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CONVERSION FACTORS

Multiply By To obtain
inch (in.) 254 millimeter
acre 4,047 square meter
foot (ft) 0.3048 meter
square foot (ft2) 0.09290 square meter
cubic foot (ft3) 0.02832 cubic meter
foot per day (ft/d) 0.3048 meter per day
mile (mi) 1.609 kilometer
square mile (mi2) 2.590 sguare kilometer
acre-foot (acre-ft) 0.001233 cubic hectometer
cubic yard (yd3) 0.7646 cubic meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06308 liter per second
gallon per day per foot (gal/day/ft) 0.2670 liter per second per meter
gallon (gal) 3.785 liter

ABBREVIATED WATER-QUALITY UNITS

Chemical concentration and water temperature are given only in metric units. Chemical concentration in water isgiven in
milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter isaunit expressing the solute mass (milligrams)
per unit of volume (liter) of water. One thousand micrograms per liter is equivalent to 1 milligram per liter.

For concentrations less than 7,000 milligrams per liter, the numerical value is about the same as for concentrations in parts per
million. Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25°C). Chemical
concentrations in streambed sediment are given in micrograms per gram (ug/g) or micrograms per kilogram (ug/kg).
Micrograms per gram is equal to parts per million (ppm). Micrograms per kilogramsis egqual to parts per billion (ppb).

VERTICAL DATUM

Sealevel: Inthisreport, “ sealevel” refersto the National Geodetic Vertical Datum of 1929 (NGV D of 1929)—ageodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called “ Sea L evel
Datum of 1929".

DEFINITION OF SELECTED TERMS

Termsrelated to streamflow, water-quality, and other hydrologic data as used in thisreport are defined below. Definitions from
Smith and others. (1996).

Acre-foot—(AC-FT, acre-ft) isthe quantity of water required to cover 1 acre to a depth of 1 foot and is equivalent to
43,560 cubic feet or about 326,000 gallons, or 1,233 cubic meters.

Aquifer—isageologic formation, group of formations, or part of aformation that contains sufficient saturated permeable
material to yield significant quantities of water to wells and springs.
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Bacteria—are microscopic unicellular organisms, typically spherical, rodlike, or spiral and threadlike in shape, often clumped
into colonies, Some bacteria cause disease, while others perform an essential role in nature in the recycling of materials; for
example, by decomposing organic matter into a form available for reuse by plants.

Cubic foot per second—(ft3/s) isthe rate of discharge representing a volume of 1 cubic foot passing a given point during
1 second and is equivalent to approximately 7.48 gallons per second or 448.8 gallons per minute or 0.02832 cubic meters per
second.

Dischar ge—is the volume of water (or more broadly, total fluid plus suspended sediment) that passes a given point within a
given period of time.

Dissolved—refers to the material in arepresentative water samples which passes through a 0.45-micrometer membrane filter.
Thisisaconvenient operational definition used by Federal agencies that collect water data. determinations of “ dissolved”
constituents are made on subsamples of the filtrate.

Dissolved-solids concentr ation—of water is determined either analytically or by the “residue-on-evaporation” method, or
mathematically by totalling the dissolved concentrations of individual constituents reported in a comprehensive chemical
analysis. During the analytical determination of dissolved solids, the bicarbonate (generally a major dissolved component of
water) is converted to carbonate. Therefore, in the mathematical calculation of dissolved-solids concentration, the bicarbonate
value, in milligrams per liter, is multiplied by 0.492 to reflect the conversion.

Drainage-ar ea—of a stream at a specified location is that area, measured in a horizontal plane, enclosed by atopographic
divide from which direct surface runoff from precipitation normally drains by gravity into the stream above the specified
location.

Drive-point wells—are small-diameter, stainless-steel wellsthat are hand driven to the desired depth. In this study, wellswere
1.5inchin diameter and had a screened interval of 1.5 feet.

Fecal coliform bacteria—are bacteriathat are present in the intestines or feces of warmblooded animals. There are often used
asindicators of the sanitary quality of the water. In the laboratory they are defined as all organismsthat produced blue colonies
within 24 hours when incubated at 44.5°C + 0.2°C on M-FC medium (nutrient medium for bacterial growth). Their
concentrations are expressed as number of colonies per 100 mL of sample.

Fecal streptococcal bacteria—are bacteriafound also in the intestines of warmblooded animals. Their presence in water is
considered to verify fecal pollution. They are characterized as Gram-positive, cocci bacteria which are capable of growth in
brain-heart infusion broth. In the laboratory they are defined as all the organisms which produce red or pink colonies within
48 hours at 35°C + 1.0°C on KF-streptococcus medium (nutrient medium for bacterial growth). Their concentrations are
expressed as numbers of colonies per 100 mL of sample.

Gaging station—is aparticular site on a stream, canal, lake or reservoir where systematic observations of hydrologic dataare
obtained.

Hardness—of water is a physical-chemical characteristic that is commonly recognized by the increased quantity of soap that
isrequired to produce lather. It is attributable to the presence of alkaline earths (principally calcium and magnesium) and is
expressed as equivalent of calcium carbonate (CaCog).

Mean dischar ge—(Mean) is the arithmetic mean of individual daily mean discharges during a specific period.

Particle-size classification—used in this report agrees with the recommendation made by the American Geophysical Union
Subcommittee on Sediment Terminology. The classification is as follows:
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Classification Size, in millimeters Method of analysis

Clay 0.00024-0.004 Sedimentation

Silt .004—.062 Sedimentation

Sand .062-2.0 Sedimentation or sieve
Gravel 2.0-64.0 Sieve

The particle-size distributions given in this report are not necessarily representative of all particlesin transport in the stream.
Most of the organic matter is removed and the sample is subjected to mechanical and chemical dispersion before analysisin
distilled water. Chemical dispersion is not used for native-water analysis.

pH—of water is the negative logarithm of the hydrogen-ion activity. solutions with pH lessthan 7 are termed “acidic” and
solutions with apH greater than 7 are termed “basic”. Solutions with apH of 7 are neutral. The presence and concentration of
many dissolved chemical constituents found in water are, in part, influenced by the hydrogen-ion activity of water. Biological
processes including growth, distribution of organisms, and toxicity of the water to organisms are also influenced. in part, by the
hydrogen-ion activity of water.

Sediment—is solid material that originates mostly from disintegrated rocks and is transported by, suspended in, or deposited
from water; it includes chemical and biochemical precipitates and decomposed organic materia such as humus. The quantity,
characteristics, and cause of the occurrence of sediment in streams areinfluenced by environmental factors. Some major factors
are degree of slope, length of dlope, soil characteristics, land usage, and quantity and intensity of precipitation.

Sodium-adsor ption ratio—is the expression of relative activity of sodium ionsin exchange reactions within soil and isan
index of sodium or akali hazard to the soil. Watersrangein respect to sodium hazard from those which can be used for irrigation
on amost al soilsto those which are generally unsatisfactory for irrigation.

Specific conductance—is a measure of the ability of awater to conduct an electrical current. It is expressed in microsiemens
per centimeter at 25°C. Specific conductanceis related to the type and concentration of ions in solutions and can be used for
approximating the dissolved-solids content of the water. Commonly, the concentration of dissolved solids (in milligrams per
liter) isabout 65 percent of the specific conductance (in microsiemens). Thisrelation is not constant from stream to stream, and
it may vary in the same source with changes in the composition of the water.

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

Total—is the total amount of a given constituent in a representative water/suspended-sediment sample, regardless of the
constituent’ s physical or chemical form. Thisterm isused only when the analytical procedures assures measurement of at |east
95 percent of the constituent present in both the dissolved and suspended phases of the sample. A knowledge of the expected
form of the constituent in the sample, as well as the analytical methodology used, is required to judge when the results should
be reported as “total”. (Note that the word “total” indicates both that the samples consists of a water/suspended-sediment
mixture and that the analytical method determined al of the constituent in the sample.)

Total, recover able—is the amount of a given constituent that isin solution after a representative water/suspended sediment
samples has been digested by a method (usually using a dilute acid solution) that resultsin dissolution of only readily soluble
substances. Compl ete dissolution of all particulate matter is not achieved by the digestion treatment, and thus the determination
represents something less than the “total” amount (that is, less than 95 percent) of the constituent present in the dissolved and
suspended phases of the sample. To achieve comparability of analytical data, equivalent digestion procedures are required of
all laboratories performing such analyses, because different digestion procedures are likely to produce different analytical
results.
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Transmissivity—is the rate at which water is transmitted through a unit width of aguifer under a unit hydraulic gradient.
The standard unit for transmissivity is cubic foot per day per square foot times foot of aquifer thickness [(ft3/d)/ft?]ft. In this
report, the mathematically reduced form, foot squared per day (ft2/d), is used for convenience.

Water year—in U.S. Geological Survey reports dealing with surface-water supply isthe 12-month period, October 1 through
September 30. the water year is designated by the calendar year in which it ends and which includes 9 of the 12 months. Thus,
the year ending September 30, 1996, is called the “ 1996 water year”.

Weighted aver age—isused in thisreport to indicate grain-size weighted average. It is computed by multiplying the total mass
of material for a given sampling depth by the concentration of individual grain-size distributions for the corresponding depth
and dividing the sum of the products by the sum of the masses. In this case, a grain-size weighted average approximates the
composition of aluvial material that would be found at a given location, to a given depth after thorough mixing.
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Occurrence and Quality of Surface Water and Ground Water within
the Yavapai-Prescott Indian Reservation, Central Arizona, 1994-98

By G.R. Littin, Margot Truini, H.A. Pierce, and B.M. Baum

Abstract

The Yavapai-Prescott Indian Reservation encompasses about 1,395 acres in central Arizona adjacent
to the city of Prescott. From October 1994 to September 1997, the annual average rainfall was 14.9 inches
and the total annual streamflow |leaving the reservation along Granite Creek was about 430 acre-feet more
than the amount of streamflow entering the reservation. The channel-fill and valley-fill sediments within
the flood plain of Granite Creek make up the principal aquifer. The only ground-water development is
from spring discharge that is being contained for livestock and wildlife use. About 29 acre-feet of ground
water leaves the reservation each year after discharging into Granite Creek. Water levelsin wells
throughout the reservation reflect seasonal variationsin rainfall and snowmelt.

Surface water and ground water on the reservation are calcium bicarbonate types. Specific-
conductance field measurements ranged from 187 to 724 microsiemens per centimeter for surface water
and 381 to 990 microsiemens per centimeter for ground water. Fecal streptococcal bacteria and fecal
coliform bacteriain the surface water make the water unsuitable for domestic use. Some volatile and
semivolatile organic compounds were detected in samples of surface water, ground water, and streambed
sediment. The potential for contamination exists from point and nonpoint sources on and off the
reservation.

PRINCIPAL FINDINGS 5. Ground water in the channel-fill sediments
generally movesin the same direction as

1. Thetota annua streamflow leaving the reser- surface-water flow (southwest to northeast).

vation along Granite Creek during water years
199597 was about 430 acre-ft more than the

amount of streamflow entering the reservation.
About 29 acre-ft of that amount is contributed
by ground-water discharge from the alluvium.

Fecal streptococcal and fecal coliform bacteria
were detected in Granite Creek and make the
surface water unsuitable for use by humans.

The channel-fill and valley-fill sedimentsalong
the flood plain of Granite Creek make up the
principal aquifer. The estimated total storage
potential for the aguifer west of U.S. Highway
89 is3.52 x108 ft3 (8,080 acre-ft) and the
estimated effective storage is about 1.64 x108
ft3 (3,760 acre-ft).

Annual discharge from two springs was about
9.5 acre-ft.

Rate of ground-water movement was estimated
at about 0.04 ft/d.

Water levels respond to seasonal variationsin
rainfall and snowmelt.

Trilinear analysis of the major chemical ionsin
surface-water and ground-water samples
indicatethat surface water and ground water are
calcium bicarbonate types.

Some volatile and semivolatile organic
compounds were detected in surface-water,
sediment, and ground-water samples.

Onthe basis of studies at awood-treatment site
in Pensacola, Florida, and an estimated ground-
water flow rate of 0.04 ft/d in this study, natural

restoration of the aquifer in the Slaughterhouse
Gulch area may take as long as 200 years.

Abstract 1



INTRODUCTION

The Yavapai-Prescott Indian Reservation includes
an area of about 1,395 acres (about 2 mi2) and is
surrounded on the south, west, and north by the city of
Prescott, Arizona (fig. 1). Granite Creek, which
roughly bisects the reservation, flows intermittently
and drains an areaof about 30 mi2 to the south and west
of the reservation, including the city of Prescott.
Surface water in the creek is used only to support
livestock and wildlife. Alluvia deposits along Granite
Creek make up the principal aquifer on the reservation.
Ground water is stored within the voids of these
deposits and in variable amounts in fractured and

decomposed igneous rocks of Precambrian age that
underlie the alluvial deposits and are exposed in
various parts of the reservation.

The Yavapai-Prescott Indian Tribe obtained water
rights through the Yavapai-Prescott Indian Water
Resources Settlement Act of 1994 (U.S. House of
Representatives, 1994). This act provides the tribe with
priority to the first 550 acre-feet of production by the
city of Prescott Water Division, even in times of
extreme shortage. This amount is ample to meet the
tribe’s current needs and projected growth on the
reservation.
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Figure 1.  Study area, Yavapai-Prescott Indian Reservation, Arizona.
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As with many tribes in the southwestern United
States, the primary water-resource concerns of the
Yavapai-Prescott Indian Tribe are related to water
rights, availability, and quality. In 1993, the tribe
invited the U.S. Geological Survey (USGS) to
investigate the water-resources on the reservation and
identify sources of potential point and nonpoint
contamination of Granite Creek and the underlying
aluvia aquifer. Preliminary field work began in the
summer of 1993 when water |evels were measured in
two monitor wells.

Purpose and Scope

The purpose of thisreport is to describe the
occurrence and quality of surface water and ground
water on the Yavapai-Prescott |ndian Reservation from
September 1994 to September 1998. The scope
includes the presentation and analysis of dataincluding
continuous and periodic measurements of surface-
water flow (October 1994 to September 1998) and
depth to ground water (August 1993 to June 1998);
water quality (September 1994 to September 1998);
and aguifer composition, thicknesses, and hydraulic
properties. Surface-water data include discharge
measurements from two continuous-record
streamflow-gaging stations, periodic stage
measurements from four tributaries, and water-quality
analysis of samples collected during base-flow and
storm-runoff conditions. Ground-water data include
quarterly water-level measurements from 12 monitor
wells, discharge measurements from 2 springs, and
water-quality datafrom 9 wells and 2 springs. Aquifer
data include lithologic and natural-gammalogs from
boreholes, surface-geophysical profiles, and the results
of two water-level recovery tests.

Location and Population

The Yavapai-Prescott Indian Reservation (fig. 1)
was established by an act of Congress for the Yavapai-
Prescott Tribein 1935 (U.S. House of Representatives,
1935). The reservation includes about 1,395 acres and
is aong the northeast corporate boundary of the city of
Prescott. Originally established on 75 acres of the old
Fort Whipple Military Reserve, the reservation was
expanded to 1,395 acresin 1956.

The current population on the reservation is about
250; about 149 are tribal members. Almost all the
population isin the western part of the reservation, and
there is no individual ownership of tribal lands.

Previous Investigations

Consulting firms and the University of Arizona
have studied hydrology on or near the reservation.
These studies have included geol ogic mapping of the
areain and near Prescott, compilations of records of
springs and wells, aguifer and pump tests, seismic-
refraction surveys, ground-water and surface-water
sampling, flood-plain delineation and step-backwater
surveys of Granite Creek, photogrammetric and field
surveys of existing and potential water supplies,
collection and compilation of drillers' logs, and a
review of previous ground-water contamination
studies.

Krieger (1965) studied the geology of the Prescott
and Paulden 15-minute quadrangle areas and presented
ageol ogic description and maps aswell asan inventory
of springs and wells. The USGS measured streamflow
in Granite Creek from 1932-47 and published the
discharge data (U.S. Geological Survey, 1954).

Physiographic Setting and Land Use

The Mexican Highland physiographic province of
central Arizona (Fenneman, 1931) ison hilly terrain
composed of weathered granitic rock and semi-
consolidated sedimentary deposits. The reservation
ranges in atitude from about 5,200 ft along Granite
Creek where the creek exits the northeast boundary of
the reservation to about 5,900 ft at the western
boundary near the summit of Badger Mountain.

Vegetation consists of pine, juniper, oak, and other
associated plants typical of the Mexican Highland
physiographic province of Arizona. Thereservation has
thin to moderate coverage of high chaparral grassesand
other endemic plant assemblageswhich, in general, can
be classified as light vegetation coverage. Light to
moderate stands of cottonwood and sycamore trees and
other vegetation typical of ariparian environment occur
in places along Granite Creek.

Historically, the Yavapai-Prescott Tribe has
maintained a society based on hunting, gathering, and
farming. In recent years, the economic base of the tribe
has shifted to retail commerce, gaming, and livestock.
Commercial enterprises include aresort hotel, casinos,
and a shopping center along State Highway 69 near the
southern boundary of the reservation (fig. 1). A few
small industries are along Granite Creek at the western
and eastern boundaries. Recreation and wildlife are
becoming more important to the tribe as the tribe
expands its resources and interests in these areas.
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Geologic Setting

Lithologic units within the reservation include
igneous rocks of Precambrian age, fluvial deposits and
volcanic rocks of Tertiary to Quaternary age, and
recent alluvial sediments (fig. 2; Krieger, 1965).

The Precambrian igneous rocks are exposed in the
western, southeastern, and north-central parts of the
reservation and include the Prescott Granite,
Government Canyon Granodiorite, and |ess prominent
exposures of gabbro and basaltic rocks. Tertiary fluvial
deposits, aso referred to as valley fill in the Chino-
Prescott Valley area (Krieger, 1965) and in this report,
overlie the Precambrian igneous rocks and contain
varied amounts of poorly sorted, weekly to strongly

112°28'30"
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cemented clay, silt, sand, and gravels of locally derived
granitic and volcanic rocks (Krieger, 1965). The valley
fill accounts for about 40 percent of the rocks exposed
on the reservation and forms an erosional surface over
which recent aluvia sediments have been deposited.
Erosiona features such as buried channels may
underlie present-day tributaries along Granite Creek.
Recent alluvia sediments, referred to as channel fill in
this report, are exposed along Granite Creek and its
tributaries and cover about 10 percent of the
reservation. These sediments are composed of
unconsolidated, unsorted, poorly bedded clay, silt, fine-
to coarse-grained sand, pebbles, cobbles, and scattered,
generally well-rounded boulders.
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Figure 2. Generalized surficial geology of the Yavapai-Prescott Indian Reservation and geophysical survey lines along Granite

Creek, Arizona.

4 Occurrence and Quality of Surface Water and Ground Water within the Yavapai-Prescott Indian Reservation



Precipitation

The climate throughout the reservation is arid to
semiarid and temperatures are generally mild year
round. Average daily high temperatures vary from the
mid-80s (°F) during the summer months to the mid-30s
during the winter. Precipitation averages about
19.5in./yr on the basis of historical records (Sellers
and others, 1985; National Oceanographic and
Atmospheric Administration, 1933-97). On the basis
of datafrom October 1994 to September 1997, the
average annual precipitation at Prescott was 14.9 in.
(table 1).

DATA COLLECTION AND ANALYSIS

For the purposes of this report, data collectionis
divided into surface-water, geophysical, ground-water,
and water-quality activities. The following sections
describe where and how data were collected and
analyzed during the investigation.

Table 1.

[Data are missing for some months of some years]

Monthly average precipitation, Prescott, Arizona, 1899-97

Surface-Water Data

Data were collected at two continuous-record
streamflow-gaging stationsinstalled in 1994 along
Granite Creek—one at the upstream (west) boundary
of the reservation (Granite Creek at Prescott,
09502960) and the other at the bridge on Sundog
Ranch Road near the downstream (east) boundary
(Granite Creek near Prescott, 09503000). Crest-stage
data were collected near the confluence of each of the
four main tributaries along the south flank of Granite
Creek—an unnamed wash, Government Canyon Wash,
Goat Ranch Wash, and Slaughterhouse Gulch.

Surface-water data were collected using
procedures outlined in Benson and Dalrymple (1967),
Buchanan and Somers (1968, 1969), and Rantz and
others (1982a and b). Discharge data from the
continuous-record streamflow-gaging stations on
Granite Creek are published by the USGS each year in
the annual hydrologic-data report series for Arizona.

Water years 1899-94

Water years 1995-97

Monthly average,

Percent of annual

Monthly average, Percent of annual

Month in inches average precipitation ininches average precipitation

October 110 5.6 0.45 3.0
November 133 6.8 .61 4.1
December 173 8.9 .92 6.2
January 1.79 9.2 2.30 154
February 1.92 9.8 1.85 124
March 1.79 9.2 1.05 7.1
April .93 48 .63 43
May 51 26 31 21
June .39 20 .20 14
July 2.95 15.2 174 117
August 3.36 17.2 1.65 111
September 1.70 8.7 3.14 21.2
Annual 19.49 100 14.9 100
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Geophysical Data

Surface and borehole geophysical datawere
collected to help determine hydrologic properties and
define the geometry of the Granite Creek ground-water
system within the Yavapai-Prescott I ndian Reservation.
Data were collected in accordance with procedures
outlined in Haeni (1988) and Keys (1990). L ow-energy
seismic refraction was used to measure depthsto
competent signal refractors such as the surface of the
Precambrian igneous rocks underlying the valley fill
along Granite Creek. Geophoneslaid out in aline
ahead of the energy source received the refracted
energy that was then recorded for postprocessing of
signal velocities as afunction of depth to refracting
materials. By measuring the travel time of the sound
wave and applying the laws of physics that govern the
propagation of sound in elastic media, the subsurface
geology wasinferred. Most geophysical measurements
were made using System International (Sl) units and
were converted to English unitsfor thisreport. Original
measurements are shown in parentheses following the
converted measurements.

Interpretations based on intercept times and
crossover distance-depth formulas were based on the
following assumptions:. (1) the boundaries between
lithologic layers are planes that are either horizontal or
dipping at a constant angle, (2) each layer is homoge-
neous and isotropic, and (3) the seismic velocity of the
layers increases with depth. Another important as-
sumptionisthat thereisno land-surfacerelief along the
lines. In this study, all geophones and shotpoints were
surveyed using atotal station instrument and field-
€levation corrections were made before processing.

Four roughly north-south seismic lines were
surveyed in July 1998 across Granite Creek (fig. 2).
The lines were run normal to the creek and between
U.S. Highway 89 and the southwestern boundary of the
reservation. The first and easternmost line was about
500 ft west of the intersection of Granite Creek and the
U.S. Highway 89 bridge. The second line was about
1,500 ft west of the bridge. The third line was 1,500 ft
west of line 2 and in line with monitor wells Y P-9 and
Y P-10 (figs. 2 and 3). The fourth and westernmost line
was along the western boundary of the reservation.
Plots of datafrom all lines are oriented north-to-south,
that is, north on the left of the plot and south on the
right. Distance between geophones was 26.2 ft (8 m)
forlines 1, 2, and 3, and 13.1 ft (4 m) for line 4. Each

line contained 24 geophones. Lines 1, 2, and 3,
therefore, were 603.7 ft (184 m) long, and line 4 was
half that distance or 301.8 ft (92 m) long.

Borehol e data were collected using natural-gamma
sensing equipment. This method provides a record of
the gamma radiation detected in awell borehole from
the natural-gamma emitting characteristics of the rock
and isafunction of (1) therock density, (2) the amount
of energy being radiated, and (3) the type of probe
used. In general, shaley or clay-bearing materials are
higher gamma-emitting sources than coarse-grained
material. This method was used to help delineate the
contact between the channel fill and valley fill in
monitor wells.

Ground-Water Data

Ground-water data were collected from a network
of 12 observation wells, 2 drive-point wells, and
2 springs that generally were in areas underlain by
channel fill. Data were obtained from water-level
measurements, monitor-well drilling and devel opment,
and well-recovery tests. Discharge data were collected
at aspring in the Goat Ranch Wash drainage and at a
spring in the Slaughterhouse Gulch drainage using
a 3-inch Parshall flume. Because of channel geometry,
streambed composition, and other conditions at
the point of measurement, some flow passed under
or around the flume during a given measurement.
Ground-water data were collected from a network of
12 observation wells, 2 drive-point wells, and 2 springs
that generally were in areas underlain by channel fill.
Data were obtained from water-level measurements,
monitor-well drilling and devel opment, and well-
recovery tests. Discharge data were collected at a
spring in the Goat Ranch Wash drainage and at a spring
in the Slaughterhouse Gulch drainage using a 3-inch
Parshall flume. Because of channel geometry,
streambed composition, and other conditions at the
point of measurement, some flow passed under or
around the flume during a given measurement. Ground-
water data were collected using procedures outlined in
Shuter and Teasdale (1989), Stallman (1971), Koterba
and others (1995), and Lapham and others (1995).
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Figure 3. Data-collection sites, Yavapai-Prescott Indian Reservation, Arizona.

Water-Quality Data

Sampling sites were selected on the basis of a
reconnaissance of the areaand the location of potential
point and nonpoint sources of contaminants. Potential
point-source contributors of contaminants include the
landfill at the VA Medical Center, the abandoned Stone
Container wood-treatment site, the EZ Transmix
cement plant, and the Yavapai Gaming Center (from
pre-existing underground storage tanks; fig. 1).

Potential nonpoint sources of contaminants include
sediment load from erosion, storm runoff from the city
of Prescott, and livestock grazing along Granite Creek.

Surface-water samples were collected at the
two continuous-record streamflow-gaging stations on
Granite Creek, at the downstream exit of a culvert at
the west boundary of the reservation (site 1a) about
100 ft east of the gaging station Granite Creek at
Prescott, at two additional sites along Granite Creek
(sites2 and 3), and at one site on Slaughterhouse Gulch
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(site 4, fig. 3). Site 2 is about 0.4 mi downstream from
the gaging station Granite Creek at Prescott. Site 3is
immediately downstream from the mouth of Goat
Ranch Wash. Site 4 is on Slaughterhouse Gulch about
100 ft upstream from the mouth.

At surface-water sites, temperature and dissolved
oxygen were measured in the stream along a cross
section to ensure a representative average. Specific
conductance, pH, and akalinity were measured using a
representative sample of water from a cross section
across the stream as outlined in Shelton (1994).
Surface-water samples were analyzed for magjor ions,
trace metal s, nutrients, volatile organic compounds
(VOCs), semivolatile organic compounds (SVOCs),
and bacteria.

Ground-water samples were collected once from
wells Y P-4 through YP-7, Y P-11, drive-point wells
DP-1 and DP-2, and springs YP-301 and Y P-4a.
Samples were collected twice from wells YP-8, Y P-9,
YP-10, and YP-12, and spring Y P-301. Well DP-1 was
in the middle of Granite Creek near the upstream
gaging station (Granite Creek at Prescott), and
well DP-2 was on the bank close to the edge of Granite
Creek upstream from Government Canyon Wash
(fig. 3). Specific conductance, pH, dissolved oxygen,
and water temperature were monitored during well
purging until stable readings were obtained to ensure
that ground-water samples were representative of the
aquifer. Ground-water samples were analyzed for
major ions, trace metals, nutrients, and VOCs.

Surface-water and ground-water samples were
filtered using a 0.45-micrometer filter for analyses of
selected major ions, trace metals, and nutrients.
Sulfuric acid was used on site to acidify samplesto a
pH of less than 2 and preserve them for analyses of
selected major ions and trace metals. Raw, unfiltered
samples were collected for the analyses of VOCs,
SVOCs (including pesticides), and selected major ions
and nutrients. All water samples were analyzed by the
USGS National Water-Quality Laboratory in Arvada,
Colorado. Fishman and Friedman (1989) discuss
analytical methods used for samples analyzed by the
National Water-Quality Laboratory. Dissolved
concentrations of some trace metalswere in some cases
higher than thetotal or total-recoverable concentrations
in laboratory analyses. The differences probably
resulted from differencesin precision between the
analytical techniques used. The dissolved fraction was
analyzed using inductively coupled plasma-emission

spectroscopy (ICP); the total or total-recoverable
concentration was analyzed using a graphite furnace-
equipped atomic absorption (GFAA) spectrophoto-
meter, which isless precise. Discrepancies also can
result from rounding of values. Total and total-
recoverable concentrations, therefore, are considered to
be at least equal to dissolved concentrations.

Where appropriate, constituent concentrations
from water samples were compared to the U.S.
Environmental Protection Agency’s (USEPA)
Maximum Contaminant Levels (MCLs) and Secondary
Maximum Contaminant Levels (SMCLSs) for drinking
water. The MCL s are the maximum permissible level
of acontaminant in water that is delivered to any user
of apublic water system; the SMCL s are unenforceable
Federal guidelines regarding taste, odor, color, and
certain other aesthetic effects of drinking water (U.S.
Environmental Protection Agency, accessed May 19,
1999). Bacteria analyses were compared to State of
Arizona surface-water quality standards.

Streambed-Sediment Chemistry Data

Streambed-sediment samples were collected at the
two continuous-record streamflow-gaging stations and
at sites3 and 4 (fig. 3 and table 16 in the “Basic Data’
section of this report). Samples for trace-element and
VOC analyses were collected using the procedures
established by Shelton and Capel (1994).

WATER RESOURCES

The water resources of the Yavapai-Prescott Indian
Reservation consist of perennia streamflow in Granite
Creek, ground water in the channel fill and valley fill
along Granite Creek and itstributaries, ground water in
joints and fractures within the Precambrian igneous
rocks, and spring discharge. The surface-water flow in
Granite Creek is maintained primarily by direct runoff
of precipitation and by ground-water discharge on and
off thereservation. Surface-water flow is currently used
to maintain livestock and wildlife. Two prominent
springs discharge from fractured granite near the
reservation’s south boundary.
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Surface Water

Thereservation is drained by Granite Creek and its
tributaries (fig. 1). The main tributaries are an unnamed
wash at the southwest boundary of the reservation,
Government Canyon Wash, Goat Ranch Wash, and
Slaughterhouse Gulch. These tributaries drain the area
of the reservation south of Granite Creek and parts of
the city of Prescott and Prescott National Forest. Minor
tributaries drain the area north of Granite Creek. Parts
of Granite Creek, Goat Ranch Wash, and
Slaughterhouse Gulch are perennial where springs
contribute flow. Elsewhere, the tributaries are dry
except during periods of intense or prolonged rainfall
or spring snowmelt. Bank storage provides water to the
streamsfor several weeks and longer following periods
of prolonged rainfall or snowmelt. Granite Creek
drains about 60 percent of the city of Prescott before
entering the reservation. Granite Creek isagaining
stream throughout much of the reservation. During the

Table 2.

[Values for mean, maximum, and minimum are in cubic feet per second]

spring and summer months, ground-water levels near
the creek decline to below the level of the streambed as
aresult of evapotranspiration.

Some of the storm runoff in ephemeral channelsis
captured by small stock ponds throughout the
reservation and is used to support livestock and
wildlife. None of the surface-water resources are used
for drinking-water supplies.

Surface-Water Discharge

Discharge data for Granite Creek were collected at
the streamfl ow-gaging station Granite Creek at Prescott
(09502960) at the west boundary of the reservation off
EZ Street and the streamflow-gaging station Granite
Creek near Prescott (09503000) at Sundog Ranch Road
(fig.3; tables 2 and 3). Daily discharge recordsfor these
stations are listed in tables 8-13 in the “ Basic Data”
section at the end of the report.

Summary discharge data, Granite Creek at Prescott, Arizona (09502960), water years 1995-97

Discharge, in cubic feet per second, water years 1995 through 1997

Oct!  Nov.' Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
Mean .10 .18 .68 11.9 294 27.3 2.85 .66 .08 2.04 .76 7.61
Maximum 91 4.6 11 201 918 940 16 85 46 39 10 314
Minimum .03 .05 .07 .10 .10 .50 .08 .00 .00 .00 .00 .00
Acre-feet 12+ 22+ 126 2,190 4,950 5,040 509 121 15 377 140 1,360
Water year 1995-97 Mean 6.84+ Maximum 940 Minimum 0.00 Acre-feet 14,900
1streamflow-gaging station not in operation from October 1, 1994, to November 15, 1994. Values are estimates.
Table 3. Summary discharge data, Granite Creek near Prescott, Arizona (09503000), water years 1995-97
[Values for mean, maximum, and minimum are in cubic feet per second]
Discharge, in cubic feet per second, water years 1995 through 1997
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
Mean .61 54 1.03 12.8 30.36 28.3 344 .94 .16 271 115 8.46
Maximum 35 11 20 210 932 953 18 11 .57 53 17 296
Minimum .08 .09 A7 24 17 .62 .21 .04 .00 .01 .01 .07
Acre-feet 112 96 190 2,370 5,120 5,230 614 174 29 500 211 1,510
Water year 1995-1997 Mean 7.43 Maximum 953 Minimum 0.00 Acre-feet 16,200
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Granite Creek drains an area of about 30 mi2
before entering the Yavapai-Prescott Indian
Reservation at the upstream gaging station (09502960).
The average annual volume of streamflow that passed
this station during water years 1995 through 1997 was
about 4,970 acre-ft. The downstream gaging station
(09503000) monitors discharge from an additional
6.3 mi2 area, 2.1 mi2 of which iswithin the reservation
boundaries. The average annual volume of streamflow
that passed this station during water years 1995
through 1997 was about 5,400 acre-ft. The net
difference was an annual gain of about 430 acre-ft, or
about 9 percent, through the reservation. The average
monthly streamflow at these gaging stations and the
average monthly gain in streamflow in the reach
between these gaging stations are shown in figures 4A
and 4B.

Average annual discharge at Granite Creek near
Prescott (09503000) during 1933-41 and 1946 was
about 4,450 acre-ft, compared with about 5,400 acre-ft
during 199597 (fig. 5). Average annual precipitation
during 1933-41 and 1946, however, was about 20.6 in.
compared with 14.9 in. during 1995-97 (fig. 6).

The reasons for this contradiction are unknown.

Crest-stage data from the four main tributaries
indicate that most of the secondary contribution to
streamflow came from two washes. Inflow to Granite
Creek occurred at the culvert on the unnamed wash at
the southwest boundary of the reservation and at the
mouth of Government Canyon Wash near U.S.
Highway 89.

Surface-Water Quality

Water temperature, specific conductance, pH, and
dissolved-oxygen concentrations did not indicate
adverse water-quality conditions. Water temperatures
for al sites coincided with the time of the year asite
was sampled. Temperatures ranged from alow of 2.5°C
in December to a high of 26°C in July. Specific
conductancefor site 4 on Slaughterhouse Gulch ranged
from 187 to 223 uS/cm; measurements along Granite
Creek ranged from 264 to 724 uS/cm. Biological and
chemical processes are directly affected by the
availability of dissolved oxygen in the water. Dissolved
oxygen ranged from 4.6 to 12.8 mg/L in
Slaughterhouse Gulch and Granite Creek. The pH for
surface water on the Yavapai-Prescott Indian

Reservation ranged from 7.2t0 8.5. The USEPA SMCL
(acceptable range) for pH is6.5t0 8.5 (U.S.
Environmental Protection Agency, accessed May 19,
1999).

Water samples collected from the surface-water
sites did not contain concentrations of any constituent
that exceeded USEPA MCLs. Mgjor-ion data for
surface-water sites generally plotted in atight group on
atrilinear diagram (Piper, 1944) and indicated the
prevalence of calcium magnesium bicarbonate type
water (fig. 7A). General clustering of the dataindicates
sources of water that have potentially common
processes affecting the water quality. Common
processes could include surface-water runoff from
similar land-surface areas, similar ground-water
characteristics, and the lack of localized inflows of
surface-water runoff and (or) ground water that
contains human or natural inputs that would
significantly alter the magjor-ion composition along
Granite Creek. Datafor the streamflow-gaging station
Granite Creek near Prescott, and site 4 on
Slaughterhouse Gulch for August 8, 1995, plot slightly
outside of the group. The reasons for this small
divergence are unknown. Data for other samples
collected at these two sites, however, plot within the
group (fig. 7A). During sample collection at the gaging
stations on Granite Creek, discharge was considered to
be base flow and no significant changes occurred in
concentrations of calcium, chloride, and dissolved
solids over time (fig. 8). Systematic sampling at
different discharge rates would be needed to determine
the degree of change in water quality along Granite
Creek.

Concentrations of trace metals generally were low
for al sites and sampling periods. Concentrations of
dissolved arsenic in all sampleswere below the USEPA
MCL (0.05 mg/L; 50 pg/L) at the time of sample
collection and anayses. In June 2000, however, the
USEPA proposed anew MCL of 5 ug/L (U.S.
Environmental Protection Agency, accessed June 27,
2000). One or more samples from all the surface-water
sites except site 1a contained concentrations of
dissolved arsenic that exceed the proposed MCL.
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2,000 T T T T T T T T T T T T

1.800 - |:| Station 09502960 average annual discharge = 4,990 acre-feet

L 1 I Station 09503000 average annual discharge = 5,400 acre-feet 4
1,600 — -
1,400 — —
1,200 — —
1,000 — -

800 — — -

600 [~ —

400 — —

200 - —

JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NO C.

AVERAGE MONTHY DISCHARGE, IN ACRE-FEET
T
1

70 T T T T T T T T T T T T

60 —

50 — —

40 - .

30 — —

20 - —

AVERAGE MONTHLY GAIN IN DISCHARGE, IN ACRE-FEET

JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.

Figure 4. Average monthly discharge and average monthly gain in streamflow, Granite Creek, Arizona, water years
1995-97. A, Average monthly discharge at streamflow-gaging stations Granite Creek at Prescott (09502960) and Granite
Creek near Prescott (09503000), water years 1995-97. B, Average monthly gain in streamflow in the reach of Granite
Creek between streamflow-gaging stations Granite Creek at Prescott and Granite Creek near Prescott.
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Figure 5. Average monthly discharge at streamflow-gaging station, Granite Creek near Prescott, Arizona (09503000),
water years 1933-41 and 1946 and 1995-97.
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Figure 6. Average monthly precipitation at Prescott, Arizona, water years 1933—41 and 1946 and 1995-97.
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Figure 7. Relative compositions of water on the Yavapai-Prescott Indian Reservation, Arizona, 1994-98. A, Surface water.
B, Ground water. C, Surface water and ground water. Number is surface-water site number or well name.
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Figure 7. Continued.

Concentrations ranged from lessthan 1 to 10 ug/L in
surface-water samples (table 14 in the “Basic Data”
section of this report). Samples from the gaging sta-
tions and site 4 yielded dlightly higher concentrations
of iron (lessthan 3 to 240 pg/L) than the other sites.
Concentrations of dissolved manganeseranged from 11
to 610 pg/L at the surface-water sites, and the highest
concentrations were at Granite Creek at Prescott (240
to 610 ug/L). The SMCLsfor iron and manganese are
300 pg/L and 50 pg/L, respectively (U.S. Environmen-
tal Protection Agency, accessed May 19, 1999). Iron is
not typically found in asoluble form in flowing streams
that are fully aerated because of its nature to form com-
plexes with organic material, although higher concen-
trations of iron associated with iron particul ates small
enough to pass through a 0.45-micrometer filter do
occur. Soluble manganese is more stable than ferrous
iron and can be transported at higher concentrations
than ferrous iron without the aid of complexation
(Hem, 1985). High concentrations of dissolved iron
and manganese may indicate anthropogenic input to
the surface-water or ground-water system (Hem, 1985).
The upstream gaging station is downgradient from the
city of Prescott and samples from this station contained
higher concentrations of manganese than samples from
the downstream gaging station, which is at the eastern
edge of the reservation. Nonpoint-source contaminants

—_—
CHLORIDE

in surface-water runoff from the city of Prescott may be
the main contributor of manganese to the upstream sta-
tion. Elevated concentrations of iron at site 4 and at the
downstream gaging station may reflect some residual
component of pollution from the abandoned wood-
treatment site that is upgradient from both sites.

A study on point-source contaminants from a wood-
treatment plant in Pensacola, Florida (Franks, 1986),
found that el evated concentrations of the inorganic con-
stituents of hydrogen sulfide, ammonia, and iron are
indicative of by-products resulting from the breakdown
of selected organic compounds. Nutrient concentra-
tionswere low for all sites. Concentrations of dissolved
nitrate (as nitrogen) ranged from 0.58 to 0.96, and con-
centrations of dissolved phosphorous ranged from less
than 0.01 to 0.26 mg/L. The MCL for nitrateis

10 mg/L (U.S. Environmental Protection Agency,
accessed May 19, 1999). Common sources of nitrate
include septic-system leaching fields, animal waste,
runoff from agricultural activities, and some desert
plants. Low concentrations of nitrate in Slaughterhouse
Gulch and Granite Creek indicate aminimal effect
from these sources. Phasphorous is commonly a by-
product of agricultural runoff. Low concentrations of
phosphorous suggest minimal to no effects from agri-
cultural activitiesin the area.
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Figure 8. Concentrations of calcium, chloride, and total dissolved solids in samples from Granite Creek at Prescott (09502960)

and Granite Creek near Prescott (09503000), Arizona.

Concentrations of VOCs and pesticides in surface
water were below MCLs. Water from the two gaging
stations contained lessthan 1 to 6 ug/L of total phenols
and lessthan 4 pg/L of toluene (table 15 in the “Basic
Data’ section of thisreport). Water from sites 1a—4
contained less than 1 to 8 ug/L of total phenols and no
detectable concentrations of toluene. An MCL for
phenol has not been established; the MCL for toluene
is 1,000 ug/L (U. S. Environmental Protection Agency,
accessed May 19, 1999). Some phenols are by-products
of gasoline and wood treatment, and toluene can be a
by-product of wood treatment.

Fecal streptococci (as many as 3,000 colonies/
100 mL) and fecal coliform (4,700 colonies/100 mL)
were detected in water at the gaging stations (table 14
inthe“Basic Data’ section of thisreport). The State of
Arizona surface-water quality standard for fecal
coliformin asingle sampleis 4,000 colonies (Arizona
Administrative Code, accessed May 19, 1999).
Bacterial contamination in Granite Creek has been
problematic since the founding of the city of Prescott in
1874 (Yount, 1939).
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Streambed-Sediment Chemistry

Concentrations of most trace metals were low in
streambed sediment from Granite Creek and
Slaughterhouse Gulch. Manganese concentrations,
however, ranged from 810 ng/g at site 3 to 1,300 ng/g
at the gaging station Granite Creek near Prescott, and
the iron concentration in the sample from the gaging
station Granite Creek at Prescott, the only site for
which samples were analyzed for total recoverable
iron, was 27,000 ug/g.

Phthal ates, pyrenes, and phenols were detected in
streambed sediment from some sites. The ranges of
measured and estimated concentrations of these
compounds in sediment samples from the two gaging
stations and at site 3 were: 22 to 180 pg/kg for
phthalates, 32 to 58 ng/kg for pyrenes, and 12 to
100 ng/kg for phenols (table 16 in the “Basic Data’
section of thisreport). Laboratory resultsarereferred to
as estimates when the concentrations determined are
lower or higher than the range of concentrations of the
standards used to calibrate the analytical instruments.
The compounds listed above are benzene derivatives,
aretoxic, and have the potential to cause serious health
problems. The MCL for benzene in drinking water is
0.005 mg/L (5 ug/L; U.S. Environmental Protection
Agency, accessed May 19, 1999). The two gaging
stations and site 3 were the only sitesto yield
detectable concentrations of organic compoundsin
streambed sediments of Granite Creek.

Benzene is produced from coal and is present in
medicinal chemicals, dyes, and many other organic
compounds including gasoline (U.S. Environmental
Protection Agency, 1988). The gaging station Granite
Creek at Prescott, site 3, and the gaging station Granite
Creek near Prescott are directly downgradient from
potential nonpoint and point sources of benzene
products (the city of Prescott, the landfill at the VA
Medical Center, and the abandoned wood-treatment
site, respectively).

Ground Water

Geophysical Interpretation

Seismic-refraction and borehole-geophysical and
lithologic methods were used to define the thickness
and extent of the channel fill, valley fill, and principal
water-bearing units within the reservation (figs. 9
and 10). Seismic-refraction line 1 indicated a veneer

(lessthan 10 ft thick) of low-velocity material
(interpreted as channel fill) overlying alayer of
intermediate seismic velocity (interpreted asvalley fill;
fig. 9). The channel fill thins and finally tapers out just
north of the middle of the line. The contact between the
valley fill and the lowest layer, which had the highest
seismic velocity (and was interpreted as the
Precambrian igneous rocks), is a poorly constrained
undul ating surface; therefore, the thickness of the
valley fill varies, but generally isabout 200 ft. Line 1
was about 300 ft west and parallel to afault that has
uplifted and exposed a granite block east of the fault.
The calculated seismic velocity of 19,093 m/s for the
Precambrian igneous rocksis not realistic. The
erroneous high velocity may be due to the nonplanar
nature of the surface of the Precambrian igneous rocks,
poor first-break picks, or incorrect layer assignmentsin
the modeling program (Rimrock Geophysics, Inc.,
1995). First-break picksrefer to thefirst P-wavereturns
from arefracting material and provide the best measure
of depth to that material.

Seismic refraction line 2 waswest of line 1 and had
about the same orientation. The low-velocity channel
fill beneath line 2 is thicker and more continuous than
beneath line 1 and ranges from 7 to 16 ft (2-5 m) thick
(fig. 9). The intermediate-vel ocity valley fill appearsto
be deposited in an asymmetrical U-shaped valley open
to the south, and ranges from 16 to 197 ft (5 to 60 m)
thick. Thevalley fill isthinnest at the north end of the
line, thickest in the middle, and intermediate in
thickness (131 ft or 40 m) near the south end.

The velocity calculated for the Precambrian igneous
rocks below the valley fill isreasonable on the basis of
estimates provided by Haeni (1988).

Line 3 was underlain by a veneer of low-velocity
channel fill that overlies the intermediate-velocity
valley fill (fig. 9). The intermediate-velocity zone has
an undulating basal contact with the Precambrian
igneous rocks. The contact is deepest at the north end
of the line, shallowest just south of the center of the
line, and intermediate in depth near the south end of the
line. Thisline had the greatest variation in depth for the
valley fill— 52 to 315 ft (16 to 96 m). The calculated
velocity of 34,414 ft/s (11,708 m/s) for the
Precambrian igneous rocks is not realistic.

The erroneous high velocity may be due to the
nonplanar nature of the surface of the Precambrian
igneous rocks, poor first-break picks, or incorrect layer
assignments in the modeling program (Rimrock
Geophysics, Inc., 1995).
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for location of survey lines.)

Water Resources 17



North
5,350 —

South
Line #3
5300_4————*‘%;_’-7‘%‘-——'—‘.—.‘#‘——"— n_m 8 g slm m = g

5,250 — -

YP-9
YP-10

F Granite Creek

5,200

5,150

5,100

5,050

5,000

ALTITUDE, IN FEET ABOVE SEA LEVEL

4,950

DISTANCE ALONG LINE, IN FEET

North
5,300 — Line #4

Granite Creek
Streamflow-
Gaging Station

wn

o

c

=

YP-12

ALTITUDE, IN FEET ABOVE SEA LEVEL

5,100 II [ T (R [ O [

0 50 100 150 200 250 300

DISTANCE ALONG LINE, IN FEET

EXPLANATION

CHANNEL FILL PRECAMBRIAN IGNEOUS ROCKS
D VALLEY FILL L] GEOPHONE

Figure 9. Continued.

18 Occurrence and Quality of Surface Water and Ground Water within the Yavapai-Prescott Indian Reservation



YP-12 YP-4 YP-9 YP-10

NATURAL NATURAL NATURAL NATURAL
GAMMA, IN GAMMA, IN GAMMA, IN GAMMA, IN
COUNTS PER COUNTS PER COUNTS PER COUNTS PER

SECOND LITHOLOGY SECOND LITHOLOGY SECOND LITHOLOGY SECOND LITHOLOGY
. 27510 35 10 35 10 35 10 35

5,270 —

5,265

5,260 |- - 4 Fofez &

5,255 |- - 4 E ]

5,250 —

5,245 - - 4 E -

5,240 -

5,235

5,230 —

5,225

ALTITUDE, IN FEET ABOVE SEA LEVEL

5,220

5,215

5,210 —

5,205 —

5,200 —

5,195

5,190 =
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Line 4 also was underlain by a veneer of low-
velocity channel fill that overlies the intermediate-
velocity valley fill. The channel fill is about 7 ft (2 m)
thick along line 4 and is thinnest near the gaging station
on Granite Creek. Valley fill is thinnest (10 ft or 3 m)
on the north side of the creek and thickest (210 ft or
64 m) near the cement plant to the south. These
interpretations are consistent with the position of a
granite outcrop on the north side of Granite Creek.
The calculated velocity for the Precambrian igneous
rocks below line 4 is reasonable.

Natural-gamma data were collected in monitor
wells Y P-4 through Y P-6 and Y P-8 through Y P-12,
(figs. 3 and 10) and borehole-lithologic data were
compiled from well cuttings collected during the
drilling of wells Y P-8 through Y P-12. A comparison of
the known lithology to gamma countsin wells Y P-8
through Y P-12 provided the basis for correlating
gamma countsto lithology in wells Y P-4 through Y P-6
(fig. 10). Results of the gammalogs show that the
channel fill ranges from about 3 to 10 ft thick at the
monitor-well sites. The thicknesses of channel fill at
wells YP-9, YP-10, and Y P-12 determined from
lithologic logs compare well with thicknesses
determined from seismic lines 3 and 4.

Geohydrologic Framework

Ground water on the reservation occursin aluvial
(channd fill and valley fill) sediments, volcanic rocks,
and Precambrian igneous rocks. The principal water-
bearing units are the channel fill and valley fill, and
together, these units make up the principal aquifer on
the reservation. These units, however, because of
limited thickness (channél fill) and the presence of
fine-grained material (valley fill), yield only small
amounts of water to wells.

Thickness of the channel fill rangesfrom 0 to about
15 ft on the basis of surface-geophysical and borehole-
log data. Overall, the channel-fill unit is not thick
enough to provide large quantities of water to wells.

The underlying valley-fill sediments occur
throughout much of the reservation and form the
hillsides that flank Granite Creek. Composition of
these sedimentsis similar to that of the overlying
channel-fill sediments, but the valley fill contains more
fine-grained material. On the basis of seismic-
refraction data, the thickness of the valley fill isas
much as 250 ft along Granite Creek upstream from the
U.S. Highway 89 bridge (fig. 9).

The valley-fill sediments are variably cemented
and in some places may act as an effective barrier to the
downward movement of water from the channel fill.
This condition may explain the interrupted streamflow
observed during periods of low flow in Granite Creek
where the thickness of the channel fill varies.

WellsYP-1 and Y P-3 are deep monitor wells cased
for possible future use as stock-water wells (Southwest
Water and Mineral Resources, 1993b). Water in these
wells was reported by Southwest Water and Mineral
Resources to be from upward movement along
fractures in the Precambrian igneous rocks that
underlie more than 100 ft of “alluvial” sediments
(Southwest Water and Mineral Resources, 1993b).
Water was present at 13 ft below land surface in the
“upper aluvium” during drilling at Y P-3, which is
referred to as TH-2 by Southwest Water and Mineral
Resources (1993b). This water level may represent the
interface between the channel fill or “recent alluvium”
mapped by Krieger (1965) and the older, more
competent, valley fill.

|solated remnants of volcanic rocks
contemporaneous with the valley-fill sediments
(Tertiary to Quaternary age) are present as caprocks
near the north and south boundaries of the reservation.
These volcanic rocks are not a source of water on the
reservation because of their limited extent and location.

The oldest rocks exposed on the reservation are the
Precambrian igneous rocks. Where buried, these rocks
underlie the channd fill and valley fill. In generd, the
Precambrian rocks yield water only where highly
fractured.

Hydraulic Characteristics of the Alluvial Aquifer

Hydraulic conductivity isthe measure of therate at
which water can move through a porous material.
Because aquifer materials in the study areavary in
composition from place to place, the hydraulic
conductivity (K) also varies from place to place, and
there is no one consistent value throughout the entire
aquifer. Hydraulic conductivity can be calculated from
the relation K=7/D, where K is measured in feet per
day, T isthe transmissivity, and D isthe average
saturated thickness of the aquifer.
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Transmissivity of the aquifer was computed
iteratively for each well site from specific-capacity data
asfollows (Driscoll, 1986, p. 1021 formula 1):

e _r
B - ’
037t
264log 29
where

T = transmissivity, in feet squared per day;
Q0 = pumping rate, in gallons per minute;
s = residua drawdown, in feet;
t = timesince pumping started, in days;
r = radiusof thewell, in feet, and
S = storage coefficient of the aquifer.

Well YP-9is 23.5 ft deep, hasaradius of 0.17 ft,
and is screened in the channel fill and valley fill. The
well produced 1.1 gal/min for 0.02 days, after which
the drawdown was 7.3 ft. Using a storage coefficient of
0.2 and an initial transmissivity of 100 ft?/d in the
denominator, the average transmissivity calculated for
this site was 10 ft2/d.

Well YP-10 is 22 ft deep, has aradius of 0.17 ft,
and is screened in the channel fill and valley fill. This
well produced 2.5 gal/min for 0.07 days, after which
the drawdown was 11.2 ft. Using a storage coefficient
of 0.2 and an initial transmissivity of 100 ft%/d in the
denominator, the average transmissivity calculated for
this site was 22 ft2/d.

On the basis of an average saturated thickness of
15 ft under Granite Creek and average transmissivity
values of 10 ft%/d at well YP-9 and 22 ft?/d at well
Y P-10, it was determined that the hydraulic
conductivity was 0.7 ft/d at well YP-9 and 1.4 ft/d at
well YP-10. These values are consistent with
laboratory tests on silt-size material (Morris and
Johnson, 1967). The values represent flow
characteristicsin the saturated part of the upper 25 ft of
the aquifer at these two wells where the thicknesses of
the channel fill and valley fill (determined from seismic
methods) are about 190 and 40 ft, respectively. The
amount of water contributed by the channel fill or by
the underlying valley fill at these wellsis not known.
The variation in transmissivity between these closely

spaced wells probably reflects awide variation in the
composition of the channel-fill sediments throughout
the flood plain.

Water levels measured October 28, 1998, in wells
Y P-1 through Y P-12 are indicative of the hydraulic
gradient within the reservation during this study
(fig. 11). The hydraulic gradient is steepest in the hilly
area north of Granite Creek and flattens out within the
flood plain.

Flow from springs Y P-301 and Y P-302, which
discharge from the Precambrian igneous rocks,
averaged acumulative 9.5 acre-ft/yr. Thisindicates that
where sufficiently fractured, the Precambrian igneous
rocks are capable of transmitting significant amounts of
water.

An aquifer volume of 8.18 x108 ft3 was calcul ated
for the area of Granite Creek between the west
boundary of the reservation and the U.S. Highway 89
bridge on the basis of the thickness and aerial extent of
the aguifer. Aquifer thickness was estimated using
seismic-refraction data and borehole data from wells
(figs. 9 and 10), and the area was determined by
analysis of aerial photography provided by the U.S.
Department of Agriculture (1989) and geologic data
provided by Krieger (1965). Sieve analysis of well
cuttings from monitor wells Y P-9 through Y P-12
provided grain-size data from which aweighted
average porosity of 43 percent and aweighted effective
porosity of 20 percent were estimated using the tables
of Morris and Johnson (1967). The total storage
potential for the aguifer, therefore, was estimated to be
3.52 x108 ft2 (8,080 acre-ft), and the effective storage
was estimated to be 1.64 x 108 ft3 (3,760 acre-ft).

In 1977, seismic-refraction data were collected in
conjunction with a gravel-mine land-use study along
Granite Creek in the area downstream of the U.S.
Highway 89 bridge north to Sundog Ranch Road
(Johnson, 1977). Johnson estimated that 233,700 yds®
of material had been removed since mining began in
1956, and estimated that the remaining extractable
material, “to projected bedrock,” was about
243,565 yds3, “not including the silt terraces”

This estimate is based on the assumption that the
average grain-size distribution in this areaiis roughly
the same as that upstream from the U.S. Highway 89
bridge.
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Figure 11. Altitude of the water table, water levels at wells YP-1 through YP-12, and daily precipitation, Yavapai-Prescott Indian
Reservation, Arizona. A, Altitude of the water table, October 28, 1997. B, Water levels at wells YP-1 through YP-12 and daily
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Ground-Water Recharge

Natural recharge to the channel fill and valley fill
on the reservation occurs largely from infiltration of
surface water along washes and flanks of the
surrounding hillsides, from infiltration of precipitation
into soils, and from upward movement of water from
fractured igneous rocks of Precambrian age at higher
elevations and along buried (paleo) channels
underlying or near present-day washes. These channels
can provide direct conduits for recharge from the
surrounding hills, as wasidentified in the area
underlying the abandoned Stone Container wood-
treatment site in Slaughterhouse Gulch (Southwest
Ground-water Consultants, Inc., 1994). Artificial
recharge on the reservation occurs from infiltration of
point and nonpoint discharge from industrial,
irrigation, and livestock activities. Industrial activities
that currently contribute to recharge include operations
at the EZ Concrete plant at the west boundary of the
reservation and remedial cleanup activities at the
abandoned Stone Container wood-treatment site
adjacent to Slaughterhouse Gulch.

Natural recharge varies throughout the reservation
as afunction of soil-infiltration potential. Soils along
stream channels generally have a higher infiltration
potential than soils el sewhere; therefore, recharge from
seepage lossis greater than recharge from direct
infiltration of precipitation. Overall, because Granite
Creek is mainly a gaining stream within the
reservation, the contribution to recharge from Granite
Creek is considered to be small and occurs mostly
during periods of high flow when stage surge infiltrates
the embankments along the creek. Thisrechargeis
temporary and drains fairly rapidly back into Granite
Creek because of the steep potentiometric gradients
between the recently recharged bank sediments and the
decreasing stream stage following the surge.

Recharge fromirrigation is limited to that from
small residential gardens and landscaping, landscaping
at the Prescott Resort, and alarge shopping center near
the reservation’s south boundary. Spring-water
impoundments for livestock cause temporary
redistribution of spring flow.

Rainfall averaged 14.9 in./yr for water years
199597 (table 1). The surface area of the reservation
is about 1,440 acres. The potential average-annual
volume of precipitation on the reservation, therefore,
was about 1,785 acre-ft during 1995-97. The average
annual streamflow on the reservation, from 1995

through 1997, was 400 acre-ft on the basis of the
differencesin discharges of Granite Creek between the
upstream and downstream gaging stations. Subtracting
the difference in average annual discharge between the
upstream and downstream gaging stations (400 acre-ft)
from the average volume of annual precipitation
(1,785 acre-ft) yields an average net flux of about
1,385 acre-ft, most of which was lost through
evapotranspiration; lesser amounts were consumed by
livestock and wildlife, or entered the ground as
recharge.

Because rainfall intensity varies from placeto
place and the rain gage in Prescott is near but not on the
reservation, the actual annual rainfall contribution to
the reservation may be considerably different from that
measured at the rain gage in Prescott. Winter (1981)
states that errors associated with areal averaging of
point-precipitation data can be greater than 60 percent
for individual storms; however, errors in estimates of
monthly precipitation probably are more in the range of
10 to 20 percent, and errorsin seasonal estimates are
about 5 percent.

Calculation of recharge to the channel fill and
valley fill in the flood plain of Granite Creek is
problematic. The few springs on the reservation issue
from fractured igneous rocks of Precambrian agein
areas where the overlying valley fill has been eroded
away. Because more than 40 percent of the reservation
is fractured Precambrian igneous rocks mantled by
valley fill, the probability that buried fractures transmit
water to the valley fill by upward movement from the
Precambrian rocks probably is high; however, the
amount of water transmitted isinestimable.

Ground-Water Movement

In general, ground water on the reservation moves
in the same direction as the surface water, generaly
along the drainage of Granite Creek (fig. 11). This
water then converges with ground water from the
southwest that moves eastward and northeastward.

The portion of ground water that enters an areain
the subsurface is commonly referred to as underflow.
The estimated flow rate of ground water that moves
through the aquifer as underflow onto the reservation
from the southwest is 480 ft3/d (4.0 acre-ft/yr) using
Darcy’s Law, O=KIA, where Q isthe flow across a
planar boundary, K is the hydraulic conductivity, 7 is
the hydraulic gradient, and 4 is the area of the planar
boundary. This value represents only asingle
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component of the overall recharge to the aquifer (see
section entitled, “Ground-Water Recharge”) andis
based on an average flow rate (K) of 1.0 ft/d for well
sites YP-12 and Y P-10 through an estimated area (4) of
60,050 ft2 and a hydraulic gradient (/) of 10.008. The
areawas derived from seismic-refraction data for a 300
ft section of the southwest boundary of the reservation
coupled with data from geol ogic cross sections
prepared by Krieger (1965).

The estimated rate at which ground water moves
across the reservation is 0.04 ft/d using the following
formula:

where Vag = average velocity and  (effective porosity)
is20.2. At that rate, it would take about 580 years for
ground water to travel from the upstream boundary of
the reservation to the downstream boundary, which isa
distance of about 8,500 ft.

Ground-Water Discharge

There are no active production wells on the
reservation or near the boundaries of the reservation.
Discharge from springs and seeps provides water for
livestock and wildlife; however, the amount of water
consumed by livestock and wildlife is unknown.
Discharge was measured eight times at two springs
(YP-301 and Y P-302) from 1995 to 1998 (fig. 3;
table 4). Variations in discharge could be caused by
seasonal fluctuations in precipitation, temperature, and
(or) evapotranspiration.

Table 4.  Statistical summary of spring discharge, Yavapai-
Prescott Indian Reservation, Arizona, 1995-98

[Discharge measurements are in gallons per minute]

Mean
discharge
Minimum Maximum (eight
Spring name discharge discharge measurements)
YP-301 0.9 22 16
YP-302 12 14.8 4.3

1y/X where X equals the distance in feet between wells Y P-12 and Y P-10, and
Y equals the change in water level in feet between wells YP-12 and Y P-10.

2Value i's based on data from sieve analyses of cuttings from wells Y P-9 through
Y P-12 and tablesin Morris and Johnson (1967).

YP-301, which is on a hillside just east of the
Prescott Resort, had a mean discharge of 1.6 gal/min,
or 2.6 acre-ft/yr during 1995-98. Water from the spring
flows about 30 ft to a series of stock-watering
impoundments. YP-302, which is in a draw about
2,000 ft east of YP-301, had a mean discharge of
4.3 gal/min, or 6.9 acre-ft/yr during 1995-98.

The measured discharge at YP-302 may be more
directly influenced by rainfall and snowmelt because of
its topographic setting. Some of the measured
discharge may include seepage from bank storage of
precipitation in the sediments above and around the
spring. Water from YP-302 flows northward about 70 ft
where it converges with ephemeral flow from nearby
seeps and a highway culvert. Water can flow from these
combined sources for several hundred feet on the
surface before fully infiltrating channel sediments.

Annual ground-water discharge to Granite Creek
was estimated by compiling the mean surface-water
discharge at the downstream streamflow-gaging
station (Granite Creek near Prescott; 09503000) during
periods of zero flow at the upstream streamflow-gaging
station (Granite Creek at Prescott; 09502690). During
1995-97, there were 115 days of zero flow recorded at
the upstream station. The corresponding discharge at
the downstream station ranged from 0 to 0.2 ft3/s
(fig. 12; table 5). The variation in discharge was
mainly afunction of loss due to evapotranspiration.
During the 115 days, the average discharge at the
downstream gaging station was 3,456 ft3/d. Applying
thisrate to every day of the year, it was estimated that
about 29 acre-ft of ground water left the reservation
each year as streamflow along Granite Creek. Most of
the ground water that |eaves the reservation each year
does so during the winter months when evapotrans-
piration islowest and the hydraulic head in the aquifer
is higher than the stream channel. No attempt was made
to estimate discharge from bank storage. Bank storage
refers to the temporary storage of surface water within
the embankments of Granite Creek during periods of
high streamflow.

Water-Level Changes

Continuous long-term water-level records are not
available for the reservation. A water-level monitoring
network of 12 wells was established during this
investigation (fig. 3). Seven wells (Y P-1 through Y P-7)
were drilled before this investigation, and wells YP-8
through Y P-12 were drilled during the investigation to
provide additional ground-water datain the flood plain
of Granite Creek.
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Figure 12. Discharge at Granite Creek near Prescott (09503000), during periods of zero flow at Granite Creek at Prescott

(09502960), Arizona, 1995-97.

Table 5.

Statistical summary of surface-water discharge at streamflow-gaging station Granite Creek near Prescott (09503000), during

periods of zero flow at streamflow-gaging station Granite Creek at Prescott (09502960), Arizona, 1995-97

[Values for mean, maximum, and minimum are in cubic feet per second; ---, zero-flow criteria not met; <, less than]

1995 1996 1997
Monthly
value May  Jun. Jul. Aug. Sept. May Jun. Jul. Aug. Sept. | May Jun. Jul. Aug.  Sept.
Mean 0.08 0.06 0.13 0.05 0.02 0.07 0.09 0.08 0.02 0.01 0.01
Maximum 14 .09 13 .08 .04 2 .09 .08 .03 .02 01
Minimum .04 .04 13 .04 .00 .01 .09 07 .01 01 01
Acre-feet 15 8 3 1.6 1.0 1.0 2 3 5 7 <1

Wells YP-1, YP-2, and YP-3 are in the uplandsin
the northwestern part of the reservation, and YP-7 isin
Slaughterhouse Gulch. All other wells are in the flood
plain of the creek. Wells YP-1 and Y P-3 are farthest
from the flood plain of Granite Creek and had the
greatest variation in water levels (9.0 and 8.6 ft,
respectively) during the period of record (table 6).

Water levelsin all wellsexcept YP-1 generally rose
during the winter season (October through April) and
generally declined during the summer season (May
through September). The rise in water levels during

winter probably is caused by increased infiltration due
to more winter precipitation and minimal rates of
evapotranspiration. The declinein water levels during
the summer probably is caused by decreased
infiltration due to the small amount of precipitation and
high rate of evapotranspiration in late spring and early
summer. Infiltration of above-average precipitation,
produced by storms during the El Nifio—Southern
Oscillation of late 1997 and early 1998, appearsto have
caused arisein water levelsin all monitor wells.

Water Resources 27



Table 6. Statistical summary of ground-water levels, Yavapai-Prescott Indian Reservation, Arizona, 1993-98
[do, ditto]
Number of Minimum depth to Maximum depthto  Variation in depth to
Well number measurements water, in feet water in feet water, in feet Period of record

YP-1 12 1153 243 9.0 8/93-6/98
YP-2 13 14 34 2.0 8/95-6/98
YP-3 13 22.1 30.7 8.6 8/93-6/98
YP-4 13 7.0 9.0 20 8/95-6/98
YP-5 13 132 16.1 29 do.
YP-6 13 155 184 29 do.
YP-7 13 10.8 135 27 do.
YP-8 24 10.2 118 16 1/97-6/98
YP-9 13 84 12.2 38 do.
YP-10 13 6.3 8.8 25 do.
YP-11 13 46 6.4 18 do.
YP-12 8 24 51 27 10/97-6/98

‘Reported (Southwest Water and Mineral Resources, 1993b)

Well YP-2, which isin asmall unnamed tributary
north of Granite Creek in the northwestern part of the
reservation, is ashalow well developed at a seep near
the contact between valley fill to the east and Prescott
Granite to the west. Likewell YP-3, YP-2is
topographically removed from the flood plain of
Granite Creek; however, the water level in YP-2
respondsto variations in precipitation as do water
levelsin wells along the flood plain (fig. 11).

Because measured water-level changes on the
reservation were small, changes in ground-water
storage are considered to be small, and recharge should
be nearly equal to discharge.

Ground-Water Quality

Ground-water temperatures ranged from 15.5 to
20.5°C (table 17 in the “Basic Data” section of this
report). The lowest temperature was at spring Y P-301,
and the highest temperature was at well Y P-10. Well
Y P-10 had the largest range in temperature—4-20.5°C
in September 1997 and 16.5°C in June 1998. All other
sites measured more than once had fairly consistent
temperatures. Specific-conductance valuesranged from
381 uS/cm at well YP-10t0 990 uS/cm at well Y P-4.
Dissolved-oxygen concentrations ranged from 0.1 to
7.6 mg/L. Concentrations of dissolved oxygen were
low in samplesfrom DP-1 and DP-2 (0.1 and 0.2 mg/L,

respectively); both wells were drilled within afew feet
of the streambed of Granite Creek. Low concentrations
of dissolved oxygen indicate anaerobic conditionsin
the ground water. In most other wells, dissolved
oxygen was between 11 and 96 percent of saturation in
ground water, which indicates aerobic conditions that
aretypical for shallow alluvial aguifers (Hem, 1989).
Values of pH ranged from 6.7 to 7.8, which indicates
nearly neutral to slightly above neutral (basic)
conditions.

Concentrations of nitrite plus nitrate (as nitrogen)
and orthophosphate in ground-water samples did not
exceed 2.02 mg/L. Nutrientstypically enter the ground
water from recharging surface waters. Low
concentrations of nitrate and phosphate indicate that
sources such as septic systems, animal waste, and
agriculture are not substantially affecting the overall
quality of ground water in the study area.

Major ions plot in tight groups on aftrilinear
diagram (Piper, 1944) and indicate a predominantly
calcium magnesium bicarbonate water type (fig. 7B).
Water from wells YP-4, YP-7, YP-10, YP-11, and
Y P-12 contained slightly higher concentrations of
chloride than water from other wells. Studies (Kuroda
and Sandell, 1953; Feth, 1965) have shown that
weathering of most rocks does not typically produce
high concentrations of chloride to natural waters, and
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that human input is a more likely source. Water from
well Y P-4 contained the highest concentration of
chloride (110 mg/L; table 17 in the “Basic Data’
section of thisreport). Well Y P-4 isdowngradient from
the cement plant, which may provide concentrations of
chloride as by-products from surface runoff.

Concentrations of dissolved barium, cadmium, and
chromium in ground-water samples were low relative
to USEPA MCLs; arsenic and manganese concentra-
tions were high. The concentration of total arsenic was
high in water from well YP-12 in 1997 (1,300 pg/L;
table 17 in the “Basic Data” section of this report).
The dissolved concentrations of arsenic at thiswell
(24 ng/L in 1997; 7 ug/L in 1998) were much lower
than the total concentrations. The concentrations of
dissolved arsenic in all samples were below the MCL
(0.05 mg/L; 50 ug/L; U.S. Environmental Protection
Agency, accessed May 19, 1999) at the time of sample
collection and analysis. Six of the samples contained
concentrations that exceed the proposed new MCL of
5ug/L (U.S. Environmental Protection Agency,
accessed June 27, 2000). Differences between the total
and dissolved concentrations of arsenic may result
from mobility of solids during pumping of the well.
Processes contributing arsenic to the ground water are
difficult to define but may include weathering of local
rocks (for example, arsenopyrite often found in
granites) and (or) transport of pesticides through
infiltration of surface water (Hem, 1989). Manganese
concentrations in samples from wells Y P-8
(2,320 pg/L), YP-11 (547 pg/L), YP-12 (328 ug/L),
spring Y P-301 (330 ug/L), and the two drive-point
wells (DP-1, 850 ug/L; DP-2, 330 ug/L) exceeded the
SMCL of 5.0 ug/L (U.S. Environmental Protection
Agency, accessed May 19, 1999). Processes similar to
those involving arsenic probably are the cause of these
manganese concentrations. The lack of high iron
concentrations in the ground water may indicate that
different types of geochemical environments are
present that would cause iron to behave differently in
ground water and surface water.

Concentrations of VOCsand SVOCswere detected
in water from some springs and wells (table 18 in the
“Basic Data’ section of this report). Toluene was
detected in water from spring Y P-4a and wells YP-7,
YP-8, YP-9, and YP-10 (1.20, 0.6, 0.4, 1.3, and
2.1 pg/L, respectively). Phenol was detected in water
from well YP-4 (1 ug/L), and xylene was detected in
water from wells YP-7 and Y P-8 (1.00 and 0.5 pg/L,
respectively). The MCLs for toluene and xylene are

1,000 pg/L and 10,000 pg/L, respectively (U.S.
Environmental Protection Agency, accessed May 19,
1999). An MCL has not been established for phenol.
Toluene, xylene, and phenol may enter the environment
fromindustria discharges, municipal waste-treatment
plant discharges, or spills (U.S. Environmental
Protection Agency, 1989). Possible nonpoint and point
sources for toluene, phenol, and xylene in the study
areainclude surface runoff from the city of Prescott,
the landfill at the VA Medical Center, the Yavapai
Gaming Center, and the abandoned wood-treatment
site.

Concentrations of tetrachloroethylene, trichloro-
ethylene, and methyltertbutylether (1.8 ng/L,
0.60 ug/L, and 0.30 ug/L, respectively) were detected
in water from spring YP-301. The MCLsfor tetra-
chloroethylene and trichloroethylene are 5 ug/L.
An MCL has not been established for methyltert-
butylether. Concentrations of 1,1,1-trichloroethane
(3.35 ug/L) and 1,1-dichloroethane (2.48 ug/L) were
detected at well YP-8. The MCLsfor 1,1,1-trichloro-
ethane and 1,1-dichloroethane are 1.2 ug/L and 7 pg/L,
respectively. Concentrations of trichlorofluoromethane
were detected at well YP-6 (0.9 pg/L) and from drive-
point well DP-2 (0.3 ug/L). An MCL has not been
established for trichlorofluoromethane. Concentrations
of cis-1,2-dichloroethane, trichloroethylene, and
napthal ene were detected at spring YP-4a (1, 0.6, and
0.8 nug/L, respectively). The MCL for cis-1,2-dichloro-
ethaneis5 pg/L. An MCL has not been established for
napthalene. Chloroform was detected in water from
well YP-1 (0.4 ug/L). An MCL has not been
established for chloroform. These compounds are used
in degreasers and other products. Tetrachloroethylene
is also associated with dry cleaning solvents used on
fabrics and textiles. Trichloroethylene asois
associated with textiles and adhesives. Trichloroethane
also is associated with glue, paint, and aerosol sprays.
Dichloroethane also is used to make vinyl chloride and
other chemicals and to dissolve paint and varnish and
finish removers (Agency for Toxic Substances and
Disease Registry, accessed February 14, 2000).

Surface-Water/Ground-Water Relations
Most of the surface water on the reservation flows
into Granite Creek. Most of the ground water on the

reservation is stored in the unconsolidated sediments
that underlie Granite Creek and its flood plain.
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Cdlculations have shown that Granite Creek generally
gains water as ground water discharges from the
surrounding aluvia sediments where the water table
intersects the stream channel.

Water moves into the Granite Creek area of the
reservation as aresult of (1) rainfall, (2) snowmelt,

(3) streamflow, or (4) runoff from upgradient areas on
and near the reservation. Water from rainfall and
snowmelt enters the ground-water system through
permeable soils or through fracturesin the Precambrian
igneous rocks. Most of the water, however, either
evaporates back into the atmosphere or runs off as
surface flow. As the surface water moves across the
flood plain or along stream channels, some may
become diverted and temporarily stored in the
sediments along the banks and terraces of Granite
Creek. In the days following periods of high
streamflow, much of the stored water drains back into
Granite Creek and flows off the reservation. During the
spring and summer months, some of thiswater islost to
transpiration and evaporation.

Water levelsin wells appear to show aresponse to
changesin the stage of Granite Creek (fig. 13) and flow
in tributaries of Granite Creek (table 7). Thelong and
irregular measurement intervals, however, may mask a
more well defined water |evel/stage relation.

During this investigation, water-quality analyses
were used as an independent means of determining the
surface water/ground water relations in the area of the
reservation near Granite Creek. Recharge water moves
from the land surface through the unsaturated zone and
into the saturated zone at the ground-water table.
During this movement, water dissolves the geologic
material with which it comesinto contact, and minerals
are dissolved and become part of the chemical makeup
of the ground water. Recharge water also may carry
contaminants from the surface and (or) the unsaturated
zone to the ground-water table. Contaminants can
potentially move from ground water to surface water,
such asin the Slaughterhouse Gulch areawhere surface
flow derives from ground-water discharge in an area
where ground-water samples contained VOCs and
SVOCs.

Water-quality data for surface-water and ground-
water sites in the study area generally plot in atight
group on atrilinear diagram (Piper, 1944; fig. 7C).
This grouping suggests a direct hydraulic connection
between the surface-water and ground-water systemsin
the area, as well as similar processes controlling the

overall water quality. These processes include water
and rock interactions and a recharge regime that
consistently transports similar constituents from the
unsaturated zone to the ground-water system.

Plotting major-ion concentrations in Stiff (1951)
diagrams on a map provides a method for spatially
examining similarities and differences in water quality
from the various sampling sites (fig. 14). The sizes of
the diagrams, when the diagrams are plotted at the
same scale, show the relative differencesin
concentrations of the dissolved constituentsin each
sample—the larger the pattern, the greater the
individual constituent concentration. Similaritiesin the
sizes and shapes of the Stiff diagrams are an indication
that similar processes are controlling the water quality.
The similarity in the shapes of the diagrams on
figure 14 shows the similarity in the quality of the
surface water and ground water on the reservation and
indicates that similar processes control the quality of
surface water and ground water.

Boxplots were drawn to compare ranges of pH and
selected constituent concentrations in surface-water
samples with those of ground-water samples (fig. 15).
The median pH and the median concentration of
dissolved oxygen were higher in surface-water
samples, and the median concentrations of bicarbonate,
calcium, sulfate, and dissolved solids were higher in
ground-water samples.

Influences on Water Quality

Human activities have influenced water quality on
the Yavapai-Prescott Indian Reservation throughout
most of the twentieth century. For example, Yount
(1939) recounts “March 2, 1903, the U.S.
Quartermaster of Whipple advised the (Prescott) City
Council that the present sewer outlet must be removed
from Whipple (Yavapai-Prescott) Reservation.” Yount
further recounts, “ September 11, 1905, there was so
much typhoid in Prescott, considered largely dueto
water from Granite Creek well,” that the Yavapai
County Medical Society urged immediate
discontinuance of use of the city well. The city well
was at West Aubrey Street about 150 ft east of Granite
Creek and 1 mi upstream from the present-day
reservation.
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Figure 13. Water levels at wells YP-1 through YP-12, Yavapai-Prescott Indian Reservation, and stage of Granite Creek at
streamflow-gaging station Granite Creek at Prescott (09502960), Arizona, 1994-98.
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Table 7.

[Crest-stage data were recorded at time of site visit and represent flows that occurred since the previous site visit. WY, water year; Qtr, quarter; NV, no
evidence of flow and no visual inspection of gage; ---, no flow]

Data from crest-stage gages on tributaries of Granite Creek, Yavapai-Prescott Indian Reservation, Arizona, 1995-98

Stage, in feet

WY 1995 WY 1996 WY 1997 WY 1998
Crest-stage 1st 3rd 1st 2nd 3rd 4th 2nd 3rd
gage site 1stQtr 2nd Qtr 3rd Qtr 4th Qtr Qtr 2ndQtr Qtr 4th Qtr Qtr Qtr Qtr Qtr 1stQtr  Qtr Qtr
Goat Ranch Wash 003 022 006 012 NV 0.29 054 NV NV NV NV 024 017 0.16
A2 44
Government .30 98 NV .04 NV 79 - .85 NV NV NV NV .67 13 45
Canyon Wash 122 .69 .88
.09
Slaughterhouse Gulch ~ --- 32 NV .10 NV 122 - 1.50 NV NV 12 NV 1.15 .39 .59
(upstream gage) 45 2.32 .02
.04
Slaughterhouse Gulch ~ --- .06 NV 111 - 117 NV NV NV 68 - A7
(downstream gage) 53 1.28
17
Unnamed Wash 22 31 .29 .87 NV 144 - .15 NV NV 42 91 NV 127 97
.34 1.33 1.24
121 43

Water flowsfrom places of high potential energy to
places of low potential energy and tendsto follow paths
of least resistance. In doing so, water will suspend and

Gaming Center (fig. 1). The wood-treatment site was placed
on the USEPA's Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) list on March 1,

dissolve and transport materials with which it comesin
contact. In urbanized or other developed areas, these
materials can include lawn fertilizer, solvents, animal
excretions, pesticides, automotive lubricants, and
sediment. Today (2000), asin 1905, the greatest
potential for nonpoint-source water pollution isfrom
the city of Prescott, from livestock-grazing areasin the
drainage area of Granite Creek upstream from the
reservation, and from sediment eroded from rock
material and soils. In urban areas, where impervious
surfaces such as buildings, streets, and parking lots are
dominant, the effect of storm runoff on pollutant
transport is greater than in nonurban areas because the
runoff-to-rainfall ratio is significantly larger (figs. 5
and 6). Although increased urbanization in the areahas
increased the potential for transporting human-induced
pollutants onto the reservation, it also may have had the
effect of reducing incoming sediment load.

Potential point sources of contamination on the
reservation include the landfill at the VA Medica
Center, the abandoned Stone Contai ner wood-treatment
site, the EZ Transmix cement plant, and the Yavapai

1988. Contaminants from the wood-treatment site have

been well documented, and a cleanup effort isin progress.

A ground-water contamination study at asimilar sitein
Pensacola, Florida (Franks, 1986), found evidence of a
denser-than-water hydrocarbon contaminant phase that
moved vertically downward until it intercepted an
impermeable material, and an agueous phase of water-
soluble compounds that moved at the speed and in the
direction of ground-water flow. Also, the study
suggests that wood-treatment compounds are being
removed from the agueous phase through selective
degradation by microbial activity and sorption onto
aguifer sediments; however, because of its nearly

80 years of operation, natural restoration is expected to
take hundreds of years after the source of
contamination is removed. On the basis of these
findings, the length of operation at the Slaughterhouse
Gulch site, and arate of ground-water movement of
0.04 ft/d, natural restoration of the aquifer in and
downgradient from the Slaughterhouse Gulch area may
take aslong as 200 years.
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Active underground storage tanks are present on
the reservation but are not known to be leaking
(Woodward-Clyde Consultants, 1997). USEPA records
further indicate that there were leaky underground
storage tanks at EZ Transmix and at a site now
occupied by the Yavapai Gaming Center (Woodward-
Clyde Consultants, 1997). Whether from point or
nonpoint sources, contaminants along Granite Creek
have the potential to affect the quality of rechargeto the
aluvia aguifer and, therefore, degrade the quality of
ground water in the aquifer.

SUMMARY

Annual rainfall during this investigation averaged
about 14.9 in. The total annua streamflow leaving the
reservation along Granite Creek was about 430 acre-ft
more than the amount of streamflow entering the
reservation. The channel-fill and valley-fill sediments
aong the Granite Creek flood plain make up the
principal aguifer. Ground-water suppliesare only being
developed for the containment of spring discharge for
livestock and wildlife use. About 29 acre-ft of ground
water leaves the reservation each year after discharging
into Granite Creek. Most of the ground water that
|eaves the reservation each year does so during the
winter months when evapotranspiration is lowest and
the hydraulic head in the aquifer is higher than the
stream channel. Water levels in wells throughout the
reservation reflect seasonal variationsin rainfall and
snowmelt. Surface water and ground water on the
reservation are calcium bicarbonate types. Fecal
streptococcal and coliform bacteriain the surface water
make it unsuitable for domestic use. Volatile and
semivolatile organic compounds were detected in
surface-water, streambed-sediment, and ground-water
samples. The potential for contamination exists from
point and nonpoint sources on and off the reservation.
The greatest potential for nonpoint-source water
contamination is from the city of Prescott, from
livestock-grazing areas in the drainage area of Granite
Creek upstream from the reservation, and from
sediment eroded from rock material and soils.

The potentia point sources of contamination on the
reservation include the landfill at the VA Medical
Center, the abandoned Stone Contai ner wood-treatment
site, the EZ Transmix cement plant, and the Yavapai
Gaming Center.
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Table 8.

[---, no data; max, maximum; min, minimum]

Discharge data, Granite Creek at Prescott (09502960), Arizona, water year 1995

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR 1995

DAILY MEAN VALUES
Day Oct. Nov. Dec Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.
1 0.44 0.94 25 140 55 31 0.38 10.40 0.07 0.04
2 44 86 38 130 48 2.8 38 23 .05 .03
3 43 78 42 125 46 24 36 .16 02 .02
4 43 13 31 125 44 21 32 14 .00 01
5 1.9 201 25 1130 42 2.3 27 A1 .00 .00
6 72 39 20 1940 33 25 20 .09 .00 115
7 .76 19 17 1180 29 25 120 .07 .00 12
8 59 14 15 1100 2.8 1.9 120 07 120 150
9 52 14 13 61 2.7 1.9 120 .03 130 18
10 47 13 12 42 2.6 17 120 01 110 110
1 A7 46 10 173 25 16 120 .00 1o7 44
12 43 74 9.2 134 25 14 120 .00 .05 14
13 43 37 12 84 24 14 125 140 .04 .10
14 43 24 620 59 2.4 1.2 21 120 .03 .09
15 43 18 918 43 24 11 18 17 .08 .08
16 0.42 43 16 178 33 5.1 85 21 A1 .06 150
17 45 42 13 7) 27 6.9 44 46 A1 .03 17
18 .86 140 9.6 160 23 6.0 21 24 .07 .00 .09
19 53 140 8.2 140 19 7.8 15 19 07 .00 .07
20 44 140 7.3 130 17 7.7 1.3 18 .04 110 .06
21 43 .39 6.7 125 14 6.4 11 16 02 170 .06
22 43 .39 5.7 130 12 5.9 92 15 .00 .06 .06
23 43 23 5.1 130 13 6.2 170 14 .00 110 .05
24 43 71 47 120 15 6.5 170 13 .00 115 .06
25 43 57 17 120 11 6.1 160 12 .00 150 .06
26 52 11 82 117 9.7 53 74 A1 .00 13 .06
27 48 16 56 120 8.9 47 65 A1 .00 .07 110
28 46 11 37 15 7.8 41 a7 .10 .00 .06 160
29 43 25 27 7.2 3.7 65 130 .00 .06 1.1
30 43 2.0 22 6.8 33 49 20 110 .05 64
31 1.1 20 6.3 42 32 .06
Total 4621  851.88 23942  27296.7 135.7 55.44 6.55 7.42 27.89 95.23
Mean 1.49 275 85.5 74.1 452 1.79 22 24 90 317
Max 11 201 918 940 7.8 85 46 4.0 10 60
Min .39 .78 9.2 6.3 24 42 .10 .00 .00 .00
Acre-ft 92 1,690 4,750 4,560 269 110 13 15 55 189
Water year 1995 Tota --- Mean --- Maximum --- Minimum  --- Acre-ft ---
1Estimated.
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Table 9. Discharge data, Granite Creek at Prescott (09502960), Arizona, water year 1996

[---, no data; max, maximum; min, minimum]

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR 1996

DAILY MEAN VALUES
Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.
1 0.48 0.52 0.21 0.21 0.75 0.83 10,50 0.07 0.00 0.00 0.30 10.00
2 .30 .10 .20 21 A1 .81 52 .07 .00 .00 .22 100
3 .16 .09 20 21 .10 75 47 .07 .00 51 12 150
4 .09 .09 21 21 10 .73 45 .07 .00 .00 .10 .27
5 .09 .09 21 .20 .10 .70 40 .07 .00 .00 .09 92
6 .09 A1 21 19 .10 .60 .39 .06 .00 .00 .08 26
7 .09 .10 21 .19 10 .60 .35 .06 .00 .00 .07 17
8 .09 .09 21 19 .10 .60 31 .06 .00 .00 .07 6.5
9 .09 .10 21 19 .10 .60 .29 .06 .00 36 .09 16
10 .09 .10 21 .19 10 .59 .33 .06 .00 28 .09 .62
11 .09 .10 .23 120 .10 .60 .27 .05 .00 15 .05 49
12 .09 .10 .24 120 A1 .62 .27 .05 .00 14 .04 .26
13 .09 .10 .22 120 .10 4.7 .27 .03 .00 .33 .04 19
14 .09 12 21 120 .10 15 .25 .02 .07 .18 .05 29
15 .09 13 21 19 .10 .84 .24 .02 100 39 .08 .64
16 .09 12 .26 .19 .10 .73 24 .01 100 23 .03 .27
17 .09 12 .24 .20 .10 .63 .23 .00 100 51 .02 22
18 .09 .10 21 21 .10 .60 21 .00 100 .26 .02 14
19 .10 12 21 21 A1 .60 .19 .00 .00 .19 .01 A1
20 .10 14 21 21 14 .58 A7 .00 .00 15 .01 .08
21 .09 14 21 21 A3 .59 .16 .00 .00 12 .01 .07
22 .09 14 21 24 37 .60 .16 .00 .00 .09 .01 .07
23 .09 14 21 .27 45 .56 14 .00 .00 .07 .01 .07
24 A2 14 21 .24 .39 .55 14 .00 .00 .05 .01 .06
25 110 14 21 21 1.0 .63 12 .00 .00 19 .01 .06
26 110 .16 21 21 36 .53 12 .00 .00 32 .01 .06
27 110 19 21 21 33 .55 .10 .00 .00 54 6.9 .06
28 110 .20 21 21 11 .59 .09 .00 .00 33 .26 .06
29 .10 21 21 21 91 110 .09 .00 .00 .69 .03 .06
30 .10 21 21 21 150 .08 .00 .00 .34 .01 .06
31 .10 - 21 24 150 - .00 - .28 .00 -
Total 3.58 421 6.63 6.46 17.30 2481 7.55 0.83 0.07 182.56 8.84 169.23
Mean 12 14 21 21 .60 .80 .25 .027 .002 5.89 .29 5.64
Max 48 .52 .26 .27 37 47 .52 .07 .07 39 6.9 92
Min .09 .09 .20 .19 .10 .50 .08 .00 .00 .00 .00 .00
Acre-ft 7.1 84 13 13 34 49 15 16 A 362 18 336
Water year 1996 Total 432 Mean 1.18 Maximum 92 Minimum 0.00 Acre-ft 857

1Estimated
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Table 10. Discharge data, Granite Creek at Prescott (09502960), Arizona, water year 1997

[---, no data; max, maximum; min, minimum]

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR 1997

DAILY MEAN VALUES
Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.
1 0.06 0.05 0.07 0.10 9.1 6.0 1.2 0.30 0.05 10.00 0.00 6.5
2 .07 .05 07 .10 8.2 76 43 21 .05 100 .00 44
3 07 .05 07 2.0 75 12 16 .20 .04 100 18 29
4 .07 .05 07 15 155 13 8.3 19 .04 100 48 .38
5 07 .05 .07 A1 150 12 7.4 17 .04 100 13 32
6 .07 .06 .07 12 150 13 7.0 .16 .06 100 10 44
7 .07 .06 .07 A1 2.8 15 7.0 14 .06 100 .08 13
8 .06 .06 07 A1 26 17 8.2 14 07 .00 .37 2.8
9 .06 .06 07 .10 23 17 8.2 13 .06 .00 77 41
10 .06 .06 8.1 .10 2.0 16 6.8 13 .05 .00 a1 12
11 .06 .07 A1 A1 1.9 14 5.9 46 .04 .00 .09 71
12 .06 .07 .09 42 1.7 12 45 .16 .04 .00 .08 .39
13 .06 .07 .08 15 2.2 10 39 12 .04 .00 .06 12
14 07 .08 .08 47 15 8.1 32 A1 .04 .00 6.9 .10
15 .03 .10 .08 14 14 6.9 3.0 .10 .06 .00 25 17
16 03 A1 .08 17 14 5.9 24 .10 .06 .00 .04 15
17 03 A1 .08 15 13 5.0 21 10 .05 .00 .03 .10
18 .04 111 .09 1.2 1.2 39 2.0 .10 .04 .00 02 .09
19 04 111 .08 13 1.2 36 18 .09 01 .00 02 .08
20 04 111 .08 24 1.2 32 1.6 1.0 100 .00 02 07
21 05 A1 .09 2.0 11 2.7 14 12 100 .00 .04 .07
22 .05 46 .09 15 1.0 24 13 .09 100 .00 .30 .07
23 .06 .09 .09 1.6 .98 22 111 .07 100 .00 4.8 .07
24 .05 .07 .10 22 11 21 190 .07 100 .00 a1 .07
25 .06 07 .09 2.7 11 18 1g2 .07 100 .00 26 16
26 07 .09 .10 69 1.0 1.7 82 .07 100 .00 69 314
27 07 07 .09 63 35 1.6 77 .07 100 .00 .87 35
28 .06 .07 .09 27 12 15 .60 .07 100 .00 .07 14
29 .06 .09 .09 18 1.4 49 .06 100 .00 15 6.7
30 .06 .07 .10 14 13 40 .05 100 .00 6.4 37
31 91 A1 11 1.2 .05 .00 63
Total 2.62 6.82 1062 24851 86.78 221.1 113.40 4.90 0.90 0.00 3368  420.86
Mean .085 23 34 8.02 3.10 713 378 16 .030 .00 1.09 14.0
Max 91 46 8.1 69 12 17 16 1.0 .07 .00 6.9 314
Min .03 .05 .07 .10 .98 1.2 40 .05 .00 .00 .00 .07
Acre-ft 52 14 21 493 172 439 225 9.7 18 .00 67 835
Water year 1997 Total 1150.2 Mean 3.14 Maximum 314 Minimum 0.00 Acre-ft 2,280
LEstimated.
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Table 11. Discharge data, Granite Creek near Prescott (09503000), Arizona, water year 1995

[---, no data; max, maximum; min, minimum]

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR 1995

DAILY MEAN VALUES
Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.
1 10.20 0.32 0.44 15 27 43 6.5 39 0.57 0.54 0.13 0.17
2 120 .38 A4 115 38 31 6.1 39 51 .35 .09 15
3 120 .38 44 115 43 26 5.8 35 51 23 07 13
4 120 11 66 115 35 25 55 32 52 19 .07 13
5 120 .66 20 1210 28 131 5.1 31 51 17 .05 13
6 120 51 12 140 23 953 48 35 51 17 .04 2.8
7 120 44 1.3 22 20 190 46 37 49 20 .04 1.3
8 17 1.0 .90 16 18 102 43 32 44 19 2.7 14
9 17 .66 73 16 16 66 40 31 A4 15 48 22
10 A3 51 .66 14 14 45 39 2.8 49 15 14 16
11 A3 44 .66 48 12 177 37 25 55 14 .09 34
12 A3 11 59 77 11 145 36 2.0 49 13 .08 96
13 13 1.1 59 39 12 89 34 1.9 A7 43 .09 38
14 13 73 59 26 617 61 33 18 46 42 .09 25
15 35 73 59 20 932 46 33 1.7 A4 19 1.4 21
16 26 .80 51 18 185 36 6.9 11 42 17 14 12
17 1.1 73 51 14 97 29 74 6.3 52 15 .10 26
18 .66 .80 51 11 61 24 5.9 29 55 13 .09 82
19 51 .90 44 9.2 42 20 8.9 21 39 13 .09 40
20 44 51 44 85 32 18 10 16 38 12 14 28
21 .38 51 A4 7.8 27 16 7.1 1.4 .38 .10 16 25
22 .38 51 51 6.8 31 13 6.0 1.1 33 .08 13 21
23 32 44 2.7 5.9 29 13 6.5 90 32 .08 17 21
24 .38 51 15 55 21 15 71 90 32 .08 5.8 20
25 .38 44 6.0 20 21 11 6.7 82 29 .06 51 17
26 32 44 20 86 18 10 6.0 80 27 04 1.2 17
27 32 .59 26 55 21 9.2 5.4 77 26 .05 .38 85
28 32 44 o 40 26 8.7 49 .76 21 .04 24 65
29 32 44 s 30 7.7 43 97 23 .04 20 22
30 32 44 135 25 7.3 42 70 34 1.7 17 1.2
31 32 120 23 6.9 .66 37 17
Total 46.46 28.46 6875 9132 2457 23748  165.2 77.48 12.61 10.86 5368  136.42
Mean 1.50 .95 222 29.5 87.8 76.6 5.51 25 42 35 173 4.55
Max 35 11 20 210 932 953 10 11 57 43 17 65
Min A3 32 44 15 11 6.9 33 .66 21 .04 .04 13
Acre-ft 92 56 136 1,810 4,870 4,710 328 154 25 22 106 271
Water year 1995 Total 6,340 Mean 17.3 Maximum 953 Minimum 0.04 Acre-ft 12,580
LEstimated.
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Table 12. Discharge data, Granite Creek near Prescott (09503000), Arizona, water year 1996

[---, no data; max, maximum; min, minimum]

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR 1996

DAILY MEAN VALUES

Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.
1 .83 .61 21 44 17 14 .61 .18 .04 .01 .52 .08
2 .61 15 22 .30 48 12 .61 a7 .03 .01 .63 .07
3 48 31 .26 41 .35 12 .59 A2 .03 .02 41 .94
4 .36 .26 .25 .51 27 1.0 .59 A1 .02 .20 .33 72
5 .25 24 21 46 27 .90 .59 A1 .02 12 24 84
6 21 27 .20 .32 27 .87 .55 12 .02 .07 .25 33
7 21 .28 a7 .36 27 .81 48 A1 .02 .06 22 23
8 21 27 22 .36 .26 .79 42 .09 .02 .03 .26 12
9 21 27 27 42 19 72 40 A1 .02 41 .36 49
10 21 27 27 .38 .20 72 37 .09 .02 37 .70 23
11 .20 27 27 .36 17 72 .38 .09 .02 10 54 18
12 .20 27 27 .33 17 72 44 .08 .01 21 .23 13
13 17 27 .34 27 .24 5.4 .38 .06 .02 .89 .16 19
14 A7 27 40 27 .23 2.7 .33 .06 .04 .58 46 82
15 A3 27 41 27 17 13 .35 .06 .03 53 4 2.7
16 A3 27 .39 27 17 11 .36 .06 .02 51 12 14
17 A3 .28 .59 27 17 .99 41 .06 .02 .96 .09 .92
18 A3 .28 .39 27 .23 .90 .39 .06 .02 .56 .09 77
19 A3 27 .28 .32 .29 .90 44 .06 .02 42 .08 .59
20 A3 27 .35 .30 31 .89 37 .04 .01 .36 .08 .39
21 A3 27 37 24 32 .89 37 .05 .01 .30 .06 .28
22 A1 27 .36 27 44 .85 .38 .06 .01 27 .06 .20
23 .09 27 .36 40 .64 .80 41 .04 .01 .25 .08 .16
24 .09 27 44 37 46 72 40 .04 .01 21 .08 13
25 17 .28 43 .29 .65 .73 .34 .04 .00 21 .07 A3
26 A3 .25 41 31 5.4 .86 40 .08 .00 36 .05 A1
27 A3 .25 43 .28 54 72 .32 .08 .01 17 41 A2
28 A3 .26 44 .29 19 .70 .29 .06 .01 47 31 12
29 A3 27 44 .28 15 1.0 21 .04 .01 11 42 12
30 A3 .23 44 .31 71 21 .04 .01 .69 .20 12
31 .20 --- 51 .30 .62 --- .04 --- .62 .09 ---
Total 6.54 9.62 10.60 10.23 27.08 33.83 12.39 241 0.53 240.84 14.22 199.57
Mean 21 .32 .34 .33 .93 1.09 41 .078 .018 7.77 46 6.65
Max .83 15 .59 .51 54 5.4 .61 .18 .04 53 41 84
Min .09 .23 A7 24 17 .62 21 .04 .00 .01 .05 .07
Acre-ft 19 21 20 54 67 25 4.8 11 478 28 396
Water year 1996 Total 568 Mean 1.55 Maximum 84 Minimum 0.00 Acre-ft 1,130
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Table 13. Discharge data, Granite Creek near Prescott (09503000), Arizona, water year 1997

[---, no data; max, maximum; min, minimum]

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR 1997

DAILY MEAN VALUES
Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.
1 0.10 0.17 0.22 0.28 9.1 7.7 19 0.52 0.08 0.01 0.01 55
2 .09 13 22 27 8.2 84 43 A7 .08 .01 .01 13
3 .09 A1 22 21 7.7 12 18 46 .08 .01 .25 18
4 .08 .09 22 49 6.6 13 10 41 .08 .01 6.1 1.0
5 .08 .09 22 .33 5.8 12 8.3 .36 .07 .01 .34 .87
6 .08 .09 22 .34 4.8 12 8.3 .34 .09 .01 .18 7.0
7 .08 .09 22 .29 39 14 8.3 31 .09 .01 .05 45
8 .08 .09 22 .28 38 15 9.0 .28 .09 .01 .04 33
9 .08 A1 22 27 34 15 9.3 .24 .09 .01 .10 2.0
10 .08 13 9.5 .29 29 14 85 24 .07 .01 .06 37
11 .08 13 .39 .28 2.6 13 7.9 .28 .06 .01 .03 55
12 .08 13 .30 19 23 11 6.5 45 .06 .01 .02 92
13 .08 A3 .26 23 31 9.6 5.4 .26 .05 .01 .02 34
14 .10 A7 .26 7.9 20 84 44 21 .05 .01 9.7 27
15 .10 21 .23 45 17 7.3 38 .19 .05 .01 12 .53
16 .10 22 .23 32 14 6.6 2.8 A7 .06 .01 21 .53
17 A1 22 22 31 13 5.8 21 A7 .05 .01 .10 .32
18 .10 22 22 26 12 5.3 19 A7 .04 .01 .07 23
19 .10 22 22 28 12 45 17 15 .03 .01 .06 .18
20 A1 22 22 4.2 12 43 14 .37 .03 .01 .06 .16
21 A1 22 .23 41 11 39 11 45 .03 .02 .07 .16
22 A1 52 22 34 .95 37 1.0 .29 .03 .02 .07 .16
23 13 .38 22 3.0 .92 33 .94 22 .03 .02 55 15
24 14 .26 22 4.2 91 3.0 .89 .20 .02 .01 .50 15
25 .16 22 .23 4.6 11 26 .83 18 .02 .01 .83 13
26 13 .25 .23 65 94 25 81 17 .02 .01 24 296
27 13 .25 .28 64 34 21 a7 A3 .02 .01 .36 43
28 A1 .25 .25 24 13 2.0 .67 .10 .02 .01 37 20
29 .10 24 .26 16 19 .59 .09 .02 .01 16 12
30 .09 .28 .26 13 18 .56 .09 .01 .02 6.9 8.0
31 .54 27 10 17 .08 .02 15
Total 355 10.55 16.68 269.72 96.52 2274 131.96 8.05 1.52 0.36 38.71 425.19
Mean A1 .35 .54 8.7 3.45 7.34 4.40 .26 .051 .012 125 14.2
Max .54 52 9.5 65 13 15 18 .52 .09 .02 9.7 296
Min .08 .09 22 27 91 17 .56 .08 .01 .01 .01 15
Acre-ft 7.0 21 33 535 191 451 262 16 3.0 7 77 843
Water year 1997 Total 1,230 Mean 3.36 Maximum 296 Minimum 0.01 Acre-ft 2,440
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