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ABSTRACT

The Arizona Department of Water Resources has developed a
numerical groundwater flow model of groundwater basins of the
Prescott Active Management Area. The model was developed to
evaluate Predevelopment groundwater conditions (circa 1940), and
developed groundwater conditions from 1940 through 1993. The model
simulates groundwater flow through and between the Lower Volcanic
Unit and the Upper Alluvial Unit aquifers.

Analysis of groundwater conditions circa 1940 indicates that
natural recharge and natural discharge were in long-term balance
(steady-state conditions), and were each about 7,000 acre-feet per
year. Analysis of transient groundwater conditions from 1940
through 1993 indicates that a total of about 860,000 acre-feet of
groundwater was pumped from the aquifers of the Little Chino and
Upper Agua Fria sub-basins. \Additional groundwater discharge of
about 320,000 acre-feet occurred as spring flow at Del Rio Springs,
stream baseflow along the Agua Fria River near Humboldt, and as
groundwater underflow to the Big Chino sub-basin north of Del Rio
Springs.

The estimated groundwater recharge for 1940-1993 from
incidental, natural, and artificial sources was about 770,000 acre-
feet. The volume of water removed from aquifer storage during the
period 1940-1993 was estimated at about 410,000 acre-feet. The
estimated annual overdraft for the period 1980-1993 was about 6,000

acre-feet per year.
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EXECUTIVE SUMMARY

This modeling study provides an improved understanding of the
hydrologic system of the Prescott AMA based on the collection,
analysis, and utilization of large amounts of geologic and
hydrologic data. The data analysis has provided conceptual models
of the predevelopment and developed groundwater systems. These
analyses have shown that the groundwater system was in a long-term
state of equilibrium (steady—state) up until about 1940. Beginning
about 1940 the equilibrium of the groundwater system was disrupted
by the introduction of significant agricultural pumpage in the
Little Chino sub-basin. Due to.the lack of significant groundwater
development it 1is believed that near-equilibrium conditions
probably persisted in the Upper Agua Fria sub-basin until about the
mid-1960's.

From 1940 to the mid-1970’'s or early 1980’s increasing
groundwater withdrawls, principally for agriculture, caused water-
levels to decline throughout most of the model area, to a maximum
of about 70 to 80 feet in the Little Chino sub-basin. Beginning in
the late 1970’s the rate of water level decline decreased in many
parts of the model area. In some areas water levels stabilized or
actually began to rise. The recent stabilization of water levels in
some wells is not interpreted to indicate a return to steady-state
conditions within the model area. The stabilization trend is
believed to be a transient phenomenon which reflects the
groundwater system’s temporary adjustments to .a new, reduced
pumpage regime, and a period of increased precipitation, and
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increased natural recharge from major flood flows. Water budget
analysis indicates that groundwater overdraft continues in the
Prescott AMA under present conditions (see Tables 10 and 11).

The data collection and analysis efforts provided sufficient
information to conceptualize and develop a numerical computer model
of the steady-state and transiént groundwater systems. The model
was calibrated to the steady-state conditions (circa 1940), and the
transient conditions from 1940 to 1993. The accuracy of the
calibration was gaged using statistical error analyses on model
predicted water levels, comparisons of model simulated and actual
well hydrographs, and comparisons of model simulated and conceptual
water budget components. The evaluation of model results indicated
that the model reasonably replicated measured water levels and
groundwa-er fluxes in most parts of the model area. Based on these
results it is appropriate to believe that the model will provide

reliable predictions of future groundwater conditions.
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RECOMMENDATIONS

During the course of the modeling study it became apparent
that several data deficiencies existed which 1limited the
conceptualization and modeling of the groundwater system. The
following recommendations are made in order to improve these
deficiencies:

1) Collect more annual water level data in the model area.

This model study relied heavily on the annual water level data
which is measured and collected by the ADWR-Basic Data Section.
Future model updates and statutorily mandated assessments of "safe-
yield" conditions will require the number of regularly measured
"index" wells to be increased. Specific recommendations to
increase the number of wells measured per year have been made as a
part of a new Prescott AMA Groundwater Monitoring Program which is
currently being developed by the AbWR.

2) Install stream gages on important drainages in the Prescott
AMA .

Current stream gage data is absolutely vital to the analysis
of groundwater recharge and discharge in the model area. This
modeling study has demonstrated the relative importance of natural
recharge and natural discharge as components of the annual
groundwater budget. Recently a continuous recording stream gage
was installed by the ADWR on Little Chino Creek below Del Rio
Springs. This gage will provide current spring discharge data
which have been collected only on a sporadic basis since 1945. The

gage at Del Rio Springs represents the first of several gages and
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monitoring devices which are to be installed throughout the

Prescott AMA as part of the proposed Groundwater Monitoring

Program.

3) Collect more aquifer test data.

The model calibration and sensitivity analysis indicated that
the hydraulic conductivity, and storativity data were among the
most influential of the various model input data. In many parts of
the model area such data were unavailable and the model inputs were
therefore estimated. In tﬁe interests of continued model
improvement it is recommended that these data be collected for
future analysis when new well pump tests are performed.

4) C,, age-dating, and other geochemical analyses should be con-
ducted on groundwater samples collected from the volcanic
aquifer and on spring water from Del Rio Springs.

C,, age-dating of groundwater samples from the Lower Volcanic
Unit aquifer and from Del Rio Springs would provide valuable data
concerning the age of groundwater which would be compared to model
simulated particle-tracking estimates of the resident-time required
for groundwater to flow from recharge areas to points of natural
discharge (such as Del Rio Springs). These comparisions would
provide completely independant data concerning the model’s

predictive accuracy.
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CHAPTER ONE - INTRODUCTION

I. INTRODUCTION

The Arizona Department of Water Resources’ Prescott Active
Management Area is located in Central Arizona (Figure 1). The
Prescott Active Management Area (AMA) is one of four AMAs which
were established by the Groundwater Management Act of 1980. The
Active Management Areas are areas in which intensive groundwater
management 1is required to address the impacts on groundwater
supplies due to extensive groundwater withdrawls.

The management goal of the Prescott AMA is to achieve "safe-
yield* by the year 2025, or earlier. The safe-yield goal is
defined as the condition where éroundwater withdrawls do not exceed
recharge to the aquifer-system within the AMA. To achieve the
safe-yield goal the AMA has established several groundwater
management programs which include: 1) groundwater quality
assessment and managment, 2) agricultural conservation, 3)
municipal conservation, 4) industrial conservation, 5) augmentation
and reuse. |

In order to evaluate the potential impacts of these programs
towards achieving safe-yield the Arizona Department of Water
Resources (ADWR) has developed a regional groundwater flow model of
the Prescott AMA. The study began in 1993 with activities designed
to characterize the geology and hydrology of the model area.

The model study area was restricted to the groundwater basin area

of the Prescott AMA (Figure 1). The surrounding mountainous area
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of the AMA provided a physical Eoundary to much of the groundwater
flow system.

Recent activities have included the construction, calibration,
and evaluation of a three-dimensional groundwater flow model of the
study area. Future activities will involve the utilization of the
groundwater flow model to simulate future groundwater conditions

based upon projected water use scenarios.

II. GOALS AND OBJECTIVES

The primary goal of the Prescott AMA groundwater modeling
study was to develop an analytical tool capable of quantifying the
effects of various groundwater management and conservation programs
on the groundwater supplies within the study area. This goal was
achieved by establishing and fulfilling a set of intermediate goals
“which included: 1) conduct a comphrehensive collection and
compilation of all current and historic hydrologic, geologic, and
land use data, 2) develop a three-dimensional groundwater flow
model, 3) identify areas of data deficiency and model limitations
that need to be addressed in future model updates, 4) develop
recommendations to guide and improve future data collection
efforts, and model updates. As the previous discussion indicates,
it is the intention of the ADWR to re-visit and improve the model

as time and new data allow.



III. PURPOSE AND SCOPE

The purpose of the report is to describe the geology and
hydrology of the groundwater basin area of the Prescott AMA.
The report documents the data collection, data analysis, and model
construction phases of the model study. The report also provides
recommendations concerning future model updates, improvements, and
uses. Additionally, the report also describes the conceptual and
numerical models which have been developed of the groundwater flow
system of the model area. Temporally, the report covers the
Predevelopment groundwaﬁer flow system circa 1940, and the

developed groundwater water flow system (1940-1993).

IV. MODEL AREA

The Prescott AMA includes 485 square miles in central Yavapai
County, Arizona. The AMA is comprised of the Little Chino (LIC)
and Upper Agua Fria (UAF) groundwater sub-basins. The model covers
the groundwater basin portion of the AMA which is about 220 square
miles (Figure 1). The model does not cover the mountainous area of
the AMA.

The model area includes the towns of Dewey, Humboldt, Prescott
Valley, and Chino Valley (Figure 1). The City of Prescott is
located outside the model area in the bedrock foothills region
immediately north of the Bradshaw Mountains. Although the City of
Prescott is outside the model area, the population of the City of
Prescott relies on groundwater pumped from thelaquifers of the
Little Chino sub-basin. 1In 1990, the population of the Prescott
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AMA was abbut 57,000 (ADWR, 1993). The Arizona Department of
Economic Security projects that about 135,000 people will reside in

the AMA by the year 2025 (ADWR, 1993).
V. PREVIOUS INVESTIGATIONS

The hydrology and geology of the model area has been studied
and described by several researchers. One of the most informative
geological reports on the area was provided by Krieger (1965) of
the United States Geological Survey (USGS). This report provides
a detailed discussion of stratigraphy and structure along with a
brief description of the geography, physiography, and mineral and
water resources of the Prescott and Paulden USGS Topographic
Quadrangles. Other useful reports include the USGS report on the
geology of the Mingus Mountain gquadrangle (USGS, 1958), and Lehner
(1958) who reported on the geology of the Clarkdale quadrangle.
Anderson and Creassey (1967) produced a geologic map of the Mingus
Mountain quadrangle.

Schwalen (1967) descibed a groundwater study of the artesian
area of the Little Chino‘Valley (Figure 1) which was conducted by
the Agricultural Experiment Station at the University of Arizona.
The Schwalen (1967) report provides a detailed and valuable
description of the geology, hydrology, streamflow data, and
groundwater development of the Little Chino sub-basin from 1940-
1965. The report was subsequently updated by Matlock, Davis, and
Roth (1973) to cover groundwater use and development from 1966-

1972.



Over the years the USGS and the ADWR have conducted annual
water level measurement, and water quality sampling surveys.
Littin (1981) of the USGS produced maps showing groundwater
conditions in the Agua Fria aréa in 1979. Other USGS reports and
maps of the general area include: The ADWR report by Remick (1983)
contained maps showing groundwater conditions in the Prescott AMA
in 1982.

Wilson (1988) reported on the water resources and hydrogeology

,0f the northern part of the Upper Agua Fria area including the
Upper Agua Fria sub-basin. Other geologic and hydrologic reports
on the model area may be found referenced in the ADWR "Bibliography
of Selected Reports on Groundwater in Arizona", by Remick (1987).
Additional USGS reports and activities may be found referenced in
the USGS "Activities of the Water Resources Division in Arizona,

1986-91", by Spicer and Van De Vanter (1993).

VI. SOURCES OF WATER LEVEL DATA

The collection and analysis of water level data was an
essential part of the model study. Water level data were collected
and analyzed for the period 1940-1993. Water level maps which were
prepared from the data aided in the conceptualization of the
groundwater flow system. The water level data and water level maps
were also used to provide numerical model inputs and calibration
standards.

The availability of water level data was quite variable

throughout the model area. Water level data were readily available



in the agricultural area of the Little Chino sub-basin (Figure 1)
where an organized study of groundwater conditions and water level
measurements was begun in 1937 by the University of Arizona
Agricultural Engineering Department. However, in most other areas
of the Little Chino and Upper Agua Fria sub-basins little
groundwater development has occurred, and consequently fewer water
level data available, especially for the earlier years.

For the most part, water level data were derived from the ADWR
Ground Water Site Inventory (GWSI) database. Information stored in
the GWSI database consists of water levels and other related data
which are measured or collected by the ADWR Basic Data Section and
by personnel from the USGS. Additional water level data were
derived from driller’s log' descriptions of *first water"
encounters, and reports of static water levels recorded at the time

of drilling.
VII. SOURCES OF HYDROGEOLOGIC DATA

The extent and character of the groundwater basins in the
model area were determined through a detailed analysis of geologic
and hydrologic data. The main sources of geologic data were
driller’s logs, and gravity data. Hydrologic data, such as aquifer
transmissivities and storativities, were derived from application
of the Drillers Log Program (Long and Erb, 1980), flow net

analysis, specific capacity measurements, and pump test data.



Well Log Data

Drillers’ well logs provided the major source of geologic data
in the model area. Over 800 drillers’ logs were reviewed during
this study to help delineate the vertical and areal extent of the
aquifer-system within the model area.

Although many logs were examined, it should be recognized that
many logs were of questionable quality, and there were many areas
where log data were unavailable (Figure 2). Additionally, most
wells were not drilled to bedrock, thus total aquifer thicknesses

were necessarily inferred from other data.

Gravity Data

Gravity data were used to make geologic interpretations in
many parts of the model area. Due to the total lack of wells in
many areas it was essential to use gravity information to estimate
bedrock depths and aquifér thicknesses where no other data were
available. The gravity data utilized included the Depth-to-Bedrock
Map (Prescott) by Oppenheimer and Sumner (1980), and the Complete
Residual Bouger Gravity Anomaly Map (Prescott) by Lysonski, and
others (1981).

Drillers’ Log Program

The Drillers’ Log Program (DLP) was used to provide preliminary
estimates of hydraulic conductivity (K), aquifer transmissivity
(T), and specific yield (SY). The DLP utilizeslthe relationship
between driller’s 1lithological descriptions and Thydraulic
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conductivity, and specific yieid which has been described by Long
and Erb (1980), and Kisser and Haimson (1981). 1In many areas the
DLP estimates were the sole source of aquifer parameter data. The

locations of wells where the DLP was applied are shown in Figure 2.

Flow Net Analysis

In addition to the DLP, flow net analysis was also utilized to
provide additional estimates of transmissivity within the model
area. The flow net analysis was performed using the 1940 water
level map to provide estimates of the steady-state transmissivity
distribution. The results of the flow net analysis were used in
conjunction with the results of the DLP and specific capacity

analyses to provide initial estimates of hydraulic conductivity.

Specific Capacity Measurements

Specific capacity data were used to provide general estimates
of the potential range of transmissivities of volcanic formations
found in the Little Chino sub-basin. Specific capacity data were
also uséd to espimate the transmissivity of alluvial deposits in
the Upper Agua Fria sub-basin. The use of specific capacity data
to estimate aquifer transmissivity is based on an application of

the Cooper-Jacob equation (1946):

S = 264*Q log 0.3*T*t (1)
T r’s

where

drawdown (ft) ,

yield of the well (gpm)
transmissivity of the well (gpd/ft)
time of pumping (days)

radius of well (ft)

HRa30on
I T I TR |



storage coefficient of the aquifer
specific capacity (gpm/ft of drawdown)

S
Q
s

The application of the Cooper-Jacob equation (1946) is based
on the direct relationship between specific capacity and aquifer
transmissivity for an individual pumping well. As shown 1in

Driscoll (1986, Appendix 16.D.) Equation 1 may be rearranged and

solved in terms of specific capacity:

Q = T (2)
S 264*1log0.3*T*t
rs

Applying typical values for the'assumed variables such as t=1 day,
r=0.5 ft, T=30,000 gpd/ft, and S=.001 for a confined aquifer the
specific capacity of the confined aquifer is given by the equation:

Q=_T (3)
s 2000

It should be noted that the use of this relationship presumes an
average aquifer transmissivity of 30,000 gpd/ft, however as pointed
out in Driscoll (1986), the value of assumed transmissivity appears
in the log term of Equation 2, and even if the assumed value of
transmissivity was increased to 120,000 gpd/ft the divisor in
Equation 3 would only increase to 2,133 (a difference of less than
7 percent). The transmissivities of volcanic and alluvial deposits
were estimated by applying Equation 3 to specific capacity data
which were compiled by Schwalen (1967, Table 6). The locations of
wells where specific capacity data were available are shown in

Figure 2.

10



Pump Test Data

Pump test data were available for only a few wells in the
model area. Pump test data were supplied for a water supply well
in the Chino Valley area (Gookin, and Associates, 1987), and from
hydrogeologic reports covering the Del Rio Springs area (Gookin,
and Asscciates, 1977), the eastern section of Lonesome Valley
(Sebenick, 1989), and the Upper Agua Fria sub-basin (Water
Resources Associates, 1992). Estimates of aquifer parameters
provided from the pump test data were used to supplement estimates
provided from the other previously mentioned sources of
hydrogeologic data. The locations of wells with available pump

test data are shown in Figure 2.
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CHAPTER TWO - THE HYDROGEOLOGIC SYSTEM
I. REGIONAL SETTING: GEOGRAPHY, PHYSIOGRAPHY, AND CLIMATE

The Prescott AMA groundwater model area is located in central
Arizona. The model covers the groundwater basin portion of the
AMA, an area of approximately 220 square miles (Figure 1).

The model area is located within the Transition Zone of the
Basin and Range physiographic province as defined by Fenneman
(1931) . The model area is typified by gently rolling or undulating
topography with broad sloping alluvial fans which were formed at
the base of the surrounding hills or mountains. Land surface
elevations range from about 4,450 to 4,900 feet in the basin area
of the model to over 7,000 feet in the Black Hills and Bradshaw
Mountains.

A surface drainage divide bisects the model area forming a
topographic boundary between the Little Chino and Upper Agua Fria
groundwater sub-basins (Figure 1). Runoff from the Little Chino
sub-basin flows northward to the Verde River, while runoff in the
Upper Agua Fria sub-basin flows southward to the Agua Fria River.

Native Vegétation varies from high desert grasslands in the
basin areas to coniferous forests in the surrounding mountains.
Annual precipitation varies from about 12 inches per year at the
Town of Chino Valley, to about 19 inches per year at Prescott
(EarthInfo, 1994). The average daily temperatures range from about

22°F to 57°F in January, and from about 50°F to 89°F in July (ADWR,
1991).
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II. HYDROGEOLOGIC FRAMEWORK

Part of the information presented in this section was derived
from the reports by Krieger (1967), Schwalen (1967), Remick (1983)
Wilson (1988), and others. However, a 1large part of the
information which will be presented was developed by the authors of

this report.
Geologic Structure

The Prescott AMA model area is located in the Transition Zone
geomorphic province of central Arizona. The Little Chino
groundwater sub-basin comprises the northern portion of the model
area, and the Upper Agua Fria groundwater sub-basin comprises the
southern portion (Figure 1).

The geologic structure of the model area is characterized by
a deep structural trough which trends north-northwest for a
distance of about 25 miles from near Humboldt in the southern part
of the Upper Agua Fria sub-basin to near Del Rio Springs in the
northern part of the Little Chino sub-basin. The trough is filled
with alluvial, sedimentary, and volcanic rocks of Quaternary and
upper Tertiary age (Figure 3).

The trough appears to have formed due to basin-and-range
faulting and warping which created a downdropped structural basin
in the northern and eastern portions of the Little Chino and Upper
Agua Fria sub-basins. The trough is bounded to the east by the
Coyote fault that forms the western edge of 'the Black Hills
(Wilson, 1988). Vertical offset on the Coyote fault is estimated
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by Krieger (1965) to range from 0 feet at Humboldt to about 1,200
feet southwest of the Indian Hills (Figure 3). 1In the northern
part of the Little Chino sub-basin the trough is bounded by a late
Cenozoic fault (Figure 3) which has been informally referred to as
the Del Rio Springs fault (Ostenaa, and others, 1993, p. 23). The
vertical offset on the Del Rio Springs fault is estimated by
- Ostenaa (1993) to be at least 1000 feet. The floor and sides of
the trough consist of low-permeability igneous and metamorphic

rocks.
Rock Units

A wide variety of rock types are found in the model area. 1In
this modeling study the numerous rock types have been grouped into
three hydrogeologic model units which have similar hydrologic .
properties. From oldest to youngest, the units are the Basement
Unit (BU), the Lower Volcanic Unit (LVU), and the Upper Alluvial
Unit (UAU). The geologic structure and stratigraphy of the model
area is shown in generalized geologic cross-sections A-A’ to E-E’

(Plate 1).
Basement Unit

The Basement Unit is composed of a wide variety of crystalline
or foliated igneous and metamorphic rocks that are generally dense,
nonporous, and nearly impermeable (Wilson, 1988). Common Basement
Unit rock types include granite, diorite, gabbro, schist,

metavolcanics, and metasediments. The unit is equivalent to the
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Basement Unit defined by Wilson (1988)

The Basement Unit forms the impermeable floor and sides of the
structural groundwater basins and is exposed at the land surface
throughout the mountainous areas which surround the basins. In the
Little Chino sub-basin the Basément Unit generally underlies the
Lower Volcanic Unit. In the Upper Agua Fria sub-basin the Basement
Unit generally underlies the Upper Alluvial Unit. Although minor
volumes of water are produced from Basement Unit wells outside the
modeled area, the unit is not regarded as an aquifer for modeling

purposes.
Lower Volcanic Unit

The Lower Volcanic Unit is of Tertiary age, and overlies the
Basement Unit in the northern half of the model area. The unit is
composed of a thick sequence of basaltic andbandesitic lava flows
which are interbedded with layers of pyroclastic and alluvial
material. The lava flows which comprise the Lower Volcanic Unit
are differentiated from other younger, and shallower volcanic flows
described in many well logs ;hroughout the model area. These
younger flows seem to lack continuity and appear to be restricted
to old stream channels cut into the alluvium (Water Resources
Associates, 1992).

Confined conditions are observed in the Lower Volcanic Unit
aquifer in the northwestern section of the Little Chino sub-basin.
These conditions are primarily caused by the thick sequence of

fine-grained alluvial and pyroclastic materials which overly the
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Lower Volcanic Unit, and serve as an aquitard which restricts the
vertical movement of groundwater. In some areas the volcanic flows
probably also serve as aquitards. However, in most locations it
was not possible to determine which type of material serves as the
main confining layer, because of the highly interbedded nature of
the materials and the general lack of knowledge concerning the
exact depth at which confined conditions were first encountered.

Groundwater flow in the Lower Volcanic Unit occurs primarily
through fractures, cavities or vugs in the volcanic deposits, and
also through the interbedded, coarse-grained alluvial materials,
such as sands and conglomerates. The Lower Volcanic Unit forms a
highly productive (artesian) confined aquifer which has been
clearly delineated from well lpgs in the northwestern section of
the Little Chino sub-basin (Townships 16 and 17 North, Range 2
West). Many large-discharge (1,000 to 3,000 gal/min) irrigation
wells tap the confined zone of the Lower Volcanic Unit in this
area. 1In the past, many wells drilled into the Lower Volcanic Unit
flowed at ground surface. However, the hydrostatic pressure of the
Lower Volcanic Unit has declined substantially from earlier
periods, and only a few flowing wells remain.

The extent of the Lower Volcanic Unit in the eastern part of
the Littlie Chino sub-basin is not well known, however its existence
in that area has been inferred from the available well logs, and
gravity data. Some wells completed in volcanic flows overlying
bedrock about two to three miles west of the Indian Hills have

large specific capacities (Sebenik, 1989). Additionally, the
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interpretation of water level data suggests that the Lower Volcanic
Unit recieves groundwater recharge in the southern and eastern
parts of the Little Chino sub-basin.

The southern extent of the Lower Volcanic Unit is probably
limited to the Little Chino sub-basin. However, recently a deep,
large-capacity production well (3000 gal/min) was drilled into
volcanic rocks in the Prescott Valley area of the Upper Agua Fria
sub-basin (Wellendorf, 1994). Undoubtly, this well has penetrated
well-fractured, and/or vesicular volcanic flows. However, the high
degree of fracturing or vesicularity may only be a local feature.
At this time, the available well data do not indicate the presence
of a major artesian aquifer-system in the Upper Agua Fria sub-
basin. The approximate areal extent and top elevation contours of
the Lower Volcanic Unit are shown in Figure 4.

The total thickness of the Lower Volcanic Unit is not well
known, except at a few locations where wells have been drilled
through the unit’s entire thickness. Although the total thickness
of the Lower Volcanic Unit is not well known, the productive
thickness of the unit is probably only a few hundred feet. This
estimate is based on the average depth-of-penetration of water
wells which tap the Lower Volcanic Unit, and from depth-to-bedrock
maps produced from gravity data (Oppenheimer and Sumner, 1980).

The transmissivity of the.Lower Volcanic Unit in the confined
area of the Little Chino sub-basin has been estimated using the
relation between specific capacity and transmissivity which was

described earlier in this report. The estimated transmissivities
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in the Lower Volcanic Unit ranged from less than 5,000 to about
110,000 Feet?/day. The estimated average Lower Volcanic Unit
transmissivity was about 25,000 Feet?/Day.

At this point it is important to remember that the hydraulic
conductivity and overall transmissivity of the Lower Volcanic Unit
is highly dependent upon the presence of fractures and cavities,
and there is substantial spatial variabilty in the distribution of
these features. Because of the heterogeneities, zones of
exteremely high and low transimissivity may exist in close
proximity. Therefore, the estimated average Lower Volcanic Unit
transmissivity of 25,000 Feet?/Day should be taken only as an area
average and not necessarily representative of any specific
location, especially outside the well-defined artesian zone in the
northwestern portion of the Little Chino sub-basin.

The Driller’s Log Program was used to provide estimates of the
specific yield of the Lower Volcanic Unit which ranged from .03 to
.08. The storage coefficent. of the Lower Volcanic Unit was

estimated from published data to be about .0001 (Fetter, 1988).

Upper Alluvial Unit

The Upper Alluvial Unit is composed of a heterogenous mixture
of sedimentary, volcanic, and younger alluvial rocks. The unit
includes Quaternary and Tertiary sedimentary rocks described by
Krieger (1967), and the informal sedimentary, volcanic, and basin-
£ill units defined by Wilson (1988). The exposed sedimentary rocks

in the southern part of the model area consist of fanglomerate, mud

18



flows, and some interbedded volcanic tuff around the margins; in
the interior of the basin sedimentary rocks include channel gravel,
sand, silt, clay, marl, and some rhyolite tuff (Krieger, 1967, P.
71) In the northern portion of the Little Chino sub-basin many
logs contain descriptions of clays, volcanic ash, and conglomerate.
Many of the sedimentary rocks are believed to be of Tertiary age,
and have textures and bedding structures which indicate lacustrine
origin (Krieger, 1967).

Volcanic rocks found in the Upper Alluvial Unit are generally
deposited as thin, discontinuous flows which have limited vertical
and areal extent. As mentioned earlier, the volcanic flows found
in the Upper Alluvial Unit appear to have been deposited in ancient
drainage<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>