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Executive Summary

In 1995, the Arizona Department of Water Resources developed a regional
groundwater flow model to quantify the impacts of various management programs on the
groundwater resources of the area. The Prescott AMA groundwater flow model has been
updated with new geologic and hydrogeologic data and the active model area has been
expanded from approximately 220 square miles to 250 square miles. The model has also
been calibrated to an expanded database of measured groundwater levels and discharge
targets from 1939 to 2004.

The results of the transient simulation indicate that the groundwater resources of
the Prescott AMA continue to be depleted on a regional basis. This has resulted in
decreased groundwater storage in the aquifers of the area. In addition, natural
groundwater discharge from the area has decreased with potential impacts on riparian
areas and downstream users.
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Chapter 1: Introduction and Background
Introduction

The Prescott Active Management Area (AMA) in Central Arizona is one of five
AMA: s in the State of Arizona. Established by the Groundwater Management Act of
1980, the Active Management Areas are areas where groundwater management is needed
to address the impacts of large-scale groundwater withdrawals on groundwater resources.
The stated management goal of the Prescott AMA is to achieve “safe-yield” by the year
2025 (Corkhill and Mason, 1995). Safe-yield is defined as the condition where long-term
groundwater withdrawals do not exceed recharge to the aquifer system of the AMA.
Several management programs have been established by the Arizona Department of
Water Resources to achieve the safe-yield goal including “1) groundwater quality
assessment and management, 2) agricultural conservation, 3) municipal conservation, 4)
industrial conservation, 5) augmentation and reuse” (Corkhill and Mason, 1995).

In 1993, the Arizona Department of Water Resources began developing a
groundwater flow model for the Prescott Active Management Area in order to assess
potential impacts of these various management programs. This model was seen as the
first step in a modeling effort that was to be continually revisited and improved as time
and new data warranted. The model was subsequently updated and used to simulate
groundwater conditions from 1940 to 1999, as well as to predict future groundwater
conditions for the years 1999-2025 (Nelson, 2002).

In 2005, the Arizona Department of Water Resources contracted with Northern
Arizona University to further update the model based on newly available data. This
report documents the model update.

Goals and Objectives

The primary goal of the original Prescott AMA groundwater model was defined
by ADWR as the development of an “analytical tool capable of quantifying the effects of
various management and conservation programs on the groundwater supplies within the
study area” (Corkhill and Mason,1995). The goal of the model update was thus to refine
this analytical tool in order to more accurately quantify the effects of management and
conservation programs. Specific objectives of the study included 1) Extend the active
model area to include the western part of the AMA (referred to as ‘the Mint Wash area’),
2) Redefine the geologic structure based on newly available data; 3) Reevaluate model
parameter values based on newly available data and 4) Extend the transient simulation to
include the years 1999-2004.

Model Area

The Prescott AMA covers 485 square miles in central Yavapai County, Arizona
(Fig. 1). The AMA consists of two ground-water sub-basins, the Little Chino sub-basin
(L1C) and the Upper Agua Fria sub-basin (UAF). The modeled area consists of
approximately 250 square miles of the groundwater basin, but does not cover the
mountainous areas of the AMA. Figure 2 indicates the active model area.



The towns of Chino Valley, Prescott Valley and Dewey-Humboldt are included
within the model area. While the City of Prescott is located outside the model area in the
bedrock foothills of the Bradshaw Mountains, the City is dependent upon groundwater
pumped from the aquifers of the Little Chino sub-basin. In addition, numerous domestic
wells provide the primary water supply for several thousand households within the AMA.

Previous Investigations

Several geologic mapping studies of Little Chino Valley have been undertaken
since the 1960’s, the most informative being the United States Geological Survey report
provided by Krieger (1965). Krieger (1965) described the stratigraphy and structure of
the Prescott and Paulden USGS Togographic Quadrangles. Schwalen (1967) described a
groundwater study by the Agricultural Experiment Station at the University of Arizona of
the artesian areas of the Little Chino Valley. This report provides descriptions of the
geology, hydrology, streamflow and groundwater development of the Little Chino sub-
basin from 1940-1965. Matlock, Davis and Roth (1973) updated this report including
groundwater development from 1966-1972.

Wilson’s report (1988) described the hydrogeology and water resources of the
Upper Agua Fria area, while Navarro’s (2002) modeling study characterized the
hydrogeology of the Mint Wash and Williamson Valley areas. A recently published
USGS report by Wirt, Dewitt and Langenheim (2004) provides a geologic framework,
hydrogeologic characterization and geophysical interpretation of the Little Chino sub-
basin. Another recent USGS report characterizes the hydrogeology of the entire Upper
and Middle Verde watersheds, including the Little Chino sub-basin (Blasch et. al. 2005).

The Arizona Department of Water Resources has also published a collection of
reports describing the hydrologic conditions of the area. In addition to the groundwater
modeling studies by Corkhill and Mason (1995) and Nelson (2002), annual Hydrologic
Monitoring Reports have been published since 2001 (ADWR, 2002, 2003, 2004).



Chapter 2: The Hydrogeologic System
Regional Setting

The Prescott AMA is located in the Transition Zone physiographic province of
central Arizona (Fig. 1). Land surface elevations range from about 4,450 to 4,900 feet in
the basin areas to over 7,000 feet in the Black Hills and Bradshaw Mountains. A
topographic boundary creates a surface-water divide that closely corresponds to the
groundwater divide between the Little Chino sub-basin and the Upper Agua Fria sub-
basin. Runoff and groundwater flow in the Little Chino sub-basin move northward to the
Verde River, while runoff and groundwater in the Upper Agua Fria sub-basin flow south
to the Agua Fria River.

Geologic Structure

The geologic structure of the model area is defined by a structural trough that
trends northwest for a distance of about 25 miles from the southern part of the Upper
Agua Fria sub-basin to the northern part of the Little Chino sub-basin near Del Rio
Springs. The trough appears to have developed in late Tertiary time (10 Ma to the
present) due to crustal extension in central Arizona and in the Basin and Range province
to the south (Wirt et. al., 2004). The basin is bounded to the east by the Coyote fault at
the edge of the Black Hills. Vertical offset on the Coyote Fault is estimated by Krieger
(1965) to range from 0 feet at Humboldt to about 1,200 feet near the Indian Hills.

The northern end of Little Chino Valley is likely bound by a largely concealed
northwest trending normal fault. Displacement across the fault is uncertain, as there are
no wells deep enough to penetrate both sediment fill and lati-andesite, but may exceed
180 m near Del Rio Springs (Wirt et. al, 2004).

It has previously been suggested that the western side of northern Chino Valley
may also be bound by a continuous fault (Ostenaa et. al., 1993). Recent work, however,
suggests that this may not be the case. While Big Wash follows a pre-Hickey fault north
of Table Mountain, it is unclear whether this fault extends to the northern end of Little
Chino Valley (Wirt et. al 2004). Instead, alluvial fans extend away from lati-andesite
flows which thicken into Little Chino Valley. While a buried normal fault may be
concealed beneath the fans, there is no drillhole data to prove the continuity of such a
fault.

Modifications to Geologic Structure

In 2001, ADWR drilled several monitoring wells in locations throughout the
AMA where the geologic conditions were uncertain. Monitoring Well #1 (55-587403)
was drilled in central Little Chino Valley east of Granite Creek near Black Hill (B(15-01-
08DAA). Based on previous geologic interpretations of basin depth provided by Krieger
(1965) and Oppenheimer and Sumner (1980), it was expected that the drilling would
encounter alluvial materials to a depth of around 935 feet, under which several hundred
feet of volcanic deposits were believed to exist. However, actual geologic conditions
were far different from those expected. Less than 100 feet of alluvial materials were
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found, while interbedded volcanics flows and cinders were encountered between 55 feet
and 695 feet below land surface. Below these volcanic deposits, sands, gravel and
conglomerate were found to a depth of around 810 feet before the basement unit was
encountered. (Corkhill, 2001)

In addition to this new monitoring well, the USGS report Hydrogeology of the
Upper and Middle Verde River Watersheds, Central Arizona includes a cross-section that
runs through the Black Hill area. On this cross-section, Black Hill is depicted as an
intrusive flow of Tertiary age Hickey basalt cutting through the overlying sediments.
Based on these two new pieces of information, Black Hill was conceptualized as an
intrusive volcanic center overlying a granitic pluton.

ADWR Monitor Well #2 (55-587404) was drilled in northeast Lonesome Valley
(B(16-01)23ACA). The drilling of this well revealed thinner alluvial deposits than
expected based on previous geologic interpretations of the area. In addition, the Upper
Alluvial Unit was unsaturated at this location. Thus, the conceptualization of the extent
of the saturated Upper Alluvial Unit was modified in northeast Lonesome Valley.

Based on the drilling log from ADWR Monitor Well #3 (55-588619), an alluvial
depression was conceptualized to exist in the newly active area of Layer 1 to the
northwest of the City of Prescott (B(15-02)22AAB). While previous geophysical studies
(Cunion, 1985) have suggested this area was the center of an intrusive pluton, others have
also interpreted the gravity anomaly in the area as a deep pocket of alluvium
(Oppenheimer and Sumner, 1980). The driller’s log of Monitor Well #3 indicates
approximately 1,200 feet of sand, gravel, clay and mudstone overlying granitic bedrock.
Thus, the gravity anomaly observed in the area is likely the result of the substantially
deeper bedrock existing in the area.

Several well logs from the Prescott Valley North Wellfield were reviewed in
order to determine whether structural changes were warranted in this area. Based on this
review, it was found that the actual thickness of the Upper Alluvial Unit was well
approximated by the original model. While well logs indicate that the Lower Volcanic
Unit is thicker than 200 feet in localized areas in and around the Prescott Valley North
Wellfield, there is currently insufficient data regarding the areal extent of these thicker
deposits to warrant structural changes to the model in this area.

Hydrostratigraphic Units

While a wide variety of rock types are found in the model area, these rock types
have been grouped into three hydro-stratigraphic units with similar hydrologic properties
(Corknhill and Mason, 1995). From oldest to youngest, these units are the Basement Unit,
the Lower Volcanic Unit (LVU), and the Upper Alluvial Unit (UAU). The Basement
Unit consists of a variety of igneous and metamorphic rocks that are generally dense,
nonporous and nearly impermeable (Wilson, 1988). The Basement Unit forms the floor
and sides of the groundwater basins and is not considered an aquifer for the purposes of
this modeling study. Magnetic and gravity data suggest that the basement unit underlying
much of Little Chino Valley may be Prescott Granodiorite (Wirt et. al. 2004). In several
areas, this Prescott Granodiorite appears to exist as a plutonic unit, cutting through
overlying rock units.
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The Lower Volcanic Unit is generally composed of a sequence of Tertiary age
basaltic and andesitic lava flows interbedded with layers of pyroclastic and alluvial
material (Corkhill and Mason, 1995). In the area northeast of Granite Mountain near
Mint Wash, fractured and decomposed granite is included within the Lower Volcanic
Unit. This Lower Volcanic Unit is modeled in the Little Chino sub-basin and the
northwest portion of the Upper Agua Fria sub-basin in the area of the Prescott Valley
Santa Fe well field. The Lower Volcanic Unit aquifer exists in confined artesian
conditions in northern Little Chino Valley and in the Santa Fe well field area.

The Upper Alluvial Unit consists of a wide variety of sedimentary, volcanic and
younger alluvial rocks. The saturated Upper Alluvial Unit forms an unconfined aquifer
which is distributed throughout the basins of the Prescott AMA.
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Chapter 3: The Conceptual Model
The Aquifer System

The groundwater flow system in the Prescott AMA consists of two distinct sub-
basins: the Little Chino sub-basin and the Upper Agua Fria sub-basin. The Little Chino
sub-basin consists of an Upper Alluvial Unit aquifer and a Lower Volcanic Unit aquifer;
however, only the Upper Alluvial Unit aquifer is present in the Upper Agua Fria sub-
basin. The groundwater divide between the two sub-basins generally corresponds with
the surface-water divide and loosely follows US 89A from the Indian Hills to Glassford
Hill.  Surface runoff and groundwater flow in the Little Chino sub-basin move
northward towards the Verde River, while runoff and groundwater in the Upper Agua
Fria sub-basin flow south to the Agua Fria River.

Hydrostratigraphic Units

For the purposes of the numerical model, the complex geology of the Prescott
AMA has been simplified into two hydrostratigraphic units: an Upper Alluvial Unit
aquifer and a Lower Volcanic Unit aquifer.

The Upper Alluvial Unit Aquifer

The Upper Alluvial Unit aquifer consists primarily of the saturated alluvial and
volcanic deposits that fill the structural trough that trends northwest across the Little
Chino and Upper Agua Fria sub-basins. In addition, the Upper Alluvial Unit aquifer
extends to the west between Granite Mountain and Table Mountain terminating at Mint
Wash. The deep structural pocket identified by Oppenheimer and Sumner (1980) in
Township 15N 2W is filled with alluvial deposits of the Upper Alluvial Unit aquifer.

The saturated Upper Alluvial Unit forms the main unconfined aquifer throughout
the model area. Natural recharge to the Upper Alluvial Aquifer occurs primarily through
infiltration along the mountain fronts of the model area and in ephemeral stream
channels. Infiltration from canals and excess irrigation water contributes recharge to the
Upper Alluvial Unit aquifer in agricultural areas. The City of Prescott and the Town of
Prescott Valley have also developed artificial recharge facilities that allow for the
infiltration of treated effluent and surface water supplies into the Upper Alluvial Unit
Aquifer.

Natural discharge occurs at three locations in the model area. Groundwater is
discharged from the Little Chino sub-basin as spring flow at Del Rio Springs and
subsurface flow out of the model area to the northwest of Del Rio Springs. It is believed
this subsurface flow heads northeast through faulted Paleozoic rocks and lati-andesite
towards spring-fed Stillman Lake and Lower Granite Spring (Wirt et. al., 2004).

In the Upper Agua Fria sub-basin, discharge occurs as baseflow in the perennial
reach of the Upper Agua Fria River near Humboldt.

Evapotranspiration from small riparian areas at Del Rio Springs and along the
Agua Fria River near Humboldt also accounts for comparatively minor groundwater
discharge from the Upper Alluvial Unit in the model area. For modeling purposes,
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however, groundwater consumption by evapotranspiration was undifferentiated from the
groundwater discharge that also occurs in these locations.

Discharge from the Upper Alluvial Unit also comes from groundwater pumpage.
Numerous small-capacity domestic wells tap into the Upper Alluvial Unit aquifer
throughout the model area, while large capacity agricultural and municipal wells in the
Upper Agua Fria sub-basin also pump from the Upper Alluvial Unit aquifer.

The Lower Volcanic Unit Aquifer

In much of the Little Chino sub-basin, a thick unit of vesicular volcanic flows
interbedded with cinders, tuff and alluvial materials underlies the Upper Alluvial Unit
aquifer. These materials are the same as the “artestian” aquifer described by Schwalen
(1967) and are designated the Lower Volcanic Unit aquifer. Northeast of Granite
Mountain near Mint Wash, fractured and decomposed granite underlie the conglomerate
of the Upper Alluvial Unit aquifer and are included within the Lower Volcanic Unit
aquifer.

Natural discharge from the Lower Volcanic Unit occurs as spring flow at Del Rio
Springs and as subsurface flow out of the model domain to the northwest of the springs.
This subsurface flow heads northeast towards Stillman Lake and Lower Granite Springs,
eventually emerging as baseflow in the Verde River (Wirt et. al, 2004).

Groundwater pumpage has been the major source of discharge from the Lower
Volcanic Unit aquifer since the 1940’s. The Lower Volcanic Unit aquifer of the Little
Chino sub-basin has provided most of the irrigation and municipal water that has been
pumped within the model area.

The Predevelopment Hydrologic System

Prior to the initiation of large-scale agricultural and municipal groundwater
pumping from the Little Chino sub-basin, steady-state conditions are assumed to have
characterized the groundwater flow system of the model area (Corkhill and Mason, 1995,
Schwalen, 1967). In the steady-state, a long-term equilibrium between groundwater
inflow and groundwater outflow was established and groundwater levels remained
largely constant with time. It should be noted that this steady-state condition was not a
natural equilibrium, but included discharge from groundwater pumpage and recharge
from excess irrigation water and canal seepage. However, it is believed that the
simulated groundwater pumpage rate represents a limited stress on the system, which had
not experienced a significant loss of storage prior to 1940 (Nelson, 2002). Substantial
groundwater development did not begin In the Upper Agua Fria sub-basin until the
1960’s; therefore, near-equilibrium conditions in the Upper Agua Fria sub-basin are
believed to have persisted for several decades longer than in the Little Chino sub-basin.

Natural Groundwater Discharge
In the Little Chino sub-basin, natural groundwater discharge occurred at two

places during the steady-state period, as surface flow at Del Rio Springs and as
subsurface flow out of the model area to the northwest of Del Rio Springs. Conceptual
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estimates for the groundwater discharge flow rate at Del Rio Springs range from 2,700
acre-feet/year to 3,800 acre-feet/year (Foster, 2001) (Table 1). These estimates are based
on the maximum and minimum annual surface-water measurements reported from Del
Rio Springs for the period 1940-1945 (Schwalen, 1967) plus an estimated 400 acre-
feet/year of evapotranspiration and unreported diversions upstream of the gauge (Foster
2001). Conceptual estimates for subsurface flow are even more uncertain, ranging from
2,000 acre-feet/year (Corkhill and Mason 1995) to 5,600 acre-feet/year (SRP, 2000).

In the Upper Agua Fria sub-basin, natural groundwater discharge occurred as
perennial baseflow in the Agua Fria River near Humboldt. Conceptual estimates for
Agua Fria River baseflow range from 1,500 acre-feet/year to 2,500 acre-feet/year (Table
1).

Groundwater Pumpage

Groundwater pumpage in the steady-state simulation totaled approximately 1,500
acre-feet, exclusively in the Little Chino sub-basin. This rate is consistent with the
pumpage used by Nelson (2002) and is based on approximately 50% of estimated
agricultural demand for 1937-1939. Pumpage was distributed vertically between the
Lower Volcanic Unit and the Upper Alluvial Unit at a ratio of 3:1.

Groundwater Recharge

Recharge in the steady-state simulation also followed the conceptual model of
Nelson (2002). While recharge was spatially redistributed to allow for recharge along
Mint Wash, the total mountain front recharge rate of 4,000 acre-feet/simulation (7,000
acre-feet/year) was kept the same. Incidental agricultural recharge was applied at a rate
of 50% of both groundwater pumpage and surface water deliveries in agricultural areas
for a total of 2,200 acre-feet (Nelson 2002). Canal recharge from the Chino Valley
Irrigation Ditch (CVID) was estimated at about 950 acre-feet (Nelson 2002).

The Developed Hydrologic System

Minimal changes from Nelson (2002) were made to stresses applied to the model
for the period 1939-1999. Changes to groundwater pumpage, mountain-front recharge
and flood recharge were made due to the expanded model area. From 1999-2005, new
stress values were included based on previously used methodology.

Natural Groundwater Discharge

Limited measurements exist of naturally occurring groundwater discharge as
spring flow at Del Rio Springs and baseflow in the Agua Fria River. Annual maximum
and minimum discharge at Del Rio Springs from 1940 to 1945 were reported by
Schwalen (1967). Matlock et. al (1973) published average discharge rates for the period
1965 to 1972, while average rates for the period 1984 to 1989 were published by Corkhill
and Mason (1995). Since 1997, a USGS gauge has been operational at Del Rio Springs
(USGS 09502900) and provides a continuous data stream for groundwater discharge at
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the springs (Appendix 1V). Conceptual estimates for groundwater discharge in 1940
range from 2,700 to 3,800 acre-feet per year, including approximately 400 acre-feet/year
for evapotranspiration and unreported upstream diversions (Foster 2001). The USGS
gauge at Del Rio Springs measured approximately 950 acre-feet of flow for 2004
(Appendix 1V). Conceptual estimates of groundwater discharge at Del Rio Springs for
2004 range from 950 acre-feet/year to 1,350 acre-feet/year. Thus, conceptual estimates
of the decrease in groundwater discharge at Del Rio Springs range between 1,750 acre-
feet per year and 2,850 acre-feet/year over the time period from 1940 to 2004.

For 1940, estimates of subsurface flow from the model area to the north range
from 2,000 acre-feet/year (Corkhill and Mason, 1995) to 5,600 acre-feet/year (SRP,
2000). In 2004, the USGS estimated that the Little Chino sub-basin contributes
approximately 14% of the baseflow of the Verde River at Stewart Ranch (Wirt et. al.,
2004). For 2004, this equates to approximately 1,900 to 2,000 acre-feet/year. This
contribution to the Verde River is conceptualized as coming from the subsurface flow
leaving the model area to the northwest of Del Rio Springs.

Groundwater discharge as baseflow in the Upper Agua Fria River was estimated
as 1,500 to 2,500 acre-feet/year for 1940 (Corkhill and Mason, 1995). While a USGS
gauge has been operational at Humboldt since 2001 (USGS 09512450), the gauge
captures a great deal of surface runoff that makes baseflow separation techniques difficult
(Appendix V). For 2003, however, ADWR estimated groundwater discharge as
baseflow in the Agua Fria River as approximately 1,300 acre-feet/year (ADWR, 2004).
Thus, conceptual estimates of the decrease in natural groundwater discharge from the
Upper Agua Fria sub-basin range between 200 acre-feet per year and 1,200 acre-feet per
year over the period of 1940 to 2003 (Tables 1 and 7).

Groundwater Pumpage

Groundwater pumpage for agricultural purposes from 1939-1983 was applied to
the Little Chino sub-basin based on estimated irrigated acreage, areal distribution of
historic irrigation rights, estimated consumptive crop use, an estimated irrigation
efficiency of 50% and a vertical pumpage distribution of 3:1 LVU to UAU (Nelson,
2002). After 1983, groundwater withdrawal rates for agricultural, municipal and
industrial uses were based on annual reports provided by groundwater users in the
Prescott AMA (Table 2). Domestic pumpage rates were applied based on estimates
provided in ADWR Hydrologic Monitoring Reports. Agricultural and turf-related
pumpage were applied only during irrigation stress periods from April through October,
while other pumpage was applied uniformly throughout the year (Nelson, 2002).

Approximately four square miles of the added Mint Wash area are outside of the
Prescott AMA boundaries. In this area, groundwater pumpage rates are not reported to
ADWR. Groundwater pumpage for the American Ranch development was based on the
estimated water demand prepared by Clear Creek Associates (2001). Pumpage for the
American Ranch development was applied at a rate of 150 acre-feet/year for 2002, and
126.4 acre-feet/year for 2003 and 2004. In addition, approximately 350 domestic wells
are located in the active model area, but outside the AMA. Pumpage from these wells
was estimated based on an average pumpage rate of 0.33 acre-feet per year per well
(ADWR, 2002). Based on this formula, non-AMA domestic pumpage within the active
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model area was estimated at 115 acre-feet/year for 2004. As development in this area has
largely occurred since 1980, no non-AMA domestic pumpage was applied for the years
1939-1979. Domestic well pumpage rates were linearly interpolated between 1980 and
2004 (Table 3).

Groundwater Recharge

Incidental agricultural recharge was estimated at 50% of agricultural groundwater
pumpage and 50% of surface water deliveries (Nelson 2002). Seepage along the CVID
canal was estimated at approximately 40% of surface water deliveries, for a total canal
seepage recharge over the transient simulation from 1939 — 2005 of about 62,000 acre-
feet (Nelson 2002). Mountain-front recharge was applied at a uniform rate of 5,750 acre-
feet per year.

Flood recharge was applied based on the wetted area approach used by Nelson
(2002) (Table 4). In addition to flood recharge along Granite Creek and the Lynx
Creek/Agua Fria River drainage, flood recharge along Mint Wash was assigned to 12
cells based on an estimated channel width of 30 feet/cell, channel length of 2640 feet/cell,
and an estimated recharge rate of 0.25 feet/day.

Actificial recharge of effluent and surface water was applied at the City of
Prescott’s Airport Recharge Facility and along the channel of the Agua Fria River near
Prescott Valley’s Wastewater Treatment Facility based on annual reports provided to
ADWR and information provided by the Town of Prescott Valley (Table 5).
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Chapter 4. The Numerical Groundwater Model

The Prescott AMA groundwater model simulates the steady-state groundwater
conditions that characterized the groundwater flow system circa 1939, as well as the
transient-state conditions of the period of large-scale groundwater development from
1940 to 2005.

Stress Period Setup

The steady-state model simulates the 210 day agricultural pumping season from
April through October 1939. The 210 day simulation consists of one stress period and
one time step.

The transient model simulates the period from November 1939 through March
2005. Each year is divided into two stress periods, a 210 day irrigation season from April
through October and a 155 day non-irrigation season from November through March.
Each stress period is further divided into 20 time steps with a time step multiplier of 1.2.
The increase in time steps within the stress periods of the updated model enabled the
seasonal variation in groundwater conditions to be more accurately simulated by the
model than by previous versions of the Prescott AMA model.

Code Selection

The original model developed by Corkhill and Mason (1995) utilized the Modular
Three-Dimensional Finite-Difference Groundwater Flow Model (MODFLOW)
developed by the USGS (McDonald and Harbaugh 1988). For the purposes of this study,
MODFLOW-2000 was selected as the model code (Harbaugh et al. 2000). The selection
of MODFLOW-2000 as the model code was based on the following criteria:

1) use of the model code is well-documented in the academic literature,

2) the model code has been widely used by hydrologic professionals and is generally
accepted as a valid model for simulating groundwater flow,

3) graphical user interfaces developed for the code allow for relatively simple and
efficient adjustment of model parameter values, and

4) the model code allows for automated parameter estimation based on inverse modeling
techniques.

The graphical user interface program Groundwater Vistas 4.21 was utilized to run
MODFLOW-2000 (Environmental Simulations, Reinholds, PA). Groundwater Vistas
was chosen as the graphical user interface because the software package incorporates
MODFLOW, MODFLOW-2000 and several different parameter estimation packages
into a single interface.

Model Assumptions and Limitations
As with all groundwater models, several assumptions have been necessary to

allow for numerical modeling of the complex aquifer system of the Prescott Active
Management Area. Though necessary, the assumptions do place limitations on the
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interpretation of model results. Some of the major assumptions of the original model
which also apply to this model update include the following:

Model Grid

1) The Prescott AMA groundwater flow model is a regional model which
is not intended to provide site-specific determinations of hydrologic
conditions.

2) Hydraulic heads computed within each model cell represent the
average head within the saturated area of that cell.

3) Simulated recharge is applied directly to the uppermost active model
cell.

4) The Lower Volcanic Unit aquifer can be treated as an isotropic, porous
medium. Additionally, groundwater flow in the Lower Volcanic Unit
aquifer is laminar (that is, non-turbulent) and can be approximated using
Darcy’s equation (Darcy 1856). On a regional scale these assumptions are
reasonable; however, they may not apply on the local level due to non-
laminar and turbulent flow conditions which may occur in fractures and
cavities.

5) The available water-level data adequately represent the groundwater
flow system within the model area. In most areas this assumption is
reasonable, however, there are certain data deficient areas where the
assumption is questionable.

6) Recharge from precipitation falling directly on the groundwater basin
areas of the model domain is negligible. Because annual precipitation in
basin areas averages about 12 to 14 inches per year, and surface-water
evaporation rates exceed 60 inches per year. In addition, depth-to-water
considerations preclude effective recharge by direct precipitation on the
basins.

7) Evaporation of water from the water table is considered negligible.
This is due to the fact that the depth-to-water in most parts of the study
area is greater than 50 feet.

8) Evapotranspiration losses from riparian vegetation are negligible. This
assumption is due to the very limited area of riparian vegetation in the
model area. Evapotranspiration losses in those areas are included with the
groundwater outflows of the basin. (Corkhill and Mason 1995)

The updated model did not alter the model grid from the original model’s 2
layers, 48 rows and 44 columns. Grid cells remain a half mile in length and width.
However, the active area of the model was expanded from approximately 220 square
miles to nearly 250 square miles, as the active area was extended to include areas in
western Little Chino Valley and the Mint Wash area (Figure 2).
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Model Layers and Aquifer Conditions

The Prescott AMA model is a two layer model (Figure 2). Layer 1 consists of the
unconfined Upper Alluvial Unit aquifer which extends throughout both the Little Chino
sub-basin and the Upper Agua Fria sub-basin. Layer 2 consists of the Lower Volcanic
Unit aquifer, which is modeled as a convertible confined/unconfined aquifer throughout
the northern half of the model area.

The thicknesses of the model layers were assigned based on well log data and
gravity data. The thickness of the Upper Alluvial Unit aquifer varied from 0 feet along
the margins of the basins to over 1000 feet in the central trough of the basins and in the
alluvial depression northwest of the City of Prescott. In most areas, Layer 2 was assigned
a uniform thickness of 200 feet due to sparse geologic data. However, changes to model
layer elevations and thicknesses from the original model were made in several areas
based on newly available data (Figures 3 and 4).

Based on the results of the drilling of ADWR Monitor Well # 1, B(15-01)08DAA
(55-587403) and a recently published USGS report (Wirt et. al 2004), Black Hill was
interpreted as a local intrusive volcanic center. To simulate this new conceptualization,
the Upper Alluvial Unit (Layer 1) was rendered inactive at Black Hill (Row 19, Column
22), while the thickness of the Lower Volcanic Unit (Layer 2) was increased to 800 feet
(Figure 6). The contact between the LVVU and the basement unit was elevated from a
depth of 1135 feet below land surface to a depth of 800 feet. The Lower Volcanic Unit in
the cells immediately adjacent to Black Hill was thickened to 400 feet, leaving
approximately 100 feet of saturated Upper Alluvial Unit above the LVU. As there is no
indication of hydrologic disconnection between Black Hill and the surrounding areas, the
hydraulic conductivity of modified cells in the Black Hill area were adjusted to provide
similar transmissivity values to unmodified cells in the immediate vicinity of Black Hill.

The drilling of ADWR Monitor Well #2, B(16-01)23ACA (55-587404) also
required adjustment of the model layer elevations in the northeast corner of Lonesome
Valley. As the Upper Alluvial Unit aquifer was unsaturated at Monitor Well #2, several
cells in this area in Layer 1 were rendered inactive. In addition, the top elevation of
several cells in the Lower Volcanic Unit was increased to more accurately reflect the
drilling data. Finally, the thickness of the Lower Volcanic Unit at several cells was
increased from 200 feet to 300 feet in order to maintain saturated conditions and to
correspond with the drilling data (Figure 4).

The drilling of ADWR Monitor Well #3, B(15-02)22AAB (55-588619) revealed a
thick pocket of alluvium approximately 1200 feet thick northwest of the City of Prescott.
The areal extent of the pocket was estimated based on the depth to basement map
prepared by Oppenheimer and Sumner (1980). The model layer elevations in this area
were adjusted to reflect these two data sources (Figures 3 and 4).

In 2001, several wells were drilled in the area immediately south of Del Rio
Springs (Allen, Stephenson & Associates 2001). Based on the logs of these wells, the
thickness of the Upper Alluvial Unit was adjusted in several cells in this area.

While previous numerical models developed by ADWR did not include the
westernmost portion of the AMA, rapid development in the Mint Wash area over the past
10 years has caused rapid declines in water levels measured in several wells in the area.
Due to these increasing impacts on the groundwater resources of this area, it was
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determined that the model update would extend the active area of the model to include
Mint Wash and surrounding areas. This was accomplished by extending the active area
of both the Upper Alluvial Unit (Layer 1) and the Lower Volcanic Unit (Layer 2),
increasing the number of active model cells from 1144 to 1258.

Boundary Conditions

The active model area encompasses the main groundwater basin area of the
Prescott AMA. In most locations, the active model area is bounded by impermeable
Basement Unit formations that form the “inactive” part of the model. Figure 2 indicates
the active model area. The inactive areas were assigned the constant flux boundary
conditions of No-Flow to simulate the impermeable Basement Unit.

Constant flux boundary conditions were also used to simulate recharge and
groundwater pumpage throughout the model area.

Head-dependent boundaries were used to simulate natural groundwater discharge
from the model area. Spring flow at Del Rio Springs, underflow to the Big Chino Valley,
and baseflow at the Agua Fria River were all modeled using head-dependent boundary
conditions.

MODFLOW-2000 Input Packages

The model was constructed using several modular input packages: 1) the BASIC
package, 2) the Layer-Property Flow Package (LPF), 3) the WELL package, 4) the
RECHARGE package, 5) the DRAIN package, 6) the General Head Boundary package,
and 7) the Pre-conditioned Congugate-Gradient 2 solver.

The BASIC package