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Recharge and Discharge Areas for the Principal
Basin-Fill Aquifer, Beryl-Enterprise Area, Iron,
Washington, and Beaver Counties, Utah

by Kevin Thomas and Mike Lowe

ABSTRACT

The primary source of drinking and irrigation
water in the Beryl-Enterprise area is ground water from
the principal basin-fill aquifer. We mapped recharge and
discharge areas for the principal aquifer to provide a tool
for management of potential contaminant sources to help
protect ground-water quality. Areas are delineated based
primarily on the presence or absence of thick (> 20 feet)
clay or silt confining layers and net ground-water gradient
as determined from drillers” logs of water wells. Primary
discharge areas lack thick confining layers, secondary
recharge areas have thick confining layers and a downward
vertical gradient, and discharge areas have thick confining
layers and an upward vertical gradient.

The Beryl-Enterprise area includes Escalante Val-
ley and part of the Escalante Desert in southwestern Utah.
The principal basin-fill aquifer of the Beryl-Enterprise area
consists of interbedded alluvial-fan and lacustrine deposits.
Water quality is generally moderately good with total-dis-
solved-solids values at or below 1000 mg /L recorded across
much of the Beryl-Enterprise area, but most ground water
is hard to very hard. Table Butte, the mountains surround-
ing the Beryl-Enterprise area basin floor, and the upper
parts of alluvial fans along the margins of these uplands
make up the primary recharge areas. The principal dis-
charge area occupies the central and northeastern parts of
the basin floor, based on water levels at the time the wells
were drilled. Discharge exceeds recharge in the basin-fill
aquifer, resulting in a declining water table throughout
much of the Beryl-Enterprise area. Consequently, the dis-
charge area is shrinking and should be treated as a second-
ary recharge area for land-use planning.

INTRODUCTION

Background

The principal basin-fill aquifer is the most impor-
tant source of both drinking and irrigation water in the
Beryl-Enterprise area. Recharge to this unconsolidated
aquifer is mainly from precipitation in mountainous areas,
with the recharge primarily occurring as infiltration from
stream channels or subsurface inflow from bedrock along
the valley margins (Mower and Sandberg, 1982). Recharge

areas are typically underlain by fractured rock and/or
coarse-grained sediment with relatively little ability to
inhibit infiltration of contaminated water. Ground-water
flow in recharge areas has a significant downward compo-
nent and relatively fast rate of movement. Because contam-
inants can readily enter an aquifer system in recharge areas,
management of potential contaminant sources in these
areas deserves special attention to protect ground-water
quality. Ground-water recharge-area mapping delineates
these vulnerable areas.

Ground-water recharge-area maps typically show:
(1) primary recharge areas, (2) secondary recharge areas,
and (3) discharge areas (Anderson and others, 1994; Lowe
and Snyder, 1996). Primary recharge areas, commonly bed-
rock uplands and coarse-grained unconsolidated deposits
along the basin margins, do not contain thick, continuous,
fine-grained layers, and have a downward ground-water
gradient. Secondary recharge areas, commonly basin-mar-
gin benches, have fine-grained layers thicker than 20 feet (6
m) and downward ground-water gradients. Ground-wa-
ter discharge areas are generally in basin lowlands. Dis-
charge areas for unconfined aquifers are where the water
table intersects the ground surface, causing springs or
seeps. Discharge areas for confined aquifers are where the
ground-water gradient is upward and water is discharging
to a shallow unconfined aquifer above the upper confining
bed, or to a spring or flowing well. The extent of recharge
and discharge areas for an aquifer may vary both seasonal-
ly and annually due to changes in the amount of recharge.

Purpose and Scope

The purpose of this study is to help state and local
government officials and local residents protect the quality
of ground water in the Beryl-Enterprise area by delineat-
ing areas where ground-water aquifers are vulnerable to
contamination from land-surface sources of pollution. The
scope of work included a literature review and analyses of
drillers’ logs of water wells to define hydrogeologic condi-
tions in the Beryl-Enterprise area. Relevant information,
such as well depth, lithology, and water level, was recorded
from each water-well log (appendix) and well locations
were plotted on 1:24,000-scale base maps. Generalized
recharge- and discharge-area boundaries were then delin-
eated and entered, along with well locations, into a geo-
graphic information system database.



Setting

The Beryl-Enterprise area (figure 1) includes Es-
calante Valley and part of the Escalante Desert in southwest
Utah. The larger community centers include Newcastle,
Beryl Junction, Enterprise, Modena, Beryl, and Lund. The
basin floor covers an area of about 890 square miles (2300
km?).

Physiography and Drainage

The Beryl-Enterprise area is in the Tonoquints
Volcanic section of the Basin and Range physiographic
province (Stokes, 1977). The basin is bounded on the west
by the Cedar Range, on the south by the Bull Valley Moun-
tains; on the southeast by the Harmony Mountains and
Antelope Range; on the east by a series of low hills; on the
northeast by the Black Mountains; on the north by the Wah
Wah Mountains, Indian Peak Range, and Needle Range;
and on the northwest by the Paradise Mountains. This re-
port covers only the part of the basin west of the Utah-Ne-
vada state line, however the portion of the basin in Nevada
appears to be underlain entirely by bedrock and not basin
fill. Peaks in the drainage basin reach elevations of up to
8200 feet (2500 m) above sea level. The valley floor ranges
in elevation from 5400 feet (1650 m) along the basin margin
in Washington County to 5080 feet (1550 m) northwest of
Lund. The generally uniform southwest to northeast slope
of the basin floor is interrupted south of Lund by Table
Butte (figure 1).

Little Pine, Spring, and Pinto Creeks are perennial
streams draining the mountains in the southern part of the
drainage basin (figure 1) (Mower and Sandberg, 1982). All
other drainages are intermittent or ephemeral (Mower and
Sandberg, 1982). In the southern part of the drainage basin,
some of these ephemeral drainages can produce large
floods, sometimes carrying debris several miles out onto
the basin floor (Mower and Sandberg, 1982; Lund and oth-
ers, 2005). Mud Spring Wash and Iron Springs Canyon are
two gaps in the mountains on the east side of the drainage
basin where surface flow into the Beryl-Enterprise area oc-
curs during floods resulting from intense local rainstorms
or from local snowmelt (Mower and Sandberg, 1982). The
Beryl-Enterprise area is part of the Beaver River drainage
basin, but there is no evidence that surface flow out of the
Beryl-Enterprise basin through its lowest point northeast of
Lund has occurred during the past several hundred years
(Mower and Sandberg, 1982).

Climate

Four weather stations in the study area provide cli-
matic data for different periods (Enterprise, 1954-92 period;
Enterprise Beryl Junction, 1948-92 period; Lund, 1950-1967
period; and Modena, 1948-92 period), but only Enterprise
Beryl Junction and Modena provide normal climatic data
for the 1961-90 period. Because the normal climatic infor-
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mation represents a more complete data set, those values
(taken from Ashcroft and others, 1992) are discussed herein.
Temperatures reach a normal minimum of 11.4°F (-11.4°C)
in January at Enterprise Beryl Junction and a normal
maximum of 91.4°F (33.0°C) in July at Modena. The normal
mean annual temperature ranges from 47.6°F (8.7°C) at En-
terprise Beryl Junction to 49.1°F (9.5°C) at Modena. Nor-
mal annual precipitation ranges from 10.21 inches (25.93
cm) at Enterprise Beryl Junction to 10.32 inches (26.21 cm)
at Modena. Normal annual evapotranspiration (using the
Hargreaves equation [based on perennial rye grass or Alt
fescue as reference crop]) ranges from 51.56 inches (130.96
cm) at Enterprise Beryl Junction to 52.06 (132.23 cm) at
Modena. The average number of frost-free days ranges
from 98 at Enterprise Beryl Junction to 113 at Modena.

Population and Land Use

The Beryl-Enterprise area is sparsely populated,
but, like most areas in Utah, is experiencing an increase
in population. The population of rural Iron County (i.e.,
excluding Brian Head, Cedar City, Enoch, Kanarraville,
Paragonah, and Parowan), within which most of the study
area lies, increased from 2882 in 1990 to 6321 in 2000 (De-
mographic and Economic Analysis Section, 2001), and by
2030 the population is expected to be 10,671 (Demographic
and Economic Analysis Section, 2005). However, much of
this population growth is likely to take place in eastern Iron
County, outside of the study area.

The economy is dominated by agriculture, mainly
cultivation of irrigated crops, but mining and rock collect-
ing are also important sources of income (Travel Guides,
2006). Alfalfa has replaced potatoes as the most important
crop, and dairies and feedlots have become an increasingly
important source of income (Lund and others, 2005). Cul-
tivated land is irrigated mostly by water wells (Mower and
Sandberg, 1982).

Previous Studies

White (1932) reported on evapotranspiration by
plants, estimates of water usage, and water levels in some
wells for parts of southwestern Utah, including the Beryl-
Enterprise area. Clyde (1941) estimated the extent and
success of ground-water dependent agriculture for the
Beryl area, and evaluated costs of ground water to farmers.
Three progress reports to the Utah State Engineer provide
descriptions of ground-water conditions in the Beryl-En-
terprise area (Fix and others, 1950; Thomas and others,
1952; Waite and others, 1954). Conner and others (1958)
compiled the quality of ground and surface water in Utah,
including the Beryl-Enterprise area. Sandberg (1963) com-
piled ground-water data for several ground-water basins
in southwestern Utah, including the Beryl-Enterprise area.
Sandberg (1966) correlated the results of previous ground-
water studies for several ground-water basins in south-
western Utah, including the Beryl-Enterprise area, to give a
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unified concept of ground-water conditions in those basins.

Mower (1981) compiled ground-water data for the Beryl-
Enterprise area. These data were used to produce the most
recent comprehensive evaluation of ground-water condi-
tions for the area (Mower and Sandberg, 1982). Burden
and others (2005) evaluated water-level changes in wells in
Utah from March 1970 to March 2005, including the Beryl-
Enterprise area. Lund and others (2005) evaluated the
origin and extent of earth fissures in Escalante Valley and
the southern Escalante Desert.

METHODS

In this study, we used the methods of Anderson
and others (1994) as modified by Snyder and Lowe (1998)
for identifying confining layers, and delineating recharge
and discharge areas for basin-fill aquifers; much of the
text in this section is from Snyder and Lowe (1998). To
delineate recharge and discharge areas, we evaluated both
the principal aquifer and local overlying shallow uncon-
fined aquifers (figure 2). The principal aquifer is the most
important source of ground water, and may be confined
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or unconfined. The principal aquifer begins at the moun-
tain front along the valley margins where coarse-grained
alluvial-fan sediments predominate and ground water is
generally unconfined. Away from bedrock exposures, fine-
grained silt and clay may form confining layers above and
within the principal aquifer. Water in sediments above the
upper confining layer is in a shallow unconfined aquifer.
Shallow unconfined aquifers are generally not an important
source of drinking water.

We used drillers’ logs of water wells to delineate
primary and secondary recharge areas and discharge areas,
based on the presence or absence of confining layers and
relative water levels in the principal and shallow uncon-
fined aquifers. Well-log information is summarized in the
appendix. The use of drillers’ logs requires careful inter-
pretation because of the variable quality of the logs. Cor-
relation of geology from water-well logs is difficult because
lithologic descriptions are generalized and commonly
inconsistent among various drillers. The use of water-
level data from water-well logs is also problematic because
levels in the shallow unconfined aquifer are commonly not
recorded, and because water levels were measured during
different seasons and years.

BULL VALLEY
MOUNTAINS

k.
ANTELORE
/ RANGE

Primafy
Recharge Area

20
eral u’"
i)

Unsolidated Material

Partly Consolidated Material

Figure 2. Schematic block diagram showing recharge areas, location of the water table during 1937 and 1978, direction of ground-wa-
ter movement, and discharge areas in the Beryl-Enterprise area (modified from Mower and Sandberg, 1982).



Recharge and discharge areas for the principal basin-fill aquifer, Beryl-Enterprise area, Iron, Washington, and Beaver Counties, Utah 5

Confining layers are defined as
any fine-grained (clay and/or silt) layer
thicker than 20 feet (6 m) (Anderson and
others, 1994). Some logs note both clay and
sand in the same depth interval, without
giving relative percentages; these are not
classified as confining layers (Anderson
and others, 1994). If both clay and sand are
checked and the word “sandy” is written
in the remarks column, then the layer is as-
sumed to be a primarily clay confining layer
(Anderson and others, 1994). Sometimes a
driller will mark clay and gravel, cobbles, or
boulders; these units also are not classified
as confining layers, although in parts of the
Beryl-Enterprise area, they may behave as
confining layers.

The primary recharge areas for the
principal aquifer are the bedrock uplands
surrounding and within the valley, and
basin fill lacking thick clay layers, generally
along valley margins (figure 3). Ground-
water flow in primary recharge areas has a
significant downward component. If pres-
ent, secondary recharge areas begin where
clay layers are thicker than 20 feet (6 m) and
the hydraulic gradient is downward. Areas
of secondary recharge extend toward the
valley center until the hydraulic gradient is
upward (figure 3). The hydraulic gradient
is upward when the potentiometric surface
of the principal aquifer is higher than the
water table in the shallow unconfined aqui-
fer (Anderson and others, 1994). Water-lev-
el data for the shallow unconfined aquifer
are not common, but are recorded on some
water-well logs. Where confining layers
extend to the ground surface, secondary re-
charge is mapped when the potentiometric
surface in the principal aquifer is below the
ground surface.

Ground-water discharge areas are
at lower elevations than recharge areas.
In discharge areas, the water in confined
aquifers discharges to the land surface or to
a shallow unconfined aquifer (figure 3). For
this to happen, the hydraulic head in the
principal aquifer must be higher than the
water table in the shallow unconfined aqui-
fer. Otherwise, downward pressure from
the shallow aquifer will exceed the upward
pressure from the confined aquifer, creating
a net downward hydraulic gradient indica-
tive of secondary recharge areas. Flowing
(artesian) wells are marked on drillers’ logs
and some flowing wells are shown on U.S.

PRIMARY RECHARGE AREA

Explanation

= Water level
in well

L Well with
perforated intervals

/m\\\\/

fractured bedrock

= < Direction of
§ ground-water flow

SECONDARY RECHARGE AREAS

= L d Ny
confining layer
! shallow aquifer S2

confining layer

DISCHARGE AREAS, CONFINED AQUIFER

- shallow aquifer

confining layer

flowing well

confining layer

DISCHARGE AREA, UNCONFINED AQUIFER

Figure 3. Relative water levels in wells in recharge and discharge areas (modified
from Snyder and Lowe, 1998).



Geological Survey 7.5" quadrangle maps. Wells having
potentiometric surfaces above the top of the confining layer
can be identified from water-well logs. Wetlands, shown
by surface water, springs, or phreatophytes, can also indi-
cate ground-water discharge. In some instances, however,
this discharge may be from a shallow unconfined aquifer.
The topography, surficial geology, and ground-water hy-
drology must be understood before using wetlands to map
discharge from the principal aquifer.

We generally did not map small discharge areas
defined by single well logs where surrounded completely
by secondary recharge. Contaminants entering the aquifer
system above these wells may be less likely to affect the
principal aquifer than in the surrounding areas of second-
ary recharge.

The numbering system for wells in this study
is based on the U.S. government cadastral land-survey
system that divides Utah into four quadrants (A-D) sepa-
rated by the Salt Lake Base Line and Meridian (figure 4).
The study area is entirely within the southwest quadrant
(C). The wells are numbered with this quadrant letter C,
followed by township and range, enclosed in parentheses.
The next set of characters indicates the section, quarter sec-
tion, quarter-quarter section, and quarter-quarter-quarter
section designated by letters a through d, indicating the
northeastern, northwestern, southwestern, and southeast-
ern quadrants, respectively. A number after the hyphen
corresponds to an individual well within a quarter-quarter-
quarter section. For example, (C-34-17) 33dcc-1 would be
the first well in the southwestern quarter of the southwest-
ern quarter of the southeastern quarter of section 33, Town-
ship 34 South, Range 17 West (SW1/4SW1/4SE1/4 section
33, T.34S., R. 17 W.), Salt Lake Base Line and Meridian.

GEOLOGY
Bedrock

Bedrock in the Beryl-Enterprise area ranges in age
from Cambrian to Tertiary (figure 5). Cambrian, Ordovi-
cian, and Mississippian sedimentary rocks are exposed
in the Indian Peak Range and Wah Wah Mountains in
the northern part of the study area. Jurassic and Creta-
ceous sedimentary rocks are exposed in the Bull Valley
and Harmony Mountains, Iron Mountain, and The Three
Peaks in the southern and southeastern parts of the study
area. Tertiary igneous rocks (predominantly extrusive) are
exposed in upland areas throughout the study area (Fix
and others, 1950). Tertiary sedimentary rocks cover much
of the uplands in the southern and southeastern part of
the study area. Quaternary basalt is found in the uplands
in the southern part of the study area. Extension, primar-
ily during the Tertiary, along low- and high-angle normal
faults deformed existing bedrock, forming basins that filled
with locally derived sediments. The absence of prominent
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fault scarps in basin-fill deposits indicates that significant
displacement along these faults has not occurred during
the Holocene (Fix and others, 1950).

Unconsolidated Sediments

Unconsolidated to semi-consolidated basin fill
consists primarily of interbedded alluvial and lacustrine
deposits of Quaternary age (Mower and Sandberg, 1982)
with eolian deposits also found in some areas (figure 5).
The uppermost basin-fill deposits comprise the principal
basin-fill and shallow unconfined aquifers, and consist of
predominantly sand and gravel with some fine-grained
clay and silt layers at the basin margins (Fix and others,
1950). Fine-grained clay and silt deposits become predomi-
nant towards the basin center, and deposits become semi-
consolidated at depth (Mower and Sandberg, 1982). The
basin-fill material is highly variable within short distances,
and does not form well-defined aquifers or confining beds
over large areas (Lofgren, in Fix and others, 1950). Basin-
fill thickness ranges from zero at the basin margins to likely
more than 1,000 feet (300 m) in the basin center (Mower
and Sandberg, 1982). Normal-faults in the unconsolidated
basin fill may exert strong control on ground-water move-
ment and availability (Fix and others, 1950), but the effect
of these structures on ground-water movement has not
been evaluated in the Beryl-Enterprise area.

GROUND WATER

Ground water resides in both fractured bedrock
and unconsolidated deposits beneath and surrounding the
Beryl-Enterprise area. The principal aquifer in the Beryl-
Enterprise area includes confined and unconfined parts of
the unconsolidated basin fill.

Fractured-Rock Aquifers

This recharge-discharge area map does not address
potentially important bedrock ground-water resources. In
the area between Modena and Enterprise, volcanic rocks of
Tertiary age are saturated and hydraulically well connected
to groundwater in basin-fill deposits; Mower and Sandberg
(1982) considered these rocks to be part of the principal
aquifer, but herein we treat them as separate bedrock units.
Potential for contamination of bedrock aquifers is generally
high (Anderson and others, 1994).

Unconsolidated Basin-Fill Aquifer

Occurrence

Ground water in most of the Beryl-Enterprise area
is under unconfined conditions (Fix and others, 1950).
Unconfined conditions are to be expected along the basin
margins, where basin-fill deposits consist predominantly of
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coarse-grained alluvial deposits and readily yield water to
wells (Mower and Sandberg, 1982). But the lack of con-
fined conditions over much of the central part of the basin,
in spite of the predominance of fine-grained sediments, is
unusual based on studies of other Utah basins (Fix and oth-
ers, 1950). Most of the principal aquifer contains less than
25% sand and gravel, based on an examination of drill-

ers’ logs of water wells (Mower and Sandberg, 1982). The
fine-grained sediments throughout much of the study area
may be sufficiently impermeable to prevent the downward
movement of ground water and precipitation (Fix and
others, 1950), and a shallow unconfined aquifer overlies

the principal aquifer in many areas of the basin center
(figure 2). Most water wells in the Beryl-Enterprise area are
greater than 300 feet (90 m) deep, and some wells are over
1200 feet (370 m) deep.

Aquifer Characteristics

Transmissivity of the principal basin-fill aquifer
varies. Based on aquifer tests, Mower and Sandberg (1982,
table 5) reported a range of 200 to 120,000 square feet per
day (19-11,000 m?/d) for wells in unconsolidated deposits.
The largest value was from a well about midway between
Enterprise and Beryl Junction. Specific yields calculated
from the aquifer tests in the unconfined parts of the princi-
pal aquifer range from 0.0014 to 0.037 (Mower and Sand-
berg, 1982, table 5). Mower and Sandberg (1982) estimated
the amount of ground water in storage in the principal
basin-fill aquifer in 1978 to be 72 million acre-feet (89,000
hm?).

Recharge and Discharge to the Basin-Fill Aquifer

Recharge to the basin-fill aquifer system (principal
and shallow unconfined aquifers) in the Beryl-Enterprise
area is from (1) precipitation in uplands surrounding the
drainage basin, (2) infiltration from irrigated land, (3)
precipitation on the valley floor, and (4) subsurface flow
from other basins (Mower and Sandberg, 1982). Recharge
from precipitation in the uplands, which occurs as either
subsurface inflow from bedrock or infiltration from stream
channels at the basin margins, was estimated to be about
31,000 acre-feet per year (38 hm®/yr) in 1977 (Mower and
Sandberg, 1982). Recharge from infiltration from farms
was estimated to be 20% of the 81,400 acre feet (100 hm?) of
the irrigation water pumped from wells or diverted from
streams in 1977 (Mower and Sandberg, 1982); this amounts
to 16,300 acre-feet per year (20.1 hm?®/yr). Recharge from
precipitation falling on the valley floor is low, due to the
low precipitation and high evapotranspiration rates noted
in the Climate section above, and was estimated to be about
500 acre-feet per year (0.6 hm?®/yr) in 1977 (Mower and
Sandberg, 1982). Subsurface inflow from Cedar Valley to
the Beryl-Enterprise area through Mud Springs Wash and
Iron Springs Canyon, based on estimates by Thomas and
Taylor (1946), is about 320 acre-feet per year (0.39 hm?/yr)
(Mower and Sandberg, 1982). Mower and Sandberg (1982,

table 6) estimated total recharge to the basin-fill aquifer
system in 1977 at 48,000 acre-feet (59 hm?).

Discharge from the basin-fill aquifer system in the
Beryl-Enterprise area is by (1) ground-water withdrawal
from wells, (2) evapotranspiration, and (3) subsurface
outflow (Mower and Sandberg, 1982). Ground-water
withdrawals from wells, mostly irrigation wells, was
estimated to have increased from 3000 acre-feet per year (4
hm?®) in 1937 to 92,000 acre-feet per year (110 hm®) in 1974,
from the increasing importance of agriculture as a land use;
well withdrawals decreased to 81,000 acre-feet per year
(100 hm?) in 1977 (Mower and Sandberg, 1982) following
the change from flood irrigation to sprinkler irrigation on
many farms. Mower and Sandberg (1982) noted that these
estimates may be as much as 25% too low, based on data
collected during 1961-77 by the Utah Division of Water
Rights. Evapotranspiration in 1977 was estimated at 6000
acre-feet (7 hm®) (Mower and Sandberg, 1982). This was
a decrease from an average annual evapotranspiration of
26,000 acre-feet per year (32 hm®/yr) estimated in 1927,
caused by a decline in the potentiometric surface for the
basin-fill aquifer system (Mower and Sandberg, 1982).
Evapotranspiration may continue to decrease as aver-
age annual discharge continues to exceed average annual
recharge. Mower and Cordova (1974) estimated subsurface
flow of ground water out of the study area northeast of
Lund to be about 1000 acre-feet per year (1 hm*/yr). Mow-
er and Sandberg (1982, table 8) estimated total discharge
from the basin-fill aquifer in 1977 to be 88,000 acre-feet (110
hm?).

Water Quality

Ground water in the Beryl-Enterprise area is gener-
ally suitable for domestic and stock use, except for hard-
ness (Fix and others, 1950); hardness, which results mostly
from calcium and magnesium concentrations in the water,
is hard to very hard in most wells completed in the basin-
fill aquifer. Based on data reported in Fix and others (1950),
Sandberg (1966), and Mower (1981), total-dissolved-solids
concentrations range from 232 to 5,650 mg/L. Total-dis-
solved-solids concentration in the principal aquifer varies
from one part of the study area to another (figure 6). The
best quality ground water in the principal aquifer, having
total-dissolved-solids concentrations of less than 375 mg/L,
is found in a narrow belt along Shoal Creek south and west
of Beryl Junction, and in the area east of Modena. The
highest total-dissolved-solids concentrations in the princi-
pal aquifer are found northeast of Beryl, where ground wa-
ter may have total dissolved solids concentrations exceed-
ing 2,000 mg/L. Total-dissolved-solids concentrations tend
to increase along ground-water flow paths and with depth.
This is likely related to increased ground-water residence
time allowing more opportunity to dissolve minerals from
the basin-fill sediments. Water in the shallow unconfined
aquifer generally has higher total dissolved solids con-
centrations than the underlying principal aquifer (Fix and
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others, 1950). Some wells in the study area have exceeded
primary water-quality (health) standards for nitrate and
fluoride, and some wells have exceeded secondary water-
quality (taste, odor, etc.) for sulfate and chloride (Fix and
others, 1950; Mower and Sandberg, 1982).

Ground-Water Flow Direction and Water Levels
in Wells

Prior to large-scale water-well pumping in the
Beryl-Enterprise area, ground-water flow in the principal
aquifer was from the valley margins toward the valley
center, and then to the northeast out of the study area (Fix
and others, 1950). Large-scale water-well pumping, needed
to support the predominantly agricultural land uses in this
arid area, caused decline of the water table by more than
5 feet (1.5 m) over a 30 square-mile (80 km?) area between
1945 and 1949 (Fix and others, 1950). By 1951, water-level
declines of as much as 13 feet (4 m) were observed in some
water wells in the southern end of the Beryl-Enterprise area
(Thomas and others, 1952), and Fix and others (1950) attrib-
uted these declines to discharge from water wells exceed-
ing natural replenishment to the principal aquifer. From
1951 to 1953, water levels in some wells in the central part
of the basin declined an additional 5 feet (1.5 m) despite an
above-average precipitation year in 1952 (Waite and others,
1954). Between 1952 and 1962, water-level declines of up to
32 feet (10 m) occurred in some wells in the southern part
of the basin (Sandberg, 1966). For the period between 1937
to 1978, water levels in some wells in the southern part of
the basin had declined as much as 70 feet (20 m) (Mower
and Sandberg, 1982, figure 5), and had caused ground
water in the southern part of the basin to flow towards
the Beryl Junction area (Mower and Sandberg, 1982, plate
8) rather than northward. Figure 7 shows the change in
water level between 1975 and 2005 (illustrating a consistent
trend in water-level declines over time in the Beryl-Enter-
prise area). In addition to altering the configuration of the
potentiometric surface, dewatering of the upper part of the
principal aquifer and concomitant aquifer compaction may
have caused ground-surface subsidence and resultant earth
fissures, identified in the southern part of the basin follow-
ing a flood in January 2005 (Lund and others, 2005).

RESULTS

Recharge and Discharge Areas

Primary recharge areas (plate 1) include the
bedrock uplands (including Table Butte) and the upper
parts of alluvial fans along the basin margins in the west-
ern, southern, and southeastern part of the study area; an
area of basin fill north of Lund is also a primary recharge
area. Basin fill in these areas consists mostly of sand and
gravel lacking thick silt and clay layers (figure 2). Areas
of secondary recharge (plate 1), having a thick confining

layer and a downward vertical ground-water flow gradient
(figure 2), cover much of the central and northwestern parts
of the study area.

We mapped discharge areas (plate 1) in a zone
extending from the central part of the basin north of Beryl
Junction to the northeastern study area boundary. This
mapping is based on the presence of thick clay layers
and an upward ground-water gradient (figure 2) derived
from information recorded on water-well drillers’ logs
at the time the wells were drilled. Because the potentio-
metric surface of the principal aquifer has been lowered,
as discussed above, the discharge areas within the Beryl-
Enterprise area have likely shrunk and became secondary
recharge areas. Defining the current potentiometric surface
by obtaining new-water level data for existing wells is
beyond the scope of this study.

Potential for Water-Quality Degradation

Based solely on ground-water recharge- and dis-
charge-area mapping, the potential for ground-water con-
tamination in the Beryl-Enterprise area is moderate. Much
of the water in the principal basin-fill aquifer comes from
bedrock uplands where few pollutants exist that could
enter the system, but many potential contamination sources
exist on the basin-fill deposits.

Some of these potential contamination sources are
in primary recharge areas where the principal aquifer has
no significant hydrogeologic barriers to contamination by
pesticides or other water-borne contaminants. Care must be
taken in siting potential contaminant sources, such as feed
lots and septic tanks, especially in primary recharge areas.
The widespread clay layers in the center of the Beryl-En-
terprise area may provide some protection to the principal
aquifer, but their lateral continuity is not assured. Ground
water in discharge areas in the central part of the basin is
least susceptible to potential contaminants, but the areal
extent of these discharge areas is likely decreasing as the
potentiometric surface for the aquifer lowers because of
ground-water pumping. Consequently, the discharge areas
should be treated as secondary recharge areas for land-use
planning purposes. Additionally, earth fissures associated
with land-surface subsidence from aquifer compaction may
provide preferential pathways for aquifer contamination.
Further study is required to make specific evaluations of
sources and fate of contaminants.

SUMMARY AND CONCLUSIONS

The principal basin-fill aquifer of the Beryl-Enter-
prise area consists of interbedded alluvial-fan and lacus-
trine deposits. Confined and unconfined parts of the prin-
cipal aquifer provide both culinary and agricultural water.
Most ground water resides in unconfined parts of the prin-
cipal aquifer. The mountains that surround the basin-fill
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deposits, Table Butte, and the uppermost parts of alluvial
fans along the margins of the basin make up the primary
recharge areas. Secondary recharge areas, which contain
clay or silt confining layers greater than 20 feet (6 m) thick,
cover much of the central part of the basin fill. Discharge
areas for the principal aquifer occur in the central part of
the basin in a zone extending from north of Beryl Junc-
tion to the northeastern study area boundary. Declining
ground-water levels in the principal basin-fill aquifer are
causing the discharge area to shrink, while the secondary
recharge area is expanding. Accordingly, zones currently
plotted as discharge areas should be treated as secondary
recharge areas for land-use planning. Ground-water flow
is generally from the mountains toward the center of the
valley, and then northeastward toward the Milford area.
Water quality is generally moderate, with total-dissolved-
solids concentrations of less than 1000 mg/L across most
of the Beryl-Enterprise area, but most ground water is hard
to very hard. High nitrate concentrations in some wells
completed in the basin-fill aquifer underscore the need to
consider the potential for ground-water contamination in
land-use decisions.
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APPENDIX

Records of Wells, Beryl-Enterprise Area, Utah

Explanation

Site number: See plate 1 for well location. Wells not used to define recharge and discharge areas are not plotted.

Local well number or spring cadastral identifier: See text for explanation of well numbering system; spring names and
locations from the Utah Division of Water Rights.

Northing: UTM northing coordinate, NAD 27.

Easting: UTM easting coordinate, NAD 27.

Year drilled.

Elevation of wellhead: In feet above sea level.

Total depth: In feet below land surface.

Water level: In feet below land surface; F, flowing well.

Recharge type: P, primary recharge area; S, secondary recharge; D, discharge area.
Top of confining layer: Depth to first confining layer, in feet below land surface.

Bottom of confining layer: Depth to bottom of first confining layer, in feet below land surface.
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Recharge and discharge areas for the principal basin-fill aquifer, Beryl-Enterprise area, Iron, Washington, and Beaver Counties, Utah
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Recharge and discharge areas for the principal basin-fill aquifer, Beryl-Enterprise area, Iron, Washington, and Beaver Counties, Utah

98¢ €le d 89 00€ 0S1S L661 88179¢ 60988l eqpse (£L-v€-D) ¥0C

- - d 0€C 09s vSes 6661 019t9¢ 661€91lY z-pgeg (91-£€-D) €0¢C

qCl 70l a 08 00C 8¥LS 8661 T4 R114 0€198LYy geqs (91-S€-D) 4114

- - d /81 0] yogs L661 T65¥9¢ 9/0€91l¥y L-Pgeg (91-££-D) Loz

- - d SOl 00S 7685 L661 8€618¢ 98€/91lY peezg (71-9€-D) 00¢

- - d 9s 0S1 1849 L661 1441124 6€TL61Y 290Z€ (6L-€€-D) 661

- - d 0S1 0St L84S 8661 184514 8CT91Y 209d¢€ (71-9€-D) 861

- - d (023 09¢€ ¥8¢s 661 S0slLse CLELLLY 2029¢ (81-5€-D) .61

- - d 44 00€ €999 000¢ 6560S¢ 8€6191lY Peqel (8L-££-D) 9%l

- - d 09¢ 00s LL¥9 L661 8€916¢ 0S6v91Yy eqd9 (€1-££-D) S61

- - d S/l S/¢C 76CS L661 29909¢ 9L6V91Y deql (£1-£€-D) 761

- - d ocl Sly L£E9 92661 l61Z6T 13455°15% pPPA9 (¢1-££-D) €61

o0l 09 S 86 0€C S/LS 9661 £8€09¢ ovor8lLy eeqll (£1-G€-D) 6l

- - d 0zl [443 olLs 9661 £T689¢ 0896/1lY qee/Z (91-5€-D) L6l

S6 <9 S 4]} 00S V1S 200t 89699¢ VAAYYAR 4 Q2eg8z (91-S€-D) 061

oLe G8¢ S 4N} 00S LS [40[014 85199¢ €C68LLY 2p9ge (91-5€-D) 681

- - d 861 S 0€¢S 9661 00019¢ 0£08LLlY eeeqge (£1-G€-D) 88l

- - d %1 S6¢ 8474 92661 91199¢ 7991y 3296 (91-L€-D) /81

1514 Ll S 0cl 69¢ L8LS 9661 8€999¢ 80C/LLLY gepze (91-S€-D) 981

- - d oL 081 €809 8661 888//C E€LVLSLY qpeve (S1-L€-D) a8l

- - d 134} c0¢ olLs L661 81€69C L1681l 32992 (91-5€-D) ¥81

- - d 08¢ 743 €lys 92661 LELEYT oLe98LYy ede| (61-S€-D) €8l

- - d St 00C 61SS L661 141444 ZSE09LY pPP28L (91-L€-D) sl

- - d St 091 LLYS L661 L€29C 6,091 Je381 (91-£€-D) 181

- - d 00€ 00€ €0¢S 6661 0969S¢ 6/9¢8LlY 2826 (£1-5€-D) 08l

- - d o€l oLE L1TS v661 0ceLLe 760911 eqqe (51-9€-D) 6/1

- - d 08 8G¢€ LETS G661 €€S€EST GEVS6LY eep| (8L-€-D) 8/1

13 S S 08 8¢t 6¢CS S661 8lG€st €Cor6lY PPPL (8L-¥€-D) LLL

- - d ¥8l 00€ GSES 9661 0€€€9¢ [4WA41N 4 ppes (91-££-D) 9/1

S0C L6 a €8 144 [43R L661 L£618C vese8lYy 2pp9E (SL-¥E-D) SLL

€Gl [43 d ot 0lLe 8ELS G661 ¥/768¢ L79861Y g22€¢ (L-€€-D) v/l

9 4 S ocl [40}3 618 6661 T4 7414 8S¥8LLY qppsST (£1-5€-D) €Ll

- - d 8l 00€ 6585 9661 1343314 9LLYILY 2498 (71-LE-D) (44

- - d 0S¢ [4%3 oves [40[014 98159¢ 0€Ly9LY qedy (91-£L€-D) LZL

19fe| 19fe|

fuiuyuod  Hujuyuod 3df3 12731 wdap uoneas|3y p3jMp 1e3A bunseg Buiyrion Jaquinu [|am |e>07 #9us

wonog doy abaeyday 191\ 1ol



Utah Geological Survey

22

- - d 79 05T 0029 6661 8rrE6T 8/1991¥ eIDY€ (€1-9€-D) 8€C

8tl €8 a (074 05T vLLS 6661 78965C 8vT/8LY ppeye (£1-¥€-D) LET

- - d (0]44 00¢€ 49749 6661 ¥6£59¢ 88979LY P96 (91-L€-D) 9¢¢

u LY a LS 48 8YLS 6661 §S979C €87681Y geegg (£1-¥€-D) GET

SC 0 S 0€¢ (0]37 L9gs 6661 TESLLT €L9€/L1LY PPoOL (S1-9€-D) 1474

= = d 09¢ 00S GTES L00Z 86079¢ SLYE9Ly eeqg (91-£€-D) €€C

o€ 0 a 09 00¢ vELS 0002 LPESLT 70198LY popze (SL-7€-D) 434

= = d L8l 1% 79¢€S 6661 £5979C 80SZ9LY qapZ (91-£€-D) LET

- - d (014 08l £80/ 8661 879T€T 69510CY eeecg (0Z-€€-D) 0€¢

SL oF S 00l 00€ ¥8LS 6661 05859¢ LE8ILLY eppze (91-6€-D) 6¢CC

- - d 943 008 8L€9 6661 £6108C 870STTY q99z (SL-1€-D) 8¢

= = d G8¢€ oLs 6795 6661 95865C S61S9LY qeeg (£1-£€-D) LTT

0/ 4! S 6 [4k4 LSES 6661 97/19C LSET9LY pepzl (£1-£€-D) 97¢

Tl 14 S = 0S€ 99¢s 6661 €9/¥9C ¥/6591Y opeze (91-9€-D) See

- - d g9 00t €165 6661 (43414 608991% qqpze (71-9€-D) vee

LE 0 S 08l G0S TLes 8661 988€/T 0v60LLY seeQg (§1-9€-D) €T

- - d 08 0L 8979 G661 £0S€9C 69655 LY padze (91-£€-D) (444

= = d o0t ocel 9 74°) 700t L/¥E9C 696SS LY 202¢2€ (91-£€-D) Lee

98 ov S €Tl 09¢ ¥SLS 8661 ¥20£9¢ LL6S8LY 3999 (91-5€-D) 0ze

44 0 S 4[4 0] 4 444 8661 905192 L8691 eqpPT (£1-9€-D) 6lc

- - d (014 00€ oS 700t 7198.T 757991y BT (SL-£€-D) 8lT

= = d oLl GET 76€S 8661 91619¢ 8€819LY qq9gL (9L-£€-D) L1T

- - d SS Sz L16S 6661 €7TL9T EV8YSLY pPgE (91-8€-D) ole

= = d L6 (0]0]74 443 8661 £96¥9C 967€9LY PPPS (91-£€-D) SLe

- - d °T4 S61 LTS 100z 89¥€ST S181l9lY peegl (£1-£€-D) rle

= = d 00¢ L9z 645 L00Z ¥6905C ¥60/8L1 pesge (81-¥€-D) €1le

oLl 0¢ a Sz 00¢€ 091s 8661 §8899C 8€SL8LY gop9L (S1-9€-D) 44

= = d 00l (043 8€LS 8661 8/8€67 oLoLzey popL (€1-1€-D) LLe

- - d 00l 09¢€ 9918 8661 €E1E€6T €660CCY P23/ (£1-1€-D) oLz

43 0 d 43 S0z ot8s 6661 £19Y8T 069911 opeze (¥1-9¢€-D) 60¢

SS ¥ a St ¥0¢ 6€LS 6661 0609/C L86¥8LY eOgdY (S1-S€-D) 80¢

= = d (0]44 08¢ ¥929 8661 TEVT6T 01859l qqe9 (€1-£€-D) L0T

oLl 09 S oLl 00T 41 6661 8€9/9C 0lSL8LY eppolL (91-5€-D) 90¢

= = a 09 ST 8€LS 000¢ 710042 6£188LY 28397 (91-¥€-D) S0¢

19fe| 19fe|

fujuyuod Bujuyuod 2dhy 19731 wdsp uoljead|s pa||p 1ea) Bunseg BuiyrionN Jaquinu [|]am |e>0] # 9)S

woyog doy abieyday 19)e\ |erol



23

Recharge and discharge areas for the principal basin-fill aquifer, Beryl-Enterprise area, Iron, Washington, and Beaver Counties, Utah
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Plate 1

Utah Geological Survey Map 225
Ground-water recharge and discharge areas of
the Beryl-Enterprise area, southwestern Utah
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Explanation

Recharge

[ | Bedrock Water body

|| Primary Intermittent water body
|| Secondary County boundary

| | Discharge* Study area boundary

Sampled well** Population center
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e  Discharge Utah state route
©  Primary recharge Road

o  Secondary recharge Water course

GROUND-WATER RECHARGE AND DISCHARGE AREAS OF * Due to falling water levels g.hould be treated as secondary
THE BERYL-ENTERPRISE AREA, SOUTHWESTERN UTAH recharge for land-use planning purposes

** Recharge/discharge category at the time of drilling; number refers
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