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WWTP Wastewater Treatment Plant
GLOSSARY OF TERMS

Acre-foot: The amount of water required to cover one acre to a depth of one foot. It is equal to 325,851
gallons.

Active Management Area: A geographical area that has been designated by the Legislature as requiring
active management of groundwater withdrawals from pumping,

Alluvium: Sediments of varying sizes deposited by flowing water as in a riverbed or floodplain.

Aquifer: A geologic formation, group of formations, or part of a formation that contains sufficient saturated
material capable of transmitting significant quantities of water to wells and springs.

Artesian Aquifer: Also referred to as a confined aquifer. An aquifer in which groundwater is confined
under pressure significantly greater than atmospheric. Groundwater contained in the confined
aquifer is under sufficient hydrostatic pressure to rise above the top of the aquifer.

Bank Storage: Water absorbed into the banks of a stream channel when the stage in the stream rises

above the adjacent water table in the streambank. Water contained as bank storage returns to the
channel as seepage when the stage in the stream falls below the water table in the adjacent

streambank.
Baseflow: Groundwater that has been discharged into a stream channel as spring or seepage water.

Confined Aquifer: See Artesian Aquifer.

Consumptive Use: The amount of water absorbed by crops, which includes transpiration and evaporation
from the soil surfaces surrounding the plants.

Contaminant: Any physical, chemical, biological, or radiological substance or matter in water.

CFS: A unit of measure of flowing water. One cfs means that one cubic foot of water, or 7.48 gallons,
passes a given point during an interval of one second or 449 gallons per minute.

Direct Runoff: Water entering stream channels promptly after rainfall or snowmelt.

Discharge: The volume of water flowing in a stream or through an aquifer past a specific point in a given



period of time.
Discharge of Groundwater: The process by which water leaves an aquifer.
Diversion: A structure or facility built for the purpose of taking water from its source.
Drainage Basin: The land area from which surface runoff drains into a stream system.
Effluent: Treated wastewater which may be used for various purposes.
Ephemeral Stream: A stream that flows only in direct response to precipitation.

Floodplain: Lowland area adjacent to the active stream channel that is periodically inundated by flood
water; the land outside of a steam channel formed by sediments deposited by the stream.

Floodplain Alluvium: Unconsolidated gravel, sand, and/or silt found beneath or on either side of a
floodplain.

Gaging Station: A location along a watercourse where streamflow is regularly measured by permanently
installed equipment.

Gaining Stream: A stream or reach of a stream, the flow of which is being increased by the inflow of
groundwater.

Groundwater: The water contained in interconnected pores located below the water table in an unconfined
aquifer or located in a confined aquifer.

Groundwater Flow: The movement of water through openings in sediment and rock; occurs in the zone
of saturation.

Groundwater Recharge: The natural or artificial replacement of groundwater, or addition of water to a
groundwater aquifer.

Hydrogeology: The study of the interrelationships of geologic materials and processes with water,
especially groundwater.

Industrial Use: Water used by a commercial operation or business, such as dairies, sand and gravel
operation, fish farming, etc.

¥

Infiltration: The flow of water downward from the land surface into and through the upper soil layers.

Intermittent Stream: A stream that flows only at certain times of the year or flows seasonally. Streamflow
is supported by baseflow during part of the year when the elevation of the water table in an
adjacent aquifer rises above the streambed elevation.

Losing Stream: A stream or reach of a stream that is loosing water by seepage into the ground.

X



Monitoring well: A well drilled with the specific purpose of measuring groundwater elevation or quality.

Perched Aquifer: An aquifer separated from the underlying regional groundwater system by a geologic unit
having a lower hydraulic conductivity.

Perennial Stream: A stream that flows continuously year round.

Phreatophyte: A term literally meaning “well-plant” that refers to plants that use groundwater. It is often
used as a synonym for “riparian plant”.

Porosity: The ratio of the volume of the pores or interstices in a rock or sediment to the total volume of the
rock or sediment.

Reach: A specified length of a river, stream, or channel.
Recharge: The process of addition of water back to an aquifer.

Riparian Area: A geographically delineated area with a distinct resource value. It is characterized by deep-
rooted plant species that depend on having roots in the water table or its capillary zone and that
occurs within or adjacent to a natural perennial or intermittent stream channel or within or adjacent
to a lake, pond, or marsh bed maintained primarily by natural water sources.

Runoff: The total amount of water flowing in a stream. It includes overland flow, return flow, interflow, and
baseflow.

Safe Yield: The amount of naturally occurring groundwater that can be economically and legally withdrawn
from an aquifer on a sustained basis without impairing the native groundwater quality or creating an
undesirable effect such as environmental damage. It cannot exceed the increase in recharge or
leakage from adjacent strata plus the reduction in discharge, which is due to the decline in head
caused by pumping.

Specific Yield: The ratio of the volume of water rock or soil will yield by gravity drainage to the volume
of the rock or soil. Gravity drainage may take many months to occur.

Static Water Level: The water level measured in a well that represents the undisturbed elevation of the
water table surface.

Storage: The volume of water naturally detained in an aquifer.

Sub-basin: An area which encloses a relatively hydrological distinct body of groundwater within a
groundwater basin, and which is described horizontally by surface description.

Subflow: Subsurface water found in alluvial deposits that are hydraulically connected to a perennial or
intermittent stream such that withdrawal of this subsurface water would diminish the flow of the
stream. It is the downstream flow of water through the permeable deposits that underlie a stream
and are vertically and laterally bounded by rocks or sediments of lower hydraulic conductivity.



Subwatershed: A part of a watershed defined by the intervening drainage area between streamflow gaging
stations or the watershed outlet.

Surface Water: Water that occurs on the land surface including ponds, lakes, streams, and rivers.

Water Budget: An evaluation of all the sources of supply and the corresponding discharges with respect
to an aquifer or a drainage basin.

Water Duty: The water duty is the amount of water determined to be the reasonable annual application
requirement for an acre of irrigated land.

Water Providers: City, town, private water company, or cooperative that provides water to a distinct
geographical area.

Watershed: The drainage area of a designated principal stream tributary to the Verde River system.

Water Table: The surface in an unconfined aquifer at which the pore water pressure is atmospheric. The
water level can be measured in wells that penetrate the zone of saturation.

Wetland: General term applied to shallow open-water habitats and seasonally or permanently saturated
land areas, including lake edges, river margins, estuaries, and freshwater marshes.

Withdrawal: The process of capturing or acquiring water by diversion from a surface source or pumping
from a groundwater aquifer.
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CHAPTER 1: INTRODUCTION

The Verde River Watershed, and in particular areas along the Verde River, with its pleasing
climate, year-round water, beautiful and diverse landscapes, and close proximity to nearby desert and
mountain resources are attracting people in ever increasing numbers. Without proper planning,
Arizona is in danger of losing enormous economic, aesthetic, and environmental benefits associated
with the Verde River and its tributaries and the riparian areas associated with each.

The population of the major cities and towns within the Verde Watershed has more than
doubled in the last 20 years and is projected to more than double again within the next 50 years.
Municipal water usage has increased by more than 39 percent over the last eight years and at the
present rate of growth will increase by more than 400 percent over the next 50 years.

Land uses are changing as more farms and ranches are subdivided and commercially
developed directly affecting water usage. The number of wells is increasing proportionally with the
rapid increase in urbanization, which will affect the volume of water available in the regional

aquifer.

1.1  BACKGROUND

Many of Arizona’s rivers have been taken for granted lately by communities that have been
developed next to the rivers. People have diverted and pumped water, built dams and channelized
rivers, cut down trees for homes, fuel, and cropland, mined sand and gravel, poured chemicals and
waste into the rivers, and recreated for more than a hundred years on the Verde River and its
tributaries. These types of land and water uses without long-range planning may eventually result
in dry riverbeds with no green vegetation, no fish or wildlife, no recreation attraction, and reduced
economic potential.

It is unclear whether the current demands for surface water and groundwater within the
Verde River Watershed have caused any significant impacts on baseflow levels of the Verde River
itself. Increasing water demands at the current rate of population growth without long-term water
resource planning, however, will eventually impact the availability of both surface water and

groundwater. The Little Chino sub-basin of the Prescott AMA has experienced significant
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groundwater declines in some areas and these declines have reduced flow in Del Rio Springs. Similar
effects on other springs could be seen in the future with unplanned continued development.

Little is known about how much groundwater is actually in storage in many areas of the
Verde Watershed or about how water use in the Upper Verde may affect the continued availability
of water for the Verde Valley, which depends on Verde River flows. These issues have caused a
great deal of concern, expressed by water users within the Upper and Middle Verde areas as well as
by downstream users of Verde River water, about the future availability and reliability of surface

water and groundwater within the Verde Watershed.

1.2 STUDY AREA

The study area is located in Central Arizona and covers parts of Yavapai, Coconino, and Gila
Counties. Included within the study area are the headwaters of the Verde River, Chino, Williamson,
and Verde Valleys, the East Verde River, the incorporated areas of Prescott, and portions of the
Cities of Payson and Flagstaff. See Figure 1.1.

The Verde River basin covers approximately 5,500 square miles and is divided into the Big
Chino, Verde Valley, and Verde Canyon sub-basins. For purposes of this study, the Verde
Watershed is divided into the Upper and Middle Verde regions, with the division occurring at the
U. S. Geological Survey (USGS) gaging station on the Verde River near Paulden. The Upper Verde
region encompasses the Williamson, Big, and Little Chino Valleys. The Middle Verde region
encompasses everything downstream of the USGS gaging station on the Verde River near Paulden

to the USGS gaging station on the Verde River below Tangle Creek.
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Figure 1.1 - Verde River Watershed Study Area
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1.3 OBJECTIVE

In an effort to assist the rural communities of Arizona with their increasing problems
associated with water resource management and development, the Arizona Department of Water
Resources (ADWR) initiated a comprehensive study of the current water resources within the Verde
Watershed area in 1998. The objective of the study was twofold: 1) identify and present a
comprehensive overview of the current state of water resources for the Verde River Watershed study
area; and 2) identify areas where further studies are needed in order to fully understand the impacts
of current and future uses of water resources within the Verde River Watershed study area.

This report is the result of that effort and presents a comprehensive look at the current and
historical water resources for the Verde River Watershed including surface water and groundwater
supplies, municipal, industrial, agricultural, and other water demands, natural and artificial recharge,
and effluent supplies and demands. Other factors identified and presented in this study are
demographics, climate, soils and geology.

As part of the comprehensive overview of the water resources, water budgets were developed
for five specific geographic regions within the study area to evaluate the hydrologic components of
the watershed and to determine the current status of the groundwater system. Two regions were
located in the Upper Verde and three were located within the Middle Verde. Annual water budgets
were developed for the two regions located within the Upper Verde, while seasonal and annual water
budgets were developed for the three regions within the Middle Verde. Included within the water
budgets are inflows, outflows, and changes in water storage.

The information presented in this report is based upon the best available data to ADWR.
Minimal or no data in some areas limits the ability to fully understand or define the actual status of
the current water resources in the Verde River Watershed area. A series of conclusions and
recommendations based upon the identification and analysis of the data related to the water resources
of the Verde River Watershed study area are also presented in this report. The recommendations
highlight those areas where further studies are needed to fully understand the current status of the
water resources within the Verde River Watershed study area. It is hoped that this study will be used
by the water managers and planners of the Upper and Middle Verde regions as a building block for
future studies and advanced planning on behalf of the water users of the Verde River system. This
study will also aid ADWR with any future adjudication activities encompassing the Verde River and

its tributaries.



CHAPTER 2

Study Area Description




CHAPTER 2: STUDY AREA DESCRIPTION

2.1 PHYSIOGRAPHIC FEATURES

The Verde River Watershed Study encompasses an area that extends from the Coconino
Plateau in the north to the USGS gaging station on the Verde River below Tangle Creek in the
south, and from the Juniper and Santa Maria Mountains in the west to the Mogollon Rim in the
east. Within the study area are the headwaters of the Verde River, Chino, Williamson, and
Verde Valleys, the East Verde River, and portions of the Cities of Prescott, Payson, and
Flagstaff. The Verde River is a tributary to the Salt River and is part of the Colorado River
System.

The total length of the Verde River in the study area, including the Big Chino Wash and
its tributaries from north of Interstate 40 near Seligman to the USGS gaging station below the
confluence with Tangle Creek is approximately 235 miles. The total drainage of the study area
is 5,501square miles. The elevation of the study area ranges from 2,029 feet above sea level at
the Verde River gaging station 1.3 miles downstream from Tangle Creek and nine miles
upstream from Horseshoe Dam to 12,633 feet above sea level at Humphreys Peak in the San
Francisco Mountains.

For purposes of this study, the Verde Watershed is divided into the Upper and Middle
Verde regions, with the division occurring at the USGS gaging station on the Verde River near
Paulden. The Upper Verde region encompasses the Williamson, Big, and Little Chino Valleys.
The Middle Verde region encompasses everything downstream of the USGS gaging station on
the Verde River near Paulden to the USGS gaging station on the Verde River below Tangle
Creek. The primary area of concern in the Middle Verde region is the Verde Valley. Figure 2.1
presents the study area and identifies the dividing line between the Upper and Middle Verde
regions.

The Big Chino Wash meanders through Chino Valley, which extends from Interstate 40
near Seligman in the north to very near Prescott in the southeast. The elevation of Chino Valley
ranges from approximately 5,200 feet near Prescott and Seligman to about 4,300 feet at Sullivan
Lake. The portion of Chino Valley within the Prescott AMA is known as the Little Chino
Valley.
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Chino Valley is bordered by the Juniper Mountains on the west, Santa Maria Mountains
on the southwest, Sierra Prieta Mountains and portions of the Bradshaw Mountain Range on the
south, and on the northeast by the Black Mesa. These mountain ranges typically reach elevations
of 7,000 feet or more above sea level.

Two of the three primary tributaries feeding the Big Chino Wash originate in the Juniper
and Santa Maria Mountains. They are Walnut Creek and its tributary Apache Creek and
Williamson Valley Wash, which flows through Williamson Valley. The other tributary to Big
Chino Wash originates on the Coconino Plateau and is known as Partridge Creek.

Big Chino Wash is dammed just south of Paulden to form Sullivan Lake. The
watercourse below Sullivan Lake is considered to be the headwaters of the Verde River. The
Verde River is perennial from just below Sullivan Lake to the end of the study area (143 miles).

From the headwaters below Sullivan Lake to Clarkdale, the Verde River flows through
some very rugged and scenic country. Two major tributaries join the Verde in this stretch of the
river. They are the Granite and Sycamore Creeks. Granite Creek and its two tributaries, Willow
and Bannon Creeks, originate in the mountainous areas south of Prescott. Dams have been
constructed on all three of these waterways to provide water to the City of Prescott and the Chino
Valley Irrigation District (CVID). The construction of these dams created Willow Creek
Reservoir, Upper and Lower Goldwater Lakes, and Watson Lake. Granite Creek flows north
through Chino Valley and joins the Verde River about three miles below Sullivan Lake.
Sycamore Creek originates on the Coconino Plateau and joins the Verde River downstream from
Perkinsville. Sycamore Creek runs through some scenic canyons and is protected mostly by the
Sycamore Canyon Wilderness Area.

The area from Clarkdale to below Camp Verde is known as the Verde Valley. This
Valley ranges in elevation from approximately 3,542 feet at Clarkdale to 3,133 feet at Camp
Verde. Historically, this area has been more densely populated than other areas on the Verde
River. The Black Hills bound the Verde Valley to the south and west, which reach an elevation
of 7,815 feet at Mingus Mountain, and on the north and east by the Coconino Plateau and the
Mogollon Rim. The major tributaries that contribute to the Verde River in this region are the
Oak, Dry, Wet Beaver, and West Clear Creeks. All these waterways originate either on the
Coconino Plateau or the Mogollon Rim.

The mountains of the Coconino Plateau and the Mogollon Rim are generally higher in

elevation than other mountain ranges previously mentioned. The average elevation of these
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mountains is between 7,000 and 8,000 feet with Humphreys Peak in the San Francisco
Mountains and Baker Butte on the Mogollon Rim reaching elevations of 12,633 and 8,074 feet
respectively. Because the Coconino Plateau and Mogollon Rim are higher in elevation than
other mountains, precipitation is generally greater on the slopes of these areas. As a result, all
tributaries that originate on these slopes tend to carry more water for longer periods throughout
the year.

Downstream from Camp Verde, the Verde River again flows through some very rugged
country. Three primary tributaries flow into the Verde River in the stretch below Camp Verde to
below the mouth of Tangle Creek. The three tributaries are Fossil Creek, East Verde River, and
Tangle Creek. Fossil Creek and the East Verde River originate from the Mogollon Rim. Tangle
Creek originates in the Black Hills.

Oak Creek and the East Verde River are both perennial throughout their entire lengths.
Wet Beaver, West Clear, and Fossil Creeks are perennial for most of their lengths and only
become intermittent or ephemeral at their lower reaches. Some of the other washes and creeks
such as Sycamore, Dry Beaver, Walnut, and Apache Creeks are perennial for specific reaches of

their course. See Figure 2.1 for perennial streams.

22 CLIMATE
Precipitation

Arizona has two seasons of the year when precipitation is especially common. A wet
season in winter usually between December and March and a wet season in summer usually
between July and September. In winter, large cyclonic storms originate in the northern Pacific
Ocean that may spread precipitation statewide. This precipitation is normally gentle. In the
Verde River watershed, much of it may occur in the form of snow, especially at the higher
elevations. These storms can last a few days depositing a foot or more of snow over large
portions of the watershed. Orographic uplifting caused by the forced uplifting of air masses by
mountain ranges accounts for the increased amounts of precipitation along mountain ranges.
Winter storms produce most of the usable surface water supply.

Summer precipitation occurs as a result of the seasonal shifting of the Intertropical
Convergence Zone (ITC); the area where trade winds converge. This shift of the ITC brings

Arizona under the influence of subtropical air masses. The influx of warm, moist air usually
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from July through September is called monsoon. The sources of this warm, moist air are
primarily the Gulf of Mexico and the Sea of Cortez. The percentage of annual precipitation
resulting from monsoon rains is normally highest in southeastern Arizona and decreases toward
the northwestern part of the State. In the central region of the State including the Verde River
watershed, the summer monsoon accounts for an increase in precipitation primarily during July
and August.

Summer precipitation is the result of convection; the rising of heated, less dense,
moisture-laden air that forms thunderstorms. These thunderstorms usually form over mountains
and result in isolated, often violent downpours. Water from these downpours may cause short,
sometimes hazardous runoff better known as flash flooding.

Mean annual precipitation in the Verde River watershed ranges from 10 to 20 inches in
the valleys and plateaus to more than 25 inches in the higher mountains. On the windward
(southern and western) side of the highest mountains such as the San Francisco Peaks,
precipitation exceeds 30 inches and in some years may exceed 40 inches. Table 2-1 presents the

temperature and precipitation data for selected cities within the Verde Watershed study area.

TABLE 2-1
TEMPERATURES AND PPT DATA FOR SELECTED CITIES
IN THE VERDE WATERSHED
CITY OR TOWN | ELEVATION TEMPERATURES AVERAGE ANNUAL PRECIPITATION
(FEET) (ANNUAL AVGF) (INCHES )
MAXIMUM | MINIMUM | TOTAL ANNUAL | SNOW, HAIL, SLEET
Ashfork 5,142 71.9 36.6 12.38 15.10
Camp Verde 3,133 80.1 43.7 13.03 5.00
Chino Valley 4,750 T2 36.9 12.50 10.60
Clarkdale 3,542 78.8 454 1221 5.00
Cottonwood 3,300 78.8 454 122 5.00
Flagstaff 7,000 60.8 30 19.80 84.40
Jerome 5,248 69.2 48.6 17.90 24.90
Payson 5,000 725 38.6 20.77 25.10
Prescott 5,400 69.1 36.8 18.10 23.70
Sedona 4,500 74.7 457 17.15 8.80
Seligman 5,242 71.9 36.5 10.28 14.30

Source: Arizona Department of Commerce, 1996, 30 year average.
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Temperature

Temperatures in Arizona vary greatly from season to season and from one area of the
State to another. These large variations in temperature result mainly from differences in
elevation. In summer, average temperatures change with elevation uniformly throughout the
state from the mid 90s at altitudes below 500 feet, to the high 50s at altitudes above 8,000 feet.
Latitude is also a factor in temperature differences, especially in winter when stations in the
northeastern part of the state are often ten degrees cooler than those at a similar elevation in the
southeastern part of the state. The most pleasant months in Arizona are in fall and spring. Clear
skies, little precipitation, and large daily temperature changes characterize these months. These
large daily changes in temperature are caused by intense surface heating during the day and
radiational cooling at night. In late winter and spring it is not unusual for a diurnal temperature
range of 30°F to 40°F and sometimes exceeding 50°F.

In the Verde River Study area, most communities are located at elevations between 3,000
and 5,200 feet in a climate that is generally quite pleasant during the summer months. This is
especially true for those communities located above 5,000 feet in elevation. Daytime
temperatures during the summer normally range from the upper 80s to low 90s with occasional
periods of low 100s occurring during periods of clear skies and low humidity. Mean daily
minimum and maximum temperatures in winter generally range from the low 20s to mid 30s and

the low 50s to low 60s respectively.

Evapotranspiration

Moisture leaves the surface of the earth and bodies of water through the processes of
evaporation and transpiration. Direct evaporation from the Verde Watershed study area ranges
from 85 to 110 inches annually from a Class A pan (Laboratory of Climatology, 1975).
Ordinarily only the upper 30 cm (1 foot) of soil is dried by evaporation in a single dry season.
Plants draw the soil water into their systems through vast networks of tiny roots. This soil water,
after being carried upward through the trunk and branches into the leaves, is discharged through
leaf pores into the atmosphere in the form of water vapor. This process is known as
transpiration. The combined loss by both processes is known as evapotranspiration. Factors
such as time of year, temperature, length of day, amount of sunlight received, humidity, and

wind velocity are all contributing factors to the evaporation process. The amount and extent of
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vegetation cover and vegetation type, such as deciduous or coniferous trees and phreatophytic or
xerophytic plants, are factors that contribute to the amount of transpiration.

In the Verde Valley Study area, the average annual potential evapotranspiration rate for
the frost-free period varies from 15 inches along the Mogollon Rim in the northeastern part of
the study area to 25 inches in the Verde Valley. The estimated annual evapotranspiration for the
Verde Valley from the USGS gaging station on the Verde River near Paulden to below the
USGS gaging station on the East Verde River near Childs is approximately 35,000 acre-feet
(Anderson, 1976).

2.3 DEMOGRAPHIC CHARACTERISTICS
Population - Historic and Future Projections

Numerous towns exist within the Verde Watershed Study Area with the majority of
population residing in Yavapai County. Two of the three primary population centers, the City of
Prescott and Verde Valley, are located in Yavapai County. The Town of Payson, located in Gila
County, is the third largest population center and is actually located in both the Verde and Salt
River Watersheds. It should be noted that the southwestern portion of the City of Flagstaff also
borders the Verde Watershed, but is not addressed in this report because of the fact that the
majority of municipal wells serving the City of Flagstaff are located in the Little Colorado River
watershed. With more than 90 percent of the population of the study area residing in Yavapai
County, the primary focus of the demographics will be on this county.

In recent years the Town of Payson, City of Prescott, and several other towns within the
Verde Valley have experienced rapid increases in their populations. The population of the Verde
River basin doubled between 1980 and 1994. During that same time period, the Towns of Camp
Verde, Payson, and Clarkdale and the Cities of Prescott and Cottonwood experienced population
increases of 89, 88, 63, 47, and 38 percent respectively (Arizona Department of Economic
Security [ADES], 1991). This trend in rapid growth is projected to continue with some forecasts
estimating a 128 percent increase in population between 1994 and 2040 for the Verde Valley.

Yavapai County as a whole has also experienced tremendous growth in recent years.
Between 1980 and 1990, Yavapai County’s population increased 58 percent from 68,145 to
107,714. By July 1997, Yavapai County’s population had increased from 107,714 to 142,075; a
32 percent increase (Arizona Department of Commerce [DOC], 1997). In 1997, Yavapai County
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was one of three counties in the State that experienced an increase in population greater than
24.6 percent (ADES, 1997). The populations of the major communities within the Verde River
Watershed study area since 1970 and the most recent estimates published in July 1997 are listed
in Table 2-2.

TABLE 2-2
POPULATION TRENDS WITHIN THE VERDE WATERSHED STUDY AREA

CITY/TOWN/COUNTY 1970 1980 1990 1994 1997
Total in Yavapai County NA 68,145 107,714 123,500 142,075
Camp Verde NA 3,824 6,243 7,210 7,805
Chino Valley NA 2,858 4,837 5,645 6,970
Clarkdale 892 1,512 2,144 2,460 2,815
Cottonwood 2.7 1S 4,550 5,918 6,300 7,300
Verde Village NA 1,040 7,000 8,205* 8,500 **
Prescott 13,030 19,865 26,952 29.155 33,695
Sedona 2,022 5,319 7,720 8,480 9,760
Payson (Gila County ) 1,790 5,068 8,377 9,505 12,125

Source: ADES, 1997.

*Northern Arizona Council of Government estimates.

**Local estimate.
NA = not available.

Census data indicates a steady growth for major populated centers within the watershed.

The population in Yavapai County is estimated to exceed 325,000 people by the year 2050

(ADES, 1997). Figure 2.2 presents the projected trend in population growth for Yavapai County

through the year 2050.

Figure 2.2 - YAVAPAI COUNTY POPULATION PROJECTIONS 1980 - 2050
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Employment by Sector

Labor force and employment statistics are presented in Table 2-3. Table 2-3 displays the
actual trend of increasing labor force numbers and increasing employment by sector for the past
17 years. Yavapai County’s 1997 civilian labor force was estimated to be 63,300. From this
number, approximately 43,600 people were employed by all industries excluding agriculture.
The Verde Valley’s labor force is also expected to increase as a direct result of Yavapai County’s
continuously increasing population. By the year 2000, the civilian labor force in Yavapai
County is estimated to triple the labor force of 1980. Recent trends indicate that labor force
numbers in the agriculture industry have been declining as farming activity gives way to

expanding commercial developments.

Agricultural
Farming played a significant role in the early development of the Verde Watershed,

especially in development of the Verde and Chino Valleys. Today, however, agriculture
employs less than one percent of the labor force in Yavapai County. Agriculture, forestry, and
fishing related occupations combined employed 1.1 percent of the total labor force in Yavapai
County between 1996 and 1997 (ADES, 1996 and 1997). The latest average monthly
employment number in the agriculture industry is estimated to be 647 people.

Non-agricultural

Like agriculture, copper mining played a significant role in the early years in Yavapai
County and Verde Valley and was at some point in time one of the largest employers. Today,
however, mining employs less than 2 percent of the labor force. Presently, the primary industries
are tourism, recreation, manufacturing, and government (ADES, 1996). Government industry is
currently the largest employer in the study area, employing approximately 7,400 people in 1995.
The Ruger Corporation, a manufacturing company located in the City of Prescott, is the second
largest employer in Yavapai County, employing approximately 1,400 at the Prescott facility
(Burkhart, 1998).



TABLE 2-3

YAVAPAI COUNTY LABOR FORCE AND EMPLOYMENT

(ANNUAL AVERAGES)
YAVAPAI COUNTY 1980 1990 1994 1997
Total Civilian Labor Force 29,400 45,250 57,925 63,256
[Total Unemployment 1,850 2,075 3125 2,530
Percent Unemployment 6.30% 4.60% 5.40% 4.00%
Total Employment 27,550 43,175 54,800 60,726
Non-Agricultural Employment by Sector
Manufacturing 1,850 21825 2,800 3,600
ining & Quarrying 1,025 925 800 700
Construction 1,250 2,325 3,500 4,000
Transportation, Communication, and Public 825 1.075 1,200 1,100
[Utilities
Trade 4,250 7,625 10,400 112,100
inance, Insurance, & Real Estate 700 1,050 1,500 1,600
Services & Miscellaneous 3,175 6,625 10,000 11,900
Government 4,075 5,875 7,000 8,000
Agricultural Employment NA NA NA 647

(Average Monthly Estimate )

Source: ADES, 1997.

Land Ownership

Yavapai County originally encompassed more than 65,000 square miles and is one of the

original four counties that were created when Arizona was still a territory. Today Yavapai

County covers 8,125 square miles. Percent ownership of Yavapai County is presented in the

following Table 2-4 and Figure 2.3. Figure 2.4 is a map showing land ownership throughout the

study area.
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TABLE 2-4

YAVAPAI COUNTY LAND OWNERSHIP

ENTITY PERCENT LAND OWNED
U. S. Forest Service (Portions of Prescott, 38 %
Tonto, Kaibab and Coconino National
[Forests )
State of Arizona 24.60%
Privately Owned 25.00%
Bureau of Land Management 11.60%
'Yavapai Indian Reservation <0.5%
[Public Lands <0.5%

Source: Arizona Department of Commerce 1997.

Figure 2.3
Percent of Land Owned

(Source: Arizona DES, 1996)
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Figure 2.4 - Land Ownership in the Verde River Watershed
Study Area
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24 SOILS

The soil map contained in this report shows general soil associations in the Verde study
area (Figure 2.5). The soil classifications from the map represent landscapes with distinctive
proportional patterns of soils. The associations usually consist of one or more major soils and at
least one minor soil, and are named after the major soils. Different soil associations may include
a similar soil type but not in the same pattern. Most of the soil associations in the watershed are
used mainly for rangelands, irrigated farming, urban development, wildlife, and mining. Where
the soils are cultivated, crops such as alfalfa, small grains, and corn are grown on a yearly basis.
Soil features restricting farm and irrigation development are poor topsoil characteristics,
moderately low available water capacity, and slow permeability. In several areas of the
watershed, forage production, wildlife habitat, and mining are limited due to the limited rainfall,
high evaporation, and rapid water runoff.

Generally, most soils in the Verde watershed occur on gently sloping, undulating mesas,
plains, and floodplains. They also occur on moderately steep and gentle side slopes of
mountains and hills, and on alluvial fans. Many of the soils found on mountains and hills in the
watershed are well-drained, stony, cobbly, and gravelly loams and were formed on steep slopes
from erosional deposits. The soils found in river floodplains and valley fans, terraces, and plains
are also well drained. They consist mostly of coarse to fine textured soils with slopes that are
nearly level to steep. Many of the soils along the Verde River are pﬁmarily alluvial in nature.

The Big Chino, Little Chino, Walnut Creek, Williamson Valley, and Prescott areas
contain several different kinds of soils. Soil associations, where a majority of agricultural and
urban development has occurred, include the Springerville-Cabezon, Cabezon-Thunderbird-
Venezia, Pastura-Poley-Patri, Pastura-Abra-Lynx, and Lonti-Balon-Lynx associations. These
soils are normally well drained, coarse textured to fine textured, and nearly level to very steep.
They occur on valley fans, terraces, and plains of the Upper Verde subwatershed and were
formed from alluvium and residual erosional deposits. Many of the Upper Verde soils were
formed from material weathered from granite and basalt source rocks. The Upper Verde soils
normally have poor to fair topsoil characteristics, moderately low to high water capacity, and
slow to moderate permeability.

Several different kinds of soils are also found in areas near and around Clarkdale,
Cottonwood, Cornville, Page Springs, Camp Verde, and Sedona in Verde Valley. These include
the Tortugas-Purner-Jacks, Lithic Torriothents-Lithic Haplustolls-Rock Outcrop, and
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Penthouse-Latene-Cornville soil associations, which are well drained, coarse to fine textured,
and nearly level to very steep. They also formed from alluvium and erosional material. The
associations generally have slow permeability and low to moderate water capacity. The
floodplains of the Verde River and major tributaries in the watershed contain riverwash and
terrace deposits consisting of poorly sorted, fine to coarse gravel and small boulders. Terrace
deposits occur along the wide channel of the Verde River as well as the small channels along
tributary creeks. They consist primarily of a mixture of silt, sand, gravel, and unconsolidated but
finely stratified clays. The channel deposits are permeable and may form good water table
aquifers.

In the areas around Payson, Strawberry, and Pine, many of the soils found along creek
bottoms and drainages are poorly sorted, medium to fine textured gravel, sand, silt, and clays.
Soils that formed in the smaller valleys and plains in this part of the watershed such as the
Soldier-Hock-McVickers, Roundtop-Tortugas-Jacks, and Lithic Haplustolls-Lithic Argiustolls-
Rock Outcro, are predominantly material weathered from granite, sedimentary, and volcanic
source rocks. These soils usually have poor topsoil characteristics, a shallow depth to bedrock,
moderately slow permeability, low available water capacity, and are subject to runoff along

washes and creeks.

2.5 GEOLOGY

The geology map contained in this report shows general geological formations in the
Verde study area (Figure 2.6). The State of Arizona is divided into three physiographic regions
or provinces: the basin and range deserts of southern and western Arizona, the mountainous
Central Highlands, and the Colorado Plateau occupying the northern portion of Arizona. The
Verde watershed occurs mainly in the Central Highlands region. This distinct region has also
been called the Transition Zone between the northern and southern halves of the State. It is
characterized by a chain of narrow valleys separated by steep mountain ranges dividing the
Central Highlands from the Colorado Plateau to the north. The Verde and Chino Valleys are part
of that chain forming the transition zone.

The geology of the Verde watershed is complex, varying widely in age, lithology, and
structure. Igneous, metamorphic, and sedimentary rocks are all represented in the study area and

range in age from Precambrian to Quaternary. Rock units within the Verde watershed are
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grouped by age into four broad categories: Precambrian rocks, Paleozoic rocks, Tertiary and
Quaternary volcanic rocks, and Tertiary and Quaternary basin fill alluvium.

Precambrian age rocks occur widely in several areas within the study area. These rocks
consist primarily of metamorphic rocks and large intrusive igneous bodies, which are exposed in
the mountain ranges. They form the basement complex, which extends to great depth and
underlies the majority of the southern portion of the watershed. These rocks are predominant in
the Bradshaw Mountains, Black Hills, Santa Maria Mountains, and Sierra Prieta Mountains near
Prescott and along the southern margin of the Mogollon Rim. They also underlie the
sedimentary and metamorphic rocks and alluvial units in the center of the basins of the Verde
Watershed. The majority of local copper mining has taken place in the Precambrian
metamorphic and intrusive igneous rocks of the Black Hills just north of Mingus Mountain.

Precambrian age rocks are nearly impermeable except where fractured or faulted.
Generally, these units do not contain large quantities of water, but locally may yield small
amounts to seeps and springs. These rocks usually act as a barrier to groundwater flow and
where exposed on the surface are not conducive to infiltration but instead cause runoff.

Rocks of Paleozoic age generally lie just above the Precambrian rocks. These rock units
are best exposed along the Mogollon Rim, which extends along most of the northern portions of
the watershed. Approximately 1,900 feet of Paleozoic sandstone, limestone, and shale are
exposed along the steep Mogollon Rim escarpment. The Supai Formation, Coconino Sandstone,
Toroweap Formation, and Kaibab Limestone overlay Redwall Limestone, which is perhaps the
oldest Paleozoic rock unit exposed in this part of the study area. Several of these units contain
groundwater and form a regional aquifer. The Martin Formation, Tapeats Sandstone, and
Precambrian granitic rocks underlie the Redwall Limestone. These older rock groups come into
contact with thick accumulations of Tertiary and Quaternary sedimentary and volcanic rocks in
the central portions of the watershed.

Tertiary and Quaternary age volcanic rocks are the upper most units and are commonly
exposed on land surface. They consist primarily of basalt and are predominant in the northern
portions of the watershed in the Coconino Plateau and cap the Mogollon Rim. Tertiary rocks
include the Hickey Formation and Perkinsville Formation. Volcanic rocks occur widely in the
central and southern portions of the watershed. Exposures occur on Mingus Mountain, Verde
Canyon, and in small buttes near Perkinsville and Sycamore Creek where lava flows cap the

Paleozoic sedimentary sequences (USGS, 1984).
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Tertiary and Quaternary age basin fill alluvium overlies much of the Precambrian to
Tertiary age consolidated bedrock in the north central portions of the watershed. Extensive
deposits of basin fill alluvium occur in the Big Chino and Verde Valleys. Much of the younger
Quaternary stream alluvium consists of unconsolidated sand, gravel, and silt deposited within
present stream channels as floodplain alluvium and channel fill. Sand and gravel mines located
within the watershed generally occur in these younger stream alluvium deposits. The Verde
River and its perennial and intermittent tributary streams deposited the Quaternary alluvium.
Areas containing older surficial deposits occurring in the western and central portions of the
watershed are just north of Prescott in the vicinity of Williamson, Little Chino, and Verde
Valleys (USGS, 1984).

Around the Camp Verde area, channel deposits are coarse grained and range from
approximately 60 feet to 100 feet thick. Terrace and floodplain deposits in the Camp Verde area
consist of unconsolidated gravel, sand, silt, and clay. In some areas the terrace deposits contain
reworked Verde Formation (Owen-Joyce, 1984). The Verde Formation in the center of the
Verde Valley is composed of chalky lake limestone and siltstone deposits. An example of this
chalky lake limestone deposit can be observed at Montezuma’s Well. The Verde Formation is
believed to have been deposited between three and six million years ago in freshwater lakes
created when volcanic flows dammed streams in the ancestral Verde Valley. Units of Tertiary
lava also occur in this formation. The water bearing Verde Formation covers as much as 325
square miles and supplies most of the groundwater to growing communities in the Verde Valley
(Owen-Joyce and Bell, 1983).

More information about the geology of the Verde River Watershed can be obtained from
studies by Twenter and Metzger (1963), Krieger (1965), Levings (1980), Owen-Joyce and Bell
(1983), and Owen-Joyce (1984). Information can also be obtained from the Internet by
contacting http://www.verde.org or by contacting the Department of Interior, U. S. Geological

Survey Field Office, Public Assistance 1-520-556-7000.

2.6 VEGETATION
The vegetation map contained in this report shows primary biotic community locations
within in the Verde study area (Figure 2.7). The natural vegetation coverage that occurs in the

Verde River Watershed Study Area is determined by many factors, such as elevation,
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Figure 2.7 - Primary Biotic Communities
of the Verde River Watershed Study Area
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temperature, and precipitation. Other factors that may influence the occurrence of certain biotic
communities in the study area may be physiographic features, such as soils and topography. A
mountain slope at an elevation of 5,000 feet, for instance, may support a different biotic
community than a canyon, valley, or mesa at the same elevation. A northfacing slope on a
mountain supports a different community of plants than a southfacing slope at the same elevation
and same mountain. The direction of the slope of the mountain may also be a factor. If a
mountain slope faces seasonally prevailing, moisture laden winds (in the Verde River watershed
usually west or southwest-facing slopes) precipitation may be much higher on the windward side
of the mountain than on the leeward side. All these conditions are contributing factors and the
various ranges of biotic communities often overlap.

Upper Sonoran Desert vegetation occurs primarily from the lowest elevation (2,029 feet)
of the study area at the USGS gaging station on the Verde River below the confluence with
Tangle Creek, to an elevation of about 3,500 feet. This type includes many species of cacti,
including Prickly Pear, Cholla, and Saguaro and various trees such as Palo Verde and Mesquite.
The natural vegetation in the Verde Valley, which lies roughly between 3,000 feet to 3,500 feet,
is primarily semi-arid grassland. This type of biotic community supports grasses such as grama
species, cacti, plants such as Jojoba, and trees such as Palo Verde and Mesquite. Big Chino,
Little Chino, and Williamson Valleys range in elevation from about 4,500 feet to about 5,500
feet. These elevations support primarily plains, grasslands, grama-dominated short grasses,
which are occasionally interspersed with chaparral, and stands of Pinon and Juniper woodlands
at the higher parts of these valleys.

The various mountain ranges and plateaus that surround these valleys support chaparral
and Pinon and Juniper woodlands at the lower elevations. Ponderosa Pine is dominant within a
mixed conifer forest, with Douglas Fir dominating canyons and north-facing slopes from
approximately 5,000 feet to about 9,500 feet. Starting at elevations of 8,500 feet to 9,000 feet to
a maximum elevation of about 11,500 feet on the west-facing slope of Humphreys Peak, stands
of spruce, firs, and other needle-leaf trees occur. These stands are occasionally intermingled
with some broad-leafed winter deciduous species. Above the timberline, at about 11,500 feet to
the summit of Humphreys Peak (elevation 12,633 feet), alpine tundra may exist. Precipitation
here is about 35 to 40 inches annually and may exceed 50 inches in any given year. Only a few
areas of the peak are actually covered with alpine tundra vegetation due largely to the steepness

of slopes, looseness of soil, and the presence of rocky outcrops.
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The upper elevations of the watershed contain extensive forests of pines, firs, and other
deciduous species. Located within these forests are springs, washes, and creeks that contribute
to the Verde River watershed. Riparian deciduous forests, consisting primarily of sycamore and
cottonwood, exist throughout the watershed at medium and lower elevations along reaches of
perennial and intermittent washes, creeks, and rivers. They are usuvally of limited areal extent

and often just occur along the stream banks.
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CHAPTER 3

Water Uses and Demands of the Upper and
Middle Verde River Watersheds




CHAPTER 3: WATER USES AND DEMANDS OF THE UPPER AND MIDDLE VERDE
RIVER WATERSHEDS

3.1 INTRODUCTION

This chapter addresses each the following categories of water demand that is occurring in the
Upper and Middle Verde Watershed areas. The primary categories are: municipal/domestic,
irrigation, industrial, livestock, and natural uses. The total water use and demand for each category
is presented along with a detailed description of the water use and demand for each specific area
(i.e., Big Chino, Little Chino, Verde Valley, etc.) and how each component was determined. Non-
municipally supplied industrial and commercial uses are discussed separately. Historical trends in

water use are also presented when applicable.

3.2  MUNICIPAL USES
Private and Municipal Water Providers

The population of Yavapai County is projected to exceed 305,000 people by the year
2040 (ADWR, Statewide Water Planning, 1997). In order to meet the water demand from this
growth, long-term planning and cooperation between the current and future water providers will
have to occur. For purposes of this report, water provider implies any organization that supplies
potable water for residential, commercial, or industrial use. Water providers for solely irrigation
use are addressed in the irrigation section of this report.

The water use data for calendar years 1990 through 1997 was collected from Arizona
Corporation Commission (ACC) annual filings and from two surveys conducted by Arizona
Department of Water Resources (ADWR) in 1995 and 1998. A total of 79 private and municipal
water providers were initially identified within the study area, which includes the Williamson
Valley, Big and Little Chino Valleys, Verde Valley, and the Payson area. Twenty-three surveys
were sent to water providers in the Williamson Valley and Big and Little Chino Valleys, 49 were
sent to water providers in the Verde Valley, and seven surveys were sent to water providers in
the Payson area. Of the 79 water providers initially identified, 20 had either moved without

leaving a forwarding address, gone out of business, or were actually located outside the study
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area. Figures 3.1 and 3.2 demonstrate the change in demand for municipally supplied water from
1990-1997 for the Upper and Middle Verde areas respectively.

Of the remaining 59 private and municipal water providers in the study area, 42 (70%)
completed and returned their survey questionnaire. These water providers range in size from
small private homeowner associations with only a few connections to large water providers such
as the City of Prescott and the Arizona Water Company, which currently own and operates three
different systems located within the study area. See Exhibit 1 in Appendix A for a copy of the
1998 survey.

A short profile including service area maps, total water use, gallons per capita per day
(GPCD) usage, water use by use category (residential, commercial, industrial, other), and
seasonal uses for water providers that delivered in excess of 20 acre-feet annually, was
developed and are presented for years 1990 through 1997 in Appendix A. Profiles, service area
maps, and tables were also developed for two water providers in the Payson and Strawberry
areas that delivered less than 20 acre-feet per year. These two water providers were included
because of the history of water resource problems in the Payson, Pine, and Strawberry areas.
Tables 3-1 and 3-2 present the water providers in both the Upper and Middle Verde areas that

deliver more than 20 acre-feet annually.

TABLE 3-1

UPPER VERDE WATER PROVIDERS
DELIVERING MORE THAN 20 ACRE-FEET PER YEAR

UPPER VERDE WATER PROVIDERS LOCATION
Abra Water Company Paulden, AZ
Ashfork Water Service Ashfork, AZ
Chino Meadows 11 Chino Valley, AZ
Granite Oaks Water Prescott, AZ
City of Prescott Prescott, AZ
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TABLE 3-2

MIDDLE VERDE WATER PROVIDERS
DELIVERING MORE THAN 20 ACRE-FEET PER YEAR

MIDDLE VERDE WATER PROVIDERS LOCATION
Arizona Water Company — Pinewood Pinewood/Munds Park, AZ
Arizona Water Company — Rimrock Rimrock, AZ
Arizona Water Company — Sedona Sedona, AZ
Big Park Water Company Sedona, AZ
Boynton Canyon Ench. HOA Sedona, AZ
Camp Verde Water System Camp Verde, AZ

Clemenceau Water Company

Cottonwood, AZ

Cordes Lakes Water Company

Cottonwood/Verde Village, AZ

Cottonwood Water Works Cottonwood, AZ
Oak Creek Valley Property Owners Association Cornville, AZ
Oak Creek Water Company #1 Sedona, AZ
Payson, Town of Payson, AZ
Pine Valley Water Company Sedona, AZ
Sedona Shadows Sedona, AZ

Verde Lakes Water Company

Camp Verde, AZ

Tables 3-3 and 3-4 present the Upper and Middle Verde water providers that delivered

less than 20 acre-feet annually:

TABLE 3-3

UPPER VERDE WATER PROVIDERS
DELIVERING LESS THAN 20 ACRE-FEET PER YEAR

UPPER VERDE WATER PROVIDER LOCATION
Antelope Lakes Water Company Chino Valley, AZ
Granite Dells Water Company Prescott, AZ

Granite Mountain Water Company

Chino Valley, AZ

Inscription Canyon Ranch

Prescott, AZ

Jackson Acres DWI District

Prescott, AZ
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TABLE 3-4

MIDDLE VERDE WATER PROVIDERS
DELIVERING LESS THAN 20 ACRE-FEET PER YEAR

MIDDLE VERDE WATER PROVIDER LOCATION
Bonita Creek Land and HOA Payson, AZ
Lake Verde Water Company Camp Verde, AZ
Little Park Water Company Sedona, AZ
Montezuma Heights Water and Airport Camp Verde, AZ
Red Rock Water Co-op Sedona, AZ
Verde Heights Water Co-op Cottonwood, AZ

The combined total annual water demand for private and municipal water providers in the
Upper and Middle Verde in 1997 was approximately 14,210 acre-feet. This total includes 8 of
the 11 total water providers that delivered less than 20 acre-feet per year, and does not include
the Town of Payson, which delivered 1,414 acre-feet in 1997. Payson was not included in this
total because the town is situated between the Salt and the Verde watersheds and it was not
possible to separate out the water totals for each watershed. Approximately 69 percent of the
water was delivered to residential customers, 17 percent was delivered to commercial customers,
and 14 percent was divided equally among industrial and other customers within the Middle
Verde. Between 1990 and 1997, the total water demand for all water providers in the study
increased by 44 percent. There was a 34 percent increase for water providers in the Upper Verde
and a 54 percent increase for water providers in the Middle Verde. See Figures 3.1 and 3.2 for
municipally supplied water demand between 1990 and 1997 for the Upper and Middle Verde
respectively. In 1997, the annual water demands for water providers ranged from less than one
acre-foot for the Antelope Lakes Water Company to a high of 6,510 acre-feet for the City of
Prescott. See Tables 2a and 2b in Appendix A for more information regarding total water use by
water providers

The average use per person was calculated for each water provider for the purpose of
comparison and as an indication of how providers compare with cities within active management
areas (AMAs). The GPCD values were developed by dividing the total water use for each
provider (including residential, commercial, municipal, and industrial) by the local area

population served. This value wasthen divided by the number of days in one-year (365) to

3-6



determine the GPCD. Water provided for irrigation use only was not included in the GPCD

calculations.

GPCD = (Total Water Delivered / local area population served) / 365 days.

Many areas within the watershed are served by more than one provider. The population
served within each service area was determined by multiplying the number of residential
hookups provided by each water provider by the average number of people per household for the
community as determined and presented in the Arizona Department of Economic Security’s
(ADES) 1990 census report. For those water provider areas where an average number of people
per household was not available for the specific community, the average number of people per
household for Yavapai County (2.35) was used to estimate the population of the service area.
The population was not determined for some water providers in cases where there is a large
seasonal population and the actual number of hookups was not available.

GPCDs for the study area ranged from a low 56 for the Chino Meadows Il Water
Company to a high 645 for the Clemenceau Water Company. The extremely high GPCD of the
Clemenceau Water Company is due to the low population and very high commercial and
industrial water demand in their service area. Approximately 65 percent of the water delivered
by the Clemenceau Water Company is for commercial and industrial users.

The average GPCD for the entire study area in 1997 was 166, which was based on the
total water delivered by the 16 water providers that same year. The average was determined by
dividing the total water delivered by the total population within the water providers’ service
areas. This number was then dividing by 365 (days in the year). All water providers that

delivered less than 20 acre-feet per year were not included in this determination.

Average GPCD for Study Area in 1997 (166) = (Total Water Delivered in 1997 [4.51 billion
gallons] / Total Population of Study Area [74,223]) / 365 (days)

The average residential GPCD for the Upper Verde and Middle Verde water providers
that delivered in excess of 20 acre-feet of water in 1997 is 97 and 133 respectively. Residential
GPCDs are based on residential water consumption only and do not include commercial and
industrial water use. The residential GPCDs are also used to calculate the annual volume of

water pumped by the active domestic wells in both the Upper Verde and Middle Verde regions
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and are presented in Chapter IV-Water Resources. Tables 3-5 and 3-6 present the total water

delivered in acre-feet by the Upper Verde and Middle Verde water providers that pumped 20

acre-feet or more annually:

TABLE 3-5

UPPER VERDE WATER PROVIDERS
TOTAL WATER DELIVERED FOR YEARS 1990-1997

(ACRE-FEET)
WATER PROVIDER 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
\Abra Water Company NA NA NA NA NA NA 52 56
IAshfork Water Service 79 78 71 2 NA 85 80 81
Chino Meadows IT 38 43 47 59 74 86 102 112
Granite Dells 2 2 3 2 9 2 3 4
(Granite Mountain 2 2 2 2 3 7 8 9
Granite Oaks 6 13 23 34 52 51 104 111
Inscription Ranch 0 0 0 0 0 0 0 6
Jackson Acres 0 0 0 6 6 6 5 5
City of Prescott 5014 | 5240 [ 5075 | 5633 | 5637 | 5685 | 6352 | 6,509
Totals (acre-feet) 5141 | 5378 | 5221 | 5809 | 5774 | 5922 | 6,706 | 6,893
Source: ADWR water provider surveys.
TABLE 3-6
MIDDLE VERDE WATER PROVIDERS
TOTAL WATER DELIVERED FOR YEARS 1990-1997

(ACRE-FEET)

WATER PROVIDER 1990 || 1991 | 1992 || 1993 | 1994 | 1995 [ 1996 | 1997
Arizona Water Company-Sedona 1,514 1,608 1,539 1,763 1,914 2,070 2,379 | 2,442
Az Water Company-Rimrock 131 159 157 183 195 205 230 | 233
Az Water Company-Pinewood 175 189 192 220 223 223 250 243
IBig Park Water Company 441 499 470 499 550 574 616 642

{Boynton Canyon 25 24 28 40 NA 49 48 49
[Camp Verde Water System 206 205 205 255 262 288 304 321
[Clemenceau Water Company 159 161 171 185 NA 184 214 | 208
[Cordes Lakes Water Company 555 NA 623 724 758 841 908 872
iCottonwood Water Works 1,098 | 1201 | 1,118 [ 1,268 | 1,388 | 1438 | 1,667 [ 1,685
[Lake Verde Water Company 8 8 9 10 11 1 2 12
[Little Park Water Company 10 12 11 NA NA 14 1% 17
[Montezuma Heights NA NA NA NA NA 12 16 18
[Oak Creek Valley NA 22 21 25 27 34 35 36
[Oak Creek Water Company 163 170 172 186 211 ] 262 245
IPine Valley Water Company 19 22 23 25 28 NA 34 32
Sedona Shadows 65 62 67 82 81 NA 88 NA
[Verde Heights NA NA NA NA NA 5 6 6
[Verde Lakes Water Company 82 92 95 110 124 199 284 | 250
Totals (acre-feet) 4,751 || 4,454 || 4921 || 5575 | 5960 | 6,372 | 7,370 | 7,311

Source: ADWR water provider surveys, not including Payson water providers.
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Seasonal uses for each water provider were based on survey responses. Each water
provider was asked to indicate the percentage of total water delivered during three periods of the
year: January through April, May through August, and September through December. The

percentage of total water delivered during these three time periods is as follows:

= January through April 25%
= May through August 46%
= September through December  29%

The survey also determined that at least 11 water providers do not meter the flow of water to
their users.

The majority of water providers rely exclusively on the use of groundwater to meet their
demands. The percentage of water providers that utilize groundwater versus surface water or a
combination of surface water and groundwater and the corresponding volume of water associated

with each percentage are as follows:

Source of Water and Percentage of Use Volume of Water (Acre-feet)
Groundwater 84% 11,587
Surface Water 5% 724
Both 11% 1.448
Total 100% 13,759

These percentages and volume totals are from the year 1997 and are based on the
information provided by the water providers within the study area. Water deliveries in Payson
are not included in these totals. Water pumped from a well is considered to be groundwater in
this report.

As mentioned previously, the Town of Jerome, Rocky Springs, and Bonita Creek are the

only providers that receive their supply of water exclusively from surface water or springs.

Effluent Recharge
The results of a 1995 ADWR survey revealed that 70 percent of municipal users had

septic systems, 8 percent were connected to a wastewater treatment plant (WWTP), and 22
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percent utilized both. Although numerous wastewater treatment facilities were identified in the
study area, the majority of these are small, individually maintained facilities that treat only
several hundred gallons per day (GPD). Seven primary WWTPs exist in the Upper Verde and
Middle Verde study area that treat up to several hundred thousand gallons per day.

In the Upper Verde region, the City of Prescott operates two wastewater treatment plants;
the Sun Dog facility near Prescott and a facility at the Prescott Airport. Approximately 3,100
acre-feet of effluent is treated and discharged annually by the City of Prescott. An estimated
1,000 acre-feet of the total effluent is generated by the Sun Dog facility alone and is used for turf
irrigation at Antelope Hills Golf Course. The City of Prescott is estimated to recharge about
1,800 acre-feet of treated effluent at its own facility (ADWR, Prescott AMA, 1996).

The Chino Valley Irrigation District (CVID) received approximately 100 to 310 acre-feet
of treated effluent annually from the City of Prescott between the years 1993 and 1997. The
average volume of treated effluent received by CVID during this same time period was estimated
to be 170 acre-feet per year. Approximately 50 percent of the effluent that is discharged into the
CVID transmission system is lost to seepage and evaporation.

In the Middle Verde region, the WWTP in Clarkdale currently lists about 650 hookups.
Clarkdale WWTP estimates 168 acre-feet of treated effluent is applied annually to leaching
fields for recharge. The Pinewood Sanitary District in Munds Park maintained 2,600 residential
hookups in 1996. During the winter about 9 acre-feet of effluent is treated per month and that
number increases in the summer to almost one acre-foot per day on weekends. This is primarily
due to a large seasonal population. Virtually all of the treated effluent is utilized by an 18 hole
golf course (Pinewood Golf Course). Any effluent not used by the golf course is released into
Munds Canyon, which flows into Oak Creek.

The WWTP in Camp Verde listed 477 residential customers in 1996 and treated nearly
150 acre-feet that year. The City of Sedona’s WWTP treated approximately 670 acre-feet from
an estimated 1,300 residential hookups on its system in 1996. The Sedona WWTP’s treated
effluent is primarily used for recharge in either a wetlands or marsh area along with nine
infiltration basins. These recharge sites cover a total of 265 acres.

The City of Cottonwood’s WWTP listed 1,173 hookups in 1996 and treated
approximately 540 acre-feet of effluent that year. The wastewater treatment plant in Jerome
estimated 200 residential hookups with about 56 acre-feet being treated in 1996. The majority of

effluent from the WWTPs is used for irrigation purposes on golf courses and for recharge. No
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estimate of the total amount of recharge that is occurring from treated effluent has been
determined.

Another source of recharge from effluent is due to private septic systems. As previously
stated, approximately 70 percent of residential water users utilize septic systems. The exact
number of septic systems within the study area is unknown. For this report, an estimate of total
recharge from septic was determined by multiplying the estimated number of septic systems by
the average number of people per household. This number was then multiplied by the estimated
daily indoor water use per person. The product of these two numbers was then multiplied by the
number of days in a year. To convert this number to acre-feet, the product was divided by the
number of gallons in one acre-foot of water. This method of determination assumes that all
residences served by a private domestic well are on a septic system, all indoor water use is
discharged to the septic system, and 100 percent of water is recharged to the aquifer. In reality,
the actual percentage of the discharge from the septic system that is being recharged to the
aquifer is unknown. In locations where the depth to the aquifer is rather shallow the percentage
may be as high as 100 percent. In other locations the percentage may be zero because the depth

to water and decline in water table prevents the septic discharge from ever reaching the aquifer.

Estimated Annual Recharge from Septic System (acre-feet):
(Total number of septic systems)(Average number of people per household)(Estimated daily
indoor use per person [gallons])(365 [days in year]) / 325,851.

The total number of septic systems is based on two assumptions: 1) all households that
receive water from a municipal/private provider and are not connected to a municipal wastewater
treatment plant are assumed to be utilizing a septic system; and 2) all households that receive
water from a private well are assumed to be on a private septic system. Based on these

assumptions, the total number of septic systems is equal to the following:
The total number of septic systems = (total number of residential water hookups - total number
of WWTP hookups) + total number of domestic wells.

Average number of people per household = 2.35 for Yavapai County and 2.99 for Coconino
County (DES, 1990).

Estimated daily indoor water use per person = 69 gallons per capita per day (Arizona
Municipal Water Users Association (AMWUA), 1999).
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Number of days in one year = 365 days.
Number of gallons in one acre-foot = 325,851 gallons.

For the Upper Verde, the estimate of recharge resulting from private septic systems was
calculated for Big Chino and Little Chino Valleys separately as follows. The estimated recharge
from septic in the Big Chino Valley is as follows:

Big Chino Estimate of Annual Recharge due to Septic Systems in 1996:
([896-0] + 992)(2.35)(69)(365) / 325,851 = 343 acre-feet of recharge.

0 = The number of WWTP hookups in the Big Chino.
896 = Total residential water provider hookups in the Big Chino Valley.
992 = The estimated number of private domestic wells in the Big Chino Valley.
2.35 = Average number of people per household in Yavapai County (ADES, 1990).
69 = Estimated average indoor water use per capita (AMWUA, 1999).
365 = Number of days per year.
325,851 = Number of gallons per acre-foot of water.

Little Chino Estimate of Annual Recharge due to Septic Systems in 1996:
([15,931 - 10,639] + 3,551)(2.35)(69)(365) / 325,851= 1,606 acre-feet of recharge.

15,931 = Total number of residential water provider hookups in Little ChinoValley.
10,639 = Total residential wastewater provider hookups in the Little Chino Valley.
3,551 = The estimated number of private domestic wells in the Little Chino Valley.
2.35 = Average number of people per household in Yavapai County (ADES, 1990).
69 = Estimated average indoor water use per capita (AMWUA, 1999).
365 = Number of days per year.
325,851 = Number of gallons per acre-foot of water.

Table 3-7 shows the determination of private septic systems in the Little Chino Valley.

TABLE 3-7
ESTIMATED NUMBER OF PRIVATE SEPTIC SYSTEMS
IN THE UPPER VERDE
PRESCOTT TOTAL
[Residential Water Hookups 1. T3
[Residential Wastewater Hookups 106505
[Estimated Residential Septic Systems 5,292

Source: ADWR 1995 and 1998 surveys.
*City of Prescott, Water Billing Department.
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Total Estimated Recharge due to Septic Systems in 1996 for the Upper Verde:
343 + 1,606 = 1,949 acre-feet.

The estimated annual recharge from septic systems in the Middle Verde is calculated in
the same way. One difference is in the number of people per household. A small portion of the
Middle Verde is located within Coconino County and as a result the average number of people

per household for Coconino County was used for that section only.

Middle Verde (Yavapai County) Estimate of Annual Recharge due to Septic Systems in
1996:
([13,898 — 5,750] + 3,478)(2.35)(69)(365) / 325,851 = 2,112 acre-feet of recharge.

13,898 = Total residential water provider hookups in Middle Verde.
5,750 = Total residential WWTP hookups in the Middle Verde.
3,478 = Total number of private domestic wells in the Middle Verde.
2.35 = Average number of people per household in Yavapai County ADES, 1990).
69 = Estimated average indoor water use per capita (AMWUA, 1999).
365 = Number of days per year.
325,851 = Number of gallons per acre-foot of water.

Middle Verde (Coconino County) Estimate of Annual Recharge due to Septic Systems in

1996:
([2,643 — 2,600] + 0)(2.99)(69)(365) / 325,851 = 10 acre-feet of recharge.

The number of wells in this formula is zero because it was not possible to break down the
number of wells by county and it is believed the majority of wells are located in Yavapai County.

See Table 3-8 for the determination of private septic systems in the Middle Verde.

TABLE 3-8

ESTIMATED NUMBER OF PRIVATE SEPTIC SYSTEMS
IN THE MIDDLE VERDE

RESIDENTITAL WATER HOOKUPS
Sedona | Camp Verde | Cottonwood | Jerome | Munds Park | Total Total Hookups Total Hookups
Hookups | Yavapai County | Coconino County

7,095 778 3,142 240 2,643 13,898 11,255 2,643
RESIDENTIAL WASTEWATER HOOKUPS

1,300 [ 477 [ 1,173 | 200 | 2600 | 5750 | 3,150 | 2,600
ESTIMATED RESIDENTIAL SEPTIC SYSTEMS FOR THE MIDDLE VERDE

5,795 | 301 [ 199 | 40 | 43 [ 8,148 | 8,105 ! 43
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Total Estimated Recharge due to Septic Systems in 1996 for the Middle Verde:
2,112 + 10 = 2,122 acre-feet.

Total Estimated Recharge due to Septic Systems in 1996 for the Verde Watershed:
1,949 + 2,122 = 4,071 acre-feet.

Projected Water Use for Yavapai County

The projected population of Yavapai County in the year 2040 is estimated to be more
than 305,000 people (ADWR Statewide Water Planning Study, 1997). This projected increase in
population will cause a proportionate increase in water usage. Based on the projected population
in 2040, the projected annual water use for the Upper and Middle Verde areas are 13,717 and
15,278 acre-feet respectively. These projections are based on 1997 totals among Verde

Watershed water suppliers and population projections for the year 2040.

Municipal Summary

In 1998, ADWR conducted a survey of the 59 municipal/private water providers located
within the Verde Watershed study area. Forty-two of the water providers, which included the
largest water providers, completed and returned their survey. Of the 42 water providers that
completed the survey, 20 delivered in excess of 20 acre-feet per year, 11 delivered less than 20
acre-feet per year, and 11 water providers did not meter their deliveries. Five of the 20 largest
water providers were located in the Upper Verde area and 15 were located in the Middle Verde
area. In 1997, the annual water demands for water providers ranged from a low of less than one
acre-foot to a high of 6,510 acre-feet for the Antelope Lakes Water Company and the City of
Prescott respectively.

Approximately 9,890 acre-feet of water was delivered in 1990 by all of the
municipal/private water providers in the Upper and Middle Verde except the Town of Payson.
In 1997, the total water delivered by the same group of municipal/private water providers had
increased by 44 percent to an estimated 14,210 acre-feet. The projected water uses in the year
2040 for the Upper and Middle Verde areas are 13,720 and 15,280 acre-feet per year
respectively. Figures 3.3 and 3.4 present the 1997 demands for municipally supplied water
expressed as a percentage for the Upper and Middle Verde areas, respectively. Figure 3.5 shows

the total water use for the Upper and Middle Verde study areas.
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Figure 3.5 Total Water Use Graphs

Total Water Use From Upper & Middle Verde Water
Providers Between 1990-1997
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Approximately 69 percent of the water was delivered to residential customers, 17 percent
was delivered to commercial customers, and 14 percent was divided equally among industrial
and other customers. Approximately 25 percent of the water was delivered between January and
April, 46 percent was delivered between May and August, and the remaining 29 percent was
delivered between September and December. The sources of water delivered by the
municipal/private water companies were as follows: 84 percent of the total water delivered was
exclusively groundwater, 11 percent was a combination of surface and groundwater, and the
remaining 5 percent was exclusively surface water.

The GPCD was calculated for each water provider for the purpose of comparison and as
an indication of how providers compare with cities within active management areas. The
average total GPCD for the combined Upper and Middle Verde area in 1997 was estimated to be
166, which includes residential, industrial, and other water uses. The average GPCD for
residential water use only in 1997 for the Upper and Middle Verde areas were about 97 and 133,
respectively.

Based on a survey conducted by ADWR in 1995, 70 percent of all municipally supplied
water customers in the Upper and Middle Verde area were connected to privately owned septic
systems, 8 percent were connected to wastewater treatment plants, and 22 percent were
connected to both. The estimated volume of recharge resulting from effluent in 1996 for the
Upper and Middle Verde areas was 1,950 and 2,110 acre-feet respectively.

In the Upper Verde area, 1,610 acre-feet of effluent recharge were estimated to occur in

the Big Chino, while the remaining 340 acre-feet were estimated to occur in the Little Chino.

3.3 DOMESTIC USES

Based on ADWR’s Wells Registry database, an estimated 9,400 wells currently exist in
the Upper Verde Subwatershed. Around 4,540 of these wells are actively pumping groundwater
for domestic use. The estimated annual water use from the 4,540 domestic wells is roughly
1,160 acre-feet. The annual water use estimate for domestic wells was determined by the

following Equation:

(Total Number of domestic wells in the Upper Verde [4,540])(Average number of people
per household [2.35])(Average Residential GPCD [97])(Days in a year [365])) / Gallons in
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one acre-foot (325,851) = Annual volume of water pumped by the active exempt wells in
acre-feet.

Solution: (4,540)(2.35)(97)(365) / 325,851 = 1,160 acre-feet annually.

. 2.35 is the average number of people per household in Yavapai County (ADES, 1990
census for Yavapai County.

. 97 is the average Gallons Per Capita Per Day (GPCD) for residential use between
1990-1997 for the Upper Verde water providers.

The actual volume of groundwater being pumped annually by domestic wells is
unknown. Domestic well owners are not required to report annual groundwater usage. In the
Middle Verde, there are approximately 9,630 wells currently listed in the ADWR’s Wells
Registry. Approximately 3,480 of these wells are categorized as domestic and are estimated to
pump 1,218 acre-feet of water annually. The annual water use for domestic wells was calculated
using the same method and equation used for calculating the domestic wells’ usage in the Upper

Verde.

(Total Number of Domestic wells in the Middle Verde [3,480])(Average number of people
per household [2.35])(Average GPCD [133])(Days in a year [365]) / Gallons in one acre-foot
(325,851) = Annual volume of water pumped by the domestic wells in acre-feet.

Solution: (3,480)(2.35)(133)(365) / 325,851 = 1,218 acre-feet annually.

. 2.35 is the average number of people per household in Yavapai County (ADES, 1990
census for Yavapai County.)

. 133 are the average Gallons Per Capita Per Day (GPCD) for residential use only between
1990-1997 for the Middle Verde water providers.

34 IRRIGATION USES
Introduction

During the latter part of the 1800s and early part of the 1900s, the development of
agriculture played a significant role in the overall development of the Williamson Valley, Big
and Little Chino (Upper Verde), and Verde Valley (Middle Verde) areas. The agricultural

farming base that developed throughout this time continued to prosper until sometime in the
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early 1960s when it began to decline. In the Verde Valley numerous ditches were taken out of
service or were never reconstructed after periodic floods destroyed them. The majority of the
larger ditches, however, did continue to operate and many are still in existence today.

This section focuses on the irrigation practices associated with farming throughout the
study area and presents an estimate of the total water that is currently being utilized by these
practices. Figures 3.6 and 3.7 demonstrate the percentage of water used for agriculture in
comparison to residential, commercial, industrial, and “other” demands for the Upper and
Middle Verde areas respectively. An estimate of the water demand for the maximum potential
land that could be farmed based on historically irrigated lands is also presented.

It is important to note that pasture is the predominant crop grown in the Upper and
Middle Verde areas and is typically deficit irrigated. Due to the lack of information, however,
regarding actual irrigation deliveries for each individual farm it was not possible to determine the
levels of deficit irrigation being practiced and therefor was not taken into consideration for this
study when calculating crop irrigation requirements.

Lands in the Upper Verde region (Big Chino Wash, Walnut Creek, Williamson Valley
Wash, and Granite Creek/Little Chino Wash Subwatersheds) predominantly utilize groundwater
as the source of irrigation water. Irrigated lands in the Middle Verde (Verde River Valley, Oak
Creek, Wet Beaver Creek, and West Clear Creek Subwatersheds) in contrast, rely almost
exclusively on surface water for irrigation. For the Middle Verde the majority of the farming
occurs in the younger alluvium. The water table is fairly shallow in the younger alluvium and
there is a direct hydraulic connection between the groundwater and surface water flows of the
Verde River and its major tributaries.

The estimate of current and maximum potential acreage that is or has been farmed is
based on field investigations and aerial photography reviews that were performed by ADWR
from 1991 through 1997. All lands that displayed evidence that farming had occurred (i.e.,
irrigation laterals or pipes were present, fields were leveled, furrows were present, etc.) were
designated as potential farmland and were included in the maximum potential acreage total.
Aerial photography from the United States Department of Agriculture’s Soil Conservation
Service (1940), Arizona Department of Transportation (1960), National High Altitude
Photography (1980), and ADWR (1987; 1995) were used to identify historical farming acreage.
The use of aerial photography also aided in the identification of surface water diversions and

conveyance systems. A complete listing of investigated surface water diversions within the
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study area can be found in Appendix B and Figures B.1 through B.36. All maps exist as GIS
covers at ADWR.

Irrigation Diversion Systems

In the Upper Verde, the Chino Valley Irrigation District supplied surface water to farmed
areas within the Prescott AMA. The majority of the agricultural surface water use occurred in
the Chino Valley area. In 1998, the City of Prescott entered into an agreement with the CVID
and acquired its surface water rights. The provisions of the agreement stipulate that beginning in
1999, surface water will no longer be available to the district. The estimated annual average
surface water diversion to the main canal was about 3,250 acre feet for the period 1991 to 1997
(ADWR, 1998). Over 30 irrigation diversions exist in Verde Valley (Alam, 1997). Many
diversion organizations in the Middle Verde were established to operate and maintain diversion
structures, canals, and discharge facilities that supply surface water to the farmed areas in the
Verde Valley. These groups represent a significant water use component within the study area,
serving an estimated 15,000 acre-feet of irrigation water annually to approximately 4,770 acres.
The data presented here is intended as a general reference and guide for future water resource
planning by the local organizations. Water use estimates and the acreage being served are based
on field investigations conducted in 1996 and 1997, historical records, interviews/oral
communications, and survey responses. See Appendix B for profiles of each irrigation diversion,
including personnel, history, water resources, facilities, and service area maps. Table 3-9 lists

selected diversions located in the Verde Valley.
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TABLE 3-9

SELECTED IRRIGATION COMPANIES AND LOCATIONS

WET BEAVER WEST CLEAR
UPPER VERDE VERDE RIVER OAK CREEK CREEK CREEK
Chino Valley Bridgeport Irrigation Chavez-Sycamore Irrigation  |Leonard Maxwell Ditch
Irrigation District Association Association Association Pioneer Ditch Company
Cottonwood Ditch Copper Cliffs Improvement
Association Association
Diamond S Ditch
Association Comville Ditch Association
Eureka Ditch Company Jordan Ditch Association
Jordan Meadows Kinsey Ditch Association
Irrigation Association
Hickey Ditch Mason Lane Water Users
Association Association
Ok Ditch Company Owenby Ditch Water Users
Association
Verde West Irrigation
Company Point Willow Ditch Association
Verde (Woods) Ditch
Company Red Rock Ditch Association
Spring Ditch Association
Rippling Waters Irrigation
Association

Agricultural Water Demand

Approximately 11,330 acres within the Verde Watershed study area were actively
irrigated between 1996 and 1997, of which 5,950 acres and 5,380 acres were located in the
Upper and Middle Verde areas respectively. An additional 6,110 acres of previously irrigated
lands were identified from historical aerial photographs that were not farmed between 1996 and
1997. (This total includes land that was fallow at the time of investigation.) Of the 6,110 acres
of historically irrigated lands identified, 5,250 acres were located in the Upper Verde area and
860 acres were located in the Middle Verde area. The current agricultural water demand in the
Big Chino Valley area and Middle Verde is based on the total acres of actively irrigated lands,
and in the Little Chino Valley area the agriculture demand is based on 1997 reported data and
estimates. The maximum potential agricultural water demand is estimated based on historical
cropping patterns, crop consumptive use values (CU), irrigation requirements (IR), water duties,
and the sum of the current and historically irrigated lands identified within the Verde Watershed
study area (6,110 + 11,330 = 17,440 acres).

In this report, the agricultural water demand for farming in the Upper Verde area is

determined independently of the agricultural water demand for farming in the Middle Verde
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area. This is due to significant elevation differences in the two regions, which result in different
consumptive use values for the crops produced in the two areas and also due to the differences in
sources of water. Agricultural production in the Upper Verde region relies mostly on
groundwater supplemented by a small amount of surface water and effluent (Little Chino sub-
basin), while agricultural production in the Middle Verde region relies mostly on surface water.

Another difference between the Upper and Middle Verde water demand calculations is
the inclusion of an efficiency factor for irrigated lands in the Upper Verde area and not in the
Middle Verde area. Irrigation efficiency is a measure of how efficiently water is applied for
farming and is based on the ratio of how much water is required by the crop (consumptive use) to
how much water is actually applied (water supplied). An efficiency factor was not taken into
consideration for the Middle Verde for the following reason: most farming within the Middle
Verde area occurs within the younger alluvium where the groundwater table is very shallow and
a direct hydraulic connection between the surface water and groundwater systems exists. As a
result, the only losses attributed to irrigation in the Middle Verde are from the consumptive use
of each crop type. All water applied in excess of the irrigation requirement (IR) in the Middle
Verde is assumed to return immediately to the floodplain alluvial aquifer, and therefore would
not be considered as a gain or loss in the water budget.

Irrigation requirement (IR) is equal to the consumptive use of a specific crop less the
effective precipitation. Crop consumptive use is defined as a measure of the amount of water
lost to evapotranspiration plus the quantity of water contained within a plant. Effective
precipitation is considered to be that fraction of the total precipitation that is used by the plant

during the growing season.

Irrigation Requirement (IR):

(Consumptive use [inches] - Effective Precipitation [inches]) / 12 = IR (acre-feet/acre).

Example: (IR of Alfalfa in Williamson Valley region: [34.8 - 5.1]/ 12 = 2.48 acre-feet/acre).
(Note: For the purposes of this report, leaching requirements and/or other water needs, such as
conveyance losses, were not included in the calculation of IR values.)

The annual total water demand for each specific crop, excluding allowances for irrigation

efficiencies, is determined by the following formula:

Total Water Demand for Specific Crop:
(No. of Acres of Crop A Identified)(IR for Crop A) = Total Water Demand for Crop A.
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Cropping patterns were determined from field observations conducted by ADWR. The
predominant crop categories for the Upper and Middle Verde areas were Alfalfa, Corn, Pasture,
Turf/Landscaping, Vegetables, Orchards, and Nursery Trees. The consumptive use values for
each of these crops were developed by the Natural Resources Conservation Service (NRCS) and
the Prescott AMA. The NRCS consumptive use values were developed specifically for certain
areas of the watershed, including Verde Valley, Chino Valley, and Williamson Valley, and
therefore, were applied to all farming practices in the Upper Verde region outside the Prescott
AMA and to all irrigated lands in the Middle Verde region. For irrigated lands located within the
Prescott AMA, consumptive use values were developed by the Prescott AMA and presented in
the ADWR Second Management Plan (1990). The agriculture demand for the Little Chino
Valley (Prescott AMA) was obtained from reported deliveries of groundwater, surface water and
effluent, and estimated discharge for irrigation at Del Rio Springs. The components of

agriculture water demand in the Little Chino are described in the following section.

UPPER VERDE
Total Water Demand

The current water demand for farming in the Big Chino Valley area is equal to the total
water supplied (water duty), which was determined using the consumptive use, less effective
precipitation, divided by an efficiency factor and the acres currently farmed. The current water
demand is calculated by multiplying the total acres of irrigated land in production by the
weighted water duty per acre. The weighted water duty is based on the water duties for each
crop type and the number of acres historically produced of each crop type. The potential water
demand for historically irrigated lands not currently in production in the Upper Verde area was
calculated the same way.

In the Little Chino Valley area the agriculture demand is comprised of groundwater,
surface water, effluent and diverted discharge from Del Rio Springs. Groundwater is the only
reliable source of irrigation water in Little Chino Valley. The total agriculture demand and

percentage breakdown for 1997 is as follows:
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Source of Water and Percentage of Use Volume of Water (Acre-feet)

Groundwater T7% 5,073
CVID Surface Water Delivered 7% 484
CVID Effluent Delivered 2% 151
Del Rio Springs . 14% _ 900
Total Agriculture Demand 100% 6,608

The estimated water deliveries are based on 1997 reported data from the ADWR Registry
of Groundwater Rights (ROGR), Chino Valley Irrigation District (CVID) monthly surface water
delivery reports, City of Prescott annual effluent flow summary and estimates of discharge from
Del Rio Springs for agriculture reported in the ADWR Report on the Safe-Yield Status of the
Prescott AMA.

The predominant method of irrigation in the Upper Verde area is flood irrigation without
a pumpback system and, therefore, a 50 percent irrigation efficiency was applied to all irrigated
lands in the Upper Verde area. This means that the water demand for the crop is approximately
twice the amount of water that is actually consumed by the crop. The additional 50 percent of
water, however, is assumed to recharge back to the groundwater system.

Irrigation efficiencies are typically based on soil types, crop types, field slopes, and
farming practices and may range from less than 50 percent to approximately 85 percent. As
presented in the Prescott AMA’s Second Management Plan (SMP), five types of irrigation
systems with their expected irrigation efficiencies were identified. The five classifications with

their corresponding irrigation efficiencies are as follows:

Type of Irrigation System Expected Irrigation Efficiency
Flood irrigation - Slope without pumpback system 50%
Flood irrigation - Slope with pumpback system 70%
Sprinkler 75%
Trickle 85%
Flood irrigation - Level basin 85%

(Note: As reported in the Prescott AMA’s SMP, “slope” is a graded furrow or graded border
flood irrigation system. The slope, or grade, may vary from 0.05% to 1.0%.)

Water Duty:
Irrigation Requirement (IR) / Efficiency Factor (0.5) = Water Duty.
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Weighted and Total Weighted Water Duty:
(Total Acres Crop A)(Water Duty for Crop A) / Total Acres Farmed = Weighted Water Duty (WWD).

Examples:

Weighted Water Duty Crop A: (Total Acres Crop A)(Water Duty) / Total acres farmed = WWD Crop A.
Weighted Water Duty Crop B: (Total Acres Crop B)(Water Duty) / Total acres farmed = WWD Crop B.
Weighted Water Duty Crop C: (Total Acres Crop C)(Water Duty) / Total acres farmed = WWD Crop C.

WWD Crop A + WWD Crop B + WWD Crop C = Total Weighted Water Duty.

The weighted water duties for each specific crop are then added together to get the total

weighted water duty.

Current Total Water Demand for Upper Verde Area:
(Total Irrigated Acres)(Total Weighted Water Duty) = Current Total Water Demand for Upper
Verde.

Maximum Total Water Demand for Upper Verde Area:
(Historically Irrigated Acres Not in Production)(Total Weighted Water Duty) + Current Total
Water Demand for Upper Verde = Maximum Total Water Demand for the Middle Verde Area.

The weighted irrigation requirements for the Upper Verde and Middle Verde were

calculated in the following way:

Weighted and Total Weighted Irrigation Requirement:
(Total Acres Planted in Crop A)(IR for Crop A) / Total Acres Farmed = Weighted IR.

Examples:

Crop A: (Total Acres Crop A)(IR Crop A) / Total acres farmed = Weighted IR for Crop A.
Crop B: (Total Acres Crop B)(IR Crop B) / Total acres farmed = Weighted IR for Crop B.
Weighted IR Crop A + Weighted IR Crop B = Total Weighted IR.

The weighted IR values for each specific crop are then added together to get the total
weighted IR. Tables 3-10 and 3-11 present the primary crop categories identified, crop acreage,
crop IRs, and total weighted IR for the irrigated land of the Upper Verde study area. This data is
the result of extensive field investigations by ADWR staff between 1995 and 1998, and the use
of aerial photographs.
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TABLE 3-10

UPPER VERDE CROP ACREAGE AND WEIGHTED IR FOR BIG CHINO WASH,
WALNUT CREEK, AND WILLIAMSON VALLEY WASH SUBWATERSHEDS

IRRIGATED | PERCENTAGE OF IR* WEIGHTED IR
CROP TYPE ACRES TOTAL ACRES AF/AC AF/AC
Alfalfa 364 9.6 2.48 0.24
Corn 1557 35.9 1.74 0.62
Pasture 1,465 38.7 2.18 0.84
[Turf/Landscaping 58 19 3.65 0.06
Vegetables 513 13.6 1.37 0.19
Orchard 23 0.6 2.48 0.02
Nursery Trees 2 0.1 1.65 NA
Total 3,782 100 2.00
*IR values from NRCS.
TABLE 3-11

UPPER VERDE CROP ACREAGE AND WEIGHTED IR FOR GRANITE CREEK /

LITTLE CHINO WASH SUBWATERSHED

(INCLUDING CHINO VALLEY IRRIGATION DISTRICT)

IRRIGATED | PERCENTAGE OF IR* WEIGHTED IR
CROP TYPE ACRES TOTAL ACRES AF/AC AF/AC

IAlfalfa 95 4.4 2.81 0.12
Corn 294 13.6 1.45 0.2

Pasture 1,708 78.8 3.65 2.88
Turf/Landscaping 61 2.8 285 0.1

Vegetables 9 0.4 57 0.01
Orchard 1 0.0 2.48 NA
Total 2,168 100 3.30

*IR values from ADWR SMP, 1990.

Description of Irrigated Lands

Williamson Valley

There has been farming in Williamson Valley since 1865 (Statements of Claimants, filed

with Maricopa County Superior Court, 1985). Approximately 1,300 acres are being farmed
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within Williamson Valley. An additional 320 acres of land were identified that exhibited
evidence of farming, but were not currently in production. Field investigations and aerial
photographs indicate that the estimated maximum number of potential acres that could be
irrigated in Williamson Valley is 1,620 acres. Over the last five years, approximately 300 acres
of historically irrigated farmland has been removed from farming for development purposes.
This is a common trend that is occurring throughout the entire study area.

Cropping patterns and irrigation practices have remained fairly constant since the mid
1900s and are not expected to deviate in the near future. The primary crops grown in the
Williamson Valley are alfalfa and pasture; other crops include orchards and small grains.
Pasture lands have historically been the primary crops irrigated in Williamson Valley. Flood
irrigation with no pumpback system is the primary method of irrigation.

Farming in Williamson Valley is expected to continue to decline, but relatively slowly in
comparison to other locations within the study area. As a result, the water demand for farming in
Williamson Valley should remain at its current level for several years into the future. The
estimated volume of water supplied for each of the five cropping categories along with the
average number of acres for each crop type historically grown in Williamson Valley are

presented in Table 3-12.

TABLE 3-12

WILLIAMSON VALLEY CURRENT CROPPING PATTERNS

TOTAL WEIGHTED PERCENT OF | CALCULATED WATER
WATER DUTY IRRIGATED | SUPPLIED ANNUALLY
CROP (AF/AC) ACRES LAND (ACRE-FEET)
Alfalfa 61 4.7 244
Pasture 1,190 91.4 4,760
Orchard 4.00 23 1.80 92
Vegetables 25 1.9 100
Nursery Trees i 2 0.25 8
Total 1,302 100.00 5,204

Pasture is grown on approximately 91 percent of the irrigated land making it the
predominant crop grown within the Williamson Valley. Farming in Williamson Valley relies
exclusively on groundwater to maintain its crops. Occasional storm events will produce

supplemental runoff, but groundwater is the only reliable source. There are currently 151 wells
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for irrigation in Williamson Valley (ADWR Wells Registry, 1999). All farming in Williamson
Valley is located outside the Prescott AMA and, as a result, groundwater withdrawals are not
regulated by ADWR.

The current estimated annual total volume of water supplied for the 1,300 acres that are
being irrigated in Williamson Valley is around 5,200 acre-feet. Based on the acreage, the
cropping ratio, the irrigation requirement (IR), and incorporating a 50 percent irrigation
efficiency factor, the current total weighted water duty for all irrigated lands within Williamson
Valley is four acre-feet per acre. The potential maximum annual total water supplied for
irrigation would be 6,480 acre-feet if all current and historically irrigated lands were put into

production.

Big Chino Valley and Walnut Creek
Ranching began around 1869 in the northwestern portion of the Big Chino Valley

(Statements of Claimants, filed with Maricopa County Superior Court, 1985). As early as 1872,
water was being diverted from Walnut Creek for ranching operations. Farming was slow to
develop with large scale farming beginning around 1910 and peaking in the late 1950s to the
early 1960s. Approximately 1,130 acres were identified as being actively irrigated in 1995 and
1996. In 1998, active irrigation was increased by an additional 1,350 acres bringing the total
number of acres currently in production to 2,480 acres. In addition, an estimated 2,910 acres of
historically irrigated lands have been identified as not currently in production. Field
investigations and aerial photos indicate that the estimated maximum potential acres that could
be irrigated are 5,390 acres.

Cropping patterns have remained fairly constant since the mid 1900s and are not
expected to deviate in the near future. The primary crops grown in the Big Chino Wash and
Walnut Creek areas are corn, alfalfa, pasture, and vegetables. The primary form of irrigation
practice is flood irrigation with no pumpback system. The estimated volume of water supplied
for each of the five cropping categories along with the average number of acres for each crop

type historically grown in Big Chino Valley are presented in Table 3-13.
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TABLE 3-13

BIG CHINO VALLEY CURRENT CROPPING PATTERN
(INCLUDES WALNUT CREEK)

TOTAL WEIGHTED PERCENT OF ([CALCULATED WATER
WATER DUTY IRRIGATED |SUPPLIED ANNUALLY
CROP (AF/AC) ACRES LAND (ACRE-FEET)
Alfalfa 303 1222 1,212
Pasture 275 11.1 1,100
Corn 4.00 1,357 54.7 5,428
Turf/Landscaping 58 23 232
[Vegetables 488 19.7 1,952
Total 2,481 100.00 9,924

Corn is grown on approximately 55 percent of the irrigated land making it the
predominant crop grown within the Big Chino Valley. Farming in the Big Chino Valley relies
almost exclusively on groundwater to maintain its crops. There are currently 333 wells for
irrigation in the Big Chino Valley (ADWR Wells Registry, 1999). All farming in Big Chino
Valley is located outside the Prescott AMA and, as a result, groundwater withdrawals are not
regulated by ADWR.

The current estimated annual total volume of water supplied for the 2,480 acres that are
currently being irrigated in the Big Chino Valley is 9,920 acre-feet. Based on the acreage, the
cropping ratio, the IR values, and incorporating a 50 percent irrigation efficiency factor, the total
weighted water duty for all farming in Big Chino Valley is four acre-feet per acre. If all 5,390
acres of current and historically irrigated lands were placed into production, the maximum

annual total water supplied for irrigation would be approximately 21,560 acre-feet.

Little Chino Valley
Ranching and farming related activities in the Little Chino Valley began around 1864

with the development of Del Rio Springs in the northern part of the Valley (Statements of
Claimants, filed with Maricopa County Superior Court, 1985). Between 1919 and 1927 several
small irrigation districts were formed that eventually became part of what is now known as the
Chino Valley Irrigation District (CVID). Over one-third of all irrigated lands within the Little
Chino Valley occurs within the CVID.
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CVID originally delivered surface water diverted from Willow Creek Reservoir and
Watson Lake (via Granite Creek) for irrigation purposes to approximately 900 acres. In 1997,
830 acres Weré estimated to be in production. Continual encroachment by urbanization around
the CVID continues to reduce the number of irrigated acres within the CVID. Recently, CVID
approved the sever and transfer of many existing surface water rights from land within CVID to
the City of Prescott.

Approximately 2,170 acres were identified as actively being irrigated in 1996 and 1997.
In addition, an estimated 3,210 acres of historically irrigated lands have been identified as not
currently in production. Field investigations and aerial photos indicate that the estimated
maximum number of potential acres that could be irrigated in the Little Chino Valley are 5,380
acres.

Cropping patterns have remained fairly constant since the middle 1900s and are not
expected to deviate in the near future. The primary crops grown in the Little Chino area are
corn, alfalfa, pasture and vegetables. The primary form of irrigation practice is flood irrigation
with no pumpback system. The estimated volume of water demand for each of the six cropping
categories along with the average number of acres for each crop type historically grown in Little

Chino Valley are presented in Table 3-14.

TABLE 3-14

LITTLE CHINO VALLEY CURRENT CROPPING PATTERNS

CALCULATED
TOTAL WEIGHTED ANNUAL WATER
WATER DUTY PERCENT OF DEMAND

CROP (AF/AC) ACRES |IRRIGATED LAND (ACRE-FEET)*
Alfalfa 05 4.4 627
Pasture 1,708 78.8 11,273
Cormn 6.60 294 13.6 1,940
Turf/Landscaping 61 2.8 403
[Vegetables 9 0.4 59
Orchard 1 <0.1 7
Total 2,168 100.00 14,309
*FAO Estimate

Pasture is grown on over 78 percent of the irrigated land making it the predominant crop

grown within the Little Chino Valley.
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There are currently 656 wells for irrigation in the Little Chino Valley (ADWR Wells
Registry, 1999). All farming in the Little Chino Valley is located within the Prescott AMA, and
as a result, groundwater withdrawals are regulated by ADWR, which requires all farmers larger
than five acres to complete and submit an Annual Water Use Summary Report to ADWR.

According to the information presented in the Annual Water Use Summary Reports, the
actual volume of water supplied annually to the 2,170 acres that are being irrigated in the Little
Chino Valley is 6,610 acre-feet. Based on FAO 24 method for determining crop consumptive
use, which the Prescott AMA utilizes, the current estimated total annual volume of water demand
for the 2,170 acres is 14,310 acre-feet. The total weighted water duty for all farming in the Little
Chino Valley taking into consideration acreage, the cropping ratio, the IR values (Equation
3.01), and incorporating a 50 percent irrigation efficiency factor is 6.60 acre-feet per acre. As a
comparison, the calculated total annual water demand based on 50 percent efficiency and NRCS
crop consumptive use values for the 2,170 acres is 9,240 acre-feet. If all current and historically
irrigated lands in the Little Chino were placed into production, the potential estimated maximum
annual total water demand for irrigation would be 35,510 acre-feet based on the AMA’s current

crop consumptive use values.

MIDDLE VERDE
Total Water Demand

The current water demand for farming in the Middle Verde area was determined by
multiplying the current number of irrigated acres for each crop that were identified by the
irrigation requirement value for each specific crop. The potential water demand for historically
irrigated lands not currently in production in the Middle Verde is calculated by multiplying the
number of historically irrigated lands not currently in production by a total weighted irrigation
requirement. The total weighted irrigation requirement is based on the IR for each crop type and
the number of acres produced of each crop type. As stated previously, no irrigation efficiency
factor was applied to farming in the Middle Verde region and as a result the irrigation water
demand for the Middle Verde region is based on the irrigation requirement rather than total water

supplied. Table 3-15 lists the Middle Verde crop acreage and weighted IR numbers.

Current Total Water Demand for Middle Verde Area:
(Current Total Acres Irrigated)(Total Weighted IR) = Current Total Water Demand for Middle
Verde.
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Maximum Total Water Demand for Middle Verde Area:
(Historically Irrigated Acres Not in Production)(Total Weighted IR) + Current Water Demand
for Middle Verde Area = Maximum Total Water Demand for Middle Verde Area.

TABLE 3-15

MIDDLE VERDE CROP ACREAGE AND WEIGHTED IR FOR VERDE RIVER,
VERDE RIVER VALLEY, OAK CREEK, WET BEAVER CREEK,

AND WEST CLEAR CREEK SUBWATERSHEDS

IRRIGATED | PERCENTAGE OF IR* WEIGHTED IR
CROP TYPE ACRES TOTAL ACRES AF/AC AF/AC

Alfalfa 301 5.59 357 0.2
Corn 81 1.51 1.86 0.03
[Pasture 3,621 67.29 3.11 2.09

urf/Landscaping 1.081 20.09 8.35 0.67
Vegetables O 1.80 1.13 0.02
Orchard 200 392 3.63 0.14
Total 5,381 100 3.15
*IR values from NRCS.

Description of Irrigated Lands
Verde Valley Including Perkinsville (Middle Verde Area)
The first irrigation ditch to be constructed in the Verde Valley occurred in the late 1860s.

By the early 1900s, more than 50 ditches had been constructed on the Verde River and its
tributaries to divert surface water for irrigation purposes. Approximately 40 ditches are still in
operation today, ranging in size from one ditch serving a few acres to several ditches serving
several hundred acres. The 15 largest ditches are supervised and operated as incorporated ditch
companies, formal ditch associations, or are operated under court order.

Farming in the Middle Verde area relies mostly on surface water to maintain crops.
Occasional droughts or below average precipitation years, however, may cause shortfalls in
surface water availability. During those periods of time, approximately 1,200 irrigation wells
located in the Middle Verde (ADWR Wells Registry, 1999) may be used to meet the irrigation
demands for the area. Depending on the depth and location of the well, these wells withdraw
water from the floodplain alluvium of the Verde River and tributary creeks or from the

underlying regional aquifer. The majority of these wells appear to have been drilled within the
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last 40 to 50 years. The exact amount of groundwater utilized for irrigation purposes is unknown
and varies from year to year according to surface water availability. All farming in the Middle
Verde area is located outside the Prescott AMA and, as a result, groundwater withdrawals are not
regulated by ADWR.

Approximately 5,380 acres were being actively irrigated in 1996 and 1997, with around
860 acres of historically irrigated lands currently not in production. Field investigations and
aerial photographs indicate that the estimated maximum number of acres that could be irrigated
in the Middle Verde is 6,240 acres (5,380 + 860).

Cropping patterns have remained fairly constant over the past 40 years and are not
expected to deviate in the near future. The primary crops grown in the Verde Valley area are
alfalfa, corn, wheat, vegetables, orchards, and pasture. The primary form of irrigation practice is
flood irrigation with no pumpback system. The estimated volume of water supplied for each of
the six cropping categories along with the average number of acres for each crop type

historically grown in the Middle Verde area are presented in Table 3-16.

TABLE 3-16

MIDDLE VERDE CURRENT CROPPING PATTERNS

TOTAL WEIGHTED WATER SUPPLIED
WATER DUTY PERCENT OF ANNUALLY
CROP (AF/AC) ACRES | IRRIGATED LAND | (ACRE-FEET)

Alfalfa 301 5.60 948

asture 3,621 67.30 11,406
Corn 3.15 81 1.50 255
Turf/Landscaping 1,081 20.10 3,405
Vegetables 97 1.80 306
Orchard 200 3.70 630
Total 5,381 100.00 16,950

Pasture is grown on approximately two-thirds of the irrigated land, making it the
predominant crop grown within the Middle Verde area.

The total annual irrigation requirement for the 5,380 acres that are currently being
irrigated in the Middle Verde area is approximately 16,950 acre-feet. Based on the acreage, the

cropping ratio, and the IR, the total weighted IR for all farming in the Middle Verde area is 3.15
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acre-feet per acre. If all historically irrigated lands were placed into production, the estimated

maximum annual total IR would be approximately 19,660 acre-feet.

Irrigation Summary

The current annual irrigation water demands for the Upper and Middle Verde study
regions are approximately 29,440 acre-feet and 16,950 acre-feet respectively. The current
annual total agricultural water demand for the Upper and Middle Verde regions combined is
approximately 46,390 acre-feet. The maximum potential annual water demands for agriculture
in the Upper and Middle Verde regions are 58,790 acre-feet and 19,660 acre-feet respectively.
The maximum annual potential water demand for agriculture in the Upper and Middle Verde
Table 3-17 displays the calculated

regions combined is estimated to be 78,460 acre-feet.

agricultural demand for the Upper and Middle Verde.

TABLE 3-17

UPPER AND MIDDLE VERDE IRRIGATION USE
AND AGRICULTURAL WATER DEMAND

TOTAL MAXIMUM
TOTAL WEIGHTED CURRENT | ACTUAL POTENTIAL
WEIGHTED WATER TOTAL |ESTIMATED | MAXIMUM |ESTIMATED
FARMED IR APPLICATION DUTY ACTUAL IR DEMAND | POTENTIAL | DEMAND
AREA (AF/AC) EFFICIENCY (AF/AC) ACRES (AF) (AF) ACRES (AF)
[Upper Verde 2 0.5 4 3,782 7,564 15,128 5,820 23,280
IOutside Prescott (2 X 3782)
IAMA
Upper Verde 33 0.5 6.6 2,168 7,154 6,610 5,380 35,510
linside Prescott (3.3X2168)
IAMA
IMiddle Verde 3.15 NA NA 5,381 16,950 16,950 6,241 19,672
Including (3.15 x 5381)
Perkinsville
Total 11,331 31,668 46,387 17,450 78,462
3.5 INDUSTRIAL/COMMERCIAL USES

Industrial/commercial water users within the study area are primarily groundwater users.

For this study, industrial/commercial water users were divided into two categories based on their
annual consumptive use of water. All industrial/commercial facilities utilizing approximately

100 acre-feet of water or more annually were classified as large water users. All other
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industrial/commercial facilities were classified as small water users. Figure 3.8 displays the
locations of identified industrial/commercial users in the Verde River Watershed study area.

Estimates of water use by the industrial/commercial sector are based on field
investigations and/or surveys conducted between 1995 and 1997. The estimated total
consumptive use for all industrial/commercial water users during 1997 for the Upper and Middle
Verde regions was approximately 5,930 acre-feet.

In the Upper Verde, an estimated 1,380 acre-feet of water was consumed by two sand and
gravel operations, one golf course, and other smaller industrial users. Effluent and groundwater
usage accounted for 72.5 and 27.5 percent respectively.

In the Middle Verde, out of an estimated 4,550 acre-feet of water, 4,444 acre-feet were
consumed by large facilities in 1997, while the remaining 106 acre-feet of water was consumed
by small facilities. Groundwater, effluent, and surface water accounted for 67, 21.5, and 11.5
percent use respectively.

Industrial water users that were field investigated and/or surveyed included 10 golf
courses, ten sand and gravel operations, two small-scale power plants, and two water bottling
companies. Commercial users that were field investigated and/or surveyed included one dairy
operation and three fish hatcheries. Industrial users had greatly differing water demands
depending on operational characteristics.

Of the 28 facilities identified, 11 of them consumed 100 acre-feet of water or more.
Specifically, seven golf courses and four sand and gravel operations were identified as the large
water users. All of the large water users utilize groundwater as their source of water with the
exception of five golf courses, which utilize treated effluent and diverted surface water. Golf
and sand and gravel facilities are discussed in more detail later in this section. Turf related
facilities requiring water for irrigation of parks, school grounds, cemeteries, and open spaces
were identified but not classified as industrial/commercial users because of their relatively
insignificant size and total water use. These irrigated turf areas were mapped, however, and
included in the Section 3.3, “Irrigation Uses.”

Two small power-generating facilities within the study area were identified along Fossil
Creek and the East Verde River. Both facilities divert surface water to turn water wheels or
turbines to generate electricity. Because of the operational characteristics of these systems,
however, water is rarely depleted and not considered a consumptive use of water. All water that

is diverted to generate electricity is returned directly to the surface water system.
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Three fish hatcheries were identified in the study area. Sterling Springs Hatchery, Page
Springs Hatchery, and one small private hatchery are all located along Oak Creek. The Arizona
Game and Fish Department currently operates the two larger facilities. Like the power
generating facilities previously mentioned, little or no water is consumed by the hatcheries and
all water diverted is returned directly to the surface water system.

Two water-bottling companies were also identified. Both companies pump and filter
groundwater yet were not significant users of water. In 1995, one bottling company pumped and
reportedly sold 2.5 million gallons (7.7 acre-feet) of water. The actual groundwater use of both

facilities is unknown, but estimates place their use at or less than 20 acre-feet of water annually.

Golf Courses

Of the ten golf facilities that were included as industrial users, five are supplied by
privately owned wells, two are supplied water by surface water diversions, and three are utilizing
effluent. Groundwater and effluent is supplied from private wells and/or municipal/private water
providers. Table 3-18 presents the approximate turf acreage and an estimation of the total water
and effluent consumption per year for the ten golf facilities that were in operation in the study
area between 1997 and 1998.

The Prescott AMA’s recommended annual application rate of 4.9 acre-feet per acre for
turf related facilities, assuming a 75 percent field efficiency, is used in this report to estimate the
annual water demand for courses not utilizing effluent. Two municipal water suppliers provided
estimated effluent use. Four golf courses currently utilizing groundwater or surface water have
developed plans to receive treated effluent in the future. Water use efficiency varied among the
facilities due to irrigated acreage differences, turf type vegetation, water application systems,
management practices, and differences in facility use. The potential water demand from golf
course irrigation is expected to increase as more golf courses are constructed and existing

facilities are expanded to meet demand.
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TABLE 3-18
ESTIMATED ANNUAL WATER USE FOR GOLF COURSE FACILITIES

ESTIMATED
COURSE WATER SOURCE AND
FACILITY SIZE |IRRIGATED| DEMAND NUMBER OF |POTENTIAL FOR
NAME LOCATION (HOLES)[ ACRES [(AC-FT/YEAR)* WELLS EFFLUENT USE
Sedona Golf Sedona 18 93 456 IGW; 1 well System in place,
Resort but not currently
receiving effluent
IPoco Diablo Resort{Sedona 18 7 34 SW; instream pump [None
Oak Creek Village [Village of Oak Creek 9 143 701 GW; 4 wells System in place,
IAssociation but not currently
receiving effluent
Canyon Mesa \Village of Oak Creek 9 23 113 GW; 1 well [None
Country Club
IPineshadows Golf [Clarkdale/Cottonwood 9 20 98 GW; 2 wells System in place,
Course but not currently
receiving effluent
\Verde SantaFe  [Cornville 18 93 456 GW; 2 wells System in place,
iGolf Course lbut not currently
receiving effluent
Beaver Creek Golf [Wet Beaver Creek 18 100 490 ISW; Diversion INone
IResort
IAntelope Hills Prescott 36 176 Effluent-862** [City of Prescott Currently using
Golf Courses cffluent
Pinewood Country Munds Park 18 110 Effluent- 539 [Pinewood Sanitary [Currently using
Club District effluent
Payson Municipal [Payson 18 90 Effluent- 441 |Northern Gila ICurrently using
Golf Course County Municipal [effluent
'Wastewater
[Treatment
[Total 855 4,190

Source: ADWR, 1997-98, Industrial/Commercial Survey.

GW - Groundwater; SW - Surface Water; NA - Not Available.

*Based on Prescott AMA recommended application rate of 4.9 acre-feet per acre per year.
**Estimate from Prescott AMA Third Management Plan.

Seven of the ten golf courses within the study area used approximately 2,350 acre-feet of
surface water and groundwater annually to irrigate an estimated 480 acres of turf and
landscaping. Approximately 525 acre-feet of the 2,350 acre-feet is surface water, while the
remainder is from groundwater sources. The three remaining courses, Antelope Hills in Prescott
(two 18-hole courses comprising approximately 176 acres of irrigated turf), Pinewood Country
Club (approximately 110 acres of irrigated turf), and the Payson Municipal Golf Course
(approximately 90 acres of irrigated turf) utilized effluent to irrigate their turf. The actual annual
volume of effluent utilized by the three golf courses is unknown. Based on the 4.9 acre-feet per
acre consumptive use applied to all golf courses in the study area, approximately 1,840 acre-feet

of effluent are being utilized. Two of the three golf facilities using effluent reported an annual
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estimated combined use of approximately 2,440 acre-feet in 1997. ADWR has not verified this
number. All but one golf facility (Antelope Hills) are located in the Middle Verde section and
utilizing effluent to maintain their turf. The estimated annual volume of irrigation (effluent) for

the golf facilities in the Upper Verde region in 1997 was 860 acre-feet.

Sand and Gravel Operations

Sand and gravel facilities mine unconsolidated stream deposits to produce materials for
construction. The washing of aggregate accounts for the bulk of water use by sand and gravel
facilities. Dust control, washing of equipment, and other activities are secondary water uses.

Sand and gravel facilities demands vary from year to year based on the demand for
aggregate material. The estimated total demand for water in 1997 was 1,540 acre-feet.
Approximately 1,400 acre-feet of this number was groundwater and 140 acre-feet was effluent.
This estimate was derived from field investigations and survey responses conducted between
1995 and 1997. Factors taken into consideration included facilities operating on an eight hour
per day schedule, unless specified, and the maximum rated discharge capacity for privately
owned wells. The annual water demand for each sand and gravel operation (most of which are

located in Middle Verde) were determined by using the following formula:

Equation for determining sand and gravel operation water demand:
(Well pumping rate[gpm])(60 min/hr)(Hours of operation per day)(365 days per year) / 325,581
gallons per acre-foot = Water demand in acre-feet per year.

Example: (255 gpm)(60)(5)(365) /325,851 = 86 acre-feet per year.

The estimated water demand of all sand and gravel operations were added together to
calculate the total demand.

A total of 10 sand and gravel operations in the study area were identified to be in
operation. The six largest operations in the study area used an excess of 100 acre-feet of water
annually. These large industrial users had an estimated total consumptive use of 1,490 acre-feet
per year. The four other small sand and gravel operations annual water demand was estimated to
be 50 acre-feet of water. The remaining 180 acre-feet of water are utilized by Yavapai Materials
and other small industrial users in Prescott. Table 3-19 presents more detailed information on

sand and gravel operations within the study area.
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TABLE 3-19

WATER DEMAND FOR SAND AND GRAVEL FACILITIES

COMPANY LOCATION/ WELL WELL ESTIMATED| ESTIMATED
NAME, YEAR FACILITY |CAPACITIES | PUMPING RATES |WATER DEMAND | PRODUCTS
ESTABLISHED NAME (GPM) (GPM) (AC-FT/YEAR) |PRODUCED
B & B Materials, [Dry Beaver Creek | W1 - 100 gpm W1 - 100 gpm 50 Sand, gravel,
1987 asphalt, rock
W2 - 450 gpm W2 -235 gpm 130
W3 -30 gpm W3 -30 gpm 20
Superior Gypsum Plant- W1 - 255 gpm WI1 - 160 gpm 50 Gypsum
Companies, 1983 [West clear Creek (5 hours/day)
Industrial Road- | W1 - 250 gpm W1 -250 gpm 130 INA
Camp Verde
W2 - 60 gpm W2- 60 gpm 30
Cherry Pit- West | W1- 250 gpm W1 -120 gpm 70 NA
Clear Creek
Valley Concrete, [Cottonwood W1 -500 gpm W1 - 500 gpm 270 Sand, gravel,
INA ready mix,
asphalt
W2 - 80 gpm W2 - 80 gpm 40
W3 - 60 gpm W3 - 25 gpm 10
Phoenix Cement, [Clarkdale WI1-400 gpm | W1 & W2 tied in 350 Portland
1959 system- 450 gpm (11.5 cement
hours/day)
W2 -500 gpm
IDunbar Stone Near Paulden NA NA 200 Sand, gravel
[Yavapai Materials [N. of Prescott NA NA *140 effluent Sand, gravel
Other Sand & 50 INA
Gravel Operations
[Total Water Use 1,540

NA = not available.
*Estimated.

3-6 STOCK USES

Cattle’s ranching have played an important role in the early development of the Verde
River study area. In the Big Chino, Williamson Valley, and portions of Little Chino and Verde
Valleys, cattle ranching are still actively occurring. To provide a means to supply water for
cattle usage, ranchers constructed impoundments to capture runoff. Depending on precipitation
and spring runoff, most stockponds only contain water for several months out of each year. In
some cases, ranchers will install a pump that is operated by a windmill to provide a continuous
supply of water from the groundwater system for livestock and wildlife.

In addition to the impoundments constructed specifically for livestock, numerous other

impoundments have been constructed for the purpose of erosion control, irrigation tailwater
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recovery, waste refuse disposal, recreational use, firefighting, railway right-of-way protection,
etc. Livestock and wildlife also use most if not all of these impoundments. For purposes of this
report, all impoundments are classified in this category.

Land ownership in the Big Chino and Williamson Valleys is a mix of private, state, and
federal land arranged in a checkered pattern. Many ranches currently lease state and federal land
(i.e., forest service land) for grazing rights. As a result, stockponds are constructed on private,
state, and forest service land.

An inventory of impoundments was completed in 1996 utilizing aerial photography and
topographic quadrangle maps. This survey included only impoundments in the Verde River
Watershed upstream from the USGS gaging station below Camp Verde. Impoundments in the
East Verde River region and below Camp Verde were not included in this study.

Approximately 2,635 impoundments ranging in size from 0.1 acres to approximately 350
acres in surface area were identified. Approximately 1,680 were located in the Upper Verde
region, while the remaining 955 were located in the Middle Verde region. An estimated 2,030 of
the impoundments were less than 1.5 acres in size. The three largest impoundments in the Upper
Verde were Willow Creek Reservoir at 350 acres, Watson Lake at 100 acres, and James Bond
(Del Rio Springs) at 40 acres. The four largest impoundments in the Middle Verde region were
Odell Lake at 7 acres, Howser and Lake Montezuma at 6.25 acres each, and Willow Valley Lake
at 5 acres. No estimate of total capacity for these stockponds and impoundments has ever been
calculated.

In addition to providing a source of water for livestock, these impoundments may act as
recharge basins and impede the flow of runoff that would have otherwise occurred had there not
been an impoundment constructed. No estimate of recharge has been calculated for these
impoundments and no determination of the impacts from restricting and/or impounding the

natural runoff has ever been studied.

3.7 CULTURAL AND NATURAL USES
The natural water uses within the Verde Watershed are an important factor related to
water loss along both tributaries and the main channel of the Verde River. These water losses

include evaporation of running surface water, evapotranspiration (ET) from naturally occurring
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vegetation in riparian areas (which is the single largest use of water in the Verde Watershed
area), and diversions into wetland areas such as Tavasci Marsh and Pecks Lake.

An ET of 35,000 acre-feet per year was estimated for the area between the USGS gaging
station on the Verde River near Paulden to the confluence of the Verde and East Verde Rivers
(Anderson, 1976). This estimate of ET is based on the type and concentration of vegetation and
phreatophytes located along the main channel of the Verde River and its tributaries. This
estimate also includes evaporation from flowing surface water along the main stem of the Verde
River and its tributaries. For the Upper Verde region, ET was not considered due to the lack of
riparian vegetation. With more than 30 years elapsing since the last ET study of the area was
completed, it is strongly recommended that another ET study be completed.

Tavasci Marsh and Pecks Lake are located in the Middle Verde area near the Town of
Clarkdale and City of Cottonwood. Pecks Lake is an ancient oxbow lake that is fed by surface
water diversions from the Verde River through the Allen Ditch. Allen Ditch also supplies
surface water to Tavasci Marsh.

Tavasci Marsh is a wildlife management area located downstream from Pecks Lake near
Tuzigoot National Monument. In addition to surface water diversions through Allen Ditch,
Tavasci Marsh receives seepage loss from Pecks Lake. Tavasci Marsh also receives water from
Shea springs and other springs located in the area. Both of these wetland areas are owned by
Phelps Dodge Corporation. Water from Pecks Lake and Tavasci Marsh drains back to the Verde

River. No estimates of consumptive use in the wetlands have been made.
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CHAPTER 4

Water Resources of the Upper and
Middle Verde River Watersheds




CHAPTER 4: WATER RESOURCES OF THE UPPER AND MIDDLE VERDE RIVER
WATERSHEDS

4.1 INTRODUCTION

Since the mid 1980s, much growth has occurred in the Verde Watershed resulting in
concerns about the future of a dependable water supply. Cities such as Prescott and Payson are
looking to acquire new sources of water by purchasing retired land with water rights or by
drilling new and deeper wells into the regional aquifer. Many communities have also started
treating their wastewater to a standard that will permit its reuse for certain activities, such as
irrigation for golf courses, city parks, and landscaping around public facilities.

This section focuses on the current water resource conditions of the Upper and Middle
Verde regions, taking into consideration the changes in water demand over time and their
resulting effect on the available water resources. Overviews of the groundwater and surface
water systems, water quality, and water budgets for the Upper and Middle Verde are based on
previous research and on current available data compiled by ADWR. The water resources of the
Upper Verde are discussed separately from those of the Middle Verde due to the differences in

groundwater and surface water resources and demands.

4.2 UPPER VERDE
GROUNDWATER SYSTEM
Geology

The groundwater system in the Upper Verde Subwatershed is found within the Big Chino
and Little Chino groundwater sub-basins (Figure 4.1). Geologic units that contain groundwater
and are considered to be principal aquifers within the Big Chino and Little Chino sub-basins
include the younger alluvium located along creeks and washes, Tertiary and Quaternary basin-
fill deposits exposed at the surface, Tertiary volcanic rocks found both at the surface and deep
below the land surface, and Paleozoic sedimentary and Precambrian rocks, which form the
impermeable floor and sides of the structural groundwater basins. The Paleozoic and
Precambrian units may not contain water over large areas but may provide important localized

sources of water for domestic and livestock uses. Geology of the Upper Verde Watershed has

4-1



Figure 4.1 - Groundwater Sub-Basins
of the Verde River Watershed Study Area
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been previously studied by Krieger (USGS, 1965), Schwalen (1967), the United States Bureau of
Reclamation (USBR, 1974 and 1993), Wallace and Laney (USGS, 1976), Remick (ADWR,
1983), Water Resource Associates, Inc. (WRA, 1989), Corkhill and Mason (ADWR, 1995),
Schwab (1995), and others.

Tertiary sedimentary and associated volcanic rocks have been identified as major water
bearing units in the Big Chino, Williamson, and Little Chino Valleys. These units supply water
for domestic, commercial, industrial, and agricultural uses. Hydrologic reports by the United
States Bureau of Reclamation (1993) and Corkhill and Mason (1995) specifically described three
main aquifers in the Upper Verde. These aquifers are the “Chino Valley Unit,” which is located
in the Big Chino Valley and Williamson Valley sub-basins and the “Upper Alluvial Unit” and
“Lower Volcanic Unit” located in the Little Chino Valley sub-basin.

Aquifer Characteristics and Locations

Younger Alluvinm

The young or recent Quaternary alluvium is usually highly permeable and locally yields
small amounts of water to numerous shallow wells used primarily for domestic purposes in the
Upper Verde area. This unit is composed of unsorted poorly bedded clay, sand, silt, pebbles, and
cobbles and is found in the lower lying south-central portions of Big Chino Valley along the Big
Chino Wash and other creeks and washes. It also occurs along the Granite Creek drainage north
of Prescott in Chino Valley. The younger alluvium is generally less than 30 feet thick and is
unconfined (Krieger, 1965). This unit is not generally considered to contain large volumes of

groundwater in storage.

Chino Valley Unit
The Chino Valley Unit is the principal aquifer of the Big Chino Valley and Williamson

Valley groundwater sub-basins and is composed of widespread valley fill sediments interbedded
with basalt flows and alluvium in the major drainages (USBR, 1993). The valley fill contains
unconsolidated and semi-consolidated alluvial sediments, terrace and pediment gravels,
streambed and lacustrine deposits, and one or more layers of volcanics. The 1993 USBR study
estimated the thickness of the valley fill unit in Big Chino Valley to be approximately 1,200 feet
thick in a 200 square mile area and 300 feet thick in a 430 square mile area. The Chino Valley

Unit was estimated to be more than 2,400 feet thick in the central and upper regions of Big
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Chino Valley and from 300 feet to more than 800 feet thick in the southeastern portions of Big
Chino Valley and Williamson Valley (Schwab, 1995). The depth of the basin was estimated to
be at least 3,500 feet (WRA, 1989). Schwab (1995) also indicated that basalt flows were
encountered at depths ranging from five to 147 feet below land surface in the southeastern
portion of Big Chino Valley, just northwest of Paulden.

The interbedded basalt layers of the Chino Valley Unit have been estimated to be greater
than 200 feet in thickness and described as “massive to extremely fractured and cavernous” in
the northern portions of Big Chino Valley (WRA, 1989). The basalt flows in the northern areas
were reported to occur approximately 730 feet beneath the surface. Geophysical survey data and
driller logs indicated that volcanic rocks occurred at depths ranging from 370 feet to more than
600 feet below the land surface in the upper and central portions of Big Chino Valley (Schwab,
1995). Water Resource Associates (1989) described the volcanic units occurring in the northern
portions of the valley as ranging from 74 feet to more than 400 feet in thickness.

Overlying the Chino Valley Unit in the central portion of the Big Chino sub-basin is a
thick unit of clay considered being of lacustrine origin. These clay deposits are considered to be
a poor groundwater source and have been estimated to be greater than 700 feet thick (WRA,
1989). Groundwater in the Chino Valley Unit occurs under both confined and unconfined
conditions in both Big Chino and Williamson Valleys. Typically, confined conditions occur

where buried basalt flows are interbedded with clays and volcanic ash.

Upper Alluvial Unit

Sedimentary deposits (valley fill) occur within the Little Chino groundwater sub-basin in
the northern portions of the Prescott AMA and are known as the Upper Alluvial Unit (Corkhill
and Mason, 1995). The Upper Alluvial Unit is believed to overlie a Lower Volcanic Unit and a
Precambrian Basement Unit in most of the Little Chino sub-basin. The saturated alluvial
deposits are a main source of groundwater in the Little Chino Valley. The Upper Alluvial Unit is
composed of older Tertiary and younger Quaternary unconsolidated and semi-consolidated,
poorly sorted gravel, sand, fanglomerate, silt, volcanic rocks, volcanic ash, and varying amounts
of clay. Recent alluvium is found at the surface in most locations of the sub-basin. The volcanic
rocks found in the Upper Alluvial Unit were deposited as thin and discontinuous layers within
ancient drainages and are differentiated from the extensive volcanic flows comprising the Lower

Volcanic Unit of the Little Chino sub-basin (Corkhill and Mason, 1995).
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The saturated units form an aquifer that is unconfined and very extensive. Within the
Upper Alluvial Unit there are some areas where confined aquifer conditions may be found.
These limited areas apparently occur due to fine-grained sediment (clays) or lava flows that form
a restrictive layer where vertical groundwater flow is impeded. The full extent of confined areas
within the Upper Alluvial Unit including the thickness is unknown and further subsurface
geologic investigations are required to fully understand the hydrologic character of the Upper
Alluvial Unit. Well records indicate that in the Little Chino sub-basin, the Upper Alluvial Unit
has been tapped mainly by shallow domestic wells with limited pumping capacities, typically

yielding 10 to 30 gallons per minute (gpm) (Corkhill and Mason, 1995).

Lower Volcanic Unit (Little Chino Sub-basin)

The Lower Volcanic Unit is composed of a thick sequence of Tertiary basaltic and
andesitic lava flows that are interbedded with layers of pyroclastic and alluvial material (WRA,
1992). The Lower Volcanic Unit contains groundwater under confined conditions in the
northwestern areas of the Little Chino Valley, but a clear determination of the exact depth at
which confined conditions exist has not been made. Confined conditions have been observed in
the Lower Volcanic Unit in the northwestern portions of the Little Chino sub-basin. The thick
sequences of fine-grained alluvial and pyroclastic material overlying the basalt form a confining
layer that restricts the vertical movement of groundwater. Groundwater is believed to flow
through the fractures, cavities, and open spaces in the basalt deposits.

The total thickness of the Lower Volcanic Unit in the Little Chino Valley is not well
understood. It is believed that the productive thickness of the unit is only a few hundred feet
based on average depth-of-penetration of water wells tapping the unit and from depth-to-bedrock
maps produced from gravity surface data (Oppenheimer and Sumner, 1980).

Along the margins of the Little Chino sub-basin, the Upper Alluvial Unit and Lower
Volcanic Unit appear to have a good hydraulic connection with each other acting as a single
aquifer system (Corkhill and Mason, 1995). Groundwater recharge to the underlying Lower

Volcanic Unit is believed to occur mainly in these areas.

Limestone Aquifers

Other known aquifers in the Upper Verde include the Mississippian Redwall Limestone

(near Paulden) and Paleozoic Martin Formation. The Martin Formation, which contains units of
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limestone, is buried deep below the land surface in the northern portions of the subwatershed
approximately 1,700 feet below land surface near the Town of Ashfork and yields water to
several wells (Schwab, 1995).

Numerous wells have penetrated the Redwall Limestone underlying the basin-fill
sediments and basalt flows. Schwab noted in 1995 that some of the wells in the limestone had
direct contact with overlying basalt flows while, in other wells, there was sand and gravel
between the basalt flows and the limestone. The limestone unit is known to contain channels,
sinkholes, fissures, and caves formed from the dissolution of limestone by rainwater and
groundwater as evidenced in well driller reports. The amount of water that could be produced

from this aquifer is unknown.

Precambrian Basement Unit

Precambrian rocks form the basement unit of the Upper Verde groundwater sub-basins
and are generally not considered a good aquifer. Basement rocks include granite, diorite, gabbro,
schist, metavolcanics, and metasediments (Corkhill and Mason, 1995). This unit is formally
known in the Little Chino sub-basin as the Precambrian Basement Unit and forms the
impermeable floor and sides of the sub-basin. The Basement Unit underlies the Lower Volcanic
Unit in the Little Chino Valley and is exposed at the land surface throughout the mountainous
areas surrounding the valleys of the Upper Verde. The domestic wells that have tapped faults,
joints, and weathered zones in the granite and schist units typically yield 1 to 2 gallons per

minute.

Movement of Groundwater

Precipitation and Recharge

Annual precipitation ranges from approximately 12 inches in the Chino Valley area to
approximately 24 inches in the higher mountains bordering the basins (Figure 4.2). Schwalen
(1967), USBR (1993), and Corkhill and Mason (1995) provided detailed descriptions of the
regional precipitation setting.

In the Big Chino Valley, the major source of groundwater recharge to the sub-basin is by
infiltration of runoff along the mountain fronts and surface water flows along the main drainages.
Underflow into the Big Chino from upgradient tributary basins is another source of recharge

(Figure 4.3).
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Figure 4.2 - Precipitation
in the Verde River Watershed Study Area
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Figure 4.3 - Approximate Extent of the Principal Aquifer in the Alluvial Portion

of the Big Chino Sub-basin
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Previous studies have indicated that a small percentage of the annual precipitation in Big
Chino Valley reaches the groundwater table. The USBR (1993) study stated that between 0.43
and 0.85 inches per year of precipitation in the upland areas adjacent to the Big Chino Valley
resulted in recharge. This report assumes there is negligible recharge resulting from direct
precipitation in the valley on the basin floor. Most precipitation is lost as surface runoff,
evaporation, or transpired by plants (Schwab, 1995). Krieger reported in 1965 that the principal
sources of groundwater in the Prescott area are from seepage losses from surface flow of washes
and from direct infiltration from rainfall and melting snow. He stated that much more recharge
is contributed by seepage losses than by direct infiltration from precipitation.

Studies have indicated that reasonable estimates of long-term natural recharge from
ephemeral streams may be obtained from annual streamflow data (Corkhill and others, 1993),
and reasonable approximations of potential recharge from watersheds may be determined from
median annual flow data (Corkhill and Mason, 1995). Corkhill and Mason examined the
streamflow data for Granite and Willow Creeks. They estimated the average streamflows were
about 4,800 and 1,400 acre-feet per year respectively and the median flow was about 2,300 and
900 acre-feet per year for the period 1933 to 1947. The estimated total natural recharge from all
watershed areas in the Little Chino sub-basin was approximately 4,400 acre-feet for the same
period. The estimated natural recharge with the reductions for diversions on Granite Creek was
about 2,050 for the period 1949 to 1993 (Corkhill and Mason, 1995). Based on available gaging
data, precipitation data, and estimated watershed area, they determined that the median annual
flow provided a reasonable approximation of long-term recharge in Little Chino.

In the Big Chino, natural recharge estimates are based on the best data available for the
major drainages, which include Williamson Valley Wash, Walnut Creek, and Partridge Creek.
The discharge rates were determined for Williamson Valley Wash and Walnut Creek using the
streamflow gaging data for the periods 1965 through 1985 and October 1991 through September
1992. An estimate of storm flow from a 1993 USBR report was used for Partridge Creek.
Review of the streamflow data reveals that the average streamflow for Williamson Valley Wash
and Walnut Creek were about 11,160 and 1,545 acre-feet per year, respectively. The flow for
Partridge Creek was about 3,000 acre-feet per year, which is an estimate of large flow associated
with exceptional storm events. The median flow in Williamson Valley Wash and Walnut Creek
was 4,300 and 497 acre-feet per year respectively. The estimated total natural recharge from the

average annual data was about 15,700 acre-feet per year for the Big Chino sub-basin. Natural
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recharge was estimated using the median annual flow data from Williamson Valley Wash and
the method described by Corkhill and Mason (1995). A tentative application of the best
available data and median annual flow resulted in estimates of natural recharge ranging from
7,500 acre-feet to 8,500 acre-feet, depending upon the estimated watershed area and
precipitation. Improved data and refined applications may provide a closer and more confident
estimate of natural recharge than current estimates.

The groundwater study of the Prescott AMA and Little Chino Valley by Corkhill and
Mason (1995) noted that prior to 1940 long-term groundwater recharge and discharge were in
approximate balance with water levels remaining more or less constant. This assumption was
originally proposed by Schwalen (1967) who noted that prior to the construction of dams on
Granite Creek and Willow Creek, in 1915 and 1937 respectively, recharge to the artesian basin

of Little Chino Valley had reached approximate equilibrium with natural discharge.

Groundwater Flow Patterns

In the northern portion of Big Chino Valley, groundwater flows down the valley from the
northwest towards the southeast and parallels the surface drainage of the area. Groundwater in
Williamson Valley, which forms the southwest portion of the Big Chino Basin, flows in a north-
northeast direction converging with the groundwater from Big Chino Valley. Big Chino and
Williamson Valley subsurface flows appear to converge north and west of Sullivan Buttes and
then flows eastward toward Paulden exiting the sub-basin north and east of Paulden (Schwab,
1995) exiting to the Verde River. Groundwater discharge to the surface water system occurs in a
few isolated places in the northwestern portion of Big Chino Valley, most notably along Apache
and Walnut Creeks as they exit the Santa Maria and Juniper Mountains.

Groundwater in Little Chino Valley moves through the valley fill in a general northward
direction toward Chino Valley and Del Rio Springs (Krieger, 1965). Corkhill and Mason (1995)
noted that although groundwater declines occurred in most of the Little Chino sub-basin during
the time period 1940 to 1960, the general pattern and direction of groundwater flow in 1960 was
similar to the pre-1940 steady state condition. The current pattern of groundwater flow is
expected to be similar to that observed in the past. Outflows generally occur only as
groundwater underflow, which exits the Little Chino sub-basin through a bedrock gap

immediately south of Sullivan Lake.
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Groundwater in Chino Valley discharges from artesian wells and springs such as the Del
Rio Springs. The mean annual discharge at Del Rio Springs during the period 1940 to 1945 was
estimated to be approximately 2,800 acre-feet (ADWR, 1998). In 1984, the estimated mean
annual discharge had decreased to approximately 1,800 acre-feet (Corkhill and Mason, 1995). In
1997, the mean annual discharge of Del Rio Springs as recorded by the USGS gaging station
(09502900) was 1,520 acre-feet for water year 1997. The average annual diverted flow for
agriculture is estimated to 900 acre-feet (ADWR, 1998). It should be noted that a certain volume
of Del Rio springs discharge is diverted above the gage and therefore remains unmeasured. At
Del Rio Springs, about 1,500 to 2,000 acre-feet per year have been estimated to exit the sub-
basin as underflow to the Big Chino sub-basin (Corkhill and Mason, 1995) and (ADWR, 1998).

Well Distribution and Groundwater Withdrawals

Groundwater withdrawals are a result of the operation of wells in the region. Based on
ADWR’s well registry database that was accessed for wells in March 1999, approximately 9,400
wells currently exist in the Upper Verde Subwatershed. This report identifies the eight primary
classifications of wells as listed in this database. Wells that pump 35 gpm or less typically serve
private residences and, for purposes of this report, are classified as “domestic wells.” Wells
pumping greater than 35 gpm are generally used by municipal, industrial, and agricultural users
and are classified as “other.” This category also includes commercial, mining, stock, and index
wells. [Note: Index wells provide water levels and other related data that are measured or
collected and are thus not considered to be a consumptive use.] Of the 9,400 wells located in the
Upper Verde, 2,690 are listed as unknown, no code, or miscellaneous; this includes recharge,
test, and de-watering. These wells pump from 35 gpm to well over 1,000 gpm according to well
records, but the total volume of water being pumped is unknown.

It should be pointed out that ADWR’s well registry database sometimes lists inaccurate
well locations. Additionally, the database does not denote whether wells are still in operation, or
are actually in existence, or if they have been abandoned. The intention of this report is to
identify information deficiencies, one of which is a proper accounting of groundwater use and
demand in any specific region of the study area.

The distribution of total wells in the Upper Verde can be observed in Figure 4.4. The
geographical distribution of domestic wells (<35 gpm) in the Upper Verde appears in Figure 4.5.

This figure shows the major concentration of wells occurring in the Prescott AMA area.
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Irrigation, industrial, and index wells in the Big Chino and Little Chino groundwater sub-basins
and other areas of the Upper Verde can be seen in Figures 4.6, 4.7, and 4.8, respectively.

The annual measurement of depth to water data for 23 index wells (Groundwater Site
Index [GWSI] database) located throughout the Upper and Middle Verde were analyzed (Figure
4.9) and hydrographs were developed for each of these wells. Fluctuations in depth to water
provided insight into the impacts on the groundwater system resulting from periods of drought,
periods of excessive precipitation recharge, and increases or reductions in groundwater pumping.
The hydrographs are discussed later in this Chapter.

Approximately two-thirds of all GWSI wells drilled in the Big Chino Valley and
Williamson Valley groundwater sub-basins are located within the central area of the valley fill.
Domestic wells are concentrated in the Paulden area and irrigation wells are predominately
located along the Big Chino Wash and Walnut Creek drainages where agricultural fields have
been historically déveloped.

In the Little Chino Subwatershed, the groundwater uses are concentrated in the Little
Chino Valley, the City of Prescott area, and north of Prescott Valley. In the Little Chino Valley,
numerous domestic wells pump groundwater from the Upper Alluvial Unit aquifer while most
irrigation and water provider wells pump groundwater from the deeper lower Volcanic Unit
aquifer (Corkhill and Mason, 1995). The City of Prescott well field and pumping station are
located in the Town of Chino Valley, and consist of five high capacity wells at depths between
600 and 700 feet (Wells 55 Registry). North of Prescott Valley the Upper Alluvial Unit aquifer
is the major source of groundwater, although many domestic wells tap fractured volcanic or
crystalline rocks near the margins of the sub-basins (Corkhill and Mason, 1995). Five City of
Prescott wells north of Prescott are at depths between 20 and 30 feet (Wells 55 Registry). Table

4-1 shows the estimated annual groundwater withdrawals by area for the Upper Verde region.
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TABLE 4-1

ESTIMATED ANNUAL GROUNDWATER WITHDRAWALS BY AREA
(ACRE-FEET)

LOCATION
YEAR BIG CHINO LITTLE CHINO VERDE
1974 11,000 13,000 4,000
1975 12,000 15,000 4,000
1976 10,000 14,000 4,000
1977 9,000 18,000 9,000
1978 6,000 15,000 8,000
1979 5,000 15,000 8,000
1980 5,000 15,000 7,000
1981 6,000 15,000 8,000
1982 NA 14,000 9,000
1983 NA 14,000 9,000
1984 1,000 15,000 10,000
1985 3,000 14,000 12,000
1986 5,000 13,000 10,000
1987 3,000 9,000 14,000
1988 3,000 10,000 18,000
1989 4,000 15,000 24,000
1990 4,000 13,000 23,000

Source: USGS Survey, OFR 94-476, 1994.
NA: Not available

Groundwater Levels
Big Chino Sub-basin
A study conducted in Chino Valley in 1993 by the Bureau of Reclamation noted that

groundwater pumping for irrigation and recreation purposes during the 1950s and 1960s was
estimated to have exceeded the amount of water that was replenished by natural recharge. It was
also noted that most groundwater pumping for irrigation and recreational use had ceased by
1993. Field investigations conducted by ADWR in 1996 confirmed those findings. A more
recent field investigation conducted in 1998 identified an additional 1,200 acres of new farming,
which could increase the amount of groundwater pumping from the 1996 total by as much as
4,800 acre-feet of water annually. See Figure 4.10 for a map showing depth to water and altitude

of water levels in the Big Chino sub-basin.
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Figure 4.10 - Depth to Water and Altitude of the Water Level in the
Big Chino Groundwater Sub-basin, Spring 1992
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Little Chino Sub-basin
Schwalen (1967) noted that groundwater pumping was not significant in the Little Chino

sub-basin prior to 1937. By 1940, however, the annual and seasonal lowering in the artesian
pressure had become a cause for concern due to the increase in groundwater withdrawals for
irrigation. The steady-state groundwater conditions appeared to have ended in the Little Chino
sub-basin around 1940. Between 1940 and 1960 the continual pumpage for irrigation had caused
water levels to decline in both the Upper Alluvial Unit and Lower Volcanic Unit aquifers
throughout most of the Little Chino sub-basin (Corkhill and Mason, 1995).

From 1960 to the early 1980s, water levels in most of the Little Chino sub-basin
continued to decline at a rate consistent with the declines experienced during the period from
1940 to 1960. Water levels in the “perched” areas also began to decline around the end of the
1970s due to the reduction in agricultural recharge and an increase in shallow domestic well
pumpage. By 1981, groundwater usage had resulted in an 80-foot decline of water levels in the
confined zone of the Lower Volcanic Unit aquifer. Annual mean groundwater discharge at Del
Rio Springs had also declined from approximately 2,800 acre-feet per year between 1940 and
1945 to approximately 2,400 acre-feet per year between 1984 and 1989 (Corkhill and Mason,
E995):

Water levels in many areas of the Little Chino sub-basin continued to decline from 1981
to 1993, but at a much slower rate than had previously been occurring due to the reduction in
farming activities (ADWR, 1995). The “perched” water levels of the Upper Alluvial Unit
aquifer in the agricultural areas of the Little Chino sub-basin were reported to have risen slightly
or remained constant during this same time period. This was due to the presence of intervening,
fine-grained layers in the unsaturated (vadose) zone, which restricted the downward flow of
excess, deep-percolating irrigation water. Seasonal water levels fluctuated as much as 20 feet in
the “perched” area of the Upper Alluvial Unit aquifers as a result of agricultural recharge. Water
levels rose in the Upper Alluvial Unit aquifer during the summer months and declined during the
winter months. Seasonal fluctuations of about 40 feet occurred in the Lower Volcanic Unit
aquifer. Low water levels were observed during the summer months when there was more
pumping and high water levels occurred during the winter months when there was less pumping
(Corkhill and Mason, 1995). Figure 4.11 describes the hydrogeologic cross sections of the Little
Chino groundwater sub-basin. Figure 4.12 presents hydrographs of wells located in Little Chino
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Figure 4.11 - Hydrogeologic Cross-section of Little Chino Valley
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that show seasonal water level fluctuations in the Upper Alluvial Unit and Lower Volcanic Unit
aquifers for the period 1935 to 1995. Figure 4.13 is a map showing groundwater elevations in
the Prescott AMA during 1994.

Figure 4.14 shows three specific well hydrographs for the Upper Verde. The fluctuations
in depth to water provides insight into the impacts on the groundwater system resulting from
periods of drought, periods of high precipitation, and increases in groundwater pumping as
observed in these hydrographs.

Limited, long-term, continuously monitored data is available for this area. These three

wells were selected because they have the longest continuous period of record.

Well Hydrograph Analysis:

. Two wells located in the Upper Verde area near Wineglass Ranch: 1) Well Site
ID#345338112311801 - depth 342 feet; had virtually no change in depth to water
over 33 years; 2) Well near Simmons, ID#344636112394401 - depth 352 feet;
registered no change in over 32 years of monitoring (Figure 4.10).

° An index well located near Paulden: Well ID#345301112283701 - no well depth
given; 15 years of data has demonstrated a slight increase in depth to water from

97 feet in 1983 to its current depth to water of 105 feet.

Groundwater Storage Estimates

The 1974 USBR report states that more than 16 million acre-feet of groundwater are
estimated to underlie both Big Chino and Williamson Valleys. A current estimate of
groundwater storage for the entire Big Chino sub-basin is not known. Corkhill and Mason
estimated the groundwater storage in the Upper Alluvial Unit of the Little Chino sub-basin in
1995 to be approximately 1.4 million acre-feet. Corkhill estimated the volume of groundwater
storage in the Lower Volcanic Unit of the Little Chino sub-basin in 1998 to be about 0.9 million
acre-feet making the total groundwater storage estimate for Little Chino Valley sub-basin
approximately 2.3 million acre-feet. The current estimated total groundwater storage in the

alluvial valleys of Big Chino and Little Chino sub-basins is shown in Table 4-2.
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Figure 4.13 —Groundwater Elevations (1994)
Prescott Active Management Area
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Figure 4.14 Upper Verde Well Hydrographs
*Well numbers correspond with well locations on figure 4.9
**Well hydrographs derived from ADWR Wells Registry Database
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TABLE 4-2

GROUNDWATER IN STORAGE IN THE ALLUVIAL VALLEYS

OF THE UPPER VERDE
DEPTH BELOW LAND SURFACE (FEET)
LOCATION 0 TO 300 300 TO 700 700 TO 1,200 | 0TO 1,200
Groundwater Groundwater Groundwater | Groundwater
Storage Storage Storage Storage
(acre-feet) (acre-feet) (acre-feet) (acre-feet)

Little Chino Valley* NA NA NA 2,300,000%*
Williamson Valley 730,000 1,800,000 1,300,000 3,830,000
Big Chino Valley 2,300,000 6,000,000 4,500,000 12,800,000
Total 3,030,000 7,800,000 5,800,000 18,830,000

Source: USBR, 1974.
*Corkhill and Mason, 1995.

The estimated groundwater storage in the floodplain alluvium between Sullivan Lake and
Clarkdale is believed to be nearly zero (USBR, 1974). The total amount of groundwater in
storage in the Big Chino Valley, Williamson Valley, and Little Chino Valley areas can only be
estimated due to the lack of data and/or incomplete hydrogeologic assessment in the Upper

Verde.

SURFACE WATER SYSTEM
Description

The Upper Verde Subwatershed is approximately 2,100 square miles and encompasses
both the Big and Little Chino Subwatersheds and as such will be discussed separately. The
surface water system in the Big Chino Subwatershed consists of the Big Chino Wash, Partridge
Creek, Walnut Creek, Williamson Valley Wash, and the Verde River. The Little Chino surface
water system consists of Granite Creek and Little Chino Wash (Figure 4.15). Of the six surface
water drainages comprising the Upper Verde Subwatershed, only five are known to directly
contribute water to the groundwater system in the Upper Verde from ephemeral stream channel
infiltration. See Figure 4.16 for a description of stream types and common relationships to the
water table. These are the Big Chino Wash, Partridge Creek, Walnut Creek, Williamson Valley
Wash, Granite Creek, and Little Chino Wash. Selected gaging locations along drainages in the
Upper Verde are presented in Table 4-3.



Figure 4.15 - Surface Water Drainages
of the Verde River Watershed Study Area
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Figure 4.16 - Perennial and intermittent reaches and their relationship to the water table.
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Figure 4.16 - continued
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TABLE 4-3

SELECTED USGS GAGING STATIONS IN THE UPPER VERDE

DRAINAGE AREA
LOCATION GAGE # (SQ MILES) PERIOD OF RECORD

'Walnut Creek near Ashfork | 09502750 None Given 10/91 to 9/92

Mint Wash near Paulden 09502780 52.5 1972 to 1975
Williamson Valley Wash 09502800 235 3/65 to 9/85

IDel Rio Springs 09502900 None Given 8/96 to Present
Granite Creek at Prescott 09502960 30 11/94 to Present
Granite Creek near Prescott | 09503000 36.3 7/32 to 9/47, 10/94 to Present
Willow Creek near Prescott | 09503500 25.2 6/32 to 3/37

'Verde River near Paulden 09503700 2,507 7/63 to Present

Source: USGS Water Resources Data - Arizona.

Big Chino Subwatershed

The Big Chino Subwatershed encompasses approximately 1,800 square miles. Drainage
is characterized by numerous ephemeral and several perennial streams that originate in the
mountains and uplands surrounding the Big Chino basin. The headwaters of Big Chino Wash
originate in an area just east of Aubrey Cliffs on the Coconino Plateau, approximately 20 miles
northwest of Seligman, and includes several drainages west of Seligman. Runoff from the
Coconino Plateau flows south to a location west of Seligman where the drainage is impounded
by flood control structures at State Route 66, the Atchison Topeka & Santa Fe Railroad right-of-
way, and Interstate 40. Approximately five miles below these impoundments, local drainages
converge to form the broad basin of the Big Chino Wash.

Big Chino Wash forms the major north-south drainage and primarily receives runoff from
Turkey Canyon, Pine Creek, Walnut Creek, Williamson Valley Wash, and Partridge Creek.
Turkey Canyon, Pine Creek, Walnut Creek, and Williamson Valley originate in the Juniper and
Santa Maria Mountains to the west, while Partridge Creek originates on the Coconino Plateau
northwest of Ashfork. Big Chino Wash continues its flow southeastwardly for approximately 40
miles to Sullivan Lake, which is considered to be the headwaters of the Verde River.

In its upper reach, Big Chino Wash is an ephemeral stream. Ephemeral flows in the Big
Chino Wash either infiltrate into the basin floor or flow southeast to Sullivan Lake and join the
Verde River. Walnut and Apache Creeks are ephemeral streams with short perennial reaches

and Williamson Valley Wash is ephemeral with intermittent reaches. Perennial flow that is not
4-31



diverted infiltrates into the streambed. Ephemeral flows may be great enough during exceptional
storms to flow into the Big Chino Wash and the Verde River. Sullivan Dam was constructed in
the 1930s to prevent head erosion on the Verde River (USBR, 1993). Sullivan Lake today is less
than five surface acres in size and several feet deep at the dam. The streamflow gaging station
on the Verde River near Paulden (09503700) is the first USGS gaging station on the Verde

River, approximately 10 miles downstream of Sullivan Lake.

Flow Data at Gaging Stations
Big Chino Subwatershed

1. Gaged Tributaries - Annual Inflows

The Big Chino Subwatershed is ephemeral except for short perennial reaches along
Walnut and Apache Creeks and intermittent reaches along Williamson Valley Wash. Runoff
from precipitation and snowmelt may result in flows of short duration. The average and median
discharges were obtained from the records of two inactive USGS gaging stations located in
Williamson Valley Wash and Walnut Creek. Runoff measurements were used to estimate
natural recharge. Refer to Figure 2.1 for stream locations.

Streamflow data is unavailable for Big Chino Wash. The streamflow gage on the Verde
River near Paulden is the only active gage in the Big Chino Wash and Verde River system.
Limited stream gage data, however, are available for the Williamson Valley Wash near Paulden
(09502800) and Walnut Creek near Ashfork (09502750). Streamflow measurements were
recorded for Williamson Valley Wash from 1965 to 1985 and Walnut Creek from October 1991
to September 1992. Inflow estimates for the Big Chino Subwatershed were determined from
USGS streamflow measurements, runoff from direct precipitation, and an estimate of storm flow
on Partridge Creek from the U. S. Bureau of Reclamation, 1993.

Williamson Valley Wash is an ephemeral stream with intermittent reaches. The USGS
gaging station for Williamson Valley Wash is located approximately 12 miles northwest
upstream of Sullivan Lake Dam. Nineteen years of data have been collected at this station. The
mean discharge and average annual runoff for Williamson Valley Wash are approximately 15
cubic feet per second (cfs) and 11,160 acre-feet, respectively. The median of yearly mean
discharge and runoff are 6 cfs and 4,300 acre-feet respectively.

Walnut Creek is an ephemeral stream with a short perennial reach on the North Fork of

Walnut Creek. The USGS installed a streamflow gage to estimate recharge in the Big Chino
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Sub-basin from the Juniper Mountains (USBR, 1993). The mean discharge and average annual
runoff are 2 cfs and 1,550 acre-feet respectively for water year 1992, the only period of record

available.

2. Ungaged Tributaries — Annual Inflows

Partridge Creek is an ungaged ephemeral stream that drains into the northern reach of Big
Chino Wash from the northeast. Runoff flows across the Big Chino Fault, along the western
flank of Big Black Mesa, on the east side of the basin. Surface flows in Partridge Creek only
occur during exceptionally large storm events. The annual runoff from Partridge Creek is

estimated to be 3,000 acre-feet (USBR, 1993).

3 Gaged Tributaries — Annual Outflows

Streamflow from the USGS gaging station at the Verde River near Paulden gage was
used to estimate the Upper Verde watershed outflow. Average and median discharges recorded
at this location were used to estimate the outflow from the Big Chino and Little Chino
Subwatersheds to the Verde River. Perennial flow in the Verde River system begins near the
confluence of Granite Creek, approximately two miles downstream from Sullivan Lake.
Upstream from Granite Creek the Verde River has been described as intermittent with numerous
stagnant pools that are maintained by infrequent surface runoff (USBR, 1993). The USGS
gaging station on the Verde River near Paulden is approximately eight miles downstream from
Granite Creek. The annual average discharge and runoff of the Verde River as measured at the
USGS gaging station near Paulden for Water Years 1963 through 1997 is approximately 45 cfs
or 32,500 acre-feet. The median of the yearly mean discharge for the same period is 29 cfs,
which equal or 21,000 acre-feet of annual runoff (Hydrodata, Hydrosphere, 1998). The Verde
River discharge for water year 1997 was 25 cfs, which is equal to 18,190 acre feet of annual
runoff. Surface water flow in the Upper Verde River is the result of groundwater discharge

(baseflow) and flood flows from Big Chino Wash and Granite Creek during major storms.

Little Chino Subwatershed

The Little Chino Subwatershed encompasses an area of 316 square miles. The major
drainages are Granite Creek, Willow Creek, and Little Chino Wash. Surface runoff in this sub-

watershed flows northward towards the Verde River. Granite Creek is the major drainage with
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several tributaries originating in the higher elevations south and east of Prescott. The primary
tributaries of Granite Creek that originate in mountains south of Prescott are: Aspen Creek,
Bannon Creek, Butte Creek, Government Canyon, Groom Creek, Manzanita Creek, and Miller
Creek. The Granite Creek flow is partly regulated by Goldwater Reservoirs on Bannon Creek.
These streams drain into Granite Creek near Prescott above Watson Lake. Granite Creek flows
east through Prescott and then north beside State Route 89 to Watson Lake. Two USGS gaging
stations are located along Granite Creek above Watson Lake to measure daily flows. Granite
Creek is dammed to form Watson Lake above the Granite Dells. Water is released to Granite
Creek and is diverted downstream first by one private landowner near Granite Dells and then by
the Chino Valley Irrigation District (CVID) below Granite Dells.

Granite Creek also receives inflows from Lonesome Valley, which is located north of
Prescott Valley. In Lonesome Valley, surface runoff flows northwest through grassy covered
undulating topography towards Granite Creek a few miles upstream of the Verde River. The
Lonesome Valley area is mostly used as open range and is currently being subdivided for
residential development near Prescott Valley.

The Willow Creek drainage area is approximately 25 square miles with the headwaters
located in the Sierra Prieta Mountains six miles west of Prescott. It flows approximately 10
miles to the northeast where it is impounded by Willow Creek Reservoir. Water is released from
the reservoir to Willow Creek where it is diverted by CVID about one mile downstream near
State Route 89. Streamflow in Willow Creek that is not diverted by the CVID, flows into
Granite Creek just downstream from Granite Dells. Flow measurements of Willow Creek were
recorded by the USGS from 1932 to 1937, but no current flow data is available.

Little Chino Creek and its tributary, Big Draw Wash, are ephemeral streams that drain the
west and north-central basin. The streams follow a northeasterly course through the Chino

Valley area below Del Rio Springs to Sullivan Lake.

1. Gaged Tributaries

Runoff was determined from streamflow data recorded at the USGS gaging stations on
Granite Creek near Prescott (0950300) and Willow Creek (0903500). The average annual
streamflow for these two creeks was approximately 4,800 and 1,400 acre-feet respectively for
the period 1933 through 1947 (Corkhill and Mason, 1995). The median annual flow for these

two creeks was approximately 2,300 and 900 acre-feet respectively for the same time period.
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Natural recharge in the Little Chino sub-basin was estimated to be approximately 2,050 acre-feet
per year (ADWR, 1998) for the period of groundwater development from 1940 to present.
Currently, there is streamflow data available only for the gages on Granite Creek at Prescott
(09502960) from November 1994 to the current year and on Granite Creek near Prescott
(09503000) from October 1994 to the current year. The average annual streamflow at these two
gages was 2,380 acre-feet (3.29 cfs) and 2,340 acre-feet (3.23 cfs) respectively for water year
K99,

It should be noted that the streamflow data for the period 1933 to 1947 provided a
reasonable estimate of streamflow conditions in a less urbanized and developed watershed than
today. Current data is needed in order to observe and predict the present effects of urbanization

and groundwater withdrawals that may influence future stream behavior and water supply.

2 Gaged Tributaries - Annual Outflows

There are no measured annual surface outflows from the Little Chino Subwatershed.
Surface runoff typically infiltrates into the sandy channel of Granite Creek. It is assumed that
much of the infiltrated water eventually recharges the groundwater system. Surface water flows
of Granite Creek and the Verde River were observed and measured by Knauth and Greenbie
(1997) as part of an isotopic investigation of groundwater and surface water interactions in the
headwaters region of the Verde River. In May 1996, they measured the streamflow of Granite
Creek about 300 feet upstream of the Verde River and the Verde River about % mile below the
confluence with Granite Creek. The total discharges were 0.13 cfs and 4.62 cfs respectively.
They observed that the Verde River baseflow became measurable at the mouth of Granite Creek
where creek underflow emerged into the Verde River. In July 1997, they conducted another
measurement of the Verde River below Granite Creek. They observed that the Verde River
baseflow increased by a factor of 4 to 5 approximately % mile downstream from Granite Creek,
and assumed from isotopic analysis that the source of the Verde River baseflow was mainly from
the Black Mesa Aquifer with as much has 25 percent coming from the Granite Creek drainage.
The annual total mean discharge of Granite Creek was estimated by ADWR at 25 percent of the
streamflow of the Verde River about '4 mile below the confluence with Granite Creek.
Streamflows measured on May 22, 1996 and July 11, 1997, were 4.62 cfs and 4.44 cfs
respectively (Knauth and Greenbie, 1997). The average discharge of the Verde River below

Granite Creek was 4.53 cfs or about 3,280 acre-feet per year. Assuming about 25 percent of the
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baseflow of the Verde River % mile below Granite Creek was from the Granite Creek drainage,
the annual total mean discharge of Granite Creek was estimated to be about 820 acre-feet.
Additional studies should be forthcoming from the USGS and others that may shed

further light on the accuracy of this current estimate.

Surface Water Diversion Points

A total of 11 surface water diversions were identified in the Upper Verde. Seven were
located in the Big Chino sub-basin and four were located in the Little Chino sub-basin. In the
Big Chino sub-basin, three diversions are located on Walnut Creek; one on Apache Creek, one at
Colcord Spring, one diversion is located on a pond that receives water from three separate
springs (Section 1 spring, Little Spring, and Cienega Spring), and one diversion is located on
Horse Wash. All of these diversions are located on reaches of creeks or springs that flow
perennially in most years, except Horse Wash.

Three diversions on Walnut Creek divert surface water for irrigation to approximately
100 acres, of which 35 acres are irrigated exclusively with surface water and 60 acres are
irrigated with a combination of surface water and groundwater. The diversion on Apache Creek
diverts surface water for irrigation on approximately 10 acres. The diversion on Colcord Spring
diverts surface water for irrigation on approximately 70 acres. The diversion of surface water
from each of the three springs is utilized for domestic use, irrigating approximately 15 acres, and
for generating electricity. The diversion on Horse Wash is used to divert surface water for
irrigation of approximately 10 acres of land when water is available. A total of approximately
205 acres of land may be irrigated with surface water in the Big Chino sub-basin.

In the Little Chino Subwatershed, CVID diverts water from controlled releases to Granite
Creek and Willow Creek from Watson Lake and Willow Creek Reservoir. Irrigation water is
conveyed to the north by pipe and open ditch to CVID for irrigation purposes. Although the
actual annual volume of surface water diverted and received by CVID at their headgate is
unknown, estimates of these volume totals are as follows for the period 1991 to 1996. CVID
estimated the annual volume of water diverted from Watson Lake and Willow Creek Reservoir
for the time period 1991-1996 ranged from 1,580 acre-feet to 12,270 acre-feet (Exhibit EE CVID
Water Supply 1915-1996, City of Prescott Severance and Transfer Application, 7/30/98.
Accuracy of Exhibit EE reconfirmed in a letter from CVID’s attorney to ADWR, December 23,
1999.)
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The volume of surface water estimated to be received by CVID at their headgate for the
period 1991 to 1996 ranged from about 790 acre-feet to 6,360 acre-feet (Exhibit EE CVID Water
Supply 1915-1996, City of Prescott Severance and Transfer Application, 7/30/98. Accuracy of
Exhibit EE reconfirmed in a letter from CVID’s attorney to ADWR, December 23, 1999.) The
amount of water received by CVID at their headgate is significantly different than the amount of
water estimated to be diverted from Watson Lake and Willow Creek Reservoir due to seepage
and evaporation losses along the way. Approximately 50 percent of the total water diverted from
Watson Lake and Willow Creek Reservoir is estimated to be lost due to seepage in the unlined
ditch (Corkhill and Mason, 1995).

The estimated average annual volume of surface water diverted and received by CVID
for the same time period 1991 to 1996 was about 7,856 acre-feet and 3,928 acre-feet
respectively. No surface water was reportedly delivered in 1990. It should be noted that in 1997
CVID estimated the annual volume of surface water diverted from Watson Lake and Willow
Creek Reservoir ranged from 330 acre-feet to 2,550 acre-feet for the same time period 1991 to
1996. (Reported to Mr. Tim Gibson of ADWR by Ms. Sue Rees, office manager of CVID,
1997.)

Water is also diverted from Granite Creek to one private user that irrigates approximately
80 acres of pasture below Granite Dells. Del Rio Ranch diverts surface water north of Del Rio
Springs for irrigation of approximately 150 acres of pasture. The City of Prescott has developed
surface water supplies in the Little Chino Subwatershed from Bannon Creek, and in the
Hassayampa River Watershed from Hassayampa Lake, Groom Creek, Wolf Creek, and the
Hassayampa River. A pipeline connects the Hassayampa water sources with upper and lower
Goldwater Lake on Bannon Creek in the Little Chino Subwatershed. However, the City of
Prescott sold Hassayampa Lake in the early 1990s and it no longer diverts water from it.
Goldwater Lake used to have an active water treatment plant to purify water for municipal use.
Today, the lake is used solely for recreation. Water releases flow downstream in Bannon Creek

to Granite Creek and finally Watson Lake.
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43 MIDDLE VERDE
GROUNDWATER SYSTEM
Geology

The groundwater system in the Middle Verde Subwatershed incorporates areas of the
Verde Valley and Verde Canyon groundwater sub-basins (Figure 4.1). Known water-bearing
units in these groundwater sub-basins include the younger or recent stream alluvium and
Quaternary gravel along streams, Tertiary Verde Formation, Permian Supai Formation and
Coconino Sandstone, Pennsylvanian Naco Formation, Mississippian Redwall Limestone,
Devonian Martin Formation, and Cambrian Tapeats Sandstone. These units form a regional
aquifer, which appears to be hydraulically interconnected. A hydraulic connection between
different rock formations exists when groundwater can flow from one formation into another.

Prior studies have indicated that the majority of groundwater in the Middle Verde occurs
in the younger alluvium and Verde Formation along the Verde River and in the Supai Formation
along Oak Creek in Verde Valley. This section addresses the Verde Valley area specifically.
The major populated areas of the Verde Valley, such as Cottonwood, Camp Verde, and Sedona
are supplied groundwater from these aquifers for non-agricultural use. For further information
on groundwater resources and other water bearing units of the Middle Verde not discussed in this

report, see Levings (1980), Owen-Joyce and Bell (1983), and Owen-Joyce (1984).

Aquifer Characteristics and Locations

Younger Alluvium

Unconsolidated Quaternary alluvium (flood plain alluvium) forms the channel,
floodplain, and terrace gravel along the Verde River and its major tributaries. Stream channel
and floodplain deposits collectively consist of unconsolidated gravel, sand, silt, and clay. When
the stream alluvium becomes saturated it forms an aquifer along the Verde River, Oak Creek,
Beaver Creek, and West Clear Creek. It is considered the third largest aquifer in Verde Valley.
Gravel terrace deposits cover large areas bordering the Verde River but are generally found
above the water table (i.e., overlaying the Verde Formation saturated zone). The stream
alluvium exceeds one mile in width through much of the Verde Valley but narrows dramatically
where the river passes over consolidated rocks at the upstream and downstream reaches. The
alluvium is typically about 60 feet thick, and may exceed 100 feet in the Camp Verde area
(Owen-Joyce, 1984). The groundwater in the alluvium is in hydraulic connection with surface
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flows and with the Verde Formation beneath it. The majority of wells within the Middle Verde
region are located in the stream alluvium. The measured volume of water currently being

pumped from the stream alluvium is unknown.

Verde Formation

The Verde Formation forms the primary aquifer in the Middle Verde (and Verde Valley
area) and is mostly unconfined. The aquifer is composed of sandstone, siltstone, mudstone,
limestone, evaporites, and interbedded volcanic rocks. The formation was deposited in an
ancient valley whose boundaries were similar to those of the present Verde Valley. The lakebeds
and associated fluvial deposits appear as a great white mass blanketing the floor of the Verde
Valley. Within the Verde Formation, the limestone units comprise the major water bearing units.
The interbedded limestone units are usually confined between units of nearly impermeable
mudstone. It has been estimated that the Verde Formation is mostly confined, and is at least
1,800 feet thick and covers approximately 325 square miles of the Verde Valley (Twenter and
Metzger, 1963; Owen-Joyce, 1984). This formation underlies younger Quaternary gravel,
stream alluvium, and terrace deposits in a basin covering an area extending from north of
Clarkdale to south of Camp Verde. The Verde Fault forms the western boundary of the Verde
Formation aquifer where upthrown, impermeable Precambrian and Paleozoic rocks are brought
into contact with the regional aquifer. To the north and east, the Verde Formation overlies older
Paleozoic sedimentary rocks.

The late Tertiary Verde Formation and younger stream alluvium combined are commonly
referred to as the “Verde aquifer” and have previously been identified as the major sources of
groundwater in the central valley area near the Verde River (Owen-Joyce, 1984). Major
populated areas of the Middle Verde, including Camp Verde, Cottonwood, Clarkdale, and

Cornville are dependent on groundwater from the Verde aquifer.

Supai Formation

The Supai Formation, of Permian age, is the main water-bearing unit of the regional
aquifer underlying the Sedona and Page Springs area and is mostly confined. Groundwater
occurring in the upper, middle, and lower members of the Supai Formation forms the second
largest aquifer in Middle Verde. The middle and lower members of this Formation have been

identified as the major producers of groundwater. This aquifer is composed of alternating beds
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of sandstone, mudstone, siltstone, limestone, thin-bedded dolomite pebble conglomerates, and
layers of chert. Twenter and Metzger (1963) reported that sandstone lenses in the lower member
are the principal aquifers in the Sedona area. Around the Oak Creek Canyon area, springs
discharge from the upper limestone member.

The approximate thicknesses of the Supai Formation range from 0 to 1,050 feet for the
upper member (mostly dry, little water-bearing potential), 0 to 290 feet for the middle member,
and 0 to 465 feet for the lower member (Levings, 1980). Sedimentary sequences of the Hickey
Formation, volcanic rocks, and Quaternary gravel overlie the Supai Formation. In the area
around Page Springs, the Supai Formation is overlain by the Verde Formation. Locally, the
Supai and Verde formations appear to be hydraulically connected. Groundwater appears to flow
from the Supai Formation into the Verde Formation where part of it is discharged through

fractures and solution cavities to springs and flowing wells.

Movement of Groundwater

Precipitation and Recharge

Infiltration of precipitation through permeable rocks of the Colorado Plateau and
infiltration through stream channels provides the majority of the recharge to the regional aquifer.
Levings (1980) supports the fact that groundwater in the regional aquifer is derived mainly from
the infiltration of precipitation, in the form of rain or snowmelt from mountains that border the
Verde Valley. In the Sedona vicinity, the main area of groundwater recharge was identified to be
between the Mormon Mountain anticline and the Mogollon Rim, which received an average of
18 to 22 inches of precipitation per year (Sellers and Hill, 1974; Figure 4.2). Precipitation
locally infiltrates the permeable outcrops of basalt and limestone, which provides avenues for the
downward movement of water to the regional aquifer.

Five precipitation stations in the Middle Verde were examined: Montezuma, Beaver
Creek recording stations (RS), Childs, Sedona RS, and the Tuzigoot station. Data was compiled
for the past 30 years for every station except Tuzigoot, which had 19 years of recent data. These
stations were chosen, due to their close proximity to the Verde River gaging stations observed in
this study for the purpose of determining the precipitation effect on streamflow. The data
indicated that 1996 monthly and annual precipitation were below the average at the reviewed
precipitation stations, while 1992 had above average precipitation for most months. Average

annual precipitation totals for the Middle Verde region over the last 30 years ranged from a high
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of 22.63 inches at Irving to a low of 12 inches at Cottonwood. The overall average annual
precipitation for the Middle Verde region was calculated to be 16.92 inches. Historically, the
average annual precipitation for the Middle Verde region was determined to be approximately 17
inches (Twenter and Metzger, 1963). Figure 4.17 lists the precipitation stations referenced in the
Middle Verde with historical monthly precipitation averages, as well as the monthly precipitation
amounts for 1992 and 1996.

The actual percentage of precipitation that is recharged back to the groundwater system is
unknown, but has been estimated to be eight percent, based on a study of geologic conditions by
Twenter and Metzger in 1963. For this study, the eight percent recharge factor is not used as a
component of the Middle Verde water budget and is mentioned only as a point of interest and for
the purpose of showing what the potential recharge factor would be if the eight percent were
used.

The area of recharge for the Middle Verde region measures approximately 1,664,000
acres (Owen-Joyce and Bell, 1983). Multiplying the surface area of the Middle Verde region by
the average rainfall (16.92 inches or 1.41 feet) and incorporating the eight percent recharge
factor, yields approximately 187,699 acre-feet of water annually recharged to the groundwater
system in an average precipitation year. If it were assumed that the system was in a steady state
condition, the actual volume of precipitation recharge that would be required to balance the
system would fluctuate from year to year based upon a number of factors including the condition
of the watershed, the annual volume of precipitation, the number and size of storm events during
any one year, and fluctuations in municipal, industrial, and agriculture demands.

Another source of recharge is from irrigation for agricultural production. Previous
studies in the Middle Verde area indicate that water diverted from surface water supplies for
irrigation purposes are an important recharge source. Owen-Joyce (1984) reported as much as
70 percent of the water diverted for irrigation may be recharged. Since the majority of
diversions in Verde Valley are not gaged, an accurate estimate of recharge from agricultural

irrigation is not possible.

Groundwater Flow Patterns

Twenter and Metzger (1963) reported that the regional movement of groundwater in the
Middle Verde groundwater basin is from the Mormon Mountain anticline and the crest of the

Black Hills towards the Verde River (Figure 4.18). Movement of groundwater occurs in a
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Figure 4.17 Middle Verde Referenced Precipitation Stations
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Figure 4.18 - Groundwater Movement in the Middle Verde
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southwesterly direction from areas near and around the Mogollon Rim. Water level contours in
Levings’ (1980) study of the Sedona area indicate groundwater movement to be in a
southwestwardly direction from its main area of recharge between the Mormon Mountain
anticline and the Mogollon Rim, through the Sedona area toward the Verde River. These
groundwater level contours support Twenter and Metzger’s earlier regional groundwater flow
interpretations. Water infiltrates rock units of the regional aquifer and upon reaching the aquifer,
moves downgradient towards the valley streams. Groundwater in the regional aquifer discharges
through springs and seeps, which maintain the baseflows of the Middle Verde streams.

The elevation of the water table in the alluvium and the potentiometric surface of the
Verde Formation were mapped by Owen-Joyce (1984) for an area along the Verde River from
south of Camp Verde to Cottonwood Basin. Water level contours in Owen-Joyce and Bell’s
(1983) hydrologic study indicated groundwater movement to be in a southwesterly direction
from the Mormon Mountain Anticline toward the Verde Fault on the west side of Verde Valley.
Once reaching the fault zone, movement of groundwater is downgradient through the permeable
stream alluvium of the Verde River in a southeasterly direction through the fractures and joints
parallel to the fault.

Movement of groundwater through the regional aquifer is determined by complex
relationships between water-bearing rock formations and structural features such as fractures,
faults, and folds. Groundwater generally flows downward through fractures, solution channels,
bedding planes, and permeable beds eventually discharging as springs, seeps, and gaining
reaches near the Verde River and its tributary streams. Geologic structures can determine the
flow path and occurrence of groundwater. Oak Creek Fault, for example, has been identified as
a major structure regionally influencing the movement of groundwater from the Mogollon Rim
area to the Verde River (Owen-Joyce and Bell, 1983). This fault is believed to act as a highly
permeable zone along which groundwater can move more easily. Other faults in the area have
similar roles in facilitating groundwater movement and discharge in the form of springs and
seeps. The movement of groundwater can also be impeded by lateral and vertical changes in

rock composition.

Groundwater Discharge

Groundwater discharge to the surface water system occurs in several areas of the Verde

Valley from springs, bank discharge, and groundwater wells. Many of the smaller tributaries
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originate from spring flows. Discharge from springs in stream banks are considered to be the
primary sources of gains in streamflow in certain reaches of Oak Creek and the Verde River,
such as in the Page Springs and the Peck’s Lake/Tavasci Marsh areas, respectively.

Precipitation that does not infiltrate into the groundwater table is assumed to be
transpired by plants or lost as evaporation. For the water budget, evapotranspiration (ET) is
considered an outflow component, taking into consideration open water and soil evaporation as
well as the transpiration from vegetation along the stream reaches. The ET rates used were listed
in the Upper Verde River Area report and were previously determined by Anderson (1976).
Anderson estimated 35,000 acre-feet of ET occurs from the area between the USGS gaging
station on the Verde River near Paulden to below the USGS gaging station on the East Verde
River near Childs. Approximately 2,200 acre-feet of the total 35,000 acre-feet of ET was
estimated to be occurring between the USGS gaging station on the Verde River near Paulden and
the USGS gaging station on the Verde River near Clarkdale. Approximately 3,800 acre-feet of
annual ET was estimated for the reach between the USGS gaging station on the Verde River near
Camp Verde and the USGS gaging station on the Verde River below Tangle Creek. The
remaining 29,000 acre-feet of annual ET comprises the reach between the USGS gaging station
on the Verde River near Clarkdale and the USGS gaging station on the Verde River near Camp
Verde, which includes the major tributaries along that reach. For the seasonal water budget, 50
percent of the ET was assumed to take place during June, July, and August. The remaining 50
percent was estimated to occur during the months of April, May, September, and October with
no ET occurring during the winter months (Anderson, 1976).

Groundwater discharge was addressed as unmeasured groundwater and/or spring flow.
As listed in Arizona Land Resources Information Systems (ALRIS), there are approximately 335
springs located in the Middle Verde region. These springs range in output from negligible to
more than 16,130 acre-feet per year as recorded at Page Springs. Some of the other measurable

springs in the area as noted by Twenter and Metzger (1963) are identified in Table 4-4.
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TABLE 4-4

AVERAGE GROUNDWATER DISCHARGE
FROM SELECTED SPRINGS IN THE MIDDLE VERDE

ANNUAL
DISCHARGE DATE

SPRING (ACRE-FEET) MEASURED| SPRING LOCATION
Bubbling Pond 5,968 to 7,259 (r) 7-14-59 NWNW,SEC23,T16N,R4E
Buckhorn spring 1,613 (e) 5-28-59 SEC20,514N,R8E
Montezuma Well Spring 1,613 (m) 7-14-59 NE,SEC31,T15N,R6E
Summers Spring 3,065 to 4,355 (r) 10-10-51 NESE,SEC5,T17N,R3E
Wet Beaver Creek Spring 1,936 to 2,420 (e) 10-19-59 SEC14,T15N,R7E

Sources: Twenter & Metzger, 1963 and Forest Service Map-Coconino National Forest, 1985.
¢ — estimated, m — measured, r — range of several measurements

Well Distribution and Groundwater Withdrawals

Groundwater withdrawals are a result of the operation of wells in Middle Verde.
According to ADWR’s well registry database, which was accessed for a well count in March
1999, approximately 9,630 wells currently exist in the Middle Verde Subwatershed. The annual
groundwater withdrawal by all the wells or by domestic wells specifically is unknown. These
wells pump anywhere from 35 gpm to over 1,000 gpm according to well records. See Chapter 3
for more detailed information on the annual groundwater withdrawals by domestic and all other
wells. Refer back to Table 4-1 for estimated annual groundwater withdrawals by area.

The total well distribution for the Middle Verde, in addition to the locations of major
concentrations of wells occurring near and adjacent to the Verde River and major tributaries, can
be observed in Figure 4.19. The geographical distribution of domestic wells (<35 gpm) is
presented in Figure 4.20. Irrigation, industrial, and index wells in the Middle Verde can be seen
in Figures 4.21, 4.22, and 4.23, respectively.

In the Verde Valley groundwater sub-basin, it appears that over 75 percent of all wells
are located in the Verde Valley area along perennial streams where agricultural fields have
historically been developed. The majority of wells are located near or in the younger alluvium
and may be pumping from subsurface flows of the Verde River and its tributaries, depending on
the depth of the well. Figure 4.24 demonstrates the direct and indirect effects on streams from
well pumpage. The geographical distribution of wells in the Middle Verde that are believed to

be pumping within the younger alluvium (subflow zone) is shown in Figure 4.25.
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Figure 4.24 - Direct and indirect effect on streams from well pumpage.
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Figure 4.25 - Well Distribution Within the Younger Alluvium, Quaternary Age Gravels
and Tertiary Age Verde Formation in the Verde River Valley Area, Yavapai County, Arizona.
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The major concentration of wells occurs in the Camp Verde area, where as many as 1,800
residences were estimated to be served by private wells in 1990 (Geraghty and Miller, 1991).
Other areas within the Middle Verde region with large concentrations of wells include

Cottonwood, Clarkdale, Cornville, and Page Springs.

Groundwater Levels
Verde Valley Sub-basin

Throughout most of the Verde Valley area, the groundwater is unconfined and close to

the land surface. There are, however, certain areas with locally confined (artesian) conditions
occurring throughout the Verde Formation near and around Page Springs, Cottonwood, and
Camp Verde. Depth to water in wells that penetrate the Verde Formation range from near land
surface to more than 480 feet below the surface (Owen-Joyce and Bell, 1983).

Owen-Joyce (1984) reported that groundwater level elevations in the wells in the
alluvium adjacent to the river were found to be higher than the streambed itself. This indicated
that groundwater was flowing from the alluvium towards the river in the Camp Verde area.
Figure 4.26 shows a geologic cross section of the Verde Formation in the Verde Valley.

Owen-Joyce (1984) reported that seasonal fluctuations of alluvial water levels were
caused by changes in river stage and from recharge that resulted from agricultural irrigation
practices. Water level fluctuations due to deep percolation of irrigation water were most
noticeable farthest from the river, away from the influences of river stage. The extent and
geographic distribution of irrigated acreage, amount of water being applied, crop consumptive
use, and infiltration rates all influenced the amount and location of irrigation return flows.

In 1993, Sullivan and Richardson estimated that during the growing season, more than
half of the flow of the Verde River is diverted into irrigation ditches, and in some reaches, the
river loses all surface flow. Water levels in the alluvium were found to fluctuate over the course
of the year, with recharge from streamflow, flood flows, and irrigation return flows keeping the
alluvium saturated. Twenter and Metzger (1963) noted that “In areas where discharge only
slightly exceeds recharge, the overall decline in water level over the years may be only slight; the
level will decline markedly during periods of greatest discharge, such as the summer growing
season, but will recover almost to its previous level when discharge is greatly reduced, such as

during the winter. This probably is the nature of groundwater fluctuations in Verde Valley.”
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Well Analysis
Evaluating trends in well hydrographs can provide insight into understanding the status of

a groundwater or surface water system. The annual measurements of depth to water data for 23
wells located throughout the Upper and Middle Verde were analyzed (see Figure 4.9 for well
locations). Linear regression analysis was performed on the depth to water data to determine
potential trends for each well. Fluctuations in depth to water provided insight into the impacts
on the groundwater system resulting from periods of drought, periods of high precipitation
recharge, and increases in groundwater pumping. Figure 4.27 lists the well hydrographs for the
Middle Verde. These wells were selected because they have the longest, continuously monitored

period of record.

Well Hydrograph Analysis:

Three wells in the Camp Verde area: Well Site ID#343254111505401 - depth 120 feet;
had a slight increase in depth to water over a 32 year period.
ID#343638111501301 - depth 160 feet; had a 15 feet decrease in depth to water
over a 39 year period. ID#343409111511101 - depth 99 feet; had an increase in
depth to water of 23 feet over a 19 year period.

. Four wells in the Cornville area: ID#343843111575301 - with no listed depth,
had virtually no change in depth over a five-year period. ID#344312111540801 -
300 foot depth and ID#344307111552701, at 250 feet deep, both registered
increased depths to water of 13 feet over 20 and 31 years of study respectively.
ID#344250111583401 - depth 400 feet; registered an increase in depth to water of
25 feet over a 32 year period. All of these wells were located in the floodplain
alluvium.

. Two wells located in the Lake Montezuma area: ID#343833111490101 - depth
503 feet; had a 90 feet increase in depth to water over a 19-year period, and
ID#343924111454901 - depth 240 feet, showed a 12 feet increase in depth to
water over six years. These wells are located outside the alluvium.

. A well in the Clarkdale area: ID#344556112040501 - depth 395 feet; well

revealed a 26 feet increase in depth to water over a five-year period.

4-56



Figure

4.27 Middle Verde Well Hydrographs

* Well numbers correspond with well locations on figure 4.9
**Well hydrographs derived from ADWR Wells Registry Database
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Figure 4.27 Continued
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Figure 4.27 Continued

LAKE MONTEZUMA WELL #18

E #343924111454901 WELL DEPTH - 240’
i 100
L
L8 —
,,“;] \-’——\_—_—
5 120 4 -
5 130
= 140
l_
T 150 . (
i 1991 1992 1993 1994 1995 1996 1997
LAKE MONTEZUMA WELL #17
E #343833111490101 WELL DEPTH - 503’
i 225
245
@ 265
285 |-
= 5
345 = s
T 365 | | |
o 1978 1992 1993 1994 1995 1996 1997
(]
- CLARKDALE WELL #4
m #344556112040501 WELL DEPTH - 395’
L2210
@220
S0 T
240 .
& ———
l_
260 ; : _
i 1992 1993 1994 1995 1996 1997

4-59




Figure 4.27 Continued
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Figure 4.27 Continued

MUNDS PARK WELL #10
#345612111385201 WELL DEPTH - 200’

110 1
120 1%
130
140 4
150
160 -+
170

1967 1977 1979 1981 1984 1986 1988 1990 1993 1995 1997

DEPTH TO WATER (FEET)

MUNDS PARK WELL #11
#345619111385501 WELL DEPTH - 232’

60
80 |
100 1
120

140

' — —_ -
1965 1969 1973 1977 1980 1984 1987 1990 1993 1996

DEPTH TO WATER (FEET)

SEDONA WELL #15
i #344957111463102 WELL DEPTH - 465’
@425
o 435
< !
= 455 +
F 465 |
a
=475 24— i ————
& 1967 1970 1974 1977 1980 1984 1987 1990 1993 1996
(i)

4-61



Figure 4.27 Continued
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Two wells located in the Munds Park area: ID#345612111385201 - depth 200
feet; showed a 13 feet increase in depth to water over 30 years, and well
ID#345619111385501 - depth 230 feet; had a 25 feet decrease in depth to water
over 32 years. Neither of these wells is located in the younger alluvium.

The results of two wells located near Sedona: 1D#344957111463102 - depth 465
feet; had a slight increase of four feet depth to water over a 31-year period.
ID#344850111494801 - depth 700 feet; had an eight feet decrease in depth to
water over 23 years.

A well located in the northern part of the study area near Bellemont:
ID#351409111500302 - depth 110 feet; well showed a seven feet increase in
depth to water over 30 years.

A well located in the eastern portion of the study area near Long Valley:
ID#343314111183801 - depth 600 feet; well revealed a 12 feet decrease in depth
to water over 31 years.

Four wells located in the Payson area: ID#341436111190001 - depth unknown;
had a depth to water of 140 feet in 1986 which increased to 213 feet in 1998.
ID#341547111192501 - depth 400 feet; revealed a depth to water in 1963 of 92
feet, which increased to 135 feet in 1998. Near Strawberry:
ID#342417111305101 - depth 152 feet; well showed an increase in depth to water
over a 19-year period from 50 feet to 69 feet in 1993. Near Pine:
1ID#342408111270401 - depth 233 féet; had a fluctuating depth to water starting
at 132 feet in 1987, and ending at 92 feet in 1998.

Groundwater Storage Estimates

The estimating of total groundwater storage has proven to be the most challenging aspect

of the water resource analysis in the Middle Verde region. At this time, a reasonable estimate of

the total groundwater storage in the Middle Verde Subwatershed cannot be calculated due to the

lack of information. Groundwater storage capacities for specific water-bearing units in the

Middle Verde region, however, have been studied and groundwater storage capacities estimated.

As an example, the stream alluvium in the Camp Verde area is a specific geologic unit with an

estimated water storage capacity of 17,500 acre-feet (Freeze and Cherry, 1979).
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Hydrogeologic complexities need to be addressed (identified and studied) to estimate

storage capacities in the regional aquifer, which underlies a major portion of the Middle Verde.

SURFACE WATER SYSTEM
Description

The surface water system in the Middle Verde Subwatershed consists of seven surface
water drainages. These are the Verde River Valley, Oak Creek, Wet Beaver Creek, West Clear
Creek, East Verde River, Fossil Creek, and Verde River Canyon drainages. (Refer back to
Figure 4.15.)

The Middle Verde Subwatershed surface water system encompasses the Verde River and
its tributaries from the gaging station on the Verde River near Paulden to the gaging station on
the Verde River below Tangle Creek. Along this reach of the Verde River are many measured
and unmeasured springs and gaged tributaries, such as Oak Creek, Wet Beaver Creek, West
Clear Creek, Fossil Creek, and the East Verde River. Table 4-5 lists the gaging stations that this
section of the report focused on, as well as the drainage area, period of record, and annual mean

for each station.

TABLE 4-5

SELECTED USGS GAGING STATIONS IN THE MIDDLE VERDE

DRAINAGE
AREA ANNUAL MEAN
LOCATION GAGE # | (SQ MILES) PERIOD OF RECORD (ACRE-FEET)
[Verde River near Paulden 09503700 2,507 7/63 to Present 32,500
Verde River near Clarkdale 09504000 3,503 1915 to 1921, 4/65 to Present 140,400
I0ak Creek near Cornville 09504500 355 1940 to 1945, 4/48 to Present 64,930
et Beaver Creek 09505200 142 10/60 to Present 33,430
[West Clear Creek 09505800 241 12/64 to Present 48,300
[Verde River near Camp Verde 09506000 5,009 1934 to 1945, 10/88 to Present 329,200
[Fossil Creek 09507500 Diversion 1/52 to Present 28,000
[East Verde River near Childs 09507980 331 9161 to 1965, 5/67 to Present 50,140
[Verde River below Tangle Creek| 09508500 5,858 8/45 to Present 424,700

Source: USGS Water Resources. Data —
Arizona, 1997.

4-64



Flow Data at Gaging Stations
1. Gaged Tributaries - Annual Budget - Inflows

The annual budget reflects the yearly flow totals for the gaging stations discussed in the
seasonal budget section. Seven years of seven-day low flow annual totals for 1990-1996 were
graphed with annual total flows for the same period. The results demonstrate the slight
fluctuations in the seven-day low flow totals, as well as the variations in total flow, which are
directly related to yearly precipitation events. Figure 4.28 compares the Middle Verde stream
gages average seven-day low flows with the average total flows for 1990-1996.

In order to demonstrate long-term streamflow fluctuations, historical seven-day low flow
and total flow data were collected for each gaging station for the month of June for the years
1965 through 1997. The June seven-day low flow results revealed some variation from year to
year for the past seven years. As expected, there was an increase in variation for the annual total
flows, which is again directly related to the significant fluctuations in annual precipitation totals.
Figure 4.29 presents historical June seven-day low flows and total flows. Comparisons of the
seven-day low flow yearly totals for the gaging stations Verde near Paulden, Verde near
Clarkdale, Verde near Camp Verde, and Verde below Tangle Creek for the years 1990 through
1996 indicate the Verde River as a gaining stream (Figure 4.30). Figure 4.31 demonstrates the
interaction between monthly precipitation amounts and streamflow using five gaging stations

located nearest to the precipitation stations for the years 1992 (a wet year) and 1996 (a dry year).

& Gaged Tributaries - Annual Budget - Outflows

The annual surface water outflow results for 1990 through 1996 are based on the
seasonal outflow results and, therefore, this section consists of a summary of the totals from the
seasonal outflow section. The seven-year average annual seven-day low flow and total flow
values for the 1990-1997 study period for the Verde River below Camp Verde gaging station
were 138,614 and 369,157 acre-feet respectively. The annual evapotranspiration rate amounted
to approximately 35,000 acre-feet per year (Owen-Joyce and Bell, 1983), and the agriculture
irnigation requirement totaled 16,140 acre-feet for 1997. The municipal/private water provider’s
use total, which included residential, commercial, industrial, and others, for the study period
ranged from 4,751 acre-feet in 1990 to 7,311 acre-feet in 1997. The private industrial wells that
furnish water for sand and gravel operations and golf courses averaged 1,204 acre-feet and 3,436

acre-feet of water per year respectively.
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Figure 4.28 Average 7-Day Low Flows & Average Total Flows for 1990-1996

* 7-DAY LOW FLOWS DETERMINED ON A MONTH BY MONTH BASIS, EACH YEAR
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Figure 4.28 Continued
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Figure 4.29 Historical June 7-Day Low Flows & Total Flows

*Yearly 7-day low flow totals based upon June 7-day low flows
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Figure 4.29 Continued
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Figure 4.29 Continued
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Figure 4.31 Gaged Stream Flow and Precipitation Station Comparisons- 1992 & 1996
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Figure 4.31 Continued
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Figure 4.31 Continued
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3 Gaged Tributaries - Seasonal Budget - Inflows

Total flow and baseflow (seven-day low flow) data for the Verde River and its tributaries
were evaluated in order to better understand the seasonal aspect of water availability and use.
Baseflow as defined by Owen-Joyce et al, 1983, is “groundwater that has been discharged into a

ke

stream channel as spring or seepage water.” For this report, seven-day low flow numbers were
used instead of actual baseflow numbers due to a lack of available baseflow data for the gaging
stations. The difference between seven-day low flow and baseflow is that baseflow numbers do
not reflect increased flow rates attributed to precipitation, while seven-day low flow numbers are
influenced by precipitation.

The Verde River and its tributaries seven-day low flow figures were derived from data
collected from the USGS streamflow value records. Each gaging station record was analyzed on
a month to month basis for the years 1990-1996. Identifying the seven-day low flow within each
month and finding the mean for the seven-day flow, approximated seven-day low flow levels.
All flow data for this report were calculated based on calendar year results, which excludes 1997
flow data because figures were only available through September for 1998.

According to Twenter and Metzger, 1963, streamflow runoff or discharge above
baseflow levels is defined as runoff (total flow) from precipitation and snowmelt upstream.
Total flow amounts were used to represent the total amount of water flowing through the gaging
stations per month. The monthly total averages for each station were collected from the USGS

gaging station historical data bank accessed through the Verde River Watershed Association

website, (www.verde.org) that were collected for an average of 31 years.

4 Gaged Tributaries - Seasonal Budget - Outflows

Surface water outflows for the water budget of the Middle Verde study areca were
measured at the Verde River near the Camp Verde gaging station (USGS station 09506000).
This gaging station was selected as the measuring point for outflows because virtually all water
demand in the Middle Verde occurs above this station. Monthly seven-day low flow and total
flow values were computed using the same methods as for the surface water inflows.

Figure 4.32 shows graphs of monthly mean seven-day low flow data and average total
flow data for the period 1990 through 1996, along with historical monthly flow data for each
gaging station in the Middle Verde study area.
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Figure 4.32 Mean 7-day Low Flows and Average Total Flows; Historical and 1990-96
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Figure 4.32 Continued
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Figure 4.32 Continued
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Tributary Flow Analysis

Baseflow (Seven-Day Low Flow) Estimates and Seasonal Flow Regime

The historical monthly flow averages were graphed and compared to the seven-year
averages for seven-day low flow and total flow values, with the results revealing fluctuations
reflecting seasonal precipitation events and water demand. Annual peak streamflows typically
occurred during the months of January, February, and March due to precipitation events and
snowmelt. Minimum monthly streamflows occurred during the month of June, before the arrival
of the monsoon storms. Because all flow data was calculated utilizing calendar year figures,
1997 flow data was not incorporated since it was only available through September 1997. Refer
back to Figure 4.32 for the total flows versus seven-day low flow data collected at each gaging
station, with average monthly total flow data represented with historical (1965-1994) and recent
data.

Unmeasured Tributary Flow

Inflow from mountain front recharge was accounted for as unmeasured tributary
streamflows attributed to precipitation. Precipitation averages for the last 30 years (1967 to
1997) ranges from 11.58 inches in Chino Valley to 22.63 inches at the Irving precipitation
station located near Fossil Creek. Precipitation data was retrieved from the National and Oceanic
Atmospheric Association (NOAA) website (ncdc.noaa.gov). The Upper Verde River Area report
stated that an average of 20 inches of precipitation falls on the Platecau Uplands, where the
majority of recharge from precipitation for the area occurs (Owen-Joyce and Bell, 1983). These

flows are unmeasured, but are estimated in the water budget section as residuals.

Baseflow (Seven-Day Low Flow)

Hydrographs were also developed and evaluated for the seven-day low flows of the
Verde River and its primary tributaries to identify any trends that may be occurring. Seven-day
low flows for the past 30 years for the months of June and December were determined from the
data collected by the nine USGS gaging stations located on the Verde River and its tributaries
within the Verde Valley. Flow data for eight of the nine gaging stations were available for the
full 30 years. The ninth gaging station located on the Verde River below Camp Verde had nine

complete years of flow data.
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Once again, the months of June and December were selected for seven-day low flow
analysis because of their consistent low rate of streamflow and the relatively low incidence of
storm events that occur during these months. June typically experiences the lowest seven-day
low flows throughout the year, which is indicative of low storm events and high demand.
December tends to have a slightly higher seven-day low flow, but minimal or no demands from
agriculture, evapotranspiration (ET), and the municipal sector make it more indicative of what

the actual seven-day low flow tends to be.

Seven-Day Low Flow - Linear Regression Analysis

Linear regression analysis indicates that seven of the nine stations had increases in June
seven-day low flows over the 30-year period. The gaging stations at Fossil Creek and the East
Verde near Childs were the exceptions, with the gaging station on the East Verde near Childs
indicating a decrease of approximately 8,700 acre-feet per month. This change could be a result
of the inflow releases from Blue Ridge reservoir. December seven-day low flows indicated
slightly increasing trends over the past 30 years for six of the nine stations. The three exceptions
that indicated slightly decreasing trends over the same time period were Fossil Creek, Oak
Creek, and the Verde River near Tangle Creek. Figure 4.33 shows linear regressions of seven-
day low flow streamflow data for the months of June and December for an average of 30 years

per station.

Precipitation
Precipitation trend analysis was also performed on the five referenced gaging stations

located within the Middle Verde region (Figure 4.34). The analysis was performed on data
collected over a 32-year period (1965-1997) for four of the stations and for 19 years (1978-1997)
at the Tuzigoot station. Some years were missing totals due to missing data for some months
during that year. The analysis revealed a slightly upward trend for the Beaver Creek recording
station (RS) and the Montezuma Castle stations, a fairly steady trend for the Sedona RS and

Childs stations, and a slight downward trend was noted at the Tuzigoot station.

Surface Water Diversions Points
A total of 74 surface water diversions were identified in the Middle Verde areca. These

diversions supply water for domestic, agricultural, commercial, and other uses.
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Figure 4.33 Linear Regression Analysis
Verde River Near Paulden Gaging Station Dec. & June 1965-1996
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Figure 4.33 Continued

Clarkdale Gaging Station Dec. & June 1965-1996

CLARKDALE STATION
DEC. 1-31 BETWEEN 1965-1996

75000
Zr
= ; 70000
o | A R
L ® 65000
Zh !
O W 60000 -
> w
5 & 55000
~ < V

50000

1965 1970 1975 1980 1985 1990 1995 2000
YEAR
——TREND
= ACFT/YR
CLARKDALE STATION
JUNE 1-30 BETWEEN 1965-1996

70000 |
2L as000 |
1 A
= & 60000
b
2 T 55000
9t
< .
Q O 45000
s

40000

1965 1970 1975 1980 1985 1990 1995 2000
YEAR
‘ —+—TREND
- ACFTIYR

4-82




Figure 4.33 Continued
Fossil Creek Gaging Station Dec. & June 1965-1996
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Figure 4.33 Continued
Oak Creek At Cornville Gaging Station Dec. & June 1965-1996
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Figure 4.33 Continued
Verde River At Camp Verde Gaging Station Dec. & June 1989-1996
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West Clear Cr. Nr. Camp Verde Gaging Station Dec. & June 1965-1996

Figure 4.33 Continued
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Figure 4.33 Continued

Wt. Beaver Station Near Rimrock Dec. & June 1965-1981,1982 & 1990-1996
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Figure 4.33 Continued

East Verde Near Childs Gaging Station Dec. & June 1967-1997
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Verde R. Below Tangle Creek Gaging Station Dec. & June 1965-1996

Figure 4.33 Continued
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Figure 4.34 Precipitation Trend Analysis
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Figure 4.34 Continued

SEDONA RS PPT STATION 1965-1997
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A total of 25 surface water diversions are located along the Verde River. The first
diversion occurs in Perkinsville where surface water is diverted from the Verde to irrigate
approximately 40 acres of land. The remaining 24 diversions are located from near Clarkdale to
below Camp Verde and consist of nine diversion structures, 13 instream pumps, and two springs.
All surface water diverted by these 24 diversions is used for irrigation.

Thirty-two surface water diversions are located along Oak Creek. The first diversions
occur north of Sedona where two springs are diverted to supply surface water to the Arizona
Game and Fish’s Sterling Hatchery facility. Other diversions along Oak Creek include 16
surface water diversions, eight springs, and eight instream pumps. Seven additional ditch
diversions were also identified along Oak Creek, but are no longer in service and are not
included in the total number of active diversions for the Middle Verde.

Twelve surface water diversions are located along Wet Beaver Creek. Eight are diverted
surface flows from Wet Beaver Creek and four are diverted surface flows from springs within
the area. All 12 diversions divert surface water for irrigation purposes.

Three surface water diversions are located along West Clear Creek and divert surface
water for irrigation purposes. One surface water diversion is located along Webber Creek at its
confluence with the East Verde River. Surface water diversions from this location are diverted
for the irrigation of lawns and pastures located within the Flowing Springs Irrigation Association
service area. See Appendix B for more detailed information on the major surface water

diversions within the Middle Verde.

44  WATER QUALITY
Introduction

National regulations and guidelines for the quality of water provided by public water
systems have been established by the U. S. Environmental Protection Agency (EPA) (1977, p.
17146). Contaminants in drinking water that have been shown to affect human health, such as
arsenic and fluoride, are governed by primary drinking water regulations established by the EPA.
Primary regulations are enforceable by the EPA and the states. Any physical, chemical,
biological, or radiological substance in water are regulated according to a specified limit known
as “Maximum Contaminant Level” (MCL). Regulated categories of primary MCLs include

nutrients, pesticides, semi-volatile organics, volatile organics, bacteria/virus, major metal cations

4-92



and anions, metals, radionuclides, and others. Table 4-6 lists several Arizona domestic water
source standards that have been exceeded in the Verde Watershed study area.

Secondary regulations were established as recommended guidelines for the States to
follow. Contaminants that affect the aesthetic quality of drinking water, such as dissolved solids,
sulfate, magnesium, chloride, and sodium, are governed by secondary drinking water regulations
established by the EPA and the states. As given in the secondary drinking water regulations by
the EPA and in accordance of the Safe Drinking Water Act (Public Law 93-523), the
recommended MCLs for dissolved solids in public water supplies is 500 mg/L (milligrams per

liter [mg/L = parts per million]) (Owen-Joyce et al., 1983).

TABLE 4-6

SELECTED GROUNDWATER STANDARDS FOR PUBLIC WATER SYSTEMS
IN ARIZONA AND KNOWN CONTAMINANT LEVELS
IN THE VERDE WATERSHED STUDY AREA

AQUIFER WATER QUALITY STANDARDS

(AWQS) MCL or SMCL
INORGANIC — MAJORS (MEASURED AS pg/L* UNLESS STATED)
Total Dissolved Solids (TDS) 500.0 mg/L
Fluoride (F) — Dissolved 4.0 mg/L
Nitrate (NO3 as N) 10.0 mg/L

Sulfate (SO4)

SMCL = 250.0 mg/L

INORGANIC - METALS

Arsenic (As) — Dissolved 50
Iron (Fe) SMCL = 300
Lead (Pb) 50
Mercury (Hg) 2
VOLATILE ORGANIC COMPOUNDS
Trichloroethene (TCE) ]
Tetrachloroethylene (PCE) 5

PHYSICAL, BACTERIOLOGICAL

PH

SMCL =6.5to 8.5

Fecal Coliform

800 colonies/100 ml

Sources: SRP, 1995 Annual Water Quality Report; ADEQ, 1998.
*ng/L = parts per billion; mg/L = parts per million.
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Upper Verde

Groundwater quality data in the Upper Verde is scarce due to the fact that limited
sampling has been performed until recently. The best and most recent data are found for areas
within the Prescott AMA. Groundwater quality in the Prescott AMA is generally of good quality
for most uses. Previous sampling, however, has occasionally detected higher levels of total
dissolved solids (TDS), organics, sulfate, nitrate, and metals exceeding federal and state drinking
water standards. Total dissolved solids in the two groundwater sub-basins of the Prescott AMA
are generally low, ranging from less than 130 mg/l to over 800 mg/l. Most readings were found
to be within the 200 to 400 mg/l range. Near Del Rio Springs, TDS concentrations in the
underlying regional aquifer were found to be lower than in the perched aquifer system (Prescott
AMA SMP, 1995).

Previous studies of groundwater quality in the Prescott AMA (W. H. Remick, 1982) have
identified fluoride concentrations in water samples from wells ranging from 0 to 4.0 mg/L. The
maximum concentration level for fluoride in public water supplies differs according to the
annual maximum daily air temperature (Bureau of Water Quality Control, 1978, p. 6). In his
1982 study, Remick reported that the average annual, maximum daily air temperature for the
lower elevations of the Prescott AMA (below 5,000 feet) is about 72°F. The average annual,
maximum daily air temperature for the higher elevations of the Prescott AMA (above 5,000 fect)
is about 69°F. The maximum concentration levels for fluoride at the lower and higher elevations
are 1.6 mg/L and 1.8 mg/L respectively. Of the 364 samples collected in that study, only eight
samples contained fluoride in excess of the maximum concentration level allowed. The eight
samples were all from wells located in bedrock in the mountains of the Little Chino Valley
sub-basin.

The most recent groundwater quality sampling within the Prescott AMA and the Verde
River groundwater basin, comes from the Arizona Department of Environmental Quality
(ADEQ) in their 1998 Water Quality Assessment. In this report, the number of wells exceeding
Arizona’s Aquifer Water Quality Standards in the Prescott AMA were obtained from the ADEQ
Water Quality Database and summarized according to general constituent categories. The
categories included radiochemicals, fluoride, metals, nitrate, volatile organic carbons (VOC) and
semi-volatile organic carbons (SOC), and pesticides. Data was collected from domestic,
irrigation, industrial, stock, and index wells in areas suspected of contamination. Out of 147

samples taken from wells in the Prescott AMA, two exceeded the fluoride standard, one
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exceeded the radiochemical standard, and two more exceeded the nitrate standard. Based on
these recent tests, it appears that groundwater quality has had little change when comparing the
more recent data against historical data.

The quality of surface water in the Prescott AMA has been reported as very good.
Surface flows from Granite Creek met all parameters set by federal and state drinking water
standards. The TDS concentration in water used for irrigation in the Prescott AMA typically
ranges from 200 to 500 mg/L.

Water quality data in the areas in and around Williamson Valley, Walnut Creek, and Big
Chino Wash is insufficient to determine current water quality problems in these areas.
Supplemental collection of groundwater quality data by ADEQ in these areas is currently

underway and should facilitate future evaluations.

Middle Verde

In the Middle Verde, fluoride concentrations have been found to be less than 4 mg/L; the
maximum contaminant level allowed in public water supplies by the state (ADEQ, 1997).
Contaminant levels have ranged up to 1.6 mg/L to 1.8 mg/L in the Middle Verde (Levings et al.,
1980). Arsenic has been found in water from some wells near Cornville and Rimrock down to
Camp Verde ranging from 1 pg/L to 240 pg/L. (micrograms per liter). The maximum
contaminant level of arsenic allowed in public water supplies is 50 pg/L (U. S. Environmental
Protection Agency, 1976, p. 14).

Previous studies have indicated that groundwater quality in the regional aquifer is of
acceptable quality and suitable for most uses. In the northern and eastern portions of the Middle
Verde, groundwater has been found to contain less than 500 mg/L of TDS (mainly calcium,
magnesium, and bicarbonate).

In the southwestern portion of the Middle Verde, most wells obtain their water from the
Verde Formation. The chemical quality of water in the Verde Formation is varied owing to
differences in lithology and the poor hydraulic connection between the beds that make up the
formation. Groundwater has been found to change composition as it flows downgradient
through the Verde Formation. Wells in the formation generally contain less than 500 mg/L of
TDS with certain areas having wells ranging from 500 mg/L to 2,000 mg/L. TDS. Water from a
few wells contains more than 2,000 mg/L of TDS. From Cottonwood to south of Camp Verde

there is a marked increase in sodium and sulfate concentrations. South of Camp Verde the water
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from the Verde Formation is salty and unsuitable for domestic purposes. Water that contains
more than 1,000 mg/L of dissolved solids generally contains a predominance of sodium,
magnesium, and sulfate owing to solution of salts, one of which is gypsum (Levings et al., 1980).

Groundwater in the alluvium along the Verde River south of Camp Verde has been found
to contain large concentrations of TDS, 810 to 3,790 mg/L, which are mainly magnesium,
sodium, calcium, and sulfate (Owen-Joyce et al., 1983).

The chemical quality of surface flows has been found to be similar to that of
groundwater, which is generally a calcium magnesium bicarbonate type. Surface flows within
the Verde Formation contain increased dissolved solids as a result of groundwater inflow to the
river.

Currently, the greatest single use of surface water is for irrigation; surface water in the
Middle Verde River area is generally well suited for that use. Studies have found that in most of
the streams in the area the sodium hazard is low, but the salinity hazard generally ranges from
low to medium in the tributaries and the Verde River north of Camp Verde and medium to high
downstream of Camp Verde (Owen-Joyce et al., 1983).

The presence of fecal coliform bacteria in surface waters of the Middle Verde have been
detected and studied for some time. Fecal coliform bacteria are present in the intestines and
feces of warm-blooded animals. Contaminant levels for fecal coliform organisms have a
maximum allowable limit of 800 colonies per 100 milliliter as set forth by the Arizona Water
Quality Control Council (Owen-Joyce et al., 1983). Fecal coliform bacterial contaminant levels
exceeding the allowable limit are considered hazardous to human health.

The USGS, ADEQ, and Salt River Project (SRP) have previously evaluated the
bacteriological quality of surface flows under the single sample category. Samples taken in Oak
Creek and the Verde River have periodically exceeded the maximum allowable limits. This data
indicates that there are sites where, for at least short periods, fecal pollution may be a potential
hazard to swimmers during the summer months when streamside recreation and tourism is at its
peak. High fecal coliform counts may also be attributed to livestock and other wild animals

defecating in or close to streams (Owen-Joyce et al., 1983).

4-96



CHAPTER 5

Water Budget Analysis




CHAPTER 5: WATER BUDGET ANALYSIS

5.1 INTRODUCTION

The purpose for developing a water budget is to evaluate the hydrologic components of a
watershed, such as inflows, outflows, and change in groundwater storage. Through analysis of
these components, determinations regarding their relative importance and the impacts they have
on each other and on the system as a whole can be made. This type of analysis also helps in
understanding the relative certainty or uncertainty of each component.

To better understand the dynamics of the hydrologic system, particularly to help address
the difficult questions of the effect of pumping and the timing and location of diversions and
return flows, the preliminary water budgets developed in this report will ultimately need to be
more detailed and cover a longer period of time.

A balanced water budget for a regional aquifer occurs when there is no net change in the
amount of water stored and the inflows equal the outflows. The Upper Verde River Area report,
written in 1983 by Owen-Joyce and Bell, included a water budget that focused on a portion of
the study area referred to in this report as the Middle Verde (Verde River near Clarkdale to the
Verde River near Camp Verde). Their water budget was based on the assumption that the
inflows and outflows of the system were in balance, with no change in storage for the regional

aquifer. The components of the water budget section of their report were as follows:

Owen-Joyce & Bell Water Budget (1983)

Inflows

1- Infiltration of precipitation and streamflow 169,000 AF

2- Baseflow of the Verde River near Paulden 16,000 AF
Total Inflows 185,000 AF

Outflows

1- Baseflow of Verde River near Camp Verde 80,000 AF

2- Fossil Springs 31,150 AF

3- Evapotranspiration 35,000 AF

4- Irrigation- Consumptive Use 31,000 AF

5- Groundwater Withdrawal 8.000 AF
Total Outflows 185,000 AF
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In the Owen-Joyce and Bell water budget, the inflow component of precipitation and
streamflow accounted for all flows into the Verde River. This component was derived by first
determining the total outflows, and then computing the recharge percentage needed to balance
the system, which compared favorably with the 8 percent recharge factor that was originally
developed and proposed by Twenter and Metzgers in 1963. Fossil Springs was treated as an
outflow because the mouth of the spring was outside the study area, but the contribution to the
system was taken into account through the precipitation and streamflow component.

For the current report, the water budget study area is divided into two regions: 1) the
Upper Verde, which is comprised of the area above the USGS gaging station #09503700 (Verde
River near Paulden) including Williamson Valley and Big and Little Chino Valleys; and 2) the
Middle Verde, which encompasses the area between the USGS gaging station #09503700 to the
gaging station #09508500 (Verde River below Tangle Creek).

The Upper Verde water budget was divided into two sub-budgets: the Big Chino and
Little Chino sub-basins. The annual water budget for the Upper Verde River Watershed
discussed in this section includes the amounts of water recharged to and withdrawn from the
aquifers of the Big Chino and Little Chino. The inflow and outflow components of the
groundwater budget for the Big and Little Chino sub-basins upstream of the USGS stream gage
on the Verde River near Paulden were determined from area streamflow data, precipitation data,
studies and reports, field investigations, water use data analysis, and estimates of groundwater
and surface water conditions. Figure 5.1 shows components that are representative of the water
budget for the Upper Verde region.

For the Middle Verde, this study developed a number of water budgets in order to explore
the behavior of the hydrologic system on an annual and seasonal basis and during wet and dry
years. In order to concentrate on the area with the highest demands, the Middle Verde section
was examined from the USGS gaging station #09504000 (Verde River near Clarkdale) to the
USGS gaging station #09506000 (Verde River near Camp Verde), labeled Reach 2. Two
additional sub-budgets were developed for the reaches between the USGS gaging stations
#09503700 (Verde River near Paulden) and #09504000 (Verde River near Clarkdale), labeled as
Reach 1, and the USGS gaging stations #09506000 (Verde River near Camp Verde) to the USGS
gaging station #09508500 (Verde River below Tangle Creek), labeled as Reach 3.

For the Middle Verde, a normalized budget for each reach was developed in order to

calculate seven-year averages. Seasonal water budgets and annual water budgets were
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Figure 5.1 - Upper Verde Water Budget Components
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Figure 5.1 - Continued

LITTLE CHINO SUB-BASIN

OUTFLOWS INFLOWS

NATURAL RECHARGE

MOUNTAIN FRONT AND
STREAM RECHARGE

Y

GROUNDWATER

CVID CANAL RECHARGE

DOMESTIC WELLS ﬁ

MUNICIPAL USES

E AGRICULTURAL RECHARGE

SMALL PROVIDERS '

<€ <

INDUSTRIAL RECHARGE

AGRICULTURAL USES

—— E SEPTIC RECHARGE

INDUSTRIAL USES

E EFFLUENT RECHARGE
NATURAL DISCHARGE

DEL RIO SPRINGS '

—

UNDERFLOW TO BIG CHINO

-V

5-4



developed to explore the system behavior. The seasonal water budgets were designed to reflect
the month to month changes in water availability and demand due to agriculture and municipal
use as well as seasonal streamflow fluctuations. The annual budget reveals the total yearly water
usage based upon the inflows and outflows of the system and is essential in evaluating long-term
effects to the overall water budget and groundwater storage in particular.

Seasonal and annual water budgets were developed for the years 1992 and 1996 for the
Middle Verde region. The year 1992 was a wet year, with monthly precipitation levels
consistently greater than the 30-year monthly average precipitation levels. The year 1996 was
considered a drought year, with monthly and annual precipitation totals having been lower than
the 30-year monthly and annual precipitation averages. Both seven-day low flow and total flow
analyses of the main budget, as well as the two sub-budgets, for both 1992 and 1996, were
prepared for this report. Seven-day low flows were used as surrogates for baseflows, although
they are influenced somewhat by precipitation. Figure 5.2 lists the components that comprise the
water budget for the Middle Verde region.

The annual and seasonal budgets, as well as the normalized budget for all three reaches,

were presented in the following format:

= 1992 - 7 Day Low Flow
= 1992 - Total Flow
®= 1996 - 7 Day Low Flow
= 1996 - Total Flow

5.2  UPPER VERDE WATER BUDGET
Introduction

The Upper Verde section of the study area was divided into two sub-budget sections:
Reach 1 - the Big Chino sub-basin that includes Big Chino Wash, Williamson Valley and Walnut
Creek; and Reach 2 - the Little Chino sub-basin that includes Granite Creek and Little Chino
Wash. The annual water budgets were compiled using yearly totals of inflows and outflows for
each sub-basin.

The Big Chino and Little Chino groundwater budgets are based on the best available data

for a one-year analysis of the water demands and supplies between 1996 and 1997. Groundwater
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Figure 5.2 - Middle Verde Water Budget Components
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and surface water inflow and outflow components were identified and evaluated for budget
analysis in each sub-basin. The water budget components were compiled from field
measurements, reported data, ADWR databases, numerous reports, and calculated estimates.
The Big Chino has not been studied extensively and consequently there is a limited amount of
current information and data available for regional precipitation, streamflow data, and
groundwater conditions. The Little Chino sub-basin was recently reviewed and evaluated by

ADWR in the Preliminary Determination Report on the Safe-Yield Status of the Prescott Active

Management Area, dated August 28, 1998. The water budget in the Safe-Yield status report

showed the Little Chino to be in an overdraft condition due to the outflows exceeding the
inflows. The components of their 1997 budget are discussed in the section of this chapter that

describes the Little Chino sub-basin.

Sub-Basin Water Budgets
Reach 1 - Big Chino Sub-basin to the Verde River near Paulden

For the period of record studied, the Big Chino sub-basin may have been in a near
equilibrium condition and for budgetary purposes that assumption has been made. However, it is
possible that were additional water level, gaging data, and recharge estimates available we might

in fact find a non-equilibrium condition. The components of the Big Chino water budget are as

follows:
Big Chino Sub-basin Water Budget (1997)
Figures based on 1996 and 1997 calculated data and estimates.
Inflows
Natural Recharge
Mitn. Front & Streams 15,700 AF

Underflow from Little Chino 1,500 AF
Unmeasured Tributary Flows,
Groundwater and Springs 9,560 AF

Incidental Recharge

Agriculture 1,570 AF
Industrial 100 AF
Septic 340 AF
Total Inflows 34,770 AF



Outflows
Natural Discharge

Verde near Paulden 19,050 AF
Groundwater Pumpage

Small Providers 140 AF
Domestic (Exempt) Wells 250 AF
Agriculture 15,130 AF
Industrial 200 AF
Total Outflows 34,770 AF

Change in Groundwater Storage = Inflows — Outflows:
0 AF = 34,770 AF - 34,770 AF.

The inflows for this reach of the study area consist of the gaging station at Williamson
Valley Wash near Paulden, the gaging station at Walnut Creek near Ash Fork, natural recharge
from mountain fronts and streams, recharge from agriculture and septic systems, unmeasured
tributary flows, groundwater, and springs.

The inflow components that contribute to the groundwater supply in the Big Chino are
comprised of incidental and natural recharge, unmeasured streams, and springs. Incidental
recharge is the estimated excess water that has returned to the aquifer from agriculture, industrial
uses, and septic recharge. Natural recharge is the mountain front recharge and streamflow that
infiltrates to the aquifer as a result from precipitation and snowmelt. Incidental recharge from
agriculture was estimated to be 7,570 acre-feet per year, based upon estimates of irrigated acres,
the consumptive use value for the irrigated crops, and the estimated irrigation efficiency
described in Chapter 3, Section 3. Industrial recharge was estimated to be 100 acre-feet per year
based on an estimate of pumpage by the users. Septic recharge was estimated at 340 acre-feet
per year. Natural recharge from mountain front runoff and streamflow was estimated to be
15,700 acre-feet per year based on the best available, average annual, streamflow data. A
tentative analysis of natural recharge based on the median annual flow resulted in estimates that
ranged from 7,500 to 8,500 acre-feet, depending upon the estimated watershed area and the
amount of precipitation (Chapter 4, Section 4.2). The volume of unmeasured streams, springs,
and groundwater is assumed to be the residual component of inflow in the Big Chino water
budget and was added in to balance the difference between the total outflows and total inflows.
This was determined after total inflow and outflow components were calculated. Unmeasured

waters, the residual component in the Big Chino, were estimated to be about 9,560 acre-feet.
5-8



This number may include higher than realized estimates of natural and incidental recharge. The
total inflows (34,770) less unmeasured waters (9,560) in the Big Chino sub-basin were estimated
to be approximately 25,210 acre-feet.

The outflows for this reach of the study area are separated into surface water and
groundwater. The surface water outflows include the Verde River flows recorded at the USGS
gaging station near Paulden and agriculture. A normalized annual budget for the period 1990-
1996, excluding 1993, was used to calculate the average annual surface water outflows exiting
the Big Chino at the Paulden gaging station. Average annual outflows for this period were
19,050 acre-feet. Groundwater outflows also include agriculture, municipal/industrial, and
domestic wells. Estimated groundwater pumpage was obtained from surveys and records from
the Abra Water Company, Ashfork Water Service, Granite Mountain, and Inscription Canyon
Ranch, as described in Chapter 3, Section 3.2. The estimated total municipal outflow for 1997 is
140 acre-feet. Agriculture demand for groundwater and surface water was estimated to be
approximately 15,130 acre-feet, based on estimates of irrigated acres and the estimated crop
consumptive use described in Chapter 3, Section 3.4. Domestic use was estimated to be 250
acre-feet for approximately 990 domestic wells registered in the ADWR Wells Registry
database. Industrial water use for sand and gravel operations was estimated to be 200 acre-feet
per year, based on pumpage estimates provided by the users. The estimated total outflow in
1997 for the Big Chino sub-basin was 34,770 acre-feet.

Based on available data and taking into consideration an estimated 9,560 acre-feet of
unmeasured tributary flow, groundwater, springs, and/or higher estimates of natural and

incidental recharge, there appears to be no change in groundwater storage in the Big Chino.

Reach 2 - Little Chino Sub-basin to the Verde River near Paulden

The Verde River Watershed Study compiled the Little Chino sub-basin water budget
based on 1997 data and on data presented by ADWR in the 1998 Report on the Safe-Yield Status
of the Prescott AMA. Modifications from the original Safe-Yield Report were a result of the

availability of additional data. The Little Chino sub-basin water budgets in the Safe-Yield Status
Report and in this study both indicated that outflows exceeded inflows and there was an
overdraft condition. The components of the 1997 Little Chino sub-basin water budget for this

study were as follows:

39



Little Chino Sub-basin Water Budget (1997)

Figures based on 1997 reported data and estimates.

Inflows

Natural Recharge

Mtn. Front & Streams 2,050 AF
Incidental Recharge

CVID Canals 640 AF
Agriculture 3,305 AF
Industrial 285 AF
Septic 1,610 AF
Artificial Recharge

COP WWTP (Airport) 2,270 AF
Total Inflows 10,160 AF
Outflows

Natural Discharge

Underflow to Big Chino 1,500 AF
Del Rio Springs 2,100 AF
Groundwater Pumpage

City of Prescott 6,510 AF
Small Providers 250 AF
Exempt Wells 1,160 AF
Agriculture 5,070 AF
Industrial 180 AF
Total OQutflows 16,770 AF

Change in Groundwater Storage = Inflows — Outflows:
-6,610 AF = 10,160 AF — 16,770 AF.

The inflows for the Little Chino reach of the study area consist of Granite and Willow
Creek’s surface water flows as recorded at USGS gaging stations near Prescott, mountain front
and stream recharge, Chino Valley Irrigation District (CVID) canal and agricultural recharge,
effluent and septic recharge, industrial recharge, unmeasured tributary flows, and groundwater

and springs contributions.
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Surface water and effluent recharge from the CVID unlined canal was estimated to be
about 50 percent of the total annual diversion from Granite Creek, Willow Creek, and the City of
Prescott Wastewater Treatment Plant (COPWWTP). The surface water and effluent recharge
from the CVID canal was estimated to be 490 acre-feet and 150 acre-feet respectively, based
upon records provided by the CVID and COPWWTP. This study assumes that the same
volumes of water were delivered to the CVID as reported in the Safe-Yield Status Report. The
2,270 acre-feet of effluent recharge from the airport wastewater treatment plant, as reported in
the Safe-Yield Status Report, was also assumed to be the same for this study.

Agricultural demand was estimated to be 6,610 acre-feet. Assuming a 50 percent
irrigation efficiency would result in about 3,305 acre-feet of incidental recharge from agriculture
occurring. Incidental recharge from septic systems and industrial use was estimated to be about
1,610 and 286 acre-feet respectively. Septic system recharge volumes were based on water
provider records, average populations per household as reported by the DES, and the estimated
daily indoor water use per person as reported by AMWUA. This study includes septic system
recharge whereas the Safe-Yield Status Report did not estimate a volume of recharge for septic
systems.

Mountain front recharge and streamflow recharge were estimated to be about 2,050
acre-feet annually for the period 1943 to 1993 (Corkhill and Mason, 1995) and (ADWR, 1998).
Total inflows for this study were estimated to be 10,160 acre-feet. The total inflows reported in
the Safe-Yield Status Report were 7,670 acre-feet.

The outflows were separated into surface water and groundwater. The surface water
outflows consist of the Del Rio Springs baseflow. The groundwater outflows include
municipal/industrial, domestic wells, agriculture, and the Del Rio Springs underflow discharge.
Domestic use was estimated to be 1,160 acre-feet for approximately 3,550 domestic wells
registered in the ADWR Wells Registry database.

In the Little Chino sub-basin, groundwater supplies the City of Prescott, small water
providers, and domestic users not in water service areas. The estimated outflows from
groundwater use for each, were 6,510 acre-feet, 250 acre-feet, and 1,160 acre-feet, respectively.
Detailed information regarding the municipal and domestic outflow components can be found in
Chapter 3, Section 3.2. Agriculture groundwater pumpage was estimated to be 5,070 acre-feet,
which was about 77 percent of the total agriculture demand in 1997. Water discharges at Del

Rio Springs were estimated to be 1,500 acre-feet for underflow to the Big Chino sub-basin and
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2,100 acre-feet of baseflow (ADWR, 1998). The estimated total outflow from the Little Chino
sub-basin for this study was 16,905 acre-feet. As a comparison, the Safe-Yield Status Report
completed in 1998 by ADWR estimated a total outflow of 16,820 acre-feet for the Prescott
AMA.

The Verde River Watershed Study estimated the Little Chino sub-basin inflows and
outflows to be 10,160 acre-feet and 16,770 acre-feet, resulting in a groundwater overdraft of
approximately 6,610 acre-feet in 1997. As a comparison, the 1998 ADWR Report on Safe-Yield
Status for the Prescott AMA estimated a 1997 groundwater overdraft of 9,150 acre-feet. The
primary differences between the overdraft estimates were attributed to additional and revised
estimates of incidental recharge from agriculture, industrial use and septic systems. Both

budgets, however, indicate that the Little Chino is in an overdraft condition.

Summary
Big Chino Sub-basin

Groundwater is the major water source in the Big Chino sub-basin. Most of the water use
is associated with irrigation, with some surface water diversions on Walnut Creek, Apache
Creek, and Williamson Valley Wash. Groundwater use for agriculture in the Big Chino sub-
basin has increased since 1990, and municipal use has steadily increased as more land is
subdivided and developed in the region. Reports by Schwab (1995) and the USBR (1993)
suggest that groundwater use for irrigation in the Big Chino sub-basin is declining as the
transition from agriculture to municipal use takes place. ADWR estimated agriculture demand at
15,130 acre-feet for the period 1996-1997, based on recent field investigations and analysis of
aerial photography that revealed an increase in groundwater irrigated acres in the Big Chino sub-
basin (Section 3, Tables 3-12 and 3-13). Municipal use, mostly small water providers increased
from 80 acre-feet in 1990 to approximately 140 acre-feet in 1997. Domestic water use from 990
wells was estimated to be 250 acre-feet per year and more development is occurring. Most of
these wells are located in the vicinity of Paulden. Industrial water use is estimated to be 200
acre-feet per year based on information provided by the sand and gravel operation located in the
vicinity of the confluence of the Big Chino and Williamson Valley Washes. There is potential
for more industrial use in sand and gravel operations along the Big Chino Wash as long as the
wash remains open from encroachment by development. Natural recharge from mountain front

runoff and streams was estimated to be 15,700 acre-feet per year based on the best available
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average annual streamflow data. Analyzing the best available data and median annual flow data
resulted in estimates of natural recharge ranging from 7,500 acre-feet to 8,500 acre-feet (Chapter
4, Section 4.2).

Analysis of the data and information presented in the 1997 Big Chino groundwater
budget indicate that a balanced water budget may be attributed to unmeasured tributary flow,

groundwater and springs, and possibly also to higher than realized recharge estimates.

Little Chino Sub-Basin

The main groundwater uses are for agriculture, municipal, small water providers, and

domestic. Some surface water and effluent also supply irrigation and industrial water uses.
Agriculture demand for the entire sub-basin was estimated to be 6,610 acre-feet based on
reported and estimated data. This estimate includes surface water, effluent, groundwater and Del
Rio Springs discharges. Agriculture groundwater pumpage was about 5,070 acre-feet based on
reported water use. Domestic water use from 3,550 wells was estimated to be 1,160 acre-feet per
year. Groundwater use by the City of Prescott increased from about 5,075 acre-feet in 1992 to
6,510 acre-feet in 1997 and groundwater use by the small water providers increased from 75
acre-feet to 250 acre-feet for the same period. Industrial water use was estimated to be 180
acre-feet in 1997.

Recharge from the CVID canal was estimated at 480 acre-feet from surface water
diverted from Granite Creek and Willow Creek and 150 acre-feet of effluent from the
COPWWTP in 1997. The annual surface water deliveries depend upon available supplies stored
in Watson Lake and Willow Creek Reservoir. The City of Prescott is contracted to deliver 300
acre-feet per year to the CVID canal. Other effluent from the COPWWTP was estimated to be
2,270 acre-feet in 1997 (ADWR, 1998). Incidental recharge from agriculture and septic systems
was estimated to be 3,305 acre-feet and 1,610 acre-feet respectively in 1997. Agriculture and
septic recharge may change with the expansion of the City of Prescott service area, increased
subdivision and development of land in Chino Valley, and the purchase of the Watson Lake and
Willow Creek Reservoir by the City of Prescott from the CVID. With Prescott in control of
these two lakes, the surface water irrigation supply will probably decrease in time. As
agriculture declines in the area, the recharge from agriculture and the CVID canal may decrease.
As development increases in the expanded city service area, more houses will have sewer

hookups and many may convert from septic to sewer, therefore, decreasing the recharge from
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septic systems. Natural recharge from mountain front infiltration and streams was estimated to
be 2,050 acre-feet for the period 1940-1993 (Corkhill and Mason, 1995) and (ADWR, 1998).
The Del Rio Springs underflow and baseflow estimates are 1,500 acre-feet and 2,100 acre-feet,
respectively (ADWR, 1998).

The Verde River Watershed Study analysis of the Little Chino sub-basin groundwater
budget components shows that there is an overdraft occurring in the Little Chino sub-basin.
Groundwater losses exceeded all recharge by approximately 6,610 acre-feet in 1997. ADWR
reported an overdraft of 9,150 acre-feet for the Little Chino sub-basin in its 1998 report on Safe-
Yield Status for the Prescott AMA. The difference between overdraft estimates can be
accounted for in the difference between the estimates of incidental recharge. These budgets
indicate that the groundwater supply is being depleted. Given the current trend towards
population increases in the area, it appears that the overdraft of the Little Chino sub-basin

groundwater supply will continue into the future.

5.3 MIDDLE VERDE WATER BUDGET
Introduction

The Middle Verde section of the study area was divided into three sections and water
budgets were developed for each section. The first section, labeled Reach 1, encompasses the
area between the USGS gaging stations on the Verde River near Paulden and the Verde River
near Clarkdale. The second section, labeled Reach 2, encompasses the area between the USGS
gaging stations on the Verde River near Clarkdale and the Verde River below Camp Verde. The
third section, labeled Reach 3, encompasses the area between the USGS gaging stations on the
Verde River below Camp Verde and the Verde River below Tangle Creek (see Figure 5.2 for an
overview of the Middle Verde section and the boundaries of each reach).

All three reaches of the Middle Verde were examined in a similar format. The annual
water budgets were compiled using yearly totals of contributing inflows and the yearly demand
totals for the years 1992 and 1996 (refer to Chapters 3 and 4); 1992 representing a wet year, and
1996 representing a dry year. The seasonal water budgets examined the contributing inflows and
outflows on a month to month basis for the years 1992 and 1996, which present a better
understanding of the behavior of the system in relation to the monthly changes in water supplies

and water demands. Normalized budgets, which averaged the total inflows for the 1990-1996
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time period, excluding the year 1993, and used 1997 figures for the outflows were also
calculated. The year 1993 was excluded because of the extremely high volume of flow, which
occurred during the months of January and February. The normalized budget as well as the
annual and seasonal budgets for the years 1992 and 1996 were then examined using seven-day
low flows and total flow figures in order to demonstrate the influence of precipitation and runoff
in streamflow levels.

Both annual and seasonal budgets were analyzed by subtracting inflows from outflows
for both total flow and seven-day low flow numbers. The unmeasured groundwater/springs
inflow contribution was determined by using the inflow-outflow difference for the December
seven-day low flow. This difference was assumed to represent a fairly accurate estimate of
unmeasured groundwater or spring flow contribution to the system, because during this month
there is virtually no ET or agriculture demand and municipal demand was typically at its lowest.
The unmeasured groundwater or spring flow was assumed to be a contributing factor all year and
was, therefore, added into the inflows for each month. The calculated difference between the
inflow and outflow, including the unmeasured groundwater/spring flow contribution during
months that indicated a positive difference, was then assumed to represent either a surplus or
groundwater storage/unmeasured flow contribution. During the months that revealed a deficit
after the addition of groundwater discharge contribution, the inflow and outflow difference was
presumed to come from either groundwater in a drought month or from unmeasured flows in a
month with recorded precipitation. In the months where inflow exceeded outflow, the surplus

was attributed to precipitation events.

Water Budgets by Reach
Reach 1 - Verde River near Paulden to the Verde River near Clarkdale

The inflows for this reach are the Verde near Paulden, unmeasured groundwater, springs,
and unmeasured tributary flow. Outflows include the irrigation at Perkins Ranch, an
evapotranspiration factor and the gaging station on the Verde River near Clarkdale. The
normalized 1990-1996 budget reveals Reach 1 to be a gaining reach (Figure 5.3).

The 1992 (wet year) seven-day low flow annual budget (Figure 5.4) reveals a deficit of
22,950 acre-feet after subtracting the outflows from the inflows, which is assumed to come from
groundwater storage or unmeasured spring and tributary flows. The 1992 total flow annual

budget shows a deficit of 66,720 acre-feet, which is also assumed to come from groundwater
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storage or unmeasured spring and tributary flows. The 1996 (dry year) seven-day low flow and
total flow annual budgets (Figure 5.5) inflow minus outflow total reveals 60 acre-feet and 2,780
acre-feet deficits respectively and are assumed to come from groundwater storage or unmeasured
flows.

The 1992 (wet year) seasonal budget (Table 5-1) reveals an unmeasured groundwater
springs inflow contribution of 3,500 acre-feet per month. The inflow minus outflow remainder
for this reach reveals a surplus flow during the seven-day low flow in the months of June and
July only. The deficit for the remaining ten months is assumed to come from groundwater
storage or unmeasured flows. The 1996 (dry year) seasonal budget (Table 5-2) unmeasured
groundwater, springs, and tributary inflow contributions were also calculated to be 3,500 acre-
feet per month. The inflow minus outflow results indicate there were surplus flows for the
seven-day low flow during the months of February, June, October, and November with a deficit
for the remaining eight months assumed to be supplied by groundwater storage or unmeasured

spring and tributary flows.

Reach 2 - Verde River near Clarkdale to the Verde River near Camp Verde

The inflows for Reach 2 begin at the Verde River near Clarkdale, and include the gaged
streams of Oak Creek, Wet Beaver, West Clear Creek, unmeasured groundwater, springs and
tributaries, and recharge from effluent and septics. The outflows include private domestic wells,
municipal wells, agricultural consumptive use, evapotranspiration, other industrial water use, and
the outflow at the gaging station on the Verde River near Camp Verde. The normalized water
budget for Reach 2 for years 1990-1996 reveals a gaining stream (Figure 5.6).

The 1992 (wet year) seven-day low flow and total flow annual water budgets (Figure 5.7)
for Reach 2 both reveal deficits estimated at 20,750 acre-feet and 77,330 acre-feet respectively,
and is assumed to come from unmeasured groundwater, springs and tributary flows. The 1996
(dry year) seven-day low flow and total flow annual budgets (Figure 5.8) for this reach both
reveal deficits estimated at 4,480 acre-feet and 22,910 acre-feet respectively, which is also
assumed to come from the unmeasured groundwater, springs and tributary runoff.

The 1992 seasonal water budget for Reach 2 (Table 5-3), from the Verde River near
Clarkdale to the Verde River near Camp Verde was analyzed by subtracting the outflows from
the inflows. The unmeasured groundwater and springs contribution was determined to be 4,150

acre-feet. The 1992 seasonal budget for the Middle Verde shows a surplus for the seven-day low
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flow category for the months of February, April, May, October, and November with the deficit
for the remaining seven months assumed to be supplied by groundwater storage or unmeasured
flow. The 1996 seasonal water budget for Reach 2 (Table 5-4) unmeasured groundwater and
springs contribution was determined to be 4,270 acre-feet. The unmeasured groundwater
contribution for both the wet year (1992) and the dry year (1996) were virtually the same, which
indicates a fairly consistent year to year groundwater contribution to the system. The 1996
seasonal budget had surpluses in February, March, October, and November with the deficit for

the remaining eight months assumed to be supplied by groundwater storage or unmeasured flow.

Reach 3 - Verde River near Camp Verde to the Verde below Tangle Creek

The inflows for this reach begin at the USGS gaging station on the Verde River below
Camp Verde and also include the gaged streams of Fossil Creek and the East Verde near Childs,
and unmeasured groundwater, springs, and tributary runoff. The outflows include an
evapotranspiration factor and the USGS gaging station on the Verde River below Tangle Creek.
The normalized water budget indicates this reach to be a gaining stream (Figure 5.9).

The results of the seven-day low flow inflow minus outflow for the 1992 (wet year)
annual water budget (Figure 5.10) indicated that the addition of an unmeasured quantity of
runoff was not required in order to balance the water budget. In fact, the inflows exceeded the
outflows by 22,530 acre-feet. For the total flow analysis, however, an additional 84,310 acre-
feet of unmeasured runoff was required in order to balance the annual water budget for the same
year.

For the calendar year 1996 (dry year) annual water budget (Figure 5.11), the results of the
seven-day low flow and total flow analysis of the inflow minus outflow indicated a deficit was
occurring. An additional 4,480 acre-feet and 3,320 acre-feet of unmeasured runoff were need to
balance the seven-day low flow and total flow water budgets for 1996 respectively.

The 1992 (wet year) seasonal budget (Table 5-5) for Reach 3 revealed an unmeasured
groundwater and springs contribution of 2,310 acre-feet each month. Analyzing the inflows
minus outflows indicated that surpluses were occurring in seven-day low flows for the months of
June, July, and September. The remaining nine months showed a deficit situation with the
residual contribution assumed to be from groundwater storage or unmeasured spring and

tributary flows.
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Unmeasured groundwater, springs, and tributary contributions for calendar year 1996
(dry year) seasonal water budget (Table 5-6) were calculated to be 730 acre-feet per month.
Calculating the inflows minus outflows revealed that surpluses in the seven-day low flows were
occurring in the months of February, May, July, and November. The remaining seven months
indicated a deficit situation was occurring with the residual assumed to be from groundwater

storage or unmeasured spring and tributary flows.

Summary

Groundwater use in the Middle Verde has increased over the past 15 years. Municipal
groundwater use was estimated to be 8,000 acre-feet per year in 1983. ADWR estimated
municipal groundwater use to be 10,860 acre-feet in 1997. Municipal groundwater use in 1997
decreased slightly from 1996, possibly due to increased water conservation efforts. The results
of the compilation of data for the municipal water providers reveals a continuous increase in
annual water usage in the Verde Valley from 1990 to 1996 for residential, commercial, industrial
and other categories of water users. The to‘tal number of wells located in the Middle Verde
according to ADWR’s Wells Registry in March 1999 is 9,630, with the majority of wells located
along the stretch of the river referred to as Reach 2; 3,480 wells were designated as domestic,
with an estimated annual water demand of 1,200 acre-feet. The residential sector received
approximately 82 percent of the total water supplied by municipal/private water providers.
Water use by the private industrial water users that do not receive water from a municipal/private
water supplier indicated fluctuations in total water usage during the same seven year time period.

Water consumption in 1996 in the Middle Verde was estimated to be approximately
16,900 acre-feet per year, which is significantly less than the 1983 estimate of 31,000 acre-feet
made by Owen-Joyce and Bell. The evapotranspiration figure of 35,000 acre-feet per year was
estimated by Anderson (1974) and was used by both Owen-Joyce and Bell and by ADWR in this
study. No recent data on evapotranspiration is available.

Based on the analysis and the trends presented in this study, the groundwater system of
the Middle Verde appears to be in a long-term balanced state. During periods of drought, the
groundwater system may be experiencing a deficit situation, while the reverse would be true for
those periods of excessively high precipitation. Increases in groundwater pumping combined

with periods of drought, however, will result in greater voids to fill during the wet years. This
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will ultimately require longer periods of excessively high precipitation in order to produce the

same amount of surface water flows in the Verde River and its tributaries.
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Conclusions and Recommendations




CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

The Verde Planning Study provides a comprehensive assessment of water supplies and
demands in the Upper and Middle Verde River areas. The objective of the study was twofold:
1) identify and present a comprehensive overview of the current state of water resources for the
Verde River Watershed study area; and 2) identify areas where further studies are needed in
order to fully understand the impacts of current and future uses of water resources within the
Verde River Watershed study area. This chapter highlights the major findings of this effort. In
addition, this chapter describes the limitations in the data and information used to prepare this
report. It is hoped that this study will be used by the water managers and planners of the Upper

and Middle Verde regions as a building block for future studies and advanced planning on behalf

of the water users of the Verde River system.

Table 6-1 presents the water demand by major sector located within the study area.

TABLE 6-1

CURRENT WATER DEMAND FROM ALL SOURCES
IN THE VERDE RIVER STUDY AREA

ESTIMATED WATER

SUBWATERSHED USE SECTOR DEMAND (ACRE-FEET)
Agricultural 29,440
Municipal 6,900
Upper Verde Domestic Wells 1,410
Private Industrial 1,380
Subtotal 39,130
Agricultural 16,950
Municipal 7,310
Domestic Wells 1,220
Middle Verde Private Industrial 4,550
Other (Evapotranspiration) 35,000
Subtotal 65,030
Total Water Demand 104,160
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6.1 UPPER VERDE
Background

The Upper Verde watershed area for purposes of this study includes the Little Chino
sub-basin within the Prescott AMA, Big Chino Valley, and Williamson Valley. It also includes
the reach of the Verde River between Sullivan Lake and the USGS gaging station at Paulden.
Figure 6.1 shows the Upper and Middle Verde study areas.

The 1997 population for Yavapai County was estimated to be 142,000. At the current
rate of increase, the population of this county is expected to exceed 325,000 by the year 2050.
Current and projected population figures are available for Prescott, Chino Valley, and other
communities (Section 2.3).

Land use is changing from agricultural to urban use, especially in the Williamson Valley
and Chino Valley. Much of the urban expansion is within existing municipal boundaries or
planned developments, but much of the urbanization around Paulden is largely unregulated at
this time (Section 2.3).

According to the ADWR Safe Yield Status Report for the Prescott AMA (ADWR, 1998),
the Little Chino sub-basin was in an overdraft condition during 1997. Inflows were estimated at
6,990 acre-feet and outflows were estimated at 16,820 acre-feet, which equates to an overdraft of
9,830 acre-feet. Based on the information compiled in 1996 and 1997 for this study an estimated
an overdraft of 6,610 acre-feet occurred in 1997. The difference in the overdraft between the
two reports has been attributed to estimates of recharge and agricultural water demand
measurements. Reliable data is unavailable in this region, which makes it problematical to

present a precise water budget (Section 5.2).

Water Uses

There were nine municipal water providers identified in the Upper Verde. Of those, five
delivered 20 acre-feet or more annually. Most of these large providers have metered flows and
the data is readily available. Water use has increased from about 5,140 acre-feet in 1990 to
6,900 acre-feet in 1997. Water use by sector for 1997 is presented in Figure 6.2 (Section 3.2).

The total estimated recharge from septic systems for the Upper Verde in 1996 was about
1,950 acre-feet. Of this total, 1,610 acre-feet of recharge were estimated for the Little Chino
Valley and 340 acre-feet for the Big Chino Valley (Section 3.2). Wastewater treatment hookups
in the Big Chino Valley were not found.
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Figure 6.1 - Verde River Watershed Study Area
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Figure 6.2 - 1997 Upper Verde Water Use by Sector
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There were two gravel operations and one golf course in the Upper Verde that each used
100 acre-feet or more annually. The total combined water use for all industrial operations in the
Upper Verde was 1,380 acre-feet in 1997. Based on figures published by the Prescott AMA, 180
acre-feet of groundwater and 1,000 acre-feet of effluent are being used in the Little Chino. Of
these, approximately 860 acre-feet of effluent are used by the golf course, based on a water duty
of 4.9 acre-feet per acre. The 180 acre-feet of groundwater and the remaining 140 acre-feet of
effluent were being used by one sand and gravel operation and other smaller industrial users. In
the Big Chino, 200 acre-feet of groundwater were being used by one sand and gravel operation
and some smaller industrial users (Section 3.5).

There were approximately 1,680 water impoundments identified in the Upper Verde
ranging in size from 1/10 to 350 surface acres. These included irrigation, recreation, and storage
reservoirs, tailwater and floodwater control structures, and stockponds. The majority of the
impoundments are stockponds located primarily on forest service, state, and BLM lands (Section
3.6)

The total number of registered wells in ADWR’s Well Registry for the Upper Verde was
approximately 9,400. As of April 1999, there were 3,550 registered domestic wells in the Little
Chino groundwater sub-basin pumping an estimated 900 acre-feet annually. In the Big Chino
Valley groundwater sub-basin, 990 registered domestic wells were pumping an estimated 250

acre-feet annually. The estimated use per domestic well is 0.25 of an acre-foot per year, based
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on a GPCD of 97 and 2.35 persons per household. Many wells in ADWR’s well registry have
been coded for multiple uses, and the sum of the well counts by category is inaccurate due to this
coding. Well capacity and metering of pumped water is not regulated by ADWR outside
designated AMAs and, therefore, well use estimates for non-AMA areas of the Verde watershed
are generally estimates (Section 4.2).

Total actively irrigated acreage for the entire Upper Verde Valley was about 5,950 acres
in 1997, using approximately 16,530 acre-feet of water. The potential acreage, actively or
historically irrigated, is approximately 11,200 acres with a potential water use of 58,800 acre-
feet. A breakdown for each major area is discussed below. The main crops grown in Little
Chino, Big Chino, and Williamson Valleys were corn, alfalfa, pasture, and vegetables. No
monitoring of diversion flows and metering of wells is required outside the Prescott AMA

(Section 3.4).

Monitoring of all wells for irrigation purposes would increase the accuracy of agricultural

water use estimates.

In the Little Chino Valley, crop production peaked in the 1960s and has since declined.
Currently about 2,170 acres are being irrigated using 6,610 acre-feet of water. The estimated
water use based on a weighted water duty of 6.6 acre-feet (FAO 24 method for calculating crop
consumptive use) for the 2,170 acres would be 14,310 acre-feet. Historically irrigated land
accounts for an additional 3,210 acres with an estimated potential water use of 21,200 acre-feet.
In the Little Chino Valley, the source of irrigation water was 55 percent groundwater, 41 percent
surface water from the Chino Valley Irrigation District (CVID) and Del Rio Springs, and 4
percent effluent from CVID. Little Chino Valley lies entirely within the Prescott AMA (Section
3.4).

Crop production in the Big Chino Valley also peaked in the 1960s and has since declined.
However, there has been an increase in irrigated crops since the mid-1990s and especially in
1998. Currently in the Big Chino Valley including Walnut Creek, about 2,480 acres are being
actively irrigated using an estimated 9,900 acre-feet of water based on a weighted water duty of
4.0 acre-feet (NRCS crop consumptive use values). Historically irrigated lands account for an
additional 1,700 acres with a potential water use of 6,900 acre-feet. Groundwater provides

almost 100 percent of the irrigation needs. In the upland areas such as the Cross U and Yavapai
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Ranches, irrigation is provided by 100 percent surface water. Along Walnut and Apache Creeks
and Horse Wash, the source for irrigation is commingled water. The mix of source water
depends on the availability of runoff. The Big Chino Valley and the fringe areas lie outside the
Prescott AMA with no regulation over groundwater withdrawal (Section 3.4).

Crop production in Williamson Valley has remained constant until recently. Currently,
about 1,300 acres are actively being irrigated using an estimated 5,200 acre-feet of water based
on a water duty of 4.0 acre-feet. Groundwater provides 100 percent of the irrigation needs.
Historically irrigated lands account for an additional 320 acres that could potentially use an
additional 1,300 acre-feet of water based on a water duty of 4.0 acre-feet. In the mid-1990s, two
ranches discontinued irrigation and are now being subdivided into planned area developments.
These developments are outside the Prescott AMA with no regulation over groundwater

withdrawal (Section 3.4).

Water Resources
Surface Water

The surface water system in the Big Chino sub-basin consists of the Big Chino Wash,
Partridge Creek, Walnut Creek, Williamson Valley Wash, and the Verde River. The Big Chino
sub-watershed is ephemeral except for short perennial reaches along Walnut and Apache Creeks
and intermittent reaches along Williamson Valley Wash. Limited discharge data is available for
Walnut Creek and Williamson Valley Wash. The mean discharge and average annual runoff for
Walnut Creek and Williamson Valley Wash are 1,550 acre-feet and 11,160 acre-feet
respectively. Partridge Creek is an ungaged ephemeral stream with an estimated annual runoff
of 3,000 acre-feet (Section 4.2).

The Little Chino surface water system primarily consists of Granite Creek, Willow
Creek, and Little Chino Wash. Limited stream gage data is only available for Granite and
Willow Creeks. The average annual streamflow for these two creeks was approximately 4,800
and 1,400 acre-feet respectively for the period 1933 to 1947. Currently, there is streamflow data
available for the gages on Granite Creek at Prescott from November 1994 to the current year and
on Granite Creek near Prescott from October 1994 to the current year. The average annual
streamflow at these two gages was 2,380 acre-feet and 2,340 acre-feet respectively for water year
1997. The annual total mean discharge of Granite Creek outflow was estimated to be 820 acre-

feet from streamflow measurements of the Verde River about a quarter mile below the
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confluence with Granite Creek. The USGS gaging station on the Verde River near Paulden is
approximately eight miles downstream from Granite Creek. The average annual runoff of the
Verde River as measured at the USGS gaging station near Paulden for the past 30 years
(1967-1997) is approximately 32,500 acre-feet (USGS) (Section 4.2).

Groundwater

The 1974 USBR report estimated groundwater storage at more than 20 million acre-feet
in the Big Chino Valley. A current estimate of groundwater storage for the entire Big Chino sub-
basin is not known. A more recent study conducted in 1995 by Corkhill and Mason estimated
the groundwater storage in the Upper Alluvial Unit of the Little Chino sub-basin at
approximately 2.3 million acre-feet. The volume of groundwater storage in the Paleozoic
Limestone and Lower Volcanic Units is not known. The current estimated total groundwater
storage in the alluvial valleys of Big Chino and Little Chino sub-basins is shown in Table 6-2.
At Del Rio Springs, about 1,500 to 2,000 acre-feet per year has been estimated to exit the sub-
basin as underflow to the Big Chino sub-basin (Corkhill and Mason, 1995) and (ADWR, 1998)
(Section 4.2).

TABLE 6-2
GROUNDWATER IN STORAGE IN THE ALLUVIAL VALLEYS
OF THE UPPER VERDE
DEPTH BELOW LAND SURFACE (FEET)
0 TO 300 300 TO 700 700 TO 1,200 0 TO 1,200
GROUNDWATER | GROUNDWATER | GROUNDWATER | GROUNDWATER
LOCATION STORAGE STORAGE STORAGE STORAGE
(ACRE-FEET) (ACRE-FEET) (ACRE-FEET) (ACRE-FEET)
ILittle Chino Valley* NA NA NA 2,300,000*
(Williamson Valley 730,000 1,800,000 1,300,000 3,830,000
jg Chino Valley 2,300,000 6,000,000 4,500,000 12,800,000
otal 3,030,000 7,800,000 5,800,000 18,830,000

Source: USBR, 1974,
*Corkhill and Mason, 1995.

Groundwater quality in the Prescott AMA has been reported to be good for most uses.

Water quality studies were conducted by Remick (1982), ADEQ (1998), and others. Surface
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water has been reported in the same area as very good. In Big Chino and Williamson Valleys,
there are little data to determine current water quality problems, but no current problems have
been identified (Section 4.4). With the increasing population in the area, water quality issues are
more likely to occur. Continuous monitoring and sampling of the quality of water should be
implemented. Supplemental collection of groundwater quality data in areas such as Williamson
Vall<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>