growing where
the avernge depth of flow is at least fwo times the Beipht of the vegemrion;
supple oo seedlings sisch & willow, coltonweod, armowweed, of salicedar
growing where the averape depth of Flow is ai least three times the height of
the vegeration,

Medium 0.010-0.025 Turf prass growing where the average depth of Dew is from one o (e limes e
heighi of the vegemiion; moderaiely dense stemmy grass, weeds, or ee
seedflings growing where the average depth of flow is fom two o heee tmes
the height af the vegetalion; brushy, moderately dense vegetalion, simalar 1o
1- b 2-yper-odd willow crees in the dosman) seasos, growing along e banks,

& o and nie significant vegetation is eviden! alang the channel botioms aiwre the

vegeiation bydraalic radius excesds 2 fi. )

) Large O.025-0.050  Turf grass growieg where the average degih of flow s abour squal to the height

4 of the vegelalion; & o 10-year-old willow or coltonwond trees inlergroen

with some wesds and brush (none of the vegetarzan in follage) where the
hyilelic radius exceeds 2 0t bushy willoas sbout 1 vear old intergroson with
some weeds along side slopes {all vegetalion in full foliage), and mo
significant vegetatica exisis aleng channel bofiogns where the hydraulic
radins is grester than I 0L
Very lnngs 0. 0500, 100 Tuef grass growing where the overage depth of fow s bess chan balf the height
of the vepelalion; bushy willow rees abowt | year old imergrown with weeds
along side sbopes {all vegelation in full foliage), or dense callails growing .
along chanmel besiom; tees intergrown with weeds and brush (] vegenion  SiNUoOsity of T79%

Degree af Mi .00 Jﬁ:xiu‘:ﬂ Tlength i valley Jength is 10 o 1.2 of river about 1.4.

al Y J o Channe| [v] 3 15 L YA &

dering?  Appreciabl 1% Race of the channel length io valley length is 1.2 1o 0.5, .* 19% of river > 1.2.
(m) Sevese 1.30 Ratio of the channel length 1o valley length s greaser than 1.5, 3% of river >1.5.

Before multiphving by the adiustment for meander.
 Adjuiesent values apply s Pow confited in the channel and do sot spply wiere o dley flow crosses

Chanmel o Valuses T

The depths and widths of flow shown for the following 11 cross sections that represent
rather short-straight reaches are assumed to represent the natural meandering channel
of the Upper Verde River. Established procedures of the USGS were used and the
resulting maximum depths do not take large obstructions and the degree of meandering
into account. Had the large obstructions and degree of meandering been considered,
the natural depths would have been at least 10% greater. Thus, the computed flow
depths (river stage) that follow are conservatively low.



Pawlowski, Steve, 2013, Going
With the Flow-A summary of five
years of Water Sentinels flow data
collection on the Upper Verde
River; Sierra Club, 75p.

Verde River at SRP lo flowste | SREIOHGWSHEN]

Cross section above gage

25 —;’ MNatural mean annual flow
3 Median (Q50)
20 5
E| Q9o
.& 15 5
k= E|
o |
§ 10 = " Meas 4/12/2013
@ 3 Q=115 cfs
05 —
00 =
'||||| |||| T [II T ™ T T TT T I[I T T T T TTT T |'|
0 10 20 30 40 50 60

istance, in feet

Etage Width Area Velocity Discharge

fi fr sqft fi'sec cfs
0.0 0 0.0 0.0 0.0
1.4 9 10.4 1.08 11.0
1.5 16 11.0 1.0% 11.5
2.0 22 22,0 1.22 29.0
2.5 33 6.0 1.39 £0.0
3.0 45 £0.0 1.50 90.0
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Photos of electro

o

fishing. Sillas, Albert USFS [mailto:asillas@fs.fed.us] 2010 Mile 3.2
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| Verde River at USGS
1 gage 09503700. View
looking downstream.
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Verde River at USGS
gage 09503700. View
looking downstream. Q
= 6000 cfs.

USGS photo




Verde River at USGS gage
09503700. View looking
downstream. Q = 25 cfs.

USG5 03503700 VERDE RIVER NEAR PAULDEN, AZ

MILY Discharpm,

el 30 el 2p ol m b 1z b 13
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Verde River near Paulden, AZ 09503700
Main channel at cableway
Geometry of 1/11/2005

Ll
y
i

Depth, in feet

T
o
=

Mean annual

o 50

100

150

USGS
photos

67

Matural (Virgin) discharge, in cfs

Verde River near Paulden 09303700

Main Channel at cableway
from USGS meas. on 1,/11/2005

Depth width Vvelecity Discharge
ft ft ft/s cfs
0.0 0.0 0.00000 0.000
2.0 20.0 1.49352 37.338
3.0 24.5  1.96917 04.520
3.7 28.0 2.22281 146.705




Stage, in feet

3&]
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Verde River near Paulden 09503700
Channel section at cableway

Mile 9.8

Natural (virgin) flow

Average annual flow
Median {Q50)

Q90

0 10 20
Distance from left side, in feet

USGS measurement

GACE IDE 00503700
DATE 01/11/2005

m Verde River a few hundred

yards below USGS gage
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Mile 13.9

Figure 5.3—Limestone and siltstone bedrock near Duff
Springs in the UVR. (Photo by Alvin L. Medina.)

Neary, Daniel G.; Medina, Alvin L.; Rinne, John N., eds. 2012. Synthesis of
Upper Verde River research and monitoring 1993-2008. Gen. Tech. Rep.
RMRSGTR-291. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station. 296 p.

Mile 17.9 USGS June 2000

Poo 123
(Verol . abouse. Hall Canupn Comjluwnas))

Pool 332 i) =5 =



Mile 19.4 || Bear Siding

Figure 3. The upper Verde River near Bear Siding
Photo credit: Tom Slaback

Figure 13. Werde River at Bear Siding in winter.
Photo credit: Tom Slaback

Pawlowski, Steve, 2012, The State of the Verde River --A summary of five years
of water quality data collection by the Arizona Water Sentinels (December 2006
to December 2011); Water Sentinels, Sierra Club, 129

Verde River at Bear Siding Bear Siding

Cross section for Sierra Club meas. in pool

4 —
g Mean annual flow
5 3 Median (Q50)
= Q90
3 -
£ 2 ] Meas. Q =15.7 cfs
o0 =
1
0 3
T T I I X I T T I L I L T T T
-10 0 10 20 30 40 50 60 70 BO
Distance, in feet

Stage Width Area Vel. Q
ft ft sqft ft/seccfs

Current-meter meas. by Water Sentinels of

000 0 0 000 00 Sierra Club. Q = 15.7 Dec. 20, 2008
100 70 &0 0.00 0.0
205 73 120 013 15.7
300 79 192 026 50

400 83 274 050 137




Verde River short distance
upstream of Perkinsville.
View looking upstream.

Q = about 22 cfs.
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Staga all Width Area Valocity Discharge

1.6 20 21.0 0.85714 18
2.0 25 30.0 1.20000 38
2.8 36 53.4 1.49813 80
2.0 ag €0.0 1.50000 20
Verde River at Perkinsville
Natural flow conditions
| Natural mean annual flow
— Median (Q50)
- Qa0
2 — |
& gl Meas. 12/20/2008
&0 ] 18 cfs
1
0 —
LN L L L L L |
0 10 20 30 40 50

: i) o L
RR Bridge in the shade
Mile 26.6 g

| T, P




| Verde River below
Perkinsville. View
looking upstream.
Q = roughly 30 cfs.
- PSR "

Verde River between
Perkinsville and USGS gage
09504000. View looking

upstream. Q = about 40 cfs.

R A

Railroad

Imagery
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View looking upstream
Q=33.2 cfs

10000 15000
Distance into Momion Pocket
(ieet past unnel)

USGS Photo 2001  =USGS

many years and used it on the
Dirty Devil, Colorado River,
Verde River, etc. | find it
interesting that the USGS
canoe in this scene appears
free of dents. Obviously, even
with supplies that include
scientific instruments and also
collected samples of water for
chemical analysis, the draft is
only a few inches and the
watercraft is stable on the upper
Verde River.

Several canoe/kayak trips along
the Upper Verde River have been made by the USGS for scientific purposes. My friend
and USGS colleague Lauri Wirt, who was killed while kayaking serious whitewater in
Colorado, kayaked the upper Verde River for her scientific studies.



Verde River between
Perkinsville and USGS gage
09504000. View looking
upstream where sunlight
reflection on river enhances

o 1992

Verde River at mouth of
Sycamore Creek. View
looking upstream where
river below Sycamore CK.
is obscured by trees.

Q = about 50 cfs.

GDDSIEEB rth

Imagery Dat: 2013 34°51'45.97° N 112°04'43.64" W slev 3574 f  eye alt 37180 6
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Verde River between
Clarkdale gage and
Sycamore Creek.

View looking upstream.
Q = 67 cfs.

et

Verde River at USGS
gage 09504000. View
looking upstream at
channel approaching
gage. Q =62 cfs.
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Verde River at USGS

gage 09504000. View

: looking down and
upstream. Q = 67 cfs.

v i

Verde River near Clarkdale, Az 09504000
USGS current meter measurement at cableway
DATE 09/20/2004

100 — Velocity},x Dischargs/, =l
= /S =
:* ¥ |1
E | —— L ,r
| A/
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%_ 10 = / /
S : /
B :
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01 1.0 10.0 100.0 1000.0 10000.0

Vel (ft/sec) and Discharge (cfs)
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Verde River near Clarkdale, AZ 09504000
Cross section at cableway

20 —
] USGS measurement of 9/20/2004
15 —
§ — Mean annual base runoff
N— _ (depth = 4.4 ft)
£ 10 — Media
- n (@250) base runokt
s 1 (depth = 3.3 ft)
o —]
8‘ 3 @90 base runocff
O — {depth = 3.2
o el
0 —

Views downstream from gage

About 2000 cfs

usgs photos
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on 4/27/10 by Gary Beverly, PhD

ing at USGS

Boat

Clarkdale gage




usgs photos

Views downstream from gage'

Clarkdale gage

The riffle to the left “drowns out” as
discharge increases as shown in the
photo below. It's common for riffles
and “section controls”, where critical
velocities exist, to become channel
controls with sub-critical flow
velocities as stage increases. Thus,
| would expect fewer riffles under
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USGS 09504000 VERDE RIVER NEAR CLARKDALE, AZ

Hay 11 Hay 18 Hay 25

Apr 13 Apr 20 Apr 97 Hay B4
2013 2813 2815

2813 2|15 215 2A1T

=== Period of approved dota

— Daily pean dischorge

natural when the base flow was large.
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CLARKDALE QUADRANGLE e
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Reitz site

This site is below the study reach and is shown to give the reader a sense of continuity
for the entire watershed.

Reitz site

LS 44 -\4 ok

__ T e R T
Figure 4, Looking upstream on the Verde River at the Reitz property sampl
Photo credit: Carole Piszczek-Sheffield

ing site



Verde River at Reitz Site . Raijtz site

UPPER REACH

(Paulden to Clarkdale) 4~
3 - |
E = Mean annual flow
£ 2 3 Median (Q250)
% = (A1)
o |
i —
0 =
I TEU I FE T 1 ITUTTE T TETEETE [ETEIE] 1
Verde River at Reitz site 1] 10 20 30 40 50 60 70
Distance, in feet
— Current meter meas.
* = 12/20/2008
j Etaga width araa Di E:l‘.imﬁ val
E q — bid fi sqft s fis
o .8
IE ! i— 0.0 ] 0.0 0.0 D0.0D
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USGS measurement sites of June 13 and 14, 2000.

USGS data for June 13 and 14, 2000
Miles Site name Discharge Width
(approx.) cfs ft
0 Sullivan Dam

9.8 Verde River near Paulden 21.0 148
11.5 VERDE RIVER AT BULL BASIN CANYON 19.0 18.7
13.5 VERDE RIVER ABOVE DUFF SPRING 200 26.8
14.4 VERDE RIVER BELOW DUFF SPRING 2 23.0 29.2
17.8 VERDE RIVER ABOVE HELL CANYON 19.0 26.6
18.2 VERDE RIVER BELOW HELL CANYON 17.0 50.0
19.4 VERDE RIVER AT US MINE 2 17.0 159
23.7 VERDE RIVER ABOVE PERKINSVILLE DIV. * *
24 VERDE RIVER NR PERKINSVILLE 15.0 31.0
26 VERDE RIVER BELOW ORCHARD FAULT L
28 VERDE RIVER ABY MORMON POCKET 26.0 414
32 VERDE RIVER NEAR BM 1813 (abv Syc. Ck) 58.0 442




Channel width, in feet

85

USGS June 2000

Measured Channel Widths along Verde River upstream of Clarkdale area

USGS June 2000
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USGS June 2000

2 miles below Stewart Ranch

" Below Mormon Pocket

Above Sycamore Ck

1000 ft north of Sycamore Ck

Below sycamore



Sierra Club 2013
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Following 6 cross sections surveyed by USFS
during April-May 2009 furnished by Daniel Neary.

Neary, Daniel G.; Medina, Alvin L.; Rinne, John N., eds. 2012.
Synthesis of Upper Verde River research and monitoring 1993-
2008. Gen. Tech. Rep. RMRSGTR-291. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 296 p.

Racky Mountain Research Station

2500 South Pine Knoll Drive,

Flagsiafi, AZ 86001

usa :],llfl .-“l‘tl‘H’

PhD, CPS8, FS88A, FASA, McMaster Fellow, OECD Fellow

/&i Rocky Mountain Research Station

NOTE: The USFS has surveyed 108 stream cross-sections in the upper Verde River. Because this
large number would overwhelm my ability to produce a navigability analysis for ANSAC in a
reasonable amount of time, | asked Dan Neary, PhD to furnish a few representative cross sections.
Mr. Neary graciously furnished the cross sections and current meter measurements that follow.

| USFS Section 15 at River mile 3.3 | Black line is average annual
discharge and red line is Q50
6 —] . .
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Total depth-Q relations for USFS study
Data furnished by Neary, Danial, 2012, USFS report
(Cross sections surveyed April-May 2009)
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4.-- Energy and morphology considerations

Notes on hydraulics, hydrology, geomorphology and energy
along the Upper Verde River

Like any other semi-arid watershed a little more water falls as precipitation than is lost
by evaporation and transpiration from the land surface to the atmosphere. Thus there is
a small excess of water that escapes ET which flows down the Verde River. The very
upper part of the Verde River is atypical because a relatively large percentage of the
precipitation is infiltrated into the ground and flows underground to the Upper Verde
River springs located mostly between Granite Creek and the USGS gage near Paulden.
This provides a form of storage or regulation that sustains the flow of the river during dry
periods. This groundwater underflow (See diagram of groundwater-base runoff in Figure
3) becomes what is called base flow and for the Upper Verde River it is a relatively large
portion of the total river flow.

P =M The Verde River channel has been formed (evolved
almarson photo - through geologic time) within an ancient meandering
' channel carved in bedrock and forming the canyon.
The forces involved in shaping and maintaining the
present channel in the sediment and rock debris
appear to be much different from the fluid flow and
forces that formed the canyon. In a sense the Verde
River is a sinuous river that resides in a sinuous
canyon formed during ancient time.
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The transport of sediment debris by rivers like the Verde
River is common knowledge. The forces (eg.-shear forces)
involved in shaping and maintaining the channel are
related to both the amount and duration of water flow. As
flow (energy) in this scene increases, the silt and sand can
become suspended in the flow and the gravel, cobbles and
small boulders can be moved by pushing, rolling and
skipping. The rate of sediment transport is much less for
base flow than flood flow but the duration of base flow is considerably longer.

Photo above of cobbles near Sycamore Canyon. (Photo by James Cowlin USFS).

USFS photo

If the shearing force on the channel banks is sufficient
to overcome the cohesion of the bank materials,
erosion takes place, and the eroded particles are
swept away from their original position and become a
part of the bed materials, there either to be moved or
temporarily lodged.

to the form the channel down to the
Clarkdale gage. (Elevation drop =

The total potential energy of the Potential Energy at Paulden gage
streamflow at the Paulden gage is (Relative to the elevation at the Clarkdale gage)
shown to the right. This energy was 100E+08 —|

available to overcome turbulence ]

and friction along the channel and URRRIIOD,

1000000
Natural conditions

Energy, in Joules

617f) & N
100000 —| —
- Based on period of record
20% of the natural energy for the 1 (S0 sl
. . - o 10000 - - I
period of record is during the 1% of ! = 100
dayS Wlth greatest ﬂOW Percent of time, in days (typical year)

The total energy of the 18470 days of record was 58% of the total natural energy. The
difference between the two relations is the energy lost along the Verde River because of
human effects.

There is not a linear relation between total potential energy and (1) the sediment
transport and (2) the forming of the river channel. However, the energy diagram shown
here is an index of such a much more complex non-linear relation.



Verde River at USGS
gage 09503700. View
looking downstream.

Q = 6000 cfs.

94

Scour of the channel bed occurs primarily
during high discharges (high kinetic energy
flow). Trees are uprooted and large debris
(e.g. cobbles and boulders) is mobilized.

On the stream bed, scour takes place when
the shear exceeds some critical value, and
this occurs during relatively high flow. At
low flow it is usual for the shearing forces
on the bed to be sufficiently small that
relatively few bed materials move. Scour,
then, occurs primarily during high
discharges. The relatively long time periods

represented by modest and low flow are periods of relatively little movement of bed
material—especially the larger material.

An example of channel
bed scour during high

flow on Colorado River.

The bed scours during
high discharges and
fills as discharge
lessens.

Leopold, Luna B.,
1960, Rivers, in
American Scientist,
v.50, no.4 (December),
p.511-537.

IN FEET

GAGE HEIGHT,

Photo of a USFS fish study site at Bear Siding in May 1979. Note
the vegetation, water color, channel substrates, and stream bank
conditions. The aquatic habitat is characterized as a typical C-3
type channel with interspersed riffles throughout the reach. (Photo
by James Cowlin.)

An example of boulder debris shed from upstream side slopes and
transported/deposited by larger flows. Deposits of boulder debris
commonly form riffles along the Verde River.

Colorado River at Lees Ferry, Arizona
Water Year 1956

June 3, 1956—62, 700 cfs June 3, 1956—62,700 cfs |

June 19, 1956—34,900 cfs

May 21, 1956—27,600 cfs I

| Apr. 19, 1956—12,700 cfs. July 7, 1956—13,200 cfs ) =

Aug. 15, 1956—5,480 cfs

Feb. 14, 1956—4,760 cfs

| (a) Low to High Flow (b) High to Low Flow l
- . — —
I i [ I T ] |
0 100 200 300 400 0 100 200 300 400
DISTANCE, IN FEET DISTANCE, IN FEET
Fia. 4. Scour followed by fill during the passage of food during snowmelt season, Coluradn River at Lees Ferry, Arizona, 1956.
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The beds of of rivers have a more
uniform gradient (smoother appearance and fewer/smaller
riffles) than the beds of
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Langbein, W. B., and Leopold, Luna, 1966, River Meanders-theory of minimum
variance; USGS Professional Paper 422-H, 15p.

Thus, meandering segments typically are smoother than straight segments. This
typically small decrease of channel roughness is accompanied by an overall increase of
Manning roughness coefficient requiring an adjustment for degree of meandering.
(Jarrett, R., 1985, Determination of roughness coefficients for streams in Colorado,
USGS Water-Resources Investigations Report 85-4004, 54p, page 17). Thus,
meandering enhances navigability with a smoother channel bottom, lesser slope of the
water surface and greater depth of flow.

A - .B\ﬁ

UVR vegetation recovery
and channel narrowing
and deepening at a
second site a decade
before (A: 1979) and after
(B: 2003) the 1983 floods,
* Verde River Ranch.
(Photos by James Cowlin
and Alvin L. Medina.)

An example of slope processes where debris is shed toward and
into the river channel. Large debris (boulders) will remain as
obstructions to navigation until moving downstream by
continuous and high energy river flow.

Large debris (boulders) from side slopes. Obviously
only very large, or high, (kinetic) energy flow will
move such large obstructions. Also, energy is lost
(with a corresponding decrease of velocity and
increase in depth) as streamflow encounters this
rough channel material.
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The “Otter Rock” in the Upper Verde River
channel in the Horseshoe Allotment in 1998,
five years after the large 1993 flood. (Photos
by Alvin L. Medina, USFS).

| Where forces and shear stresses generated
by base flow and/or frequent (small floods)
events are incompetent to transport available
materials, less frequent flows of greater
magnitude are obviously required. Again, this
non-linear effect of energy in streamflow is
not considered in this general energy analysis. Otter Rock in this scene has been
photographed by the USFS since 1993 and its unknown how long “Otter Rock” has
been in the channel.

Photo to right is an aerial view of the
Verde River Ranch headquarters 0.3
mile below the U.S. Geological Survey’s
Paulden gauge in March 1997. The
wetlands, intact for many decades,
provide a valuable reference of wetland
habitats of time past. (Photos by Alvin L.
Medina.)

Many rivers are competent to erode
both bed and banks during moderate =7

flows. Observations of natural channels

suggest that the channel shape as well as the dimensions of meandering rivers appear
to be associated with flows at or near the bankfull stage. The fact that the bankfull stage
recurs on the average once every year or two years indicates that these features of
many alluvial rivers are controlled by these more frequent flows rather than by the rarer
events of catastrophic magnitude.

The distribution of energy in a geomorphic system like the Verde River is one way of
expressing the relative elevation of particles of water and of sediment which gradually
will, in the process of landscape evolution, move downhill toward base level. The
longitudinal profile of the Verde River, for example, is a statement of the spatial
distribution of stream-bed materials with regard to their elevation and, thus, with regard
to their potential energy.
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The profile of the Verde and other rivers is shown below.

Colorade River Commission, 1940, Arizona Stream Flow Summary; 132p.

Average slope of Verde
[Z River = 0.003 with sinuosity

— = of about 1.4.
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Systems in geomorphology, like heat energy based thermodynamic systems, also have
a base datum with regard to the distribution of energy. For rivers the base datum is
elevation, in many cases represented by mean sea level.

A river system, then, we consider to be an example of an open system, defining the
system as the water and the debris in the river channel that travels for an elevation to a
lower elevation.

As the water flows down the channel it gives up
potential energy which is converted first to kinetic
energy of the flowing water and which in the
process of flow is dissipated into heat along the
channel margins. Precipitation brings increments
of energy into the system because water enters
at various elevations and thus with various
amounts of potential energy. Heat is lost by
convection, conduction, or radiation, yet the
channel may be considered in dynamic equilibrium.

In other words, when settlers consumed water in tributary streams some of the energy
that formed the Verde River channel was removed. When all of the base flow is
removed from rivers like the Verde, the rivers become ephemeral and the natural river
channel is lost. The channels of many rivers in Arizona, for example the lower Gila, San
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Pedro, Santa Cruz, etc., have become braided and normally dry because base flow has
been removed by humans. An example for the Santa Cruz River is shown below.

Santa Cruz River
(an EXAMPLE!)
.4__3@;

Single meandering
channel with spatially
intermittent
base flow

Wide-rather flat
ephemeral channel.
Low flows have
braided appearance.

wetland sedge
meadow, while the
y8( 2001 photo (B) shows

2l an invasion of woody
" species, e.qg.,
4| tamarisk, and deeply
i incised channel.
Woody vegetation on
; _ the floodplain is dated
The steady state possible in open energy to 1993 flood. (Photo
systems, where energy is derived from L g

) ) : . National Forest staff;

potential energy, Ilk_e rivers d_lffers fromthe | photo B by Alvin L.
steady state of static equilibrium of closed Medina.)
systems that use Absolute Temperature as
a base. We equate, therefore, the term
steady state with dynamic equilibrium in

geomorphology.

A relatively stable low-flow channel is described by Pearthree (1996, p.7). “During the
past several million years, the Verde River has downcut hundreds of feet, occasionally
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leaving terrace deposits behind as a record of former valley floors. Because of this long-
term downcutting, the Verde River is confined within a steep, narrow valley along much
of its length. In these confined reaches, the floodplain is limited in extent, and the
potential for changes in channel positions is also limited.” (Pearthree, P. A., 1996,
Historical Geomorphology of the Verde River, Arizona Geological Survey Open-File
Report 96-13, 29p.). There is a series of pools (deep water areas) and riffles (shallow
water areas typically dominated by cobbles and small boulders) throughout the Upper
Verde River. While there is potential for changes in channel morphology and shifts in
channel position during large floods the recent alluvium is stabilized by cobble and
boulder deposits, largely from tributaries, and vegetation along the river banks.

Based on observations of the river channel, the cross-sectional geometry (size and
shape), there is no obvious change resulting from the human depletion of base flow.
Perhaps the present base flow has been sufficient to maintain the main channel. The
channel conditions at the Campbell Ranch and Perkinsville Ranch irrigation diversion
sites appear unchanged. Also, the computed natural mean annual flow for this study
typically is within the banks of the present main channel of the Verde River. In fact, at
several cross sections (See prior section 3.-- Recent channel geometry with several
photos, channel cross sections, and current meter measurements.) the natural mean
annual flow is at the top of the banks of the main channel suggesting it is the channel
forming discharge. I've recently discussed this issue with Dan Neary (PhD, USFS) and
there are reasons, such as impoundment of tributary sediment at the many reservoirs
and stock ponds, to expect a change in the natural channel of the Upper Verde River.
However, because any possible change of the morphology of the Upper Verde River
appears to be small, probably associated with the long-term channel downcutting
(Pearthree, 1996, p.7), in this assessment, the present river channel is assumed to be
like the natural channel before human impact. Also, many of the riffles along the entire
Verde River are formed at the mouths of tributaries where sediment debris is dumped
into the main channel.

5.-- A summary, additional comments with comparison of channel condition for
recent and Federal Survey conditions.

Surveyed channel widths of the original land surveys are considerably greater than
measured widths. There was close agreement only at two sites (near miles 20 and 27).
Thus, a considerably greater natural base flow before more recent human activity is
strongly suggested as determined in the hydrology section of this report.



Measured Channel Widths along Verde River upstream of Clarkdale area
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riffles and does not include pooled areas where hydraulic
backwater conditions exist.

The computed depths for natural flow along the upper Verde River are shown below.
These depths are for the surveyed and measured cross sections previously shown in
the Hydraulics section of this report. The cross sections typically are for a single
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channel except one section includes a secondary channel with flow and another section

includes a wide overflow area. Because the cross sections are for measurements of
river discharge where deep pools are avoided, the depths are less than depths of the

numerous pools along the Upper Verde River. Also, the shallow depths represent the
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riffle condition for the relatively short reaches of the pool and riffle channel system of the
Upper Verde River. Aside from this limitation (bias), the cross sections, along with the
numerous photographs previously shown, are a depiction/estimate of natural channel
conditions in the study reach.

Location

mile 0

mile 3.3
Srp

mil 6.8
Paulden
mile 16
Bear Siding*
mile 23.3
Perkinsville
mile 25
mile 32.2
Clarkdale

Mean annual

Q Max. Depth
cfs ft
80 2.7
80 29
80 4.4
80 2.8
80 3.9
80 3.4
80 4.4
80 2.8
80 2.2
190 4.2
211 4.3

Median
Q Max. Depth
cfs ft
60 2.4
60 2.6
60 3.9
60 2.4
60 S35
60 3.1
60 4.2
60 25
60 1.9
100 3.0
116 3.1

Q90
Q Max. Depth
cfs ft
54 23
54 25
54 38
54 24
54 3.2
54 3.0
54 41
54 25
54 19
94 29
110 3.0

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.

Velocities of natural base runoff typically are less than 3 ft/sec. (A

below)

For discharge less than 500 cfs the velocities typically are less than

4-5 ft/sec. (B)

Flow velocities typically are subcritical except along the main thread

of flow at a few rapids. (C)

There are few cobble/boulder “falls” that are small but where

velocities of flow are critical. (D)

Note: Flow shown in photos A, Cand D is
considerably less than the natural base runoff.

There are alternating pools
and riffles along the Verde
River and many of the
riffles are located at the
mouths of tributaries that
dump flood debris into the
Verde River. Most of the
channel bed is gravel and
cobbles with sand and
boulders. These conditions
are typical of nearly all
perennial gravel bed
streams and streams
where the bed material is
larger than coarse sand.
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NAVIGABILITY

The following assessment of navigability is unaffected by channel sinuosity and
curvature at meander bends that do not adversely affect channel width and alignment
along potential navigable lanes. The channel widths typically are 35 ft for the reach
above Mormon Pocket Springs and 50 ft in the reach near the USGS gage near
Clarkdale, Az. The depths along the thalwag (potential navigation lanes) average at
least 2.9 ft for the median flow. There are numerous pools where depths are greater
than the average of 2.9 ft. There are occasional small-steep riffles where portage is
unnecessary except possibly for novice boaters.

Navigability along the Upper Verde River is evaluated using the natural hydrology,
eleven measured cross sections and many measured channel widths in the study reach
area.

The Upper Verde River is evaluated as a single segment while recognizing an increase
in base runoff at Mormon Pocket Springs. Two convenient methods of assessing the
sufficiency of instream flows are used. The two relatively simple methods were
developed by the U.S. Department of the Interior mostly for modern recreational
boating.

Bureau of Outdoor Recreation Method

The first method is a rule of thumb rating of navigation difficulty by Jason M. Cortell and
Associates Inc. of Waltham Mass. for Bureau of Outdoor Recreation. (U. S. Bureau of
Outdoor Recreation, 1977). The use of small watercraft, that includes canoes, kayaks
drift boats and rafts, is rated in terms of flow criteria based on an International River
Classification scale. A minimum stream flow condition is used to rate the difficulty of
using these watercraft in rivers. Six classes of white water are used and Class | is the
easiest for navigability. The discharge and gradient of the study reach is well within
Class | and the use of watercraft is considered very easy (Following figure).
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Class | - Very Easy.
Waves are small and
regular, passages are
clear. Obstacles are
sand bars, bridge piers,
and riffles.

Discharge, cfs

0 10 20 30 40 50 &0 70 80
Gradient, feet per mile

MODIFIED FROM: (U. 5. Bureau of Qutdoor Recreation, 1977)

Hyra (1978) presents minimum depth and width requirements for canoes, kayaks, drift
boats and row boats and power boats (See table below). At riffles the boating
conditions are acceptable and optimal. However, the width, depth and velocity
requirements typically are optimal for canoes, kayaks, drift and row boats along nearly
all of the Upper Verde River.

Fish and Wildlife Service Method

The second method is also easy to use and is based on hydraulics of a single channel
cross section that is representative of channel conditions. These navigation
requirements (Instream Flow Information No. 6) were developed by R. Hyra (1978) for
the Fish and Wildlife Service of the Dept. of the Interior. Channel depth and width
requirements are defined for types of watercraft such as rafts and rowboats. The U.S.
Fish and Wildlife Service (Hyra, 1978) developed a method of assessing streamflow
suitability for recreation that is applied to the upper Verde River. The single cross
section technique is very simple to use and results in an assessment of the minimum
flow recommended for a particular watercraft activity.

The characteristics of the eleven surveyed sections for the Upper Verde River are used.
Hyra (1978) presents minimum depth and width requirements for canoes, kayaks and
other small watercraft. As shown in the figure below, minimum width and depth and
velocity requirements are easily met for canoes and kayaks along the Upper Verde
River from mile 3.3 at the old Campbell Ranch area to 36.6 at the USGS stream gage
near Clarkdale, AZ.
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BOATING CANOEING-KAYAKING

CRITERIA
PHYSICAL SAFETY QPTIMUM
DEPTH BEXTTEE
minimum 0.5 ft 1.0 ft
maximum NA NA
VELOCITY i 0.5-7.0 fps
minimum 0 fps 0 fps
maximum | 10.0 fps 9.0 fps

COMMENTS: Higher velocities exclude open canoes. Higher
velocities safe only under certain conditions.

Most of the
river (pools)

LEGEND

optimum

Riffle areas

acceptable

marginal

unacceptable

VELOCITY

SUMMARY AND CONCLUSION

The two Federal methods show that in its ordinary and natural condition, the Upper
Verde River along the study reach from the Stewart Ranch area (mile 3.3) to the USGS
stream gage near Clarkdale (mile 36.6) was navigable (Following Figure).
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Assessment of whether the natural channel of the middle and lower Verde River was
navigable involved using published/known hydrologic, hydraulic and geomorphic
information and relationships from the present and projecting this information into the
past. Standard civil engineering and hydrologic and hydraulic methods were used to
accomplish the assessment using three basic steps (See sectionG4 of Appendix G).
Also, a considerable amount of time was devoted to examining plats and field notes of
original Federal Land Surveys throughout the watershed.

The following factors formed the basis of the conclusions for this assessment of the
entire Verde River:

A. There was excellent agreement among the three independent estimates of
natural runoff to the upper Verde River. These techniques use published
information of the USBR, USGS, USFS, Salt River Project, local historic
newspapers and Federal Land Surveys. Also, surveyed channel widths of the
original land surveys, that were considerably greater than recent measured
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widths, support the estimated amount of natural runoff. Base runoff along the
entire river conforms to the amount of virgin flow (USBR, 1952) at the mouth.

B. Channel geometry and flow width and depths, especially depth of base
discharge, was defined for many locations along the entire river. This modern
channel geometry that included rating curves, along with channel widths and
several depths from Federal Surveys, were sufficient to support the conclusion
that typical natural flow depths from mile 3.3 at the old Campbell Ranch area to
the mouth at the Salt River were at least 3 ft 90% of the time.

C. Human impacts on the river started in the 1860s. Also, navigating the entire river
using canoes and kayaks has been a popular activity for about the past 25 years.
Because successful boating on the river is greatly dependent on the amount of
base flow in the river, predevelopment navigability on the natural river likely
would have been improved simply because of the greater amount of natural base
flow.

D. Available geomorphic information shows the general cross-sectional size and
shape of the main channel has remained rather uniform. In other words, there is
enough width and depth for small watercraft. Most of the river is pools, formed
behind boulder riffles, that act as small sediment traps that partially fill during
small discharges and are flushed during large discharges.

E. The base runoff and channels of both the Verde and John Day (an Oregon river)
Rivers are similar and the John Day River has been found navigable by the state
of Oregon. Also, the depths of base flow along the entire Verde River are several
times larger than the drafts needed for canoes and kayaks used at the time of
statehood and relied upon by Oregon for the assessment of the John Day River.

F. The U. S. Fish and Wildlife Service Method showed the natural condition of the
Verde River was optimal for navigability from river mile 3.3 (distance downstream
of Sullivan Lake dam) to the mouth.

It is my opinion the Verde River, using the assessment based on the high standard
associated with the optimum conditions defined by the Fish and Wildlife Service of the
Dept. of the Interior (Hyra, 1978), from river mile 3.3 in the Stewart (Campbell) Ranch
area to the mouth at the Salt River (mile 230) was susceptible to navigation at the time
of statehood (February 14, 1912) in its natural condition. However, if ANSAC finds a
lesser standard is more appropriate then segmentation probably would not be needed
and the entire Verde River could be consider susceptible to navigation. During ordinary
years the river was susceptible to navigation more than 90% of the time. Evidence
relied upon to form this opinion is in this report, the attached appendices, and in the
references cited throughout this report.
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GLOSSARY
(Mostly from Langbein and Iseri, HTML Version 1995)

HYDROLOGIC DEFINITIONS FOR THIS STUDY OF NAVIGABILITY

Acre-foot. A unit for measuring the volume of water, is equal to the quantity of water
required to cover 1 acre to a depth of 1 foot and is equal to 43,560 cubic feet or 325,851
gallons. The term is commonly used in measuring volumes of water used or stored.

Alluvium (alluvial, adj.) A general term for clay, silt, sand, gravel, or similar
unconsolidated detrital material, deposited during comparatively recent geologic time by
a stream or other body of running water.

Aquifer Rock and (or) sediment in a formation, a group of formations, or part of a
formation that is sufficiently permeable to store and transmit economic quantities of
water to wells and springs.

Aquifer, confined An aquifer that lies between layers of less permeable rock (lower
hydraulic conductivity) and in which ground water is confined under pressure
significantly greater than atmospheric pressure. Static water levels in wells that
penetrate a confined aquifer are higher than the top of the aquifer. Synonym: artesian
aquifer.

Aquifer, perched An aquifer containing perched ground water.

Aquifer, unconfined An aquifer in which there are no confining beds between the zone
of saturation and the ground surface. There is a water table in an unconfined aquifer.
Synonym: water-table aquifer.

Average discharge. In the annual series of the Geological Survey’s reports on surface-
water supply—the arithmetic average of all complete water years of record whether or
not they are consecutive. Average discharge is not published for less than 5 years of
record. The term “average” is generally reserved for average of record and “mean” is
used for averages of shorter periods, namely, daily mean discharge.

Bank. The margins of a channel. Banks are called right or left as viewed facing in the
direction of flow.

Base flow. The water in a stream that comes from ground water as seepage or spring
water. This water sustains the stream during periods of no precipitation. See Base
runoff.

Base-flow recession The declining rate of discharge of a stream fed only by base flow
for an extended period. Typically, a base-flow recession will be exponential
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Base runoff. Sustained or fair weather runoff. In most streams, base runoff is
composed largely of groundwater effluent. (Langbein and others, 1947, p. 6.) The term
base flow is often used in the same sense as base runoff. However, the distinction is
the same as that between streamflow and runoff. When the concept in the terms base
flow and base runoff is that of the natural flow in a stream, base runoff is the logical
term. (See also Ground-water runoff and Direct runoff.)

Braiding of river channels. Successive division and rejoining (of river flow ) with
accompanying islands is the important characteristic denoted by the synonymous terms,
braided or anatomizing stream. A braided stream is composed of anabranches.

Channel (watercourse). An open conduit either naturally or artificially created which
periodically or continuously contains moving water, or which forms a connecting link
between two bodies of water. River, creek, run, branch, anabranch, and tributary are
some of the terms used to describe natural channels. Natural channels may be single or
braided (see Braiding of river channels) Canal and floodway are some of the terms used
to describe artificial channels.

Direct runoff. The runoff entering stream channels promptly after rainfall or snowmelt.
Superposed on base runoff, it forms the bulk of the hydrograph of a flood.

Discharge. In its simplest concept discharge means outflow; therefore, the use of this
term is not restricted as to course or location, and it can be applied to describe the flow
of water from a pipe or from a drainage basin. If the discharge occurs in some course or
channel, it is correct to speak of the discharge of a canal or of a river. It is also correct
to speak of the discharge of a canal or stream into a lake, a stream, or an ocean. (See
also Streamflow and Runoff.)

Drainage basin. A part of the surface of the earth that is occupied by a drainage
system, which consists of a surface stream or a body of impounded surface water
together with all tributary surface streams and bodies of impounded surface water.

Drainage divide. The rim of a drainage basin. (See Watershed.)

Ephemeral stream. A stream which flows only at certain times of the year when the
channel receives water exclusively from surface-water sources, such as rainfall and
snowmelt. See intermittent streams and perennial streams.

Evaporation. The process by which water is changed from the liquid or the solid state
into the vapor state. In hydrology, evaporation is vaporization that takes place at a
temperature below the boiling point.

Evapotranspiration. Water withdrawn from a land area by evaporation from water
surfaces and moist soil and plant transpiration. The sum of evaporation and
transpiration.

Evapotranspiration, actual. The evapotranspiration that actually occurs under given
climatic and soil-moisture conditions.



120

Flow-duration curve. A cumulative frequency curve that shows the percentage of time
that specified discharges are equaled or exceeded. (See Searcy, 1959.) Also--A graph
showing the percentage of time that the given flows of a stream were equaled or
exceeded. Typcally, it is based on a statistical study of historical streamflow records.

Gaging station. A particular site on a stream, canal, lake, or reservoir where
systematic observations of gage height or discharge are obtained. (See also Stream-
gaging station.)

Ground water. Water in the ground that is in the zone of saturation, from which wells,
springs, and ground-water runoff are supplied. (After Meinzer, 1949, p. 385.)

Groundwater runoff. That part of the runoff which has passed into the ground, has
become ground water, and has been discharged into a stream channel as spring or
seepage water. See also Base runoff and Direct runoff.

Hydrologic budget. An accounting of the inflow to, outflow from, and storage in, a
hydrologic unit, such as a drainage basin, aquifer, soil zone, lake, reservoir, or irrigation
project.

Hydrologic cycle. A convenient term to denote the circulation of water from the sea,
through the atmosphere, to the land; and thence, with many delays, back to the sea by
overland and subterranean routes, and in part by way of the atmosphere; also the many
short circuits of the water that is returned to the atmosphere without reaching the sea.

Hydrology. The science encompassing the behavior of water as it occurs in the
atmosphere, on the surface of the ground, and underground. The science that relates to
the water of the earth.

Infiltration. The flow of a fluid into a substance through pores or small openings. It
connotes flow into a substance in contradistinction to the word percolation, which
connotes flow through a porous substance.

Irrigation. The controlled application of water to arable lands to supply water
requirements.

Intermittent stream. A stream which flows only at certain times of the year when the
channel receives water from a ground-water source and surface-water sources. See
ephemeral streams and perennial streams. See Stream.

Meander. The winding of a stream channel.

Overland flow. The flow of rainwater or snowmelt over the land surface toward stream
channels. After it enters a stream, it becomes runoff.

Perennial stream. A stream that flows continuously. See Stream.
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Percolation. The movement, under hydrostatic pressure, of water through the
interstices of a rock or soil, except the movement through large openings such as caves

Precipitation. As used in hydrology, precipitation is the discharge of water, in liquid or
solid state, out of the atmosphere, generally upon a land or water surface.

Reservoir. A pond, lake, or basin, either natural or artificial, for the storage, regulation,
and control of water.

Return flow. That part of irrigation water that is not consumed by evapotranspiration
and that returns to its source or another body of water. The term is also applied to the
water that is discharged from industrial plants. Also called return water.

Riparian. Pertaining to the banks of a stream.

Runoff. That part of the precipitation that appears in surface streams. It is the same as
streamflow unaffected by artificial diversions, storage, or other works of man in or on
the stream channels.

Stream. A general term for a body of flowing water. In hydrology the term is generally
applied to the water flowing in a natural channel as distinct from a canal. More generally
as in the term stream gaging, it is applied to the water flowing in any channel, natural or
artificial. Streams in natural channels may be classified as follows:

Relation to time.

Perennial. One which flows continuously.

Intermittent or seasonal. One which flows only at certain times of
the year when it receives water from springs or from some surface
source such as melting snow in mountainous areas.

Ephemeral. One that flows only in direct response to precipitation,
and whose channel is at all times above the water table.

Relation to space.
Continuous. One that does not have interruptions in space.
Interrupted. One which contains alternating reaches, that are either
perennial, intermittent, or ephemeral.

Relation to ground water.
Gaining. A stream or reach of a stream that receives water from the
zone of saturation.
Losing. A stream or reach of a stream that contributes water to the
zone of saturation.
Insulated. A stream or reach of a stream that neither contributes
water to the zone of saturation nor receives water from it. It is
separated from the zones of saturation an impermeable bed.
Perched. A perched stream is either a losing stream or an insulated
stream that is separated from the underlying ground water by a
zone of aeration.
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Stream, gaining A stream or reach of a stream, where flow increases because of an
influx of ground water. See Stream.

Stream, losing A stream or reach of a stream that loses water by seepage into the
ground. See Stream.

Streamflow. The discharge that occurs in a natural channel. Although the term
discharge can be applied to the flow of a canal, the word streamflow uniquely describes
the discharge in a surface stream course. The term “streamflow” is more general than
runoff, as streamflow may be applied to discharge whether or not it is affected by
diversion or regulation.

Transpiration. The quantity of water absorbed and transpired and used directly in the
building of plant tissue, in a specified time. It does not include soil evaporation.

Underflow. The downstream flow of water through the permeable deposits that underlie
a stream and that are more or less limited by rocks of low permeability.

Watershed. The divide separating one drainage basin from another and in the past has
been generally used to convey this meaning. Drainage divide, or just divide, is used to
denote the boundary between one drainage area and another. Used alone, the term
“‘watershed” is ambiguous and should not be used unless the intended meaning is
made clear. As used in this report, watershed refers to the entire drainage of the Santa
Cruz River and basins refers to internal areas of the “watershed”.

Water table. The upper surface of a zone of saturation. No water table exists where
that surface is formed by an impermeable body.



