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GROUND-WATER CONDITIONS IN THE CENTRAL VIRGIN RIVER BASIN,

UTAH

by

R. M. Cordova, G. W. Sandberg, and Wilson McConkie
U. S. Geological Survey

ABSTRACT

The central Virgin River basin, in Washington and Iron Counties, Utah, includes about
1,000 square miles in the drainage basin of the Virgin River downstream from the Hurricane
Cliffs. Aquifers in both consolidated and unconsolidated rocks supply water for public supply,
irrigation, stock, industry, and domestic uses. The chief unconsolidated-rock aquifers are alluvial
fans and channel-fill deposits, which supply about 80 percent of the water withdrawn by wells in
the basin. The chief consolidated-rock aquifers include the Moenkopi, Chinle, Moenave, and
Kayenta Formations, the Navajo Sandstone, basalt, and Tertiary igneous rocks of the Pine Valley
Mountains. These aquifers supply water to about half the wells and most of the springs in the
project area.

Long-term average annual recharge to the aquifers of the central Virgin River basin is
estimated to be 100,000 acre-feet. Recharge is by (1) infiltration of precipitation, (2) infiltration
of streamflow from adjacent areas, and (3) subsurface inflow. The general direction of
ground-water movement is from the areas of recharge toward the Virgin River and its tributaries.
Discharge from the aquifers averaged about 80,000 acre-feet for the 2 years 1968 and 1970.
Discharge is by (1) seepage into streams, (2) springs and drains, (3) evapotranspiration by
phreatophytes, (4) wells, and (5) subsurface outflow. Discharge from wells averaged 6,600
acre-feet annually for the years 1968-70. Water-level hydrographs give no indication that
withdrawals of ground water to date have had any significant effect on the amount of ground
water in storage.

The dissolved-solids concentration in the ground water differs considerably from aquifer
to aquifer and from place to place. The aquifers that are most likely to yield water containing less
than 1,000 milligrams per liter are the Navajo Sandstone and basalt. By contrast, the Chinle and
Moenkopi Formations are most likely to yield water containing more than 3,000 milligrams per
liter. The areas that are most likely to yield water containing less than 1,000 miligrams per liter
are those in or close to the Pine Valley Mountains. The dissolved-solids concentration generally
increases toward the lower parts of the project area.

The largest spring in the area, Upper Toquerville Springs, discharged an average of about
11,000 acre-feet of water per year during the years 1968 and 1970, which is considerably more
than the discharge during previous years of record. The change in discharge may correlate with an
increase in precipitation in the New Harmony area. Some of the water impounded in Ash Creek
Reservoir possibly has contributed to the increase in discharge from the springs, but it has not
been possible to demonstrate this directly.



INTRODUCTION

Purpose and scope of the investigation

Water-rights problems have occurred in the central Virgin River basin and are expected to
increase as development of the water resources increases. The Utah State Engineer needs a basic
knowledge of ground-water conditions and of the relation of ground water to surface water as a
first step to understanding and resolving the problems. Accordingly, the State Engineer requested
the U. S. Geological Survey to make a ground-water investigation of the central Virgin River
basin as part of the Statewide cooperative agreement with the Utah Department of Natural
Resources. The investigation was begun July 1, 1968, and fieldwork was completed in August
1970. Detailed information was obtained for the principal aquifers and for recharge, movement,
discharge, storage, utilization, and chemical quality of ground water. A progress report (Cordova,
Sandberg, and McConkie, 1970) describes the general findings in the first year of the
investigation.

Location and extent of the area

The project area, in Washington and Iron Counties, Utah, includes about 1,000 square
miles in the drainage basin of the Virgin River downstream from the Hurricane Cliffs (pI. 1). The
boundary on the west and north is the drainage divide between the Virgin and Santa Clara River
basins and adjacent drainage basins along the Beaver Dam Mountains, Bull Valley Mountains, Pine
Valley Mountains, and Harmony Mountains; on the east it is the Hurricane Cliffs, and on the
south it is the Utah-Arizona State Line.

Previous investigations and acknowledgments

Previous ground-water investigations in the project area, other than the collection of basic
data, were confined to the Kanarraville area. Results of these investigations were published in
reports by Thomas and Taylor (1946) and by Sandberg (1963,1966). Previously collected basic
ground-water data include water levels in several observation wells, chemical analyses of water
from many springs and wells, and the discharges of many springs and wells.

The geologic map of Utah (Stokes, 1964) and a report of the geology of Washington
County (Cook, 1960) are the principal sources of geologic information referred to for the
investigation.

For their valuable time and information, thanks are due the residents and the officials of
communities and irrigation companies in the project area and to personnel of the Bureau of
Reclamation, Soil Conservation Service, Bureau of Land Management, Agricultural Stabilization
and Conservation Service, and the Utah State Department of Health.

Physiography and drainage

Most of the project area is characterized by post-Paleozoic sedimentary formations with
generally low angles of dip (pI. 2), rapidly eroding escarpments, and youthful drainage. West of
St. George, however, the sedimentary formations are steeply upturned on the flanks of the
Beaver Dam Mountains-a strongly faulted and folded range of Paleozoic and pre-Paleozoic rocks.
Altitudes above mean sea level range from about 2,400 feet where the Virgin River crosses into
Arizona to about 10,300 feet in the Pine Valley Mountains.

The area is drained by the Virgin River and its tributaries, which are part of the Colorado
River system. The Virgin River is perennial, and the tributaries are perennial, intermittent, or
ephemeral. The flow of selected streams measured by the U. S. Geological Survey is summarized
in table 1. The variability of streamflow in the Virgin River drainage basin is indicated by
histograms in figure 1. The variation between years of maximum and minimum flow for the 19
years of record shown on the histograms is about 500 percent for the Santa Clara River and
about 200 percent for the Virgin River.
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Table 1.-Average annual streamflow of selected streams
in the central Virgin River basin

Average annual streamflow based on gaging-station records for the calendar
years shown in parentheses; except values followed by E, which were

estimated from miscellaneous measurements in 1968-70.

Location

Streams entering basin from adjacent areas:

Virgin River at Virgin (about 4 miles east of
Hurricane)

LaVerkin Creek

Kanarra Creek

Fort Pierce Wash

Camp Creek

Taylor Creek

Spring Creek

Streams originating in the basin:

Ash Creek near New Harmony

Leeds Creek near Leeds

South Ash Creek below Mill Creek, near Pintura

Santa Clara River near Pine Valley

Santa Clara River above Winsor Dam, near Santa
Clara

3

Average annual streamflow
(acre-ft)

145,400
(1910-68)

3,100E

2,400
(1959·68)

2,000E

210E

180E

160E

7,560
(1939-47)

4,980
(1965·68)

3,540
(1967·68)

5,590
(1960-68)

14,600
(1943·68)
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Figure 1.-Histograms of streamflow of the Virgin River at Virgin and of the Santa Clara
River above Winsor Dam, near Santa Clara for the period 1950-68.
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Climate

The climate of the project area is generally characterized by a small amount of
precipitation, mild winters, hot summers, and a high rate of evaporation. Precipitation and
temperature data are summarized in table 2, and the areal distribution of precipitation is shown
in figure 2.

The largest amounts of precipitation generally fall during December, January, February,
and March, but significant amounts also fall during the summer. In the winter, precipitation is
commonly snow in the mountains and rain in the low elevations; but in the summer,
precipitation is commonly in the form of torrential rainstorms which cause rapid runoff. The
winter precipitation, therefore, probably contributes the greatest amount of recharge to the
ground-water reservoir.

Average monthly temperatures at low altitudes are usually above freezing in the winter
and exceed 80°F (26.5°C) in July and August. The estimated pan-evaporation rates at St. George,
based on studies by the U. S. Bureau of Reclamation (oral commun., 1968), are as follows:

Inches Inches

Jan. 2.2 July 13.5

Feb. 3.0 Aug. 11 .1

Mar. 5.8 Sept. 8.9

Apr. 8.2 Oct. 6.1

May 11.4 Nov. 3.2

June 13.7 Dec. 2.1

Total (rounded) 89

The estimated evaporation from a free-water surface at St. George, therefore, using a pan
coefficient of 0.70, is about 62 inches.

Culture and economy

Mormon pioneers established the first settlement, in the New Harmony area,in 1852; all
the present communties were settled by 1905. St. George, the largest community in the project
area, was settled in 1861 and is the county seat of Washington County.

Agriculture forms the economic base, but a large part of the income is derived from
tourism. Irrigation farming and livestock are the main sources of agricultural income. The main
irrigated crops are small grains, fruits, vegetables, and sugar beet seed.

Irrigation is necessary for the success of agriculture in the area. About 17,000 acres of
land are irrigated, mostly by streamflow that is distributed by nonprofit stock irrigation
companies. The flow of most streams is unregulated, and many irrigators use ground water as a
supplementary source of supply during periods of low streamflow.

The Dixie Project of the U. S. Bureau of Reclamation was planned to construct a storage
reservoir on the Virgin River to (1) utilize during low-flow periods water that is impounded
during high flows; (2) provide supplemental irrigation water to presently developed land; (3)
provide a full supply of water for irrigating 6,900 acres of new land; (4) provide additional water
for industry and public supply; and (5) provide for recreation and conservation. The project was
authorized by Act of Congress on Sept. 2, 1964, and as of July 1, 1970, the project was in the
planning stage.
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Table 2.-Precipitation and temperature data for stations in and near the project area
[Precipitation, in inches; temperature, in degrees Fahrenheit)

Station and altitude: See figure 2 for station locations; altitude in feet above mean sea level.

Total annual precipitation: E, estimated by U. S. Weather Bureau.

Average

Station and Selected Period annual Total

altitude data of Average monthly precipitation and temperature precipi- annual precipitation

record Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. tation and 1968 1969 1970

temperature

51. George Preci pitation 1931-60 0.98 1.03 0.91 0.48 0.39 0.24 0.60 0.61 0.60 0.68 0.58 1.03 8.13 5.01 9.41 7.80

2,820 Temperature 39.2 44.5 51.8 60.5 68.3 76.6 83.7 82.1 74.7 62.1 48.0 40.8 61.0

en
Zion National Park1 Precipitation 1931-60 1.61 1.76 1.68 1.19 .75 .56 .84 1.23 1.03 1.08 1.00 1.65 14.38 13.01 15.49 13.97

4,050 Temperature 39.7 43.9 50.2 59.0 67.8 77.6 84.4 82.3 76.3 64.0 50.3 42.2 61.5

Gunlock Power House Precipitation 1931-60 1.34 1.36 1.48 .82 .57 .29 1.00 1.02 .71 .94 .76 1.36 11.65 8.63 15.95 12.39E

4,060

LaVerkin Precipitation 1951-68 1.01 1.02 1.39 .88 .52 .33 .68 .83 .77 .55 .83 1.03 9.84 6.62 13.17E 6.79

3,450

Veyo Power House Preci pitation 1958-68 .72 1.59 1.38 1.22 .64 .35 .44 .78 1.26 .60 1.35 1.26 11.59 8.35 15.56E 12.21

4,500

New Harmony Precipitation 1945-68 1.90 1.39 1.78 1.26 .84 .66 .96 1.52 1.06 1.34 1.44 1.86 16.01 11.27 26.67 18.00

5,280

1About 18 miles northeast of Hurricane.
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GROUND WATER

Both unconsolidated and consolidated rocks in the area contain aquifers. Plate 2 shows
the geology of the central Virgin River basin. Table 3 describes the geologic units, yields of wells
and springs from these units, and the chemical quality of the water in these units. Table 17 shows
selected drillers' logs of wells.

Unconsolidated-rock aquifers

Unconsolidated rod:s ern!) out in ahout 20 percent of the project area and supply about
80 [)Creent of the water di~,chdrfJp.d by wells. Most of these rocks were deposited by streams as
alluvi,lI fans ,md channel fill. Th(~ lor.ations of the thickest and most extensive deposits containing
aquifers are shown on pliltP. 1 and tlw depOSits are described in table 4. Most wells and springs in
the unconsolidated rocks yield le~s than 250 qpm (gallons per minute). Larger yields are reported
from a few areas (tahle 4l. Tlw fairly large range in yield from wells results mainly from
differences in the amounts of gravel penetrated. The largest yields are from zones containing large
amOllnts of wavel.

Two f~xtensiv(~ and thir.k deposits of unconsolidated rocks not included in table 4 are in
Warner Valley and on the Santa Clara Bench. The only well drilled in Warner Valley did not reach
the water table, although it did penetrate the full thickness of unconsolidated rocks. This suggests
that the unconsolidated rocks in Warner Valley do not contain aquifers. The few wells drilled
throllgh the unconsolidated deposits on the Santa Clara Bench indicate that these deposits differ
in thickness locally, and where thickest they do contain ground water. The local differences in
thicknp.ss are shown hy the logs of wells (C-42-16)5bbb1, (C-42-16)6ada-1, and
(C-42 16)22baa-1. The first well penetrated 17 feet of unsaturated unconsolidated rock and
bottomed in shale; the sp.cond well, about 1,800 feet away from the first, penetrated 40 feet of
satltrdted unconsolidated rnck ,lnd hottomed in shale; the third well bottomed in saturated
unconsolidated rock at 100 fe,'1 The differences in thickness, especially in short distances,
suggest that erosional derf(~ssi()lIs, rerhaps old stream channels, locally lie buried beneath the
surface and may be potential sources of water to wells. The extent of such channels could be
determined by test drilling or by qp.ophysical study.

Thin channel fill deposits, which are generally of small areal extent, are common in
drainageways throughout the projer.t area. Some of these thin deposits discharge water to springs
and wells that supply small amounts of water for irrigation, industry, and public supply.
Examples are the saturated derosits of (1) Oak Grove basin that supply water to Leeds; (2)
Halfway Wash in the SE% sec. 11, T. 42 S., R. 16 W., that supply Santa Clara; (3) Snow Spring
Hollow in the NW% sec. 34, T. 41 S., R. 16 W., that supply Ivins; and (4) City Creek that supply
water to well (C-42-16) 13ccd- 1.

Consolidated-rock aquifers

The principal consolidated rock aquifers in the area are in the Moenkopi, Chinle,
Moenave, and Kayenta Formations, the Navajo Sandstone, igneous rocks in the Pine Valley
Mountains, and the basalts of Quaternary age. Most springs in the area discharge from the
consolidated rocks, and generally yip.ld less than 50 gpm. A few large springs, mostly in areas
underlain by basalt, yield more than 1,000 gpm. Although about half the wells in the area derive
their water from consolidated-rock aquifers, most of them yield only small amounts of water for
stock and domestic use. A few public-supply and irrigation wells yield from 500 to 3,000 gpm,
but only about 20 percent of the water withdrawn by wells in the project area comes from the
consolidated rocks.
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Table 3.-Generalized geology, yields of wells and springs, and chemical qUillity
of ground water in the central Virgin River basin

[Geology modified from Cook (1960) 1
Yields of wells and springs and chemical quality of water: Small yield is 10 gpm (gallons per minute) or less; moderate yield is more than 10 gpm to 100 gpm;
large yield is more than 100 gpm to 1,000 gpm; very large yield is more than 1,000 gpm. Fresh water has a dissolved-solids concentration of less than 1,000
mg/I (mi Iligrams per liter), slightly saline water 1,000 to 3,000 mg/I, and moderately sal ine water 3,000 to 10,000 mg/1.

(0

Geologic age

Quarternary

Quaternary and
Tertiary (?)

Tertiary

Cretaceous

Jurassic

Jurrassic and
Triassic(?)

Triassic (?)

Triassic(?)
and Triassic

Permian

Cambrian to
Permian

Unit

Basalt, some pyroclastics

Alluvial fans ana terraces,
channel-fill deposits, and
dunes, landslides, talUS,
and mudflows

Undifferentiated sedimentary and
igneous rocks confined mainly
to the Harmony, Bull Valley,
and Pine Valley Mountains; in­
cludes Claron Formation

Undifferentiated: Ineludes
Kaiparowits Formation. Straight
Cliffs Sandstone, Wahweap Sand­
stone, Tropic Formation, and
Dakota (7) Sandstone

Entrada Sandstone and Carmel
Formation undifferentiated

Navajo Sandstone

Kayenta Formation

Moenave Fo'matlon, Chinle
Formation (lOciuding Shinarump
Member), and Moenkopi Formation

Kaibab Limestone

Undiffere"tiated. Includes
Toroweap Formation, SUPOI For·
matlOn. Coconlflo SandstonE.,
Callville L,me,ton2, Redwall
L1m:->:;tone. DeJDnu'l to C::'Tlhriap
Itme5ton,- Jfl dOI:,.,;rvte, PIOUi"2

Sh3Je, and 9 rT;pect i'" ~'J.Jnti-ii'-·

Quart.:'l t c

Approximate
maximum thickness

(ftl

900

Generally les; than
200; but 10 places

more than 500

9,000

4,100

310

2,200

740

3,200

1,100

7,400

Type of material

Dark flow rock, cinder cones

Unconsolidated sedimentary
materials from clay to
boulders in size

Light to dark intrusive and
extrusive igneous rocks, with
some limestone, sandstone,
siltstone, and conglomerate

Sandstone, shale, coal, and
conglomerate

Limestone, sandstone, shale,
and gypsum

Red and white crossbedded
sandstone

Red shale, siltstone

Mainly shale and siltstone;
some mudstone and sandstone

Mainly limestone

Mainly i:mestone, dolomite.
and sandstone; ';orne shale
and quartzi te

Yields of wells and springs and
chemical quality of water

Yield from basalt locally is large to very large, water
IS fresh, Yield from pyroclastics is probably small
and water probably is fresh.

Moderate to very large yields to irrigation wells from
allUVial-fan and channel-fill deposits. Small yield
from some other deposits locally. Water IS fresh to
moderately saline.

Yield is small to large. Water is generally fresh.

No well or spring data are available. Yield probably
is small to moderate, and water probably is fresh to
slightly saline.

Yield,s small to moderate. Water is fresh.

Yields moderate to very large quantities of fresh to
slightly sal ine water.

Yields sma!1 quantities of fresh to moderately saline
water.

Yield small to moderate. Water is fresh to moderately
saline.

Few well or spring data are iwailable. Yield probably
is small to large. Water probably is fresh, but
springs clo,e to the east and southwestern boundaries
of the project Jrea yield moderately saline water

No \\1'"11 or spring data are available. Yield probably
is smdl) and i/Vdtcr probably is fresh,



Table 4.-Generalized descriptions of unconsolidated-rock aquifers

Remarks: Fresh water has a dissolved-solids concentration of less than 1,000 mg/I, slightly saline water 1,000 to 3,000 mg/I, and
moderately saline water 3,000 to 10,000 mg/1.

o

Location of aquifer
(see pl. 1)

Anderson Junction and
Leeds areas

Diamond Valley

Grass Valley

Hurricane Bench

New Harmony Valley

Oak Grove basin

Pine Valley

Stream valley of the
Santa Clara River down­
stream from Santa Clara
and locally in valleys
of Virgin River, Ash
Creek (Pintura), and
Fort Pierce Wash

St. George Valley

Triangle Valley

Washington Valley

Maximum
saturated thickness

(ftl

Exceeds 100 at Ander­
son Junction; about
90 at Leeds

270

Unknown, but exceeds
160

Unknown, but probably
less than 100

Exceeds 250 in New
Harmony area and 500
in Kanarraville area

Unknown, but probably
generally less than
50

Unknown, but exceeds
75

100 along Virgin River,
Santa Clara River,
and Ash Creek; un­
known along Fort
Pierce Wash, but pro­
bably exceeds 100 at
upper end

25

100

Generally less than 50.
but locally thicker

Lithologic
character

Sand and
gravel

Mainly sand

Mainly sand

Gravel mixed
with sand
and clay

Sand and
gravel

Sand to
boulders

Mainly sand

Sand and
gravel

Mainly sand

Sand and
gravel

Mainly sand,
gravel lo­

cally

Approximate depth
to saturated zone

(ftl

Near surface at
Leeds but 250 at

Anderson Junction

90

0-30

Minimum of 300

From near land
surface to about

80

Near land surface

0- 50

From near land
surface locally

along the Virgin
and Santa Clara

Rivers to 200
along Ash Creek

at Pintura

10 - 50

90

10 - 60

Yields of wells
(gallons per minute)

500 or less

250 or less

250 or less

250 or less

1,000 or less

No wells

250 or less

Generally less than
500 but maximum of
2,700 at Blooming­
ton in Virgin
River alluvium

50 or less

250 or less

700 or less

Remarks

Only two wells at Leeds and one at Anderson Junc­
tion. The well at Leeds is in old channel-fill
deposit of Quail Creek drainage. At Anderson
Junction aquifer is old channel-fill deposit of
Ash Creek, probably upraised by faulting. Water is
fresh.

Several wells drilled, but not used. Probably can
supply water only to domestic and stock wells. Water
probably is fresh.

Only one well. Potential should be tested by
drilling. Water probably is fresh.

No development. Probably little potential in most
of area. Water is slightly saline.

Most wells used for irrigation. Potential should
be explored further. Water is fresh to slightly
saline.

Supplies springflow and stream base flow used for
public supply and irrigation in Leeds area. Water
is fresh.

Significant amount of development by wells used
for domestic purposes. Water is fresh.

Wells along Virgin River, mainly from Washington
Dome to Atkinville; along Santa Clara River,
mainly downstream from Santa Clara; and upper end
of Fort Pierce Wash; none on Ash Creek. Wells
used mainly for irrigation. Water is fresh to
moderately saline.

Little development. Potential probably limited to
domestic and stock wells. Water is slightly saline.

Only one well, drilled but not used because yield
is too small for irrigation. Unconsol idated
rocks on eastern side of valley were deposited in
a long narrow depression caused by faulting. Water
is probably moderately saline.

Little development; wells with largest discharges
are south of Virgin River. Potential probably
limited to domestic and stock wells in most of
area. Water is fresh to moderately saline.



The large range in yield results mainly from movement of water through fracture systems,
which vary widely in their cross-sectional size and lateral extent. Hard, brittle rocks, such as
basalt and sandstone, generally contain larger and more extensive fractures than softer, less brittle
rocks such as shale and siltstone. In addition, some sandstone formations, such as the Navajo
Sandstone, probably locally contain a significant amount of intergranular openings through
which water moves.

Recharge

Recharge to the ground-water reservoir in the central Virgin River basin is by infiltration
of precipitation that falls on the area, infiltration of streamflow from adjacent areas, and
subsurface inflow from adjacent areas. The estimated average annual recharge, in acre-feet, is
broken down as follows:

Infiltratioll of prp,cipitation

Infiltration of strp,amflow

Subsurface inflow

Total (roundp.d)

Infiltration of precipitation

70,000

15,000

20,000

100,000

Precipitation on the project area contributes the largest percentage of the water that
recharges the ground-water reservoir. Recharge from precipitation occurs mainly above the
12-inch line of equal precipitation (see fig. 2).

The recharge of 70,000 acre-feet each year from precipitation was estimated by taking 13
percent of the average (normal) annual precipitation of 550,000 acre-feet on the area that
receives more than 12 inches. The factor of 13 percent was derived by relating the volume of
average annual precipitation to the volume of base flow (ground-water runoff) from four small
drainage basins in or close to the project area (table 5). In determining the infiltration factor, it
was assumed that: (1) base flow is at a constant rate; (2) all water entering each drainage basin is
derived from precipitation on that basin; (3) all water leaving each basin (ground and surface
waters) is measured at the gaging station; and (4) the effects of bank storage are nullified by
considering periods longer than 1 year.

Comparison of the percentage factors in the last column of table 5 shows a large disparity
in magnitude between the factor for the drainage basin of the Santa Clara River and the factors
for the other three drainage basins. This disparity probably results from differences in geology.
The drainage basin of the Santa Clara River above the gaging station near Pine Valley is underlain
by Tertiary igneous rocks. These rocks weather to form relatively thick clayey soils that are
generally conducive to rapid overland flow and a low rate of infiltration. The other three drainage
basins, in contrast, are generally underlain by sandstone, which weathers to form sandy soils that
are conducive to relatively high rates of infiltration, thus resulting in less overland flow.

Infiltration of streamflow

About 153,000 acre-feet of water enters the project area each year in the streams listed in
table 1. An estimated 15,000 acre-feet (about 10 percent) of this water recharges the
ground-water reservoir by infiltration directly from the waterways or from land that is irrigated
with water from these streams. Much of the 15,000 acre-feet of recharge infiltrates in Washington
Fields and St. George Fields, which are irrigated with water that enters the project area in the
Virgin River.
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Table 5.-Relation between precipitation and base flow in selected drainage basins

Drainage basin: The lower end of the drainage basin is marked by the stream-gaging station of the U. S. Geological Survey.

Annual average streamflow: Base flow estimated from stream-gaging records

Average annual Annual average Period of Relation of

Area of precipitation streamflow stream- base flow to

Drainage basin drainage basin in basin (acre-tt) flow precipitation

(acres) (acre-ftl Total Base flow record (percent)

Santa Clara River
r-.) near Pine Valley 12,000 25,000 5,590 1,900 1960-68 0.076

Leeds Creek near
Leeds 9,900 13,200 4,980 2,440 1965-68 .18

South Ash Creek
below Mill Creek,
near Pintura 7,000 9,360 3,540 1,220 1967-68 .13

Kanarra Creek at
Kanarraville 1 6,300 10,500 2,400 1,740 1960-68 .17

Arithmetic mean, weighted according to area of drainage basin .13

1Kanarra Creek station is about 1 mile east of Kanarraville.



Infiltration of water from streams that originate in the project area was not calculated
separately. Recharge from this source is included in the calculation of recharge from
precipitation.

Recharge by Irrigation water infiltrating in Washington Fields and St. George Fields is
indicated by water-level hydrographs of wells (C-42-15)34dba-2 and (C-43-16)1ada-1 (fig. 3).
Well (C-42-15)34dba-2 is in Washington Fields where the depth to water was generally less than
30 feet during this investigation, where the upper part of the saturated zone is in both
consolidated and unconsolidated rocks, and where the only source of water for irrigation was the
Virgin River. In the vicinity of well (C-42-15)34dba-2, irrigation with Virgin River water in 1970
was begun in early February but the infiltration of unconsumed irrigation water did not begin to
cause a water-level rise until the middle of April. The water level at the beginning of irrigation
reflected the recharge of the previous year's irrigation; the subsequent decline is a result of
discharge, mainly by underflow, exceeding recharge. The relatively long time between the
beginning of irrigation and the beginning of the rise of the water level is mainly a result of the
small amount of irrigation water remaining for deep infiltration after consumption and runoff
and the low average hydraulic conductivity of the section of rock in the vicinity of the well above
the saturated zone.

Well (C-43-16) 1ada-1 is in St. George Fields where the depth to water was generally less
than 20 feet and where the upper part of the saturated zone is in unconsolidated rocks. In the
vicinity of well (C-43-16)1ada-1, irrigation in 1969 was begun in January, and the periodic
application of irrigation water diverted from the Santa Clara River thereafter is reflected in
periodic rises and falls of the water level.

Subsurface inflow

Subsurface inflow to the ground-water reservoir in the upper 500 feet of saturated rock is
estimated to be 20,000 acre-feet annually. The inflow is from east of the Hurricane Cliffs and
from Arizona (see fig. 4 and pI. 3). The computation of the inflow, which is shown in table 6, is
by means of the form of Darcy's law that states that the discharge is equal to the product of the
hydrau Iic conductivity, the hydrau Iic gradient, and the cross-sectional area (Q = K fA).

Previous investigations by Thomas and Taylor (1946) and Sandberg (1966) indicated that
ground water was moving from a small area in the southern part of Cedar City Valley southward
into New Harmony Valley. The ground-water divide shown in the southern part of Cedar City
Valley by Thomas and Taylor and by Sandberg, however, approximately coincides with the
surface-drainage divide, which is the northern boundary of New Harmony Valley as used in this
report. Figure 4 (profile A - A') indicates that in March-April 1970 the ground-water divide
coincided with the surface divide; thus there was no movement of ground water into the project
area from Cedar City Valley.

Movement

The direction of ground-water movement in the project area is generally toward the
Virgin River and its tributaries, as indicated for parts of the area on plates 1 and 3 and in figure 4.

Some ground water is moving into the project area from Arizona east of the Virgin River,
from east of the Hurricane Cliffs, and some ground water is moving out of the area into Arizona
beneath and probably west of the valley of the Virgin River. Movement in the latter area may be
facilitated by the Cedar Pocket Canyon fau It, but hydrologic data are not available to
substantiate that possibility.
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Figure 3.-Hydrographs of water levels in wells in Washington Fields and St. George Fields.
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Table 5.-Subsurface inflow and outflow estimated for the upper

500 feet of saturated rock

Source area Aquifer

Cross section
throuah which flow occurs

Length Depth Area(A)
(ft) (ft) (ft2 )

Subsurface inflow

Hydraulic
conductivity(K)

(ft/day)

Hydraulic
gradient( I)

(ft/ft)

Subsurface flow (0)

ft3 /day Acre ft/yr

East of Hurricane Cliffs Mainly Kaibab Lime- 200,000 500 100,000,000 11 0.01 1,000,000 8,000
stone

Ari zona, between the Mainly Triassic 100,000 500 50,000,000 12 .01 500,000 4,000
Hurricane Cliffs and the shale and sandstone,
Virgin River at the some limestone and

0>
Arizona State line alluvium

Alluvium in Fort 2,000 200 400,000 3003 .01 1,000,000 8,000
Pierce Wash

Total 2,000,000 20,000

Subsurface outflow

Utah, :It the Arizona State Mainly Kaibab Lime- 40,000 500 20,000,000 11 .01 200,000 2,000
line between the Virgin stone, some allu-
River and the drainage vium

divide in the Beaver Dam
Mountains

1Estimated from type of rock in section.

2Estimated from specific capacities of vvells.
3Based on aquifer test at one well.



Discharge

Discharge of ground water in the project area is by seepage into streams, flow from
springs and drains, evapotranspiration by phreatophytes (water-loving plants), well discharge, and
subsurface outflow. A breakdown of the discharge, in acre-feet, for 1968 and 1970 is estimated
as follows:

1968 1970

Seepage into streams 23,000 24,000

Springs and drains 32,000 40,000

Evapotranspiration by phreatophytes 13,000 13,000

Wells 6,100 9,100

Subsurface outflow 2,000 2,000

Totals (rounded) 76,000 88,000

2-year average (roundedl 80,000

The apparent difference between the figure of 80,000 acre-feet for average discharge and
the corresponding figure of 100,000 acre-feet for average recharge stated earlier in this report is
not an indication that the discharge-recharge relation is in disequilibrium. The difference results
from inherent inaccuracies in the methods used to obtain the two figures, and also from
comparing a long-term average with a short-term average that is not necessarily representative of
long-term average conditions.

Seepage into streams

The estimated ground-water seepage into streams in 1970 was about 24,000 acre-feet
(table 7). This amount may have been somewhat greater than normal because of the abnormally
high precipitation in 1969. Complete data were not available for 1968, and the figure of 23,000
acre-feet shown above was estimated by applying the percentage relationship between the 1968
and 1970 measurements for discharge from springs and drains to the entries in table 7 that were
measured in 1970.

Springs and drains

Nearly all springs and drains in the project area discharge water from consolidated rocks;
the water is used mainly for irrigation but also for public supply, stock, and domestic purposes.
The distribution of selected springs and drains is shown on plate 1, and records of both are shown
in table 16. Discharge from springs and drains was about 32,000 acre-feet in 1968 and 40,000
acre-feet in 1970. The increase of 8,000 acre-feet in 1970 compared to 1968 is mainly the result
of the increase in discharge of the Toquerville Springs:
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Upper Toquerville Springs

Lower Toquerville Springs

1968

7,590

4,240

Discharge, in acre-feet _
1970

14,340

5,018

Upper Toquerville Springs

Loss of water through the basalt that forms the bottom and sides of Ash Creek Reservoir
may contribute to flow from the Upper Toquerville Springs, which are about 11 miles
downstream from the reservoir in the Toquerville reach of Ash Creek and which discharge from
basalt. An increase in the rate of discharge of the springs reportedly began soon after the
construction of the reservoir in 1961. Measurements of discharge of the springs prior to 1961 are
not available. The recorded measurements since 1961 (table 8) indicate that the discharge of the
springs has increased during the period of record, and possible explanations for this increase are
discussed in the following pages.

Ash Creek Reservoir was constructed in 1961 to conserve the high flow of Ash Creek for
irrigation. A significant amount of water has been impounded only in 1969, the only year in
which water was discharged from the spillway. The dam is constructed of earth and rock placed
in a deep rock-walled gorge of Ash Creek valley. The rock forming the bottom and sides of the
gorge is a highly jointed basalt and the joints are wide and extensive. The basalt extends from the
area of the reservoir southward through the area of Upper Toquerville Springs as an apparently
continuous formation. Projected water-level data indicate that the water table is below the
bottom of the reservoir.

Water-level data are not available in the immediate vicinity of the Ash Creek Reservoir;
however, water-level data from adjacent areas indicate that ground water in the lower part of
New Harmony Valley and near the reservoir is moving generally southward toward the Virgin
River.

To demonstrate a direct relation (or absence thereof) between water in the reservoir and
spring discharge, a dye test was made to trace the path of ground-water movement from the
reservoir. Pre-test probing of the bed of the reservoir had indicated that as much as 30 feet of
mud had been deposited in the reservoir, so that infiltration through the bottom would be
negligible. Therefore, a fluorescent dye, Rhodamine WT, was injected into water that was
released from the reservoir through a tunnel in the fractured basalt and which flowed
downstream in an alluvial channel for 3.4 miles to near Pintura. The dye was injected at a
constant rate directly into the tunnel to allow opportunity for the dye-laden water to infiltrate
the fractured tu nnel rock as well as the coarse alluvial fill in the stream channel below the dam.
The test was started on July 14, 1970, and waters from the Pintura public-supply well and from
the springs at Toquerville were periodically analyzed for change of fluorescence from that date
until June 25, 1971, with no indication that the dye had reached either the well or springs.

The lack of a positive result means one of four things: (1) the dye did not reach the water
table; (2) the dye-laden water reached the water table but bypassed the well and the springs; (3)
the dye-laden water reached the water table but the dye either lost its fluorescence or the
fluorescence became too small to be measurable; or (4) the velocity of the ground water is so
slow that the dye-laden water had not yet arrived at the Pintura well.

An indirect attempt to determine the source of the spring water was made by comparing
records of spring discharge with records of precipitation. A continuous water-stage recorder was
installed (Oct. 7, 1969) on the Upper Toquerville Springs, but the record is not yet long enough
to allow a meaningful comparison between the flow of the springs and precipitation. A
comparison of the precipitation record at New Harmony with a long-term hydrograph for well
(C-38-1213bcb-2 (fig. 5), however, does show that ground-water levels in the area fluctuate in
response to variations of precipitation. It is reasonable to assume, therefore, that spring discharge
also fluctuates in response to variations of precipitation.
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Table 7.-Estimated ground-water seepage into streams, 1970

Ground-water seepage: Estimated from U. S. Geological Survey streamflow-gaging records for
1970 except M, based on measurement ih month and year given in parentheses.

Stream

Ash Creek at New Harmony

South Ash Creek above Pintura

Leeds Creek above Leeds

Santa Clara River near Santa Clara

Grass Valley Creek

Quail Creek below U. S. Highway 91

Virgin River from Hurricane to Utah-Arizona
State line

Total (rounded)

1 Based on a seepage run in the low-flow season during November 1968.
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Ground-water seepage
(acre-tt)

2,200M (5-70)

1,100

1,900

1,300

500M ( 7-70)

200M (10-70)

17,000 1

24,000



Table B.-Discharge measurements of Upper Toquerville Springs

Measured in SE1,4SW1,4NE1,4 sec. 35, T. 40 S., R. 13 W.

Discharge
lcfs) Date

5.04 Apr. 21,1961
5.02 1961
4.70 May 15,1961

4.87 July 11,1961

4.77 Aug. 28, 1961

7.35 June 1, 1962

6.20 June 23, 1962

8.97 May 28, 1963

10.92 July 25, 1967

Remarks

Measurements by Coon, King,

and Knowlton, Consulting
Engineers,using weir and

flume.

Measurement by Hurricane
City using weir and
flume.

10.53
10.52

8.02

16.13

Sept. 18,1968
Nov. 1, 1968

Dec. 3, 1968

Sept. 1969

Measurements by U. S. Geol.
Survey using weir and flume.

Measurement by U. S. Geol.
Survey using weir and
current meter.

Measurement by Coon, King,
and Knowlton, Consulting

Engineers,using weir and
flume.

21.68 Oct. 8, 1969
21.61 Feb. 12, 1970
20.55 May 5, 1970
18.07 July 22, 1970
14.98 Nov. 19,1970

10.95 Apr. 23, 1971
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Measurements by U. S. Geol.
Survey using current
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Measurement by U. S. Geol.
Survey using current
meter and weir.
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Figure 5.-Relation of water levels in observation well (C-38-1213bcb-2 and of discharge of
Upper Toquerville Springs in the central Virgin River basin to the cumulative
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National Park.
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Graphs of cumulative departure from average annual precipitation are shown in figure 5
for two stations that represent conditions in the Virgin River basin. The graph for Zion National
Park shows that from 1962 to 1970, precipitation was above average during six of the nine years;
it was significantly above average during only one year. The graph for New Harmony, however,
shows that from 1962 to 1970, precipitation was above average during five of the nine years and
was significantly above average during three of these (1965, 1967, and 1969).

A comparison of fluctuations of precipitation in the New Harmony area with discharge
fluctuations of Upper Toquerville Springs (table 8 and fig. 5) indicates that although correlation
is not conclusive, some degree of correlation is possible. Based on this correlation and the
correlation between the rise of water levels in well (C-38-12)3bcb-2 and above-average
precipitation in New Harmony Valley since 1964, New Harmony Valley seems most likely as a
source of recharge for the springs.

It has not been possible to demonstrate it directly, but is is possible that some of the
water impounded in Ash Creek Reservoir that formerly flowed directly to the Virgin River has
contributed to the increase in discharge from the springs. This is suggested by the relation of the
hydrograph for Upper Toquerville Springs and the precipitation curve for New Harmony in figure
5. The spring hydrograph indicates a gradual increase of discharge between 1961 and 1968,
reflecting the general trend of the precipitation curve during that period. The marked increase in
spring discharge during 1969 reflects the above-normal precipitation during 1969 or the
impoundment of water in the reservoir during that year, or both. The decrease of spring discharge
during 1970-a year of above-normal precipitation-may reflect a return of spring discharge to
normal conditions after the recharge wave of 1969. Measurements are not available to show
whether spring discharge increased during 1965 and 1967-other years of above-normal
precipitation.

Measurements of discharge of the springs and of reservoir storage should be continued
until the record is adequate to make a conclusive comparison with precipitation.

Evapotranspiration by phreatophytes

The average annual evapotranspiration of ground water by phreatophytes from areas
where the water table is at or near the land surface is estimated to be about 13,000 acre-feet
(table 9). Phreatophytes are concentrated mainly in and next to the channels of the Santa Clara
and Virgin Rivers; but they are also present locally in the vicinity of Ivins, along some reaches of
Ash and LaVerkin Creeks, and in Fort Pierce Wash and some other dry washes (see pI. 1). Field
reconnaissance showed that the common phreatophytes in the area are cottonwood (Populus
sp.), saltcedar (Tamarix gallica), alfalfa (Medicago sativa), and pasture grasses including saltgrass
(Distichlis stricta) and fescue (Festuca sp.). Mixed stands of saltcedar and cottonwood are
common with one or the other generally dominating. Alfalfa is in cultivated fields as are fescue
pasture grasses. Saltgrass grows in uncultivated wet areas where alfalfa and fescue cannot be
grown or cultivation is impractical.

Saltcedar is a phreatoPhyte of special interest because it uses large amounts of ground
water and spreads rapidly. This plant, according to a consensus of several older residents, was
planted for shade in St. George and other nearby communities prior to 1890 but was not seen in
the stream channels and washes until after that time. Between 1910 and 1920 plants becan-,e
numerous in the Virgin River channel, and since the 1930's the growth has been dense. A
comparison of aerial photography indicates that in 1967 saltcedar covered essentially the same
areas as it did in 1952. The only differences in distribution were local and resulted from changes
in the position of streams in their channels or changes in the acreage of cultivated land. Field
reconnaissance in each of the 3 years from 1968 to 1970 indicated that the distribution of
saltcedar had not changed since 1967.
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Table g.-Estimated average annual evapotranspiration of
ground water by phreatophytes

Rate of evapotranspiration determinpd by the Blaney-Criddle method (Criddle, Harris, and
Wi lIardson, 1962, p. 12).

Total evapotranspiration determined by multiplying the rate of evapotranspiration by the
number of acres adjusted to 1DO-percent density.

Area (acres) Evapotranspiration
Adjusted to Rate Total

Phreatophyte Total 1DO-percent (acre-ft (acre-ft)

density per acre)

Saltcedar 2,300 1.310 5 6.550

Cottonwood 990 430 36 1,550

Alfalfa 900 1 900 3.2 2,880

Pasture grasses 8001 800 2.9 2,320

Totals (rounded) 5,000 3,400 13,000

1Estimated by L. B. Blackham, Soil Conserv. Service, (oral commun., 1968).
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Wells

The distribution of selected wells is shown on plates 1 and 3, and records of selected wells
are in table 15. The average annual discharge from wells in the project area for the years 1968-70
was 6,600 acre-feet, broken down as follows:

Number of Discharge, acre·feet

Use wells 1 1968 1969 1970

Irrigation:

Yields of mOle than 100 qpm 41 5,600 4,000 7,500
Yields of 100 qpm or less 58 120 120 120

Stock 24 50 50 50

PlliJllC supply

(includes industry) 9 230 270 1,370

Domestic 69 60 60 60

Totals (rounded) 209 6,100 4,500 9,100

1As of Sp.[Jtember 1,1970, based on Utah DiVision of Water Rights files and field checking. In addition to those listerl, records of
101 unuserl wells are on file.

The discharge for irrigation was calculated separately for wells discharging more than 100
gpm and for those discharging 100 gpm or less. The discharge from each of the former irrigation
wells was calcu lated for each of the 3 years. From table 10 it can be seen that most of the
discharge is from the Santa Clara River valley, Fort Pierce Wash, and New Harmony Valley. The
discharge for irrigation from the 58 wells discharging 100 gpm or less is used for small pastures,
lawns, and gardens and is estimated to average 2 acre-feet per year from each well.

The estimate of discharge for public supply (includes industry) is based partly on meter
records and partly on reported pumping rates and hours of pumping. A breakdown by
community of discharge, in acre-feet, is as follows (e, estimated):

1968 1969 1970

Gunlock 64 64e 64e

Kanarravilll~ 7 7e 7e

Pintura .8 le 1e

St. George 163 202 1,295 1

Totals (rounded) 230 270 1,370

1The large Increase comparerl to the prevIous 2 years IS partly the result of water helng slIppl,Crl to Bloomington,
a new resort community, [Jattly to a dry January-June period. and partly to test pumping a new well.
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Table 10.-Discharge in 1968-70 from irrigation wells yielding more than
100 gallons per minute

Discharge: Measured except E (estimated). Dash indicates either that the well was not constructed
or that a pump was not installed.

Location Owner or user (Discharge (acre-h)
1968 1969 1970

Fort Pierce Wash
(C-43-15) 16dcc-l W. Seegmiller 0 496 1,111

25ddd-l G. Seegmiller 1,550 900 1,070

Hurricane Bench
(C-42-13)7ccc-l Royal Garden Farms 10 9

(C-42-14) 11 abd-l E. Stl'ingham 170E 184 178
12dcc-l Dixie Springs Farm 0 15
15cba-l M. Faucet 60E 0 20

Leeds area
(C-41-13)7ccb-l L. Sullivan 0 0 80

New Harmony Valley
(C-37-12)23aca-l J. Prestwich } 464 }374 239

23acb-l J. Prestwich 31
34aba-l L. Pn~stwich lODE 100E

23cbd-2 W. Williams 45 106 113
34abb-l Kanal"raville Irrigation Co. 300E 300E 300E

(C-38-12) 19aab-l E. Graff 15
20bba-l E. Graff 100 228 185
20bcc-l E. Graff 58 236 232

(C-38-13) 16cad-l J. Prince 20E 0 37E

Santa Clara Bench
(C-42-16) 14daa-l City of St. George 20E 0 0

22baa-l R. Haf{~n 100E 106 88
Santa Clara River valley

(C-42-16) 16bcc-l St. G{~orge-Clara Field Canal Co. 317 0 140
16cab-l St. GI~orge-Clara Field Canal Co. 117 0 143
16cab-2 H. Tobler 30E 0 0
16dcb-l St. George-Clara Field Canal Co. 64 0 266
17aac-l New Santa Clara Field Canal Co. 70E 0 73

17aba-l New Santa Clara Field Canal Co. 40E 0 258
22cba-l S. Frei 60E 0 191
22dca-l L. Frei 40E 0 89
26bcb-l Mathis Market Supply Co. 30E 0 0

26bcc-l W. Snow } 1,100 199 145
26bcc-2 W. Snow
26cdd-l R. Snow 470 251 302
27adb-l Mathis Market Supply Co. 40E 15 47
35adb-l O. Gubler 45 .2 47

(C-43-16) 1aca-l C. Blake 64 12 88
1baa-l C. Blake 60E 0 224

Triangle Valley
(C-43-15) 12ccc-l S. Stucki 10E 19 0

12ccd-2 S. Stucki 40E 93 0

Virgin River valley
(C-42-14)20dbc-l D. Iverson lE
(C-43-16) 12adb-l Bloomington 0 0 1,149

Washington Valley
(C-42-15) 14dad-l D. Nis:;on 80 47 48

34dba-2 St. George East Stake 152
(C-43-15)2aaa-l· I. Andrus 75 298 306

Total annual (rounded) 5,600 4,000 7,500

3-year average 5,700
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Average annual use per stock well is estimated to be 2 acre-feet. Average annual discharge
for domestic use (includes some irrigation and stock use) is estimated to be 0.8 acre-foot per well,
based on information on rural-family use published by Criddle, Harris, and Willardson (1962, p.
23) and modified for use in the project area.

Subsurface outflow

Subsurface outflow in the upper 500 feet of saturated rock is estimated to be 2,000
acre-feet per year (table 6). Such outflow from the project area probably occurs at the Arizona
State line between the Virgin River and the drainage divide in the Beaver Dam Mountains (see
section on movement).

Ground-water development by wells

Development of the ground-water reservoir in the central Virgin River basin by wells was
begun in the early 1930's, according to the records of the Utah Division of Water Rights. By
September 1, 1970, records of 310 wells were on file for the area. The classification of these
wells according to use is given in the preceding section. Records of selected wells are in table 15.
The following summary indicates the classification of wells by depth, diameter, and aquifer:

Depth (ft.)
Less than 100
100-199
200-299
300-399
400-499
500 and more
Unknown

Diameter (in)
Less than 6
6-8
10-12
14-16
18-20
More than 20
Unknown

Aquifer
Unconsol idated
Consolidated
Unknown

26

Number of wells
141
92
38
14

7
14
4

8
142
46
83

1
23

7

145
147

18



The hydraulic properties of aquifers

The determination of hydraulic properties of aquifers is essential for a full understanding
of quantitative aspects of the ground-water reservoir such as the amount of water in storage and
the prediction of the effects of interference produced by a discharging well on other wells or on
streamflow. The properties of hydraulic conductivity, storage coefficient, and specific yield 1

were calculated for several aquifers from 23 aquifer tests involving 27 pumped and observation
wells. Most of the aquifer tests were of less than 12 hours duration, and water levels generally
could only be observed in the discharging well. Further evaluation of these properties was made
by studying drillers' logs, borehole stlmrles, and formational outcroprinqs. Table 11 lists the
values for these properties for selected locations.

Storage

Changes in storage in the ground-water reservoir are indicated by fluctuations of water
levels in wells. For example, a hydrograph of the water level in an observation well,
(C-38-12)3bcb-2, in New Harmony Valley is shown in figure 5, together with a graph of the
cumulative departure from average precipitation at New Harmony. A comparison of the
water-level hydrograph with the cumu lative-departure graph shows that trends of above-average
precipitation are accompanied by general rises in water levels and therefore increases in storage,
and that trends of below-average precipitation are accompanied by general declines in water levels
and therefore decreases in storage. The hydrograph in figure 5, together with water-level
fluctuations in observation wells elsewhere in the project area, gives no indication that withdrawals
of ground water to date have had any significant effect on the amount of ground water in
storage.

The amount of ground water in storage that is recoverable by wells was estimated for
selected areas (see table 12). Present (1970) withdrawals from wells in these areas range from
small to moderate, and withdrawals probably could be increased in all areas without significantly
affecting grou nd-water storage.

Hydrologic effects of discharging wells

The discharge of ground water from a well results in a cone of depression in the water
table or potentiometric surface around the well. Such a cone continues to enlarge in area and
deepen until a balance is reached between the amounts of water demanded at the well and
supplied to the well. Changes in the demand at the well cause the cone of depression to change in
size. Assuming a constant discharge rate, long periods of pumping cause relatively extensive and
deep cones, whereas short ones result in cones of relatively small extent and depth.

The hydrologic effects of discharging wells in the central Virgin River basin are local in
extent and include interference between wells and reduction of streamflow.

Interference between wells

Interference occurs between wells when the cone of depression of one discharging well
overlaps the cone of another. Such overlaps reduce the rates of discharge and increase the
drawdowns in the affected wells. The magnitude of these effects is dependent upon the hydraulic
properties of the aquifers, the rates of discharge, the distance between wells, and the length of
the discharging period.

Interference between wells is known to occur in measurable amounts, based on aquifer
testing, in the Santa Clara River Valley below Santa Clara, the Gunlock area, Triangle Valley,
lower Fort Pierce Wash, and the Kanarraville area. Tests were not conducted to determine
interference in other parts of the project area; however, interference in varying degree can be
assumed where the ground water is under artesian or confined conditions (see table 11) or where
wells are closely spaced.

1 See definitions in the Appendix.
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Table 11.-Hydraulic properties of aquifers for selected locations

Storage coefficient (S) or specific yield (y): See appendix for definitions.

Methods of obtaining hydraulic properties: Character refers to lithology, texture, and grain size.

'"00

Location

Anderson Junction

Fort Pierce Wash

Leeds area

New Harmony Valley
(northern part)

New Harmony Valley
(southern part)

Pine Valley

Santa Clara River
valley

Washington Fields

Hydraulic
conductivity

(ft/day)

270

45

200

35

200

240

Formation
Storage coefficient

(S) or specific
yield (y)

Unconsol idated rocks
0.25y

.20y

.25y

.0004S
.30y

.0001S
.30y

.30y

.001S
.20y

.20y

Methods of obtaining hydraulic properties

Estimated from character of water-bearing material
sec. 27, T. 40 S., R. 13 W.

Based on aquifer tests in three wells and on character
of water-bearing material in sees. 16 and 25, T. 43 S.,
R. 15 W.

Estimated from an aquifer test in one well and from
character of water- bearing material in sec. 7, T. 41, S.,
R. 13 W.

Based on aquifer tests in three wells and on character
of water-bearing material in sees. 23 and 34, T. 37 S.,
R. 12 W.

Estimated from specific capacity of three wells, an
aquifer test in one of these, and from character of
water-bearing material in sees. 19 and 20, T. 38 S.,
R. 12 W.

Estimated from character of water-bearing material in
T.39S.,R.15W.

Based on aquifer tests in nine wells and on character of
water-bearing material in sees. 16, 17, 22, 26, and 35,
T.42S., R.16W.

Based on aquifer test in one well and on character of
water-bearing material in sec. 2, T. 43 S., R. 15 W.

Consolidated alluvium
and Shinarump Member

of Chinle Formation

Gunlock area

Hurricane Bench

St. George Valley

Triangle Valley

Washington Fields

20

15

32

25

100

Navajo Sandstone

Navajo Sandstone

Kayenta Formation

Chinle Formation

Consolidated rocks
0.003S

1.30y

.003S
1.30y

.0065'

.0065'

.003S

Based on aquifer tests in three wells and on character
of water-bearing material in sees. 7, 8, and 17,

T. 41 S., R. 17 W.

Based on aquifer test in one well and on character of
water bearing material in sec. 12, T. 41 S., R. 14 W.

Estimated from specific capacity of one well and on
character of water-bearing material in sec. 19, T. 42 S.,
R.15W.

Estimated from specific capacity of one well and aquifer
tests in two wells in sec. 12, T. 43 S., R. 15 W.

Based on aquifer test in one well and on character of
water-bearing material in sec. 34, T. 42 S., R. 15 W.

1Specific yield considered to be as high as in unconsolidated rocks because of geologic deformation by folding and faulting.

2Values obtained by separate tests within a distance of 0.2 mile.



Table 12.-Ground water recoverable by wells from storage in selected areas

Area of aquifer: From plate 2 and large-scale aerial photograph or topographic maps.

Estimated thickness of saturated zone: Interpreted from drillers' logs; p, indicates a minimum thickness.

Coefficient of storage (S) or specific yield {V): For entries of both (S) and (y), the amount of confined water was calculated using the storage
coefficient and added to the amount of unconfined water in storage determined by using the specific yield.

Area of Estimated thickness Coefficient of Volume of
aquifer of saturated zone storage (S) or recoverable

Area (see pI. 1) Aquifer (acres) (ft) specific yield (y) ground water
(acre-ft)

Hurricane Bench 1 Navajo Sandstone 22,000 2,000 0.003S; 0.30y 10,000,000

Gunlock2 Navajo Sandstone 9,300 2,500 and 5,000 3 .003S; .30y 10,000,000

N New Harmony Valley Unconsolidated rock 23,700 300p .0001S; .30y 2,000,000<0

Fort Pierce Wash4 Unconsolidated rock 1,500 lOOp .20y 30,000

Santa Clara River
vall ey 5 Unconsolidated rock 1,300 50 .001S; .20y 10,000

Pine Valley Unconsolidated rock 1,000 75p .30y 20,000

Anderson Junction Unconsolidated rock 100 lOOp .25y 3,000

Leeds Unconsolidated rock 300 306 .25y 2,000

1Refers to the continuous area of outcrop southwest of Hurricane (see pI. 2).

2Refers to continuous block on the west side of the Gunlock fault (see pI. 2,.

3The normal thickness (see table 3) has been increased by geologic deformation. The saturated zone is estimated to be 2,500 feet thick in the north half and 5,000 feet thick in the south
half of the area of outcrop.

4Refers to that part of the alluvial valley that is upstream from the stream gap in the Bloo~'ngtonDome.

5Refers to that part of the alluvial valley that is downstream from Santa Clara.

6Thickness of gravel zone.



Reduction of streamflow

Discharge from a well can affect streamflow where there is hydraulic connection between
a stream and the aquifer from which a discharging well is withdrawing water. Where an aquifer is
hydraulically connected to a stream channel, wells discharging water from the aquifer may divert
streamflow or water that would otherwise discharge into the stream channel as springs or seeps.
The percentage of the water discharged by a well, which is thus diverted from a stream, can be
roughly estimated from a graph prepared by Theis and Conover (1963).

In the project area, hydraulic connection between developed aquifers and streams is
known (1) in the Santa Clara River valley upstream from the U. S. Geological Survey gaging
station in the NWY4NWY4SEY4 sec. 17, T. 41 S., R. 17 W., and downstream from Santa Clara; (2)
in the Virgin River valley upstream from the U. S. Geological Survey gaging station in the
NEY4NEY4SWY4 sec. 2, T. 42 S., R. 14 W., and in the reach of S1. George Fields and Washington
Fields, and (3) in Fort Pierce Wash upstream from the stream gap through the Bloomington
Dome.

Along the Santa Clara River upstream from the gaging station, springs and seeps were
observed in the channel, and seepage runs in May-July 1970 showed a net gain in surface flow
resulting from discharge by seeps and springs. Along the Santa Clara River downstream from
Santa Clara and along Fort Pierce Wash upstream from the stream gap through the Bloomington
Dome, a comparison of water-level elevations with elevations of the stream channel as well as a
comparison of fluctuations of water levels in observation wells with stream stage showed a
possible hydraulic connection. Along the Virgin River, a net gain in flow resulting from
subsurface discharge was measured for the reach upstream from the gaging station and for the
reach crossing St. George Fields and Washington Fields.

Chemical quality

General relations

Important factors affecting the chemical quality of ground water are the availability of
soluble substances in the aquifers through which the water moves and the length of time the
water is in contact with these soluble substances. Among consolidated-rock aquifers in the
project area, shale and limestone contain the largest amountSof soluble substances, whereas
basalt, sandstone, and intrusive igneous rocks generally contain the smallest amounts. The
amounts of soluble substances in an unconsolidated-rock aquifer depend on the source rock of
the materials comprising the aquifer.

The dissolved-solids concentration in ground water in the project area varies considerably
according to aquifer and locality, as is shown in tables 13 and 18. The aquifers that are most
likely to yield water containing less than 1,000 mg/I (milligrams per liter) are the Navajo
Sandstone and basalt. By contrast, the Chinle and Moenkopi Formations are most likely to yield
water containing more than 3,000 mg/1. The areas that are most likely to yield water containing
less than 1,000 mg/I are those in or close to the Pine Valley Mountains. The dissolved-solids
concentration generally increases toward the lower parts of the project area. (See figs. 6 and 7.)

Dissolved-solids concentration in water is related to the specific conductance, which is a
measure of the ability of the water to conduct an electrical current. This relation, for ground
water in the project area, is shown in figures 6 and 7, which can be used to estimate the
dissolved-solids concentration in the water if the specific conductance is known.
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Table 13.-Summary of dissolved-solids concentration of water from wells and springs
according to aquifer

Dissolved solids
Aquifer

Unconsolidated rocks

Basalt

Claron Formation

Navajo Sandstone

KJyenta Formation

Moenave Formation

Chinle Formation

including Shinarump

Member

Moenkori Formation

Kaibab Limestone

Range or
single value

(mg/l)

144 - 6,860

390·1,300

246

215 - 1,240

327 - 2,450

334 - 4,030

1,180·5,460

1,400 . 5,960

633

31

Average
(rounded)

1,400

700

400

1,200

2,200

3,300

3,800

Number of
samples

24

6

9

5

4

6

3
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Relation to use

Public supply.-The U. S. Public Health Service (1962) has recommended quality
standards for public drinking water and water-supply systems. A partial list of these standards is
as follows:

Constituent

Dissolved solids

Sulfate

Chloride

Nitrate

Recommended maximum limit
(mg/l)

500

250

250

45

The analyses in table 18 indicate that most wells in the project area yield water that contains
dissolved-solids and sulfate concentrations that exceed the recommended maximums. Most
springs, however, yield water that contains dissolved-solids and sulfate concentrations that are
less than the recommended maximums. The chloride and nitrate concentrations of water from
both wells and springs are generally less than the recommended maximums.

Irrigation.-The ground water in the project area was classified in figure 8 according to
salinity hazard and sodium hazard, using the method of the U. S. Salinity Laboratory Staff
(1954, p. 69). In classifying water for irrigation by this method, it is assumed that an ;]verage
quantity of water will be used under average conditions of soil texture, salt tolerance of crops,
climate, drainage, and infiltration. The classification in figure 11 is based on the relation between
sodium-adsorption ratio (SAR) and specific conductance of the water. The SAR is a measure of
the sodium hazard, and the specific conductance is a measure of the salinity hazard. The
classification diagram is divided into 16 areas that are used to rate the degree to which a given
water may give rise to salinity problems and undesirable ion exchange effects. The higher the
salinity or sodium hazards the more unsuitable the water is for irrigation.

The water from 20 selected wells and springs in the unconsolidated rocks (fig. 8) has a
sodium hazard that is low and a salinity hazard that ranges from low to very high. The water
from 34 selected wells and springs in the consolidated rocks has a sodium hazard that ranges from
low to medium and a salinity hazard that ranges from low to very high.

Boron in solution in excessive amounts also may present an irrigation hazard because of
its toxicity to some type of plants. Table 14 shows a classification of irrigation water based on
the boron content. The quantity of boron in solution in ground-water samples from the project
area ranged from 0.00 to 2.00 mg/I, but most samples contained less than 0.33 mg/I (see table
18). The largest quantity was in water from the Chinle and Moenkopi Formations in their areas
of outcrop and from some unconsolidated rocks overlying these formations.

Temperature

The temperature of ground water in the project area (see table 18) ranges from 6°C
(43°F) to 32°C (90°F). The relation of ground-water temperature to the altitude of the top of
the saturated zone in the area is shown in figure 9.
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Table 14.-Classification of irrigation water based on the boron content

(Modified from Scofield and Wilcox, 1931)

Sensitive crops: Include most deciduous fru it and nut trees.

Semitolerant crops: Include most small grains, potatoes, and some other vegetables.

Tolerant crops: Include alfalfa and most root vegetables.

(For a more complete listing of crop tolerances, see U. S. Salinity Laboratory Staff, 1954, p. 67.)

Classes of Sensitive Crops Semitolerant crops Tolerant crops
water (mg/ll (mg/ll (mg/ll

Excellent Less than 0.33 Less than 0.67 Less than 1.00

Good 0.33 - .67 0.67 - 1.33 1.00·2.00

Permissible .67 - 1.00 1.33 - 2.00 2.00·3.00

Doubtful 1.00 - 1.25 2.00 - 2.50 3.00·3.75

Unsuitable More than 1.25 More than 2.50 More than 3.75
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The figure shows that the temperatures at higher altitudes are generally lower than the
temperatures at lower altitudes. As a result of the effect of altitude on ground-water
temperatures, the temperatures in Tps. 37-39 S., which have altitudes generally exceeding 5,000
feet, are generally less than those in Tps. 40-43 S., which have altitudes generally less than 5,000
feet.

Summary

Aquifers in the central Virgin River basin are in both consolidated and unconsolidated
rocks. The chief aquifers in the unconsolidated rocks are in channel-fill deposits and alluvial fans.
The main consolidated-rock aquifers are in the Moenkopi, Chinle, Moenave, and Kayenta
Formations, the Navajo Sandstone, basalt, and the igneous rocks in the Pine Valley Mountains.

Long-term average annual recharge to aquifers is estimated to be 100,000 acre-feet.
Recharge is by (1) infiltration of precipitation, (2) infiltration of streamflow from adjacent areas,
and (3) subsurface inflow.

Ground-water discharge for 1968 and 1970 averaged about 80,000 acre-feet. Discharge is
by (1) seepage into streams, (2) springs and drains, (3) wells, (4) evapotranspiration, and (5)
subsurface outflow. Discharge from wells, which came mainly from the unconsolidated rocks,
was about 6,100 acre-feet in 1968, 4,500 acre-feet in 1969, and 9,100 acre-feet in 1970.
Long-term water-level data give no indication that withdrawals of ground water to date have had
any significant effect on the amount of ground water in storage. Discharge from wells, however,
locally results in well interference or interception of ground water moving toward streams. Most
ground water in the area moves toward the Virgin River and its tributaries.

The dissolved-solids concentration in ground water varies considerably according to
aquifer and locality. The aquifers that are most likely to yield water containing less than 1,000
mg/I are the Navajo Sandstone and basalt. By contrast, the Chinle and Moenkopi Formations are
most likely to yield water containing more than 3,000 mg/1. The areas that are most likely to
yield water containing less than 1,000 mg/I are those in or close to the Pine Valley rv1ountains.
The dissolved-solids concentration generally increases toward the lower parts of the project area.
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Well- and spring-numbering system

The system of numbering wells and springs in Utah is based on the cadastral land-survey
system of the U. S. Government. The number, in addition to designating the well or spring,
describes its position in the land net. By the land-survey system, the State is divided into four
quadrants by the Salt Lake base line and meridian, and these quadrants are designated by the
uppercase letters A, B, C, and 0, indicating the northeast, northwest, southwest, and southeast
quadrants, respectively. Numbers designating the township and range (in that order) follow the
quadrant letter, and all three are enclosed in parentheses. The number after the parentheses
indicates the section, and is followed by three letters indicating the quarter section, the
quarter-quarter section, and the quarter-quarter-quarter section (generally 1a acres1 ); the letters
a, b, c, and d indicate, respectively, the northeast, northwest, southwest, and southeast quarters
of each subdivision. The number after the letters is the serial number of the well or spring within
the 10-acre tract; the letter "S" preceding the serial number denotes a spring. If a well or spring
cannot be located within a 10-acre tract, one or two location letters are used and the serial
number is omitted. Thus (C-42-16)22dca-1 designates the first well constructed or visited in the
NEY4SWY4SEY4 sec. 22, T. 42 S., R. 16 W., and (C-42-16)22b-S designates a spring known only to
be in the northwest quarter of the same section. Other sites where hydrologic data were collected
are numbered in the same manner, but three letters are used after the section number and no
serial number is used. The numbering system is illustrated in figure 1a.

18
r.

42
S.

31 32 3]

Tracts within it section

Sec. 22

12

,
I

- - r d

a f-Wel1
_-1 d

I
d I

~, I~~I"'"
( ~2-16l22dca-1

I
I

A L _
AH "I

~Salt La~e Cdy I
I
I

I
I
I

I

Figure la.-Well-and spring-numbering system used in Utah.

1Although the basic land unit, the section. is theoretically a l-mile square, many sections are irregular. Such sections are subdivided
into 10-acre tracts, generally beginning at the southeast corner, and the surplus or shortage is taken up in the tracts along the north
and west sides of the section.
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Use of metric units

The results of chemical analyses and temperature measurements are given in this report in
metric units, rather than the more familiar English units. Temperatures are given in degrees
Celsius, and concentrations are reported in milligrams per liter or milliequivalents per liter.

Degrees Celsius (' C) are the units used for reporting temperature in the metric system.
One degree Celsius is equal to 9/5 degrees Fahrenheit, and the freezing point of water is aOon the
Celsius scale. The following table may be used to convert the temperature data given in this
report to the more familiar Fahrenheit scale:

TEMPERATURE·CONVERSION TABLE

Temperatures in °c are rounded to nearest 0.5 degree. Underscored temperatures are exact equivalents. To convert
from OF to °c where two lines have the same value for of, use the line marked with an asterisk (*) to obtain equiva­
lent UC.

°c OF °c OF DC OF °c OF °c U F DC OF °c OF

-20.0 -4 -10.0 14 0.0 32 10.0 50 20.0 68 30.0 86 40.0 104

-19.5 -3 -9.5 15 +0.5 33 10.5 51 20.5 69 30.5 87 40.5 105

-19.0 -2 -9.0 16 1.0 34 11.0 52 21.0 70 31.0 88 41.0 106

-18.5 -1 -8.5 17 1.5 35 11.5 53 21.5 71 31.5 89 41.5 107

-18.0 * 0 -8.0 * 18 2.0 * 36 12.0 * 54 22.0 * 72 32.0 * 90 42.0 * 108

-17.5 a -7.5 18 2.5 36 12.5 54 22.5 72 32.5 90 42.5 108

-17.0 1 -7.0 19 3.0 37 13.0 55 23.0 73 33.0 91 43.0 109

-16.5 2 -6.5 20 3.5 38 13.5 56 23.5 74 33.5 92 43.5 110

-16.0 3 -6.0 21 4.0 39 14.0 57 24.0 75 34.0 93 44.0 111

-15.5 4 -5.5 22 4.5 40 14.5 58 24.5 76 34.5 94 44.5 112

-15.0 §. -5.0 23 5.0 41 15.0 59 25.0 77 35.0 95 45.0 113

-14.5 6 -4.5 24 5.5 42 15.5 60 25.5 78 35.5 96 45.5 114

-14.0 7 -4.0 25 6.0 43 16.0 61 26.0 79 36.0 97 46.0 115

-13.5 8 -3.5 26 6.5 44 16.5 62 26.5 80 36.5 98 46.5 116

-13.0 9 -3.0 27 7.0 45 17.0 63 27.0 81 37.0 99 47.0 117

-12.5 10 -2.5 28 7.5 46 17.5 64 27.5 82 37.5 100 47.5 118

-12.0 * 10 -2.0 * 28 8.0 * 46 18.0 * 64 28.0 * 82 38.0 * 100 48.0 * 118

-11.5 11 -1.5 29 8.5 47 18.5 65 28.5 83 38.5 101 48.5 119

-11.0 12 -1.0 30 9.0 48 19.0 66 29.0 84 39.0 102 49.0 120

-10.5 13 ·0.5 31 9.5 49 19.5 67 29.5 85 39.5 103 49.5 121

For temperature conversions beyond the limits of the table, use the equations °c = 0.5556 (OF· 32) and OF =
1.S(OC) + 32. The formulae say, in effect, that from the freezing point of water (O°C, 32°F) the temperature in
°c rises (or falls) 5° for every rise (or falll of 9° F.
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Milligrams per liter (mg/I) is the base unit for expressing the concentration of chemical
constituents in solution, and it represents the weight of solute per unit volume of water. For
concentrations of less than about 7,000 mg/I, this unit is numerically very nearly equal to the
unit parts per million (ppm), which was formerly used by the U. S. Geological Survey.

Terms describing aquifer characteristics

The hydraulic conductivity (K) of a water-bearing material is the volume of water that
will move through a unit cross section of the material in unit time under a unit hydraulic
gradient. The units for K are cubic feet per day per square foot (ft3 /day/ft2 ), which reduces to
ft/day. The term hydraulic conductivity replaces the term field coefficient of permeability, which
was formerly used by the U. S. Geologocal Survey and which was reported in units of gallons per
day per square foot. To convert a value for field coefficient of permeability to the equivalent
value of hydraulic conductivity, multiply by 0.134; to convert from hydraulic conductivity to
coefficient of permeability, multiply by 7.48.

The storage coefficient (5) of an aquifer is the volume of water it releases from or takes
into storage per unit surface area of the aquifer per unit change in head normal to that surface. 5
is a dimensionless number. Under confined conditions in which release of water from storage is
attributed to compressibility of the aquifer and of the water, 5 is typically small, generally
between 0.001 and 0.00001. Under unconfined conditions in which release of water from storage
mainly involves dewatering of the aquifer, 5 is much larger, typically from 0.05 to 0.30.

The specific vield (V) of an aquifer is the ratio of the volume of water it will yield by
gravity after being saturated to the volume of dry aquifer. For all practical purposes, it is
equivalent to the storage coefficient of an unconfined aquifer.
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Table 15. --Records of selected wells

Well No.: See appendix for description of well-numbering system.
Casing: Depth - Total depth of casing or depth to first perforations.
Well finish: F, gravel-pack with perforated casing; P, perforated casing; 0, open-end casing: X, open hole.
Aquifer: Jc, Carmel Fonnation: Irk, Kayenta Formation; JIrn, Navajo Sandstone; Pka, Kaibab Limestone; Qb, basalt; Qg, gravel or sand: Qt,. unconsolidated terrace
deposits: Qu, unconsolidated rocks undifferentiated; Tre, Chinle Formation: Trcs, Shinarump Member or Chinle Formation; Trm, Moenkopi Formation; Trmo, Moensve
Formation.

Use of water: H, domestic: 1, irrigation; N, industrial; P, public supply; S, stock; U, destroyed or unueed.
Al tHude: Above mean sea level as interpolated from top,)graphic maps.
Other data available: C, chemical and temperature data In table 18; H, water:-1evel hydrograph in figure 3 or 5; L, driller's log in table 17; Q, annual dis~

charp;e data in table 10.

Casing Water level

Year Depth of
Below land-.I Date of

Well No. Owner or user con- well Diamete~1 Depth Well Aquifer Use of
surface datum

Altitude Yield Other data
structed (feet) (inches) (feet) finish water

measure-
(feet) (.pm) available

(feet) ment

Ash Creek valley

(C-40-13)
2daa-l Town of Pintura 1934 345 P 297 10-68 4,100
23aba-l McCullock G. w. No. 1 1964 7,315 Pka U 765 9~64 3,800

(C-41-13)
23bcd-1 w. Wilson 1969 1,835 12 140 Tres 15 3,040 100

Diamond Valley

(C-40-16)
35dcc-1 E. Blake 1966 40 16 20 Jc 11-66 4,500 50

(C-41-16)
lccc-l H. D. Moore 385 16 60 Qu 91 10-68 4,800

Fort Pierce Wash

(C-43-14)
Jlddd-l G. Seegmiller 1962 14 14 14 Qu 12 10-68 2,820

(C-43-15)
5dbd-l J. Holt 1967 153 14 25 Qu u 10 11-67 2,580
9cba-l Hanning and others 1967 125 14 20 QU u 40 8-67 2,615
l6aad-l K. Bentley 1970 195 10 Trm U 53 2-70 2,680
l6cab-l City of St. George 1962 264 16 u 73 10-68 2,660
16dbc-l K. Bentley 1966 105 16 40 Qu u 42 3-66 2,655
16dec-l w. Seegmillel,' 160 16 30 Qg I 31 10-68 2,660 1,570 C ,Q
25ddd-l C. Seegmiller 1960 144 16 50 Qu 1 45 11-60 2,795 1,572 C, L,Q

Grass Valley

(C- ~-14)
31bda-l E. Gardner 1963 200 16 42 37 10-68 6,960

Hurricane Bench

(C-42-13)
7ccc-1 Royal Garden Farms 1964 129 16 15 JTrn I 34 10-64 2,960 C,Q
18ccb-l w. Wilson 1958 258 8 18 JTrn U 60 1-58 2,980
18ecb-2 do 1959 194 14 17 JTrn I 60 1-59 2,980
2laab-l E, Graff 1952 365 14 Qu u 300 1-52 3,320
33ada-l do 1969 473 10 448 u 434 9-69 3,380 500
33arla-2 do 1970 480 10 357 II 444 1-70 3,380

(C-42-14)
llabd-l Eo Stringham 1956 67 10 44 P Qt 44 3-56 2,850 C,Q
12dcc-l Dixie Springs Farm 1964 140 16 23 X JTrn 32 1-64 2,940 101 C,Q
15aba-1 E. Stratton 1961 175 10 175 0 Trk 2,820
15cba-1 M. Fswcett 1961 320 14 75 X Trmo 78 5-61 2,820 110 C,Q
25abb-l Terracor 1970 720 8 4 X JTrn 74 8-70 3,010

(C-43-13)
5bdd-l Spillsbury Co. 1956 530 46 JTrn 500 2-56 3,440

Leeds area

(C-41-13)
4bab-1 w. Scheuber 1966 115 10 JTrn II 16 10-68 3,680 C
Sdbb-1 A. Howard 1953 48 12 8 X JTrn H 15 11-53 3,600 C
7ccb-l L. Sullivan 1946 98 12 12 P Qu I 5 3-47 3,400 117 C,Q
16hcd-1 Utah State Land Board 1969 1,128 7 S (11) 5-70 3,240 94 C

New Harmony Valley

(C-37-12)
11aah-l G. Vandenburghe 1953 365 14 Qg 38 3-70 5,490 855
l4abc-l A. Graff 1950 264 14 Qg 31 3-70 5,485 639
23aca-l .J. Prestwich 1954 276 16 83 P Q8 5,525 Q
23ach-l do 1940 300 16 96 P Qg 5,520 575 Q
23chd-2 w. Will iams 1968 561 14 230 F Qg 50 3-70 5,500 1,100 C ,L,Q

27dad-l L. Heywood 19S3 216 16 112 Qg 67 .'),520
34aba-l L. Prestwich 19')3 220 16 Qg 62 5,522
14ahh-l Kanarraville Irrigation

Co. 1934 190 12 Qg 43 3-70 ),508 800
34dhd-l L. Prestwich 196') l4L' 16 70 Qg 64 5,520
35hbc-l Town of Kanarraville 1952 190 12 120 Qg 160

(<:-18-12)
1bch-2 L. Davis and others 19')] 227 16 " P Qg u 71 3-70 5,483
4cdc-l Utah State Road Comm. 196') 404 H 262 P Qg P 7\ ]0-69 5,482
9aah-J R. Williams 1967 JOO 12 100 F Og U 58 4-70 5,397
9bba-1 do 1916 1.15 12 11 P U 11 5,320 20

19aab-l ~: . Graff 1969 200 14 Qg 75 11-69 5,120 Q
20bba-l do 19/.6 220 16 62 Qg 41 12-47 5,125 210 C,Q
20bcc-l do 191+9 216 16 40 Qg 49 12-68 5,084 277 C,Q
20cca-1 do 1967 290 14 80 Qg 39 11-69 5,050
32bbc-l do 19,+9 216 16 2 10-68 4,980

(C-38-13)
9dc.d~1 J. Prince 19')2 ]')4 10 28 31 10-68 5,500 193 L
16cad-1 do 19')2 156 14 16 Qu 6 10-68 5,400 211 Q
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Table 15. --Records of selected wells~-Continued

Casing Water level

Year Depth of Below land- m\ Dste of
Well No. Owner or user con- well DiameterI Depth Well Aquifer Use of surface datum measnre- Al t itude Yield Other data

structed (feet) (inches) (feet) finish water (feet) ment (feet) (gpm) avai Iah1e

New Harmony Valley--Cont~nued

(C-38-13)
22cbd-l E. Wood
23cca-l 1. Iverson

1947
1946

190
130

14
12 36

Pine Valley

Qg
Qg

2
36

10-68

10-68
5,240
5,200

700
7'3

(C-39-15)
14cbc-l

l4ccb-l
14dad-l
14dcc-2
14dcd·1
l5daa-l

Pine Valley Irrigat ion
Co,

B. Snow
P. McDermott
E. Jacobsen
M. Beckstrom
L. Paxman

1968

1967

97
20

9
21

100
15

6
36
36
36

6
40

40
20

9
21
38
15

p

o
o
o
p

o

Qg
Qu
Qu
Qu
Qu
Qu

H

H
H
H
H
H

20
11

3
12
25

8

7-68
10-68
10-68
10-68
4-67

10-68

6,500
6,500
6,500
6,500
fi ,500
6,500

25

L
('

('

C
('

C

St. George Valley

(C-42-15)
19cac-l
29bbd-l
29cac-1
29ddc-l
30ada-l

30adc-l
30bdb-l
30caa-2
30cbd-1
30dac-3

30dbb-l
30dcd-2
31ccd-1
32abc-1
32dba-1

R. Prince
S. Prisbrey
A. Iverson
P. Formaster
W. Oliphant

E. McArthur
W. Milne
E. Blackburn
E. Stringham
S. Stucki

E. Spendlove
K. Empey
H. Hafen
R. Hazen
R. McArthur

1960
1964
1951
1966
1960

1966
1960
1959
19')7
1959

1965
1961

1958
1969

100
105

25
300

90

95
88
36
30
60

80
25

100
53

145

8
8

96
16

8

6
8

10
10
10

8
8
6

10
8

11
20
25

200
29

40
33
23
11
12

47
20

17
23

x
o

Trk
Trk
Qg
Trc
Trk

Trk
Trk
Trk
Trmo
Tre

Tre
Tre
Tre
Tre
Qu

I
I
H
U

I

40
34
20
50
10

30
12

6
8

13

13
7
7
4

20

8-60
7-64

10-68
11-66

6-60

9-66

6-59
9-57
6-59

8-68
10-68
10-68
10-68

8-69

3,040
2,760
2,680
2,640
2,740

2,695
2,700
2,680
2,660
2,670

2,675
2,645
2,560
2,630
2,600

20

32dcc-l G. Cox
33cab-l P. Formaster

(C-42-16)
24dbd-l J. Callahan
24ddd-l C. Dean

25aab-l G. Johnson
25dab-l B. Leavitt

(C-43-16)
lada~1 C. Blake
ladd-l do

1966
1964

1965
1964

1960
1958

1956
1956

72
259

90
84

56
50

53
\3

10
16

8
12

16
16

20
27

57
46

18
25

28
34

Trce

Trk
Trk

Qu
Qu

Qu
Qu

14
6

2-68
9-64

1-65
10-68

1-60
9-58

8-68
8-68

2,580
2,630

2,800
2,760

2,755
2,700

2,580
2,ShO

240
440

Santa Clara Bench

(C-42-16)

5bbb-l
5bbb-2
6ada-1
13ccd-l

l4daa-l

22baa-1
23abd-1
24bba-l

W. Hafen
D. Hafen
C. Mannering
J and J Mill and Lumber

Co,
City of St. George

R. Hafen
R. Hamner
B. Thornton

1963
1957
1970

1965
1964

1963
1965
1949

110
172
100

68
1)00

100
105
185

16
8
6

10
8

16
8
5

36
40
22

20
27

62
30

p

X

p
X

Tre
Tre
Trma

Qu
Trk

Qu
Trk

23

2I
78

55
45
18

'i-67

2-70

1-65
1964

2-63
12-66

5-70

3,080
3,080
3,040

2,920
2,915

2,760
2,840
2,880

55

15

465
20

c, L

C ,Q

Santa Clara River valley

(C-40-17)
2lddb-l

(C-42-16)
16acc-l
16bcc-l

l6cab-l
l6cab-2

16dcb-l

17aac-l

l7aba-l
17adb-2
22cba-l

22dca-1
26bbc-l
26bcb-l
26bcc-l
26bcc-2

26cdd-l
27adb-l
35adb-l
35add-l

(C-43-16)
laca-l
lbaa-l

Town of Gunlock

Town of Santa Clara
St. George-Clara Field

Caoal Co.
do

H. Tobler

St. George-Clara Field
Canal Co.

New Santa Clara Field
Canal Co.

do
Gates Service Station
S. Frei

L. Frei
Mathis Market Supply Co,

do
W. Snow

do

R. Snow
Mathis Market Supply Co.
O. Guhler
R. Barrett

C. Rlake
do

1961

1968

195J
1953
1967

1959

1934
1964
1939
1946

1966
1966
1963
1961
1961

1966
1964
1959
1967

1956
1956

127

415

63
63
76

63

60
90
60
92

88
70
72
75
78

70
75
61
47

52
140

14

16
16
10

14

12
14

6
16

14
14
14
14
14

14
14
14

8

16
16

52

33
30
26

14

60
60
18

30
32
28
37
35

JJ

'8
28
32

27
27

Triangle Valley

Qu

Qu
Qu
Qu

Qu

Qu
Qu
Qu

Qu
Qu
Qu
Qu
Qu

Qu
Qu
Qu
Qu

Qu
Qu

33

53

17
8

2I

12
42
26
23

28
28
25
21
2I

15
20
2I
2S

13
4

3-68

10-68
6-53
2-67

7- S9

9-34
5-64

la-68
7-46

3-66
3-66
5-63
9-61
9-/i1

7-fJ6
1-64
"7- ')9
)-67

10-68
)-')6

4,000

2,790

2,780
2,760
2,760

2,760

2,800
2,800
2,800
2,730

2,700
2,655
2,660
2,640
2,660

2,615
2,680
2,1)00
2,625

2,5W)
2,600

30

300

30

360
240

C ,Q
Q
Q

C ,Q

C ,Q

L,Q
Q
Q
C

Q
C ,Q

(C-43-15)
12bdd-l K. Stucki
12ccc-l S. Stucki

1965
1968

16
16

95
265

p

o

48

Qu
Tre

78
239

10-65
10-68

2,770
2,800

200 L
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raole 15.--Records of selected wells- -Conti nued

Cas i ng Water level

Ikplll nl I\elow land- ,I Date of
\~.. J 1 N". OWfH'r '" \l!lf'r w,·11 fl'.m"'", I Depth Well Aquifer lIse of Al titllde Yit-dd nr-her dClt f!

sllrface datum measure-
(fP''! ) (I nchf's) (feet) finish water (ft'f't) (gpm) RVIl i ];lhJ p

(feet) ment

Tri angle Valley- -Cont inued

«(:-4l-1 ',)

12ccd-2 S. stucki 1964 72 16 91 Tre 89 9-64 2,7S0 1, Ion r: ,0

Virgin RiveT valley

(C-42-14)
]'!Ildd-I N. sill 1 ivan 1911''> :-()(I I h 193 Qo 1Wl 9-6') ?, hRO I.

:'tlahe- J S. Sorensen j<Jh'l 165 Trm 11 'j 8-f}l ?,120 ,
?()eilc-! I.. Atk in 1%7 h 10 31 I-hi' 2,120

.'Or!t,c- I fl. lve.rson 197(\ II If) 10 Qo 7 7-70 /,7()O

.,llccf)-I 'ii, (;,'oTgt' - Wash in,"'. I OJi

( iHlal Cll. I'l/) 1 ~rl ] h l'i Oil 16 I-hi ,',If,n

(1:-/1 1-11,)
J .JIlH;t-1 IJ. Hackwpll 19h'1 ]1+ 18 Q\l R J()-h') ?,')/-+O

1;';Hlh-1 II'lor1fllinp:ton J 9hY If),! Qg \0 2, ')20 2,700 (:,1)

I :'cch-1 I<'hnson Lanrl DevelofHlII'nt 19';fi ] :l~, II, hll Trcs 47 10-6H 2,72'> I.r)o

14hhh-1 c!n III Trm \8 11-h8 2, 'jbn

2,:dah-l Jones 19hh ',', 8 10 Qt 30 I-fih 2,490 In

Warner Va] ley

(C-!d-14j
2llahh-l (;. ThonlRS 1968 2nO 10 170 7-fi8 1,0')0

Washington Valley

(<:-42··] 'i)

14dad-l 11. Ni sson 19'109 IJ? 10 214 frc 125 3- 58 2,8/-+0 11'; , ,'I
21 ahrl-J F, Hawkes 19fi") 2' )(1 8 40 Trk 12 9-6') '2,840

"21 had-I 1:. Holm 19fi'l 21)0 8 '18 Trk 21 9-h'l 2,R60 2()

22cch-l 11. fwndy 19M ] ", R 4h Trmo H 19 9-(,4 2,720
Hdrlh-l R. Shurtliff 19h1 8 10 Trm S )0 8-fl1 2,600

llrldd-I ~;I·bmllt 7. ~roS . 19fd 'I') 3 0 Trcs 1,0 1%1 2,fiOO i'

\4dhfl-l St. c,eorgt' ~:dS t Stake 19ho9 1'14 0 88 ("I) 19 7-h8 2,620 i'

l4dha-2 do 19h8 2h rJ 10 21 Trcs 18 fl.-6R 2,620 H. L,Q

1';hRil-l C. Prishrey 1(jhi 11 ', 18 Qu 18 196/ 2,640 i'

l',rlRd-l w. Stahe1 i 196'i 11 n ')'j Q" 4\ 10-65 2, h7 r) SO
(C-1+,,-1 'J)

2ailil-1 I. Andrl1s 196') I(.(] Ih 105 Q\J 51 2-hS 2,6R') C,1.,Q

Other areas

(I':-M)-Jl)

Z;'hdb-? A!1dl~r~on Ranch lC)')f! 1fln Qu 245 ')- '-iH i ,840 n
(r~!.o- 1 'i)

27dhR-l C i r v of St. George tqr;l no
(C ~!+ 1 - 1 'I)

1;'chh-] T'own or l.a Verkin 1917 Ih') 16 Trcs 35 ')-';7 1,200
·14)

1 'lildR-! 1', S. Kureau of Land
!'1;'\nd~ement 19h1 0' 10 JTrn 10 h-61 1,2M)

(r-41-1 TI
7adFl-1 Ci tv of St. (;eor~e 19hh 12 203 P ITrn p 201 2-hh J, hOO
7dca-l do 19h", 10 170 F JTro p 178 1- h~) 1, 'i80 1,20(1

Ree 11 ~ ] ri" I Llh4 I h 100 F JTrn p 100 7-hR 1,4Rn
He de ~ 1 do 1970 Con,) I~ X JTrn I' 71 ti-7rJ 1,4110

l1cha-l do 14h'i Ih F TTrn p 76 lO-h') 3 ,/~8n 1, hOO

(('-47- 11+1
4dhh-l W. Post 1q'j-, 20 11 160 Trmo 123 9-hR 3,140

((-42-1 h)
24,,(';\-1 I':arl 19h') II" 20 Trk 40 10-fiS 2,870

((-41-1 "J)

i+dac-I Mi 10e aod others 19h6 19(1 8 4\ Trm 98 3-66 2,730 40
ljildll-l K. ['fOnrley 19h9 14' 1H Qu 21 ll-fiq 2,fif,()

[Oacil-l St. r;cor~e-Wash ington
Canal Co. 19h1 IPI 10 0 Trm 22 10-hf'1 2,6hn

lOacc-l W. Se-q!;-miller 1965 10(' 8 40 Trm 28 1O-h8 2, h70 hO

I I
7/ I'rl a lillvium aod sh i narump ',,, ..,,h,'r ,,' I't,inl, Forlllat ion
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Table 16. --Records of selected springs and drains

Location No.: See appendix for descriptlon of spring~numbering system.
Altitude: Above mean sea level interpol.1ted from topographic mapa.
Aquifer: Jc, Carmel Formation; Trk, Kayenta Formation; JTrn, Navajo Sandstone: Qb, basalt; Qu, unconsolidated rocks; Tc, Claron Formation;

l'rc, Chinle Formation; Trcs, Shinarump Member of Chinle Formation; Trmo, Moenave Formation; Tu. Tertiary sedimentary and igneous rocks
undifferent iated.

Discharge: Measured unless indicated E, estimated, or R, reported. Total discharge for 1968 is given in Cordova, Sandberg, and McConkie
(1970, table 7).

Total discharge 1970: Measured unless indicated t:, estimated, or R, reported.
lIse of water: H, domestic; I, irrigation; P, public supply; R, recreation; S, stock.
Other data available: C, chemical and temperature data in table 18.

Location No. Name or owner Altitude
(ft)

Aquifer Discharge
(gpm)

Date
measured

Total
discharge

1970
(acre-ft)

Use
of

water

Other data
available

Ash Creek valley

Santa Clara Bench

Hurricane Bench

Qb

New Hannony Valley

(1/) 14.340
2,700 Sept. 1968 5,018

IDE Oct. 1968 16E

5E Aug. 1968 8E

47 May 1970 76
10E May 1970 16E

IR
240R July 1968 400E
280R May 1959 604

10E Oct. 1968 16E
10E Oct. 1968 16E

940 July 1970 1,518

960

26 42R P C
32 P gH~(4/) p

~
p <31)

(4 ) p (3/)
(~/) p c:L.l/
(4/) p OJ)

900£ Dec. 1966 l,4001-: I
20E Oct. 1968 54R P

422 June 1970 680 I
110 Oct. 1968 180E I,R

12 16E P

33E Sept. 1968 246
lODE Oct. 1968 160E

Trcs

Qb
Qh

Jc

QU

Tu
Tu

QU
Tck
Tck
Tck
Tck
Qu
Tcc

Qh
QU
Qh
Qb
QU

Qh
Qb

Leeds

Pine Valley

Diamond Valley

3,440
3,200

5,520
5,800
5,280

3,480
3,700

6,600
6,600
6,600

'3,060
2,940
2,920
2,920
2,920
3,020
2,920

5,200

St. George Valley

Virgin River vaHey

Santa Clara River valley

4.500

2,860
2,760

Town of New Harmony
Comanche
Lawson

Ditch

Unnamed spring
Heven

Snow and Gardner
B. Snow
Spring Branch

Moore

Herry
Viq:;in River

Snow
Reecham
Coray No.
Crav No.

Coray No. ]
Rig Hiller
Sheep

Upper Toquervi II.!
Lower Toquervill,>

Saucer C Ranch
Veya Culinary WAter Association
Warm
Veyo Warm
Town of Counlock

Unnamed epring

(C-41-16) .14bda- 5 1
(C-42-16) lOadh-Sl

llcbb~Sl

llebb-S2
llcbb-S3
lldba-Sl
14b8h-51

(C-38-13) l6bdb-Sl
l7bbd-Sl
21acd-Sl

(c-40~13)35acd-Sl
(C-41-13) 11cad-SI

(C-40-l6) 3Sdad- 51

(C-42-l4) 2dab-Sl

(<:-42-14) Ibch-51
2cca-Sl

(C-41-13) 7bca-Sl
(C-41-14) Ide-Sl

(C-42-1.,))31dcc

(C-39-l6) lldeb-51
28dhh-Sl
32cdc-51

(C -40-16) 6cdb- 81
(C-40-17) 22bcd-SI

(C- 39-1 5) lSdbc-Sl
15dcd-S1
24cac-S1

Warner Valley

(C-42-14) 32abh-Sl Warner Vallev 2,920 Trmo

WRshinp:ton Valley

(<:-42-1 'J) 14hah- ~I

14hah-~2

14hac-Sl
I4bbc-Sl
15ccd

C. Averett
Myers
Ilra in 17', + 00

2,flflO
2,RRn
2,860
2,fl40 JTrn

O.6E
27
4. r)

OS
28

15daa
16ccd-Sl

ranner drai n
Middleton Right \ranch 2,920 Tck

Rll
'j'J
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Tah1 e l6'--Records of selected springs and drains--Continued

Total

Location No. Name or owner Al titude Aquifer Discharge Date discharge Use Other data

(ft) (gpm) measured 1970 of availahle
(acre-ft) water

Washington Valley--Continued

(C-42-l ')) l6ccd-S2 Mi.dd1et'on Left Rranch 2,900. Trk 32
16cde-SI Middleton Domestic 2,940 Trk 35E
l6ddd-SI Moore 2,860 Trk 94E
23hah-S1 R. I.. Could 2,720 28
27ccc Harder Ditch 1,400E

Other areas

(C- ]9-14) 20sed- Sl Pine Valley Reere<ltion Area 30E Oct. 1968 ')OE P
(C-'\9-1 ')) 15dd-Sl Forsythe aod Pole Canyon", 95 I

22ccd-Sl Lloyd I
(<:-J9-l6) 13abh-Sl Fleming Ranch 5, 'Jon Tc 50E Oct. 1968 226 I

13ddd-SI Town of Central 8R DR P

14abd-$1 Saucer C Ranch Tc 18 Aug. 1970 28
14dba- 51 Irvlnl' 5,400 Tc 47 Oct. 1968 82

(C-40-14)16dhc-Sl rown 01 Leeds 'i,680 Qu hOE
U>40-15)4ddc-Sl Carter Canyon 7, JOO

10aee-51 Quakin!i! Aspen 8,600

10hbh-SI Sl ide Canyon 7, ')00

10ehd-Sl RilJ; Pine 7,800
14bab-S1 Cottonwood 7,800
14hdh-Sl Middle 7,000 1, 6001'~ ('i/)
1Scen-51 West Fork
22dda-Sl Coup,Rr fJ ,OO()

2.1bhc-Sl [,ow.. r No. J 6, JOO
23hbc-s2 Lower No.
2Jbeh-Sl East Fork h,400

(C -41-18) 2ddd - s 1 Pahcoon 3,760 r~o June 1970 3.7
(C-42-14) Saba-Sl Harrisburg 3,120 ·14

5hce-Sl Seegmiller 3,160 July 1970 II
heea-51 Crapevine No. J,120 Trk 19 July 1970 11
hcca-S2 Crape v i IH' t"o. 3,120 Trk 7 July 1970 17
7hbb-Sl Ash Trf'P 3,040 Sept. 1968 112
1Cjdbc-sl Snnd MOlillt.ain 2,880 JTrn Sept. 1968 JE

21 cad-S'l Carpenter 2,720 T~o ]001~

(C-42-1 j) 10a-Sl Mi.ll Creek 2., QhO JTrn YZ,OIC
11eaa-81 Price 2,9hO rl
l1cad-S2 Middle City 2,960 lE
llcacl-S3 South City 2,960 1I~

11cda-Sl Paxman ?,940 July 1970 ]S

11edil-S2 prisnrc\.' 2.,940 0/)
11 deil-sl W('g Inver 2,9RO Trk 46 c.ll.!
I1dch-sl M;dn I)om,'st j, 2,9hfJ Trk 91 c!'.l
11 dcd-S 1 Srrnlll 2,nO Trk 12()E c~/

1Jdcd- S2 Pierce 2.,920 Trk fl(H~ C:!U
12.aaa Drain l'jn t 2'i . 0 7)<~

12aaa Drain ]'-j'i + 40
12aac New Hi~hway Drai n 141 t (J()

12aac Drain 3<:") + 70 . Ii I~

12aca Drain 3]0 + )0 2.4
12hah-s1 We'" t Upper Illmpnff 3, ZOO Trk .1
12cea-Sl East Kelly 3,000 Trk 6. h
12ccb-S1 Kell y 3,00n Trk .3
l2ceb-S2 Sanders 3,000 Trk 8.7

12c.dh-Sl East BlilCkhAffi 2.,960 Trk .3
12dhc-sl Rf'd Rock 3,000 Sept. 197() R
Llhhh-SI BAstian No. 1 2,920 173
14Bah-Sl o. Nisson 2,920 Trl- .9
14aha-Sl Pierce 2,920 ('!l) c!3J
14adn-Sl Caldwell 2,880 Trc 66
14bhh-Sl Warm 2,880 JTrn Oct'. 1968 7S2
14hda-Sl c. flill1 2,8nO Trmo 12 JlIl v ]970 26
14caa-Sl Adair 2,84U Tre 159
14dab-Sl Still lVi'll"' 3,000 Jllly 1970 5.8

] 'jhha-Sl Green 2,900 JTrn 200 ~~ OCt. 1968 1, 3'19
15hhd-sl Hall 2, gOO JTrn 69
1 '-icah-Sl 1-;, Nl'ilson 2,8nO fuly 1970 L1
Ihcdh-Sl C. 1\ lakl' 3,000 Trk 13
20cad-Sl I-:ast St, Ce(1r~l.' 2,920 Trk IA4 Dec. 19hH lO!~
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Table 16.--Records of selected springs and drains--Continued

Locat ion No. Name or owner Use
of

water

other data
availahl('

(C-42-16) 13dcc-Sl West St. Georp;e Z,960 JTrn 900 Feh. 1970 t, -no
24aac-Sl C. Mannering ],100 Trk 4R 6.4
24sac-S2 R. Sheffie Id No. l,lOO Trk 2R 1.2
24aac-S3 R. Sheffield No. 1,100 Trk 4R 6.4
24aca-Sl Evan Earl No. 1 2,900 Trk Ie Aug. 1970 5

24aca-S2 Evan Carl No. Z,900 Trk H: Aug. 1970 (lQ/)
24aca-S.1 Rent ley 2,900 Trk IE AUIJ;, 1970 (10/)
24add-Sl Unnamed sprin~ 2,960 frk 20

11 See tahle 8.
}/ Chp.mical Rnalv~iR in table 18 is of a mixed water, which incilldell wn_ter from this sprin~.
3/ Santa Clara pub 1 ic supply.
4/ [ncluded in (C-42-16)10adb-Sl.
5/ St. (;eorge puhlic supply.
6/ Total springflow to Washington 0,/75 acre-h) Bnd to St. r;eorge (241 acre-ft).
7/ Included in (C-42-IS)l1caa-SI.
8/ Washington puhlic supply. Chemic"l analysis in tahle 18 is of a mixed water, which includes water from this spring.
9/ Included in (C-42-15)lldcd-S2.

lQ/ Included in (C-42-l6)24aca-Sl.
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l'ablel7.--Selected drillers' lugs of ....ells

#-.it dudes dre in fel:'t abovl' mean sea level h): land surface dt the well, estimated from topographic maps.
Thickness in fel't.
Dl'pth in feet below land surfacl'.
Geolo~ic desi~nations by K. M. Cordova.

Matl'ri81 Thicknt;ss Deplh M<lterial rhickness Depth M.aterial Thickness Depth

fORT PIERcr WA:~lI PINE VALLEY I'KIANGLE VALLEY

17
'!.,

20
l "YH 141

62 62
I, 66
4 7()

2 12
10 8Z
6 H8

12 [00

54 1',/1

(C -J 7 -12) 23cbd -2. Lug by (;rim-
shaw Drilling Co. Alt. 5,500 ft.

Alluvial-fan deposits:
Suil 19 ] 9
Grave 1 5 24
Clay and sand. 89 III
Gravel 2 II'!
Clay and sand. 4\ thO
Grave 1 1 lfl1
Clay and sand. 74 23')
Gravel 2 217
CLay and sand. 78 ll'j

Crave l 2 III
Clay and sand. 13 LJO
Grave I l\ 345
Clay and sand. 19 J64
Gravel 117 4H I
Clay and sand. 14 49'1
Grave 1 66 56l

50

10
4)

115
132
200

220
255
260

70 70
8 78

U 90
9',

7 102
21 12'j
1', 140
10 1\0
2'i 17'1
2.1 1%

4 200

297 497

18 18

" 75

22 97

161 258

265

5\ 55
5 60

14 74
2 76
9 85

23 108
\2 160

(C-4J-l5)lLbdd-1. L()~ by Tim
Ballard. AIr. :~,770 ft.

UnCllnS() 1 idat ed n.ll'ks:
Sand .
Silnd ;Ind grav!' I.

Sand .
(;LIVl'1

S,lnd .
(;r;lvl'l

S;llld
Cr;lv.·1
S;llld
Cravl'l
Si II .. lTll! gr;lvpl.

Chi-Ill," Furmatton;
~;ha Il', red .

VIRGIN RIVER VALLEY

(C-1d-lll)19add-1. Log by Tim
Hallard. Alt. 2,680 ft.

Ch<lTHll' I -L iIi depos its;
Sand ,.Inri gravl'l. 10
(;rav,'l ilnd bouldt,r.<.;. '3J
Clay ;-lnd gravel. 72
Clay 17
(;ravel . , • . . • . 68

(C-4J-15)2aaa-1. Log by Tim
Ballard. Alt. 2,685 ft,

Unconsolidated rocks:
Clay and sand •••
Sand and very fine gravel.
Clay and sand.
GravL'I, fine .
Sand •.
Sand and fine gravel
Gravel .

~-42-15 p4dba-2. Lo~ hy Preston
C. Bradshaw. Alt. 2,620 [t.

Unconsolidated rocks:
Grave 1 . . •
Gravel, .cemented .•

Chinle Formation:
Shale, red .•..•

Sandrock, ~ray, white, and
yellow (Shinarump Member)

Moenkopi Formation:
Sha lL', red . . •

16

70

I')}

16\
20')

22J
22\
JlO

J80
41 ')

10 10
Ml '>0
25 7)
1\ YO

9',
Yl

10 10
JO 40

'j') '1')

7 7
9 10
9 25

20 4\
10 ,)r)

17 72

SANTA CLARA BENCH

(C-J9-1'))l4cbc-1. Log hy Tim
Ballard. AU. 6,5'10 ft.

Unconsolidated r(}[:ks:
Clay ilnd salHI
Clay ilnd grav(,j

Clay.
CL1Y ilnd grave 1
(;r'i!vt'l.

Cldv.

Soil.

CI·:()fl.{:I~ VALLEY

,1[1(1 -,,,nd

I(;oy,'nl'l(.') ~'orm,llioll:

,I,', r.·t!.

lC-Lf/-i'))l2dcc-l, Ii,\-,; hv Tim
l~alLlrd. Air. ),rlHO rt.

]Jnulllsn[ [dar .'d rucks:

Sand dnd grave 1 , .
Sand and grave I, cubbIes.
Sand and gravl'l

Chinle Formation:
Shille, red .•

(, ,-I by lim

", I,ee' A' :' ,b'J\ " '
id,lrt'd r",k

(C-4:l-lb)loifcl.:-1. Log by Preston C.
Hr<l(jshaw. Alt. 2,790 ft.

Ch,lnrH'l-fLlI del)()~;jl:

Sand ilnd ~',raVf'1 16
Chinh' Formal ion:

Shale, gray, red, dnd blue. 13]
Sandstone, sh'11e. 12
Shale, red and ~ray . 40
Sandstone, gray and white 18
Shale, sandy, 2
Shillt~. rl'd ~ray... 81

Shinarump Membt~r of Chinle Formation:
S;lnd"tol1e, gray, hard 70
Sandstonl', gri-ly 'lnd white,. J,)

(C-4)-16)2bc:dd-~. by 'l'im
Ballard. Alt. 2 'i [t.

Chilnrwl-fill deposils:
Soi I. '3
Sand. . . 12
Cl.lYHld silnd 18
Sand 'lnd ~rlilvltl 10
:;raVl'l. 22

Chinlt, Formal-ion;

CL1Y, red (weatlH'red shall')

WARNJ<:R VALLEY

(C-4'l-14)20abb-1. LoK by rim
Ballard. Alt.3.050ft.

Unean so 1 idat ed rock s:
(C-42-16)5bbb-1. Log by Floyd Sand, red. • • • . ')0

Hastings. Alt . .1,080 ft. ,Chinle Formation:
Unconsolidated rocks: Shall', alternating red and

Clay and sand 17 17 gray zones. • . 170
Chinle Formation: Shale, red, sandy. )')

Shall', sticky. , . 2'3 I~O Shall', white ')
Shale, r('d, hard; wattc'r 21 61

t-_S_'h_"_h-,',_"_'d-"-,,,st."''''"'''kY.,,,::-:-,,.,--c= 49 '_10-1 WASH INGTON VALLEY

SANTA CLARA RIV~:R VALLEY

",
'2')

KI,
90

lOt>

ll'i

127
200

GRASS V i\ LLEY

(C-4J-iS)25ddd-l. Lug by Flol'd
Hasti.ngs. Alt. 2,79'> fl.

,:I18nne1-fi11 deposits:
Clay dnd sand ••••
Crave 1 ••••••••
(;rclve 1 <lnd hou Ldf'rs ••
Hflrdpan ••

Grflv('l and cllnglomerate; walpr

NEW HARMONY VALLEY

(c-J8-U)9dcd-1.. LtJg hy II. Wi .·S"11

and F. Hastings. Alt. '),')00 Lt.
Alluvial-fan deposits:
Gravel •••••
Clay and rock ••
Gravel and rock.
S'11id rock •••
Grave 1 •
Clay ••
Clay cmd gravt'l.
Gravel •

Sand and graVl' 1 ; tight. 12
Clay and gravel; hardpan 7J

(C-38-14)Jlbda-1. Lug hy Fl"yd
Hastings. Alt. 6,960 fl.

Ullcnrls"lidated l:"cks:
S i.]t dnd semd. . . • • 10
Clav and santi •••••

ye 11"w ••• , • 1.7
gr<1vpl; graniU'

c,mljllJSlt ion. • • • • 10
Clay, sand, and gravl'l 34
Clay ••••••• 4

and gravel. • • • 16
sand dnd gravel It

II ft.
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Table 18. -~Chemical analyae. and tetllperature

Locntion No.' St'(, ilpp",ndix for description of well- and aprin~-numhering ayatem.
Aquiff'r: 1" ('arT'll'1 I:"rr~;:jrinn; Trk, K.'lVl'l1rR Formation; .ITrn, Nav8.io Sandstone; Pka, Kaibab Limestone; Qh, basalt; Q~, sand or ~rav~l; Gt,
IInconsnl idRted tr>rrHrt' deros i ts; Qu, llnuln.'lol idated rocks nndi fferentiated; Tc, Claron Formation; Trc, Chinle Formation; Trcs. Shinarump
Memtwr of rhinl .. FnrTI<lt j,'n; Tnn, Mo.·nknpi Formation; Tnno, Moenave Formation; Tu, Tertiary sedimentarv and igneous rocks undifferentiatf!d.

j)is~()lved solids' [If'terminf'd vo'l!ues ky lht' \I.S. (;eolo~ical Survey are re8idue on evaporation at l80"e: by the Utah State Department of
IIf'Rlth Rre al I1{)OC; and by thf' U.S. RureRIi of Reclamation and the Ford Chemical Laboratory are at 10S"C.

A~ency mRkin~ analysis: IIR, II.S. flureau of Reclamation: Fe, Ford Chemical Laboratory, Inc., Salt Lake City, Utah; GS, U.S. Geolocicsl
Sllrv.·y; Sl-l, l'tRh State Department of HeHlrh.

---- ..

1<:-1.0-1 ) )2dOla-l -20"',,\ 01, 4/, 0.0 I 04 27 10 2.6
LdiLI-1 IO-29-htl I H. 0
2].1],:,-) t-l "-hl, 24 .11 120 32 10 L,B

(C-40-1 h) I 'Hil",'- I IO-16-hB I. 18,0
------

Lllc,11 Ion Nn
;}."It.' ,'1

,,,II'>C[I"1\

.
u

j
u.
u

.z
j
'0
o

Mill igrams

Q 8~

~ c ~

0

~~ .-. . ·n. .~
~ ·~ ". " 0

"0
.

"J: 0 ,. ·0- m G

WELLS

A"h r,rf>pk

22/..

217

Di&Zlond

Fort Pierce

(C-41-1'J)l6dcc-1 2-18-70 (Ig 19. ')

Ibdu- 1 2-2h-70 Q).; L9. '1
/'JuJd-l R-L2-bti Qll 19.0 14

(C-42-ll )7'·l:l"-1 UI1-71-tl') ITrn

(C-41-14)1l<lbd-l 7-27-011 'it
12dl' - [ lJ-ll-ni< TTrn 20.0
I )cha-I Y-12-hH Trmf1 20.0

(<:-4 \-1 \ )';l>d<1-1 1-16-bb ;Trll

(C-41-11)4bil.b-l LO- 10-6-" TTrn 18.0 26
,)dbh-l 10-30-68 ITrn lH .0
7ccb-l ',- 5-70 Qu 1'1.'> 4\
ibbcd-I j - ~ ,-70 21. ') 21.

----_......._.-

(c- 'J7-1:!) 7'Jchd-2 R-'l:l-hP I)g 1'\.'; 21
(C- \1:\-12 )20bha-l Y-ll-·Jb (ig 12, ')

20bha-l 8- 9-60 f)g LJ, ') 20
)Ohh;l-! 7-17-68 I)g J.\ ,0
20bc<..'-! 0- 8-64 ()g U,O 19
20bCL'-! 7-2 r)_hM Qg 1 ').0 18
32bhc- j 1-14-64 Qg 15

(C- I ll-I')1 l"l'l>-l LO-_'.l-hH (Ill 11.0
14drld- [ 10-: \-nH 0,0
14dcc<' 1n-~ l-h!:l (1 11 II, 0 34
14dcd-1 J O-.'.I-bH QII 9,0 24
l'ldilil-I ! 0-24-hH (Ill 14.0

(c-42- L',) I 9'·'11'-1 lO-ll-hH l'rk lx,O 19
Hlddil-l 10-1 ')-1,1:' 22
\()C'I.I-:) 10- Lh-hi'! i'rk 20.0
Hkhd-I :()-j',-"l:' 22.0 9b
I()du!-' jO-I\-i-JK l'rc ,0 82

(r-42-1 hi2/.ddd-1 10-11-h("l l'rl( lK.O
2').1.1],-1 1n-lh-t>K ?(J.()

2')Jab-1 IO-lH-hH i)11 L9.0

54

59] 141 17
573 153 2lJ

1) 18 ) ,4 1.6
136 53 50 6.2

41 16 5.1 1.0

35 24 10

68 65 16 2.1
96 60 101 4.5

5) 36 18 1.4
19

2/+6 88 19 1,2

269 9) Rh
253 114 00
226 6) h5

23 11 \,0

27 7.1 9,8

160 63 206
72 51 109

521 195 402
369 148 562

116
90

Hurric3m'"

119
171

lH

Leeds

212

522
250

Nt,w Harmony

216
246
242
248
270
264
24]

Pine

114
124

St. rof':orge

404
210

\88
320



of water from selected wells and springs

per l1ter p

Dissolved sol ids ~
~ ,~

? 6' .Q
0- '"· . .. "

"" '" u 0
~e ~

'0 . . .· " i -g ~. . ~

~
u .. '0 '0 .

] · · ~ b ;>,l/l.- ·. .. .. . 0 ,
~

U >.
~ 0

~
.. 0 u u ~~;§ .. 0 . .- 'O~

?, 0 2i · 0 0- ~ '5. o. 000
~'. 'u u '" :? ~ ~ .. -< •

valley

l09 16 O. l l.l 406 270 85 ')40 0.4 SH
18 6J') GS

2')7 18 .5 .2 .08 631 44l 20') 820 .'i SH

Valley

8.0 161 C;S

Wash

90 2,140 1,320 cs
1,760 68 72 J ,200 2,720 2,060 1,950 J ,100 7. b 0,2 (;S

2,140 lOO 99 3,450 ) ,340 2,060 1,980 J ,360 7.{. 2.0 GS

Hench

')2 36 l.3 1,7 0.0') 215 200 102 ')70 7,6 0,2 HR
1,')1 51 ,6 .10 8U ')57 417 1,190 8,0 ,9 HR

27 181 C;S

lS 1,500 cs
23 n . '~ . '\6 229 167 \0 ')02 ILl .2 RR

area

9,2 8.1 1).8 (J,02 1..27 227 l88 172 8.0 (],1 (;S

14 418 GS
14 10 0,4 1.0 ,0'\ 49) 479 436 8 795 7. Y ,l GS

J7') 74 .7 l.7 . 'j6 998 862 488 283 1,270 8,0 2,n Fe

Valley

138 9,0 0.2 l.7 0,0') (...Of, 388 288 III 595 7.') i),'i L',
e04 29 .14 992 790 1,670 7,2 c:-.
;',11 26 .1 5. ') .14 1,410 1,360 975 777 1,680 7,') ,S GS

22 970 767 1,6'\0 7.\ GS
914 58 3,1 1,590 1,581) 1,070 849 1,800 7,4 L1 CS
on'} 32 7.2 1,610 1,540 1,100 884 1,840 7.5 .8 GS

714 27 2.1 1,250 1,240 840 441 I, ')10 7,5 l.0 GS

Valley

9.0 JJ4 GS

2.6 177 cs
7,5 2.2 S.] ().06 144 142 102 207 7,J n.1 \,5

4.5 4.2 7,6 .03 150 145 97 221 7,2 .4 GS

4.1 300 GS

Valley

660 60 1.7 1,410 1. ,lRO 660 '129 1,850 7,8 I.'J C;S
l68 50 ,\7 9n:' nh l88 216 1,250 1, q 2.t, C;S

100 1,9YO \,S
2, no 12') 1'1 J. W 4,0 10 \,9HJ 2,100 1,780 f.,110 7,8 \,8 CS
2,150 150 ;'.l ,DO j,71... O l,hl0 1, 'dO 1,270 4,090 7,6 b,:' r;s

11) l,4]0 GS
50 1,520 {;S
80 2.550 GS
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of water from selected wells and springs --Continued

per liter
u
~

N

~
0
0

Dis801 ved solids ¥! .
~

0. '"'? u 0 · - "~ u . 0

6 " " .
i~. .

1 ". . 00 0 · u .. " " .
.~

. · . ~

~3
;;., fIl. - - . 0 " 0 " '" u "~ .:l

~ - ,~
u -e ~ . O~

~

8 " ~ ..
~ ;5 c'l · ti" .S '5. o • '"' 0z '" "'

m _

~ lG

Continued

Valley

5.0 223 r,S
5.0 282 CS

Bench

45 15 0.6 1.4 1).16 226 140 47 '345 7. B 0,) SH
13 1hO GS

179 11 1.1 1 1 .21 4]0 207 194 704 7.8 2.0 SH

River valley

9.7 B.O \1,3 0.8 o.(){+ 189 184 126 a 280 7.7 0.4 GS
15 21 ,2 2.4 12 280 1B7 25 419 fl. 0 7 SH

19 415 C;S
100 30 .6 8.1 ,14 409 402 264 84 640 7.9 .9 GS
90 30 7 6.9 .14 390 389 24B 59 600 7.6 .9 r:s

64 30 .7 9.2 11 334 311 190 56 SIS 8.1 9 c:s
BB 30 ,4 .1 ,27 126 240 76 h30 7.4 .6 SH

valley

667 64 0.8 0.45 1,180 795 646 1,640 8.0 1.2 88
67 1,520 cs

Valley

2,310 71 2.5 1.0 n.98 1,400 1,7RO 1, JOn 1,610 7.9 '3. 8 88

Valley

101 29 9.4 .10 435 380 300 120 671 8.0 .4 cs

2.2 159 CS
4.0 10 0.1 0.4 94 72 14') n.l SH

7.5 311 (;S
7.0 19 .2 .0 .04 JlO 226 425 .S S1I

16 4BO (;S
17 14 1.0 ,04 246 247 191 11 40') 7.6 .4 GS

4.0 4.0 .0 .0 169 108 22) 7.7 .2 SH
1.7 223 GS

67 43 .S .22 314 260 78 620 /.4 , 9 IIR
61 11 .3 1.1 .16 327 240 78 'jlS 8.0 ,0 Sl1
95 10 .3 1.2 .06 328 243 91 ')16 7.9 .2 SH

8.0 487 GS

415 285 1.6 BO 1,240 140 161 2,010 6.7 118
295 2,010 GS

456 48 1.9 ,45 889 314 149 1,320 8.2 4.1 118
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Table IB.--Chemical analyses and tl'rnperatllp'

Hi II i~ri'lm,.;

u "
G
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" u . 0
J.1t 0
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~
0
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.

" .
.~

.
.~
. c

0 0

~0
~ c u c . .
~ 0 "" ] a~

. . 0': 0,n u '" ~ ~

WF:LL~;

~ntR. C1R.ra

11.') 1,-1

"

-\I " IH.I! I!, ')01 ),92
1/,d.1<1-1 :/:.1,,-] L-h/) Irk 12 (J.OI 371 92 182 H) 272

Santa Clara

(i-!,Il J 1);' 1ddl,~ 1 11-1 (i'l 2') 0.0\ 82 17 28 4, I no
II,) 1hhe, -, ] ',-h 1 Oil I", J2 194 4', JA 4 \A

I hdc 1'-1 II' I {III I}. n
~'2dca - 1 -Ie)-hl Qtl I h. 1 lJ '04 81 148 C1.ll 1'))

!2llcil-1 f,-:'H-bi'l Otl Il.l) 15 214 " 14/, i,q/f

7?dc.'l-] (,- ,-i() QII )r).o

\"<'Id<1-1 11'1 ·J7-hP. 011 I R,n 29 248 01 "4 '04
II1)J],'l,I-1 , jll-hfi 1)11 Ih .11 37 14') 185 227. 4',n

--_. -------
TrianKle

(I' _i,1_1 e
,) 12ccd-:' ' ~) O_h 7 I' r ~ll ]h. oJ 17 409 207 143 10 Qh

I}crd-;l i-l-7}-hfi "em 1q.n ,8 417 209 1% Ion

Vir/itin River

U:-42-14)20abc.:-l 10-20 -h') rnn 144 41 295 18 278
21cch-1 ]lL (.-h') Q" 141 93 106 14 189

((:-4 J-lh) 12aaa-l lO- CI-fiR Qu
12,1dh- 1 !-...I7-22-h9 Qg 0.53 244 168 231 48 2Rn
22dl'll,- I l(l- A~ 6R Qt 21. () 17 581 36') ] ,110 2C1fi

Washinp;ton

(1-42-1',)14dad-l H- !:)-hR frc H),() 11 92 81 2().'1 loA
nee h-l l(l- In-hR Tnlln 20 84 45 140 216
nddh-l 111-1 'i-hR frm
J1ddd-l 111-1 '1-f,1-1 ['res n,n 22 597 2')') 7')(j iH4
!iglhrt-] J(1-IM-hR ( .~/) 11.0 25 ')01 292 '148 192

l rlhaa-l 111-1 ,-hH 1)1' Ill.!)
l'ida(l-l ] 1)-1 "-hR l)'1

{( il"l-I 0)) 2"1<1<1-1 I)" 1'I,n 17 467 198 If+! 12()

Other

" -'+11-1 n?7hdh-.: lO-2'i-h,1 )l.() 213 ')8 21 8,Q 226
(('-4 J -11) 12chh-1 -"I Ir,'s In 7. hO wo 258 ,8 \8\

" -'.1- J 7, 7dca-1 l-]Q-h" Jlrn 18 ,19 109 27 11 2,7 245
1-1("('1'1-1 ]7.(] I" 0') 66 14 h.O , A 21'J

l7cha-1 I> :!-hh ITrn Ih ,01 " 10 18 4,n 244
-i.}-l h) ?(.aca-l 1R-i,P; Tek n.1l

" -',1-1 'J)(.dac-] , , 11'1 h7f> 4R4 (~ 71 12 :'fJ7

IIJacc-1 j;o;_hR :'11, n 581 2l q 344 .~4()

SPRINCS

A.h creek

I, -4(1- 11) 'lc)Hcd_~1 111_2"_1','<; IlI1 17. n 3A 78 32 22 220
l'iacd- ,.;t I)h Ih. C

,

" _i. I-In 11CHd-:;] 111-2H-hR r)h 17. II 36 84 43 27 274

Di.amond

(('-(,1)-1 h) 1c){l ..v1.-~ I 10-1 h-"I-: " J9. ()

Hurri.cane

(, -'t/-14)2dah-:;I R-2{',-hi"\ I)h 21.0 24 172 90 24 188

New HArmony

_'\R_] 'n lhhdh-S1 1-1h-h' r)11 " 0.01 I,n 12 8,9 2.'1 ]8n
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of water from selected wells and spring:, --Cont iOlled

per liter
u

;;; . 0

Dissol ved sol ids

~ f · ~
0- ""u E u 0

C

." ." ~. . m c · 1
." .. ." ." " '~ · F. " !

c 0 · .
l~

;> III

~ 0 .'
c c u >

0 ." ." u

E"~0 "' " u u
0 Ei · · . 0 F

~ U 7 U '" "' ':i

Cnnt inued

Rench

2.530 90 11 1. H1 4,070 3,R70 2,450 2,2'W 1,A70 I. R 2.1 CS

1,390 60 0.2 ] 7 41, 2,450 1,110 1,lSO 2.280 ! .4 2. Sl-l

River valley

5] 33 n. f, 1.2 (1.22 412 27S 54 671 n.7 SH

30R 48 904 8')8 670 311 1,240 7.6 .6 CS

II 1.420 CS

lOb 92 1.1 " I, ')10 1,1.. 70 8'12 'ih1 1 j j 2.2 C,l;

692 90 ]4 1. SCj() 1,580 8"i8 4'i'\ 1 H. (I 2. ll cs
635 8JO 1 ,781l cs

508 58 .24 1 ,]I () 1,270 B80 411:\ J, hHO i .H I.'j cs
1,450 158 1.1 2,620 2,620 l,h)() 1,2S0 ?, qr1() 7. q 2.4 (;:-;

-----~_ ..._._ ..

Valley

1,930 52 I.R 7.0 1,100 2,820 ] ,R70 1,790 1,Oc)O 7.:3 I,!. cs
2,050 72 12 ] ,060 3,020 1,900 ],820 3,OSO 7.8 2.0 CS

valley

432 326 1.5 S.2 0.61 1,400 531 303 2,ORO 7.2 S. (} HR

814 78 1.6 .98 1,400 734 579 1,800 H. () 2.6 HR

600 4, l7D cs
170 580 2,900 1,290 4, ')20 , R IT

2,790 1,560 15 1. 60 6,860 6,590 2,9S0 2,710 R,190 "7. R R.9

Valley

616 47 o. ] 1,180 1,230 565 265 1, hl0 H.2 .\./ cs
303 146 .r. 25 958 84') 396 219 1,430 1.9 3.0 (;S

535 3,350 CS

2,230 1,120 \I 1 30 5,460 5,260 2,540 2,210 h,490 7.6 h.8 cs
2,100 7809 29 86 1.. ,590 4,480 2,4'jO 2, no '1,40() 1.7 4,8 cs

620 4,790 cs
620 S,240

1,900 100 87 3,200 2,970 1,980 1,880 '3,1')0 1.1 1.4

18 Il h.i:! n.n) 29') 2HI 240 51 Mlt. 7.Y 0.2 (; ~;

J,510 22 7.5 \ 1 2,390 2,370 1,810 1,490 7.2 Sil

]66 21 3 " 7 .19 51] )82 18] h60 7.1 1 St1

20 20 1 20 28] 221 2', 1+') c) 8.4 2 SII

Jl 20 ,I, 286 207 7 t..70 /.5 I.] SH

110 3. h30 r;s

3,630 571 3.2 1.82 5,9hO 1,680 3,51.0 h,690 7.9 3,4

2,050 512 r)b .4') 4,080 3,900 1,350 2,150 4,520 7.7 3.]

valley

159 18 1.1 n.Oh 474 4'io 326 ]46 fiB2 7.7 0.'> CS

20 ]24 702 cs
180 20 6.8 07 544 532 386 161 771 7.7 .6 GS

Valley

10 412 cs

Hench

562 70 19 1,300 1,O'j0 BOO fi46 1,600 7.9 0.4 Cs

Valley

\.0 11 0.2 l.() (J.07 244 ]48 ]}O n.) SH
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PUBLICATIONS OF THE UTAH DEPARTMENT OF NATURAL RESOURCES,
DIVISION OF WATER RIGHTS

(*)-Out of Print

TECHNICAL PUBLICATIONS

No. 1.

No. 2.

*No. 3.

*No. 4.

*No. 5.

Underground leakage from artesian wells in the Flowell area, near Fillmore, Utah, by
Penn Livingston and G. B. Maxey, U. S. Geological Survey, 1944.

The Ogden Valley artesian reservoir, Weber County, Utah, by H. E. Thomas, U. S.
Geological Survey, 1945.

Ground water in Pavant Valley, Millard County, Utah, by P. E. Dennis, G. B. Maxey,
and H. E. Thomas, U. S. Geological Survey, 1946.

Ground water in Tooele Valley, Tooele County, Utah, by H. E. Thomas, U. S.
Geological Survey, in Utah State Eng. 25th Bienn. Rept., p. 91-238, pis. 1-6, 1946.

Ground water in the East Shore area, Utah: Part I, Bountiful District, Davis County,
Utah, by H. E. Thomas and W. B. Nelson, U. S. Geological Survey, in Utah State Eng.
26th Bienn. Rept., p. 53-206, pis. 1-2, 1948.

*No. 6. Ground water in the Escalante Valley, Beaver, Iron, and Washington Counties, Utah,
by P. F. Fix, W. B. Nelson, B. E. Lofgren, and R. G. Butler, U. S. Geological Survey, in
Utah State Eng. 27th Bienn. Rept., p. 107-210, pis. 1-10,1950.

No. 7.

*No. 8.

No. 8.

No. 9.

*No. 10.

*No. 11.

No. 12.

*No. 13.

*No. 14.

*No. 15.

Status of development of selected ground-water basins in Utah, by H. E. Thomas,
W. B. Nelson, B. E. Lofgren, and R. G. Butler, U. S. Geological Survey, 1952.

Consumptive use of water and irrigation requirements of crops in Utah, by C. O.
Roskelly and Wayne D. Criddle, 1952.

(Revised) Consumptive use and water requirements for Utah, by W. D. Criddle, K.
Harris, and L. S. Willardson, 1962.

Progress report on selected ground water basins in Utah, by H. A. Waite, W. B. Nelson,
and others, U. S. Geological Survey, 1954.

A compilation of chemical quality data for ground and surface waters in Utah, by J. G.
Connor, C. G. Mitchell, and others, U. S. Geological Survey, 1958.

Ground water in northern Utah Valley, Utah: A progress report for the period
1948-63, by R. M. Cordova and Seymour Subitzky, U. S. Geological Survey, 1965.

Reevaluation of the ground-water resources of Tooele Valley, Utah, by Joseph S.
Gates, U. S. Geological Survey, 1965.

Ground-water resources of selected basins in southwestern Utah, by G. W. Sandberg,
U. S. Geological Survey, 1966.

Water-resources appraisal of the Snake Valley area, Utah and Nevada, by J. W. Hood
and F. E. Rush, U. S. Geological Survey, 1966.

Water from bedrock in the Colorado Plateau of Utah, by R. D. Feltis, U. S. Geological
Survey, 1966.
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No. 16. Ground-water conditions in Cedar Valley, Utah County, Utah, by R. D. Feltis, U. S.
Geological Survey, 1967.

*No. 17. Ground-water resources of northern Juab Valley, Utah, by L. J. Bjorklund, U. S.
Geological Survey, 1968.

No. 18. Hydrologic reconnaissance of Skull Valley, Tooele County, Utah, by J. W. Hood and
K. M. Waddell, U. S. Geological Survey, 1968.

No. 19. An appraisal of the quality of surface water in the Sevier Lake basin, Utah, by D. C.
Hahl and J. C. Mundorff, U. S. Geological Survey, 1968.

No. 20. Extensions of streamflow records in Utah, by J. K. Reid, L. E. Carroon, and G. E.
Pyper, U. S. Geological Survey, 1969.

No. 21. Summary of maximum discharges in Utah streams, by G. L. Whitaker, U. S. Geological
Survey, 1969.

No. 22. Reconnaissance of the ground-water resources of the upper Fremont River valley,
Wayne County, Utah, by L. J. Bjorklund, U. S. Geological Survey, 1969.

No. 23. Hydrologic reconnaissance of Rush Valley, Tooele County, Utah, by J. W. Hood, Don
Price, and K. M. Waddell, U. S. Geological Survey, 1969.

No. 24. Hydrologic reconnaissance of Deep Creek valley, Tooele and Juab Counties, Utah, and
Elko and White Pine Counties, Nevada, by J. W. Hood and K. M. Waddell, U. S.
Geological Survey, 1969.

No. 25. Hydrologic reconnaissance of Curlew Valley, Utah and Idaho, by E. L. Boike and Don
Price, U. S. Geological Survey, 1969.

No. 26. Hydrologic reconnaissance of the Sink Valley area, Tooele and Box Elder Counties,
Utah, by Don Price and E. L. Boike, U. S. Geological Survey, 1969.

No. 27. Water resources of the Heber-Kamas-Park City area, north-central Utah, by C. H.
Baker, Jr., U. S. Geological Survey, 1970.

No. 28. Ground-water conditions in southern Utah Valley and Goshen Valley, Utah, by R.M.
Cordova, U.S. Geological Survey, 1970.

No. 29. Hydrologic reconnaissance of Grouse Creek valley, Box Elder County, Utah, by J.W.
Hood and Don Price, U.S. Geological Survey, 1970.

No. 30. Hydrologic reconnaissance of the Park Valley area, Box Elder County, Utah, by J.W.
Hood, U.S. Geological Survey, 1971.

No. 31. Water resources of Salt Lake County, Utah, by Allen G. Hely, R.W. Mower, and C.
Albert Harr, U.S. Geological Survey, 1971.

No. 32. Geology and water rpsources of the Spanish Valley area, Grand and San Juan Counties,
Utah, by C.T. Sumsion, U.S. Geological Survey, 1971.

No. 33. Hydrologic reconnaissance of Hansel Valley and northern Rozel Flat, Box Elder
County, Utah, by J.W. Hood, U.S. Geological Survey, 1971.

No. 34. Summary of water resources of Salt Lake County, Utah, by Allen G. Hely, RW.
Mower, and C. Albert Harr, U.S. Geological Survey, 1971.
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No. 35. Ground-water conditions in the East Shore area, Box Elder, Davis, and Weber
Counties, Utah, 1960-69, by E. L. Boike and K.M. Waddell, U.S. Geological Survey,
1972.

No. 36. Ground-water resources of Cache Valley, Utah and Idaho, by L.J. Bjorklund and L.J.
McGreevy, U.S. Geological Survey, 1971.

No. 37. Hydrologic reconnaissance of the Blue Creek valley area, Box Elder County, Utah, by
E. L. Boike and DJn Price, U.S. Geological Survey, 1972.

No. 38. Hydrologic reconnaissance of the Promontory Mountains area, Box Elder County,
Utah, by J.W. Hood, U.S. Geological Survey, 1972.

No. 39. Reconnaissance of chemical quality of surface water and fluvial sediment in the Price
River Basin, Utah, by J. C. Mundorff, Hydrologist, U. S. Geological Survey, 1972.

WATER CIRCULARS

No.1. Ground water in the Jordan Valley, Salt Lake County, Utah, by Ted Arnow, U. S.
Geological Survey, 1965.

No.2. Ground water in Tooele Valley, Utah, by J. S. Gates and O. A. Keller, U. S. Geological
Survey, 1970.

BASIC-DATA REPORTS

* No.1. Records and water-level measurements of selected wells and chemical analyses of
ground water, East Shore area, Davis, Weber, and Box Elder Counties, Utah, by R. E.
Smith, U. S. Geological Survey, 1961.

*No. 2. Records of selected wells and springs, selected drillers' logs of wells, and chemical
analyses of ground and surface waters, northern Utah Valley, Utah County, Utah, by
Seymour Subitzky, U. S. Geological Survey, 1962.

*No. 3.

*No. 4.

*No. 5.

*No. 6.

No. 7.

No. 8.

Ground water data, central Sevier Valley, parts of Sanpete, Sevier, and Piute Counties,
Utah, by C. H. Carpenter and R. A. Young, U. S. Geological Survey, 1963.

Selected hydrologic data, Jordan Valley, Salt Lake County, Utah, by I. W. Marine and
Don Price, U. S. Geological Survey, 1963.

Selected hydrologic data, Pavant Valley, Millard County, Utah, by R. W. Mower, U. S.
Geological Survey, 1963.

Ground--water data, parts of Washington, Iron, Beaver, and Millard Counties, Utah, by
G. W. Sandberg, U. S. Geological Survey, 1963.

Selected hydrologic data, Tooele Valley, Tooele County, Utah, by J. S. Gates, U. S.
Geological Survey, 1963.

Selected hydrologic data, upper Sevier River basin, Utah, by C. H. Carpenter, G. B.
Robinson, Jr., and L. J. Bjorklund, U. S. Geological Survey, 1964.

No.9. Ground-water data, Sevier Desert, Utah, by R. W. Mower and R. D. Feltis, U. S.
Geological Survey, 1964.

*No. 10. Quality of surface water in the Sevier Lake basin, Utah, by D. C. Hahl and R. E.
Cabell, U. S. Geological Survey, 1965.
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*No. 11.

No. 12.

No. 13.

No. 14.

No. 15.

No. 16.

No. 17.

No. 18.

Hydrologic and climatologic data, collected through 1964, Salt Lake County, Utah by
W. V. lorns, R. W. Mower, and C. A. Horr, U. S. Geological Survey, 1966.

Hydrologic and climatologic data, 1965, Salt Lake County, Utah, by W. V. lorns,
R. W. Mower, and C. A. Horr, U. S. Geological Survey, 1966.

Hydrologic and climatologic data, 1966, Salt Lake County, Utah, by A. G. Hely, R. W.
Mower, and C. A. Horr, U. S. Geological Survey, 1967.

Selected hydrologic data, San Pitch River drainage basin, Utah, by G. B. Robinson, Jr.,
U. S. Geological Survey, 1968.

Hydrologic and climatologic data, 1967, Salt Lake County, Utah, by A. G. Hely, R. W.
Mower, and C. A. Horr, U. S. Geological Survey, 1968.

Selected hydrologic data, southern Utah and Goshen Valleys, Utah, by R. M. Cordova,
U. S. Geological Survey, 1969.

Hydrologic and climatologic data, 1968, Salt Lake County, Utah, by A. G. Hely,
R. W. Mower, and C. A. Horr, U. S. Geological Survey, 1969.

Quality of surface water in the Bear River basin, Utah, Wyoming, and Idaho, by K. M.
Waddell, U. S. Geological Survey, 1970.

No. 19. Daily water-temperiltllre records for Utah streams, 1944-68, by G. L. Whitaker, U. S.
Geological Survey, 1970.

No. 20. Water quality data for the Flaming Gorge area, Utah and Wyoming, R.J. Madison, U.S.
Geologic<11 Survey, 1970.

No. 21. Selected hydrologic data, Cache Valley, Utah and Idaho, L.J. McGreevy and L.J.
Bjorklund, U.S. Geological Survey, 1970.
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