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HYDROLOGIC CONDITIONS IN THE WHEATLAND FLATS
AREA, PLATTE COUNTY, WYOMING

By Epwin P. WEEKs

ABSTRACT

Wheatland Flats, an area of about 100 square miles in Platte County, Wyo.,
is bounded on the east by Chugwater Creek, on the north by the Laramie River,
and on the west by Sybille Creek. The southern boundary is approximately the
southernmost limit of the terrace deposits. About 50,000 acres of land in the area
is irrigated with water supplied by the Wheatland Irrigation District. Adequate
supplies of water for irrigation are available only in years when stream runoff is
above normal; for the years 1945-56, annual water shortages averaged about 0.5
acre-foot per acre of irrigated land.

The area is underlain by rocks of Precambrian, Tertiary, and Quaternary age.
The principal water-bearing formations include the Arikaree Formation of
Tertiary age and terrace deposits of Quaternary age. The terrace deposits,
which are very permeable, absorb and hold large quantities of water during the
irrigation season. Much of the water is transmitted through the Arikaree For-
mation to the major streams bounding the area, which lie at a lower altitude than
the terrace deposits. A considerable head decline associated with the downward
movement of water exists in the area, and the piezometric level for water at depth
in the Arikaree Formation is lower than the water table in most places.

Underflow to and from the area is limited by deeply entrenched streams on the
west, north, and east sides and by relatively impermeable beds on the south side.
The ground-water reservoir is recharged almost entirely by seepage from irrigation
and by precipitation. Recharge by seepage from irrigation was 45 to 50 percent
of the water applied in 1959 and 35 to 40 percent of the water applied in 1960.
The difference between recharge rates for the 2 years probably is caused partly
by inaccuracies in interpreting the data and partly by changes in irrigation prac-
tices during the 2 years. From 5 to 10 percent of the precipitation in the area is
estimated to be recharged to the ground-water reservoir.

Discharge from the ground-water reservoir is by seepage to streams, springs,
and drains, by evapotranspiration, and by pumping from wells. About 23,000
acre-feet of water is discharged to the major streams by seepage from the Arikaree
Formation. Some ground water is discharged from the terrace deposits and the
upper part of the Arikaree Formation to minor streams, drains, seeps, and springs.
The annual amount of water thus discharged is dependent on the amount of sur-
face water applied for irrigation and on the amounts of precipitation.

From 60 to 65 percent of the surface water applied for irrigation and 90 to 95
percent of the precipitation in the area is discharged by evapotranspiration. About
2,500 acre-feet is transpired by nondesirable hydrophytes and phreatophytes.

About 4,000 acre-feet of ground water was pumped for municipal, domestic and
stock, and irrigation uses in 1959, and about 7,700 acre-feet was pumped in 1960.

On the basis of aquifer tests and specific-capacity data, the coefficient of trans-
missibility for the terrace deposits ranges from about 10,000 to about 120,000 gpd
(gallons per day) per ft, and the coefficient of permeability ranges from about
500 to 5,000 gpd per sq ft. The average values for the coefficients of trans-
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2 HYDROLOGIC CONDITIONS, PLATTE COUNTY, WYOMING

missibility, storage, and vertical permeability for the Arikaree Formation are
about 5,700 gpd per ft, 5.4X10~%, and 0.48 gpd per sq ft, respectively. On
the basis of the accretion component of head and the accretion rate to the Arikaree
Formation, the coefficient of transmissibility is about 10,000 gpd per ft. The
figure of 10,000 gpd per ft probably is more accurate for the formation than the
figure determined by the aquifer tests, because the aquifer tests were made at the
sites of partly penetrating wells and do not indicate conditions for the aquifer as
a whole. .

A minimum value for the vertical permeability based on the difference in head
between the water table and the piezometric surface and the accretion rate to the
Arikaree Formation at depth is about 0.06 gpd per sq ft. The maximum recharge
to the formation, based on this value, is about 400 acre-feet per day, considerably
more than the recharge of 165 acre-feet per day needed to maintain ground-water
supplies for the pumping project proposed by the U.S. Bureau of Reclamation.

Under the proposed Bureau of Reclamation’s pumping plan, about 15,600
acre-feet of ground water would be pumped annually to supplement surface-
water supplies. About 12,000 acre-feet of additional surface water would be
made available by increasing storage space and by lining some canals outside the
project area. New equilibrium levels for the water table and the piezometric
surface produced by pumping 18,000 acre-feet annually from the Arikaree For-
mation for several years would be from 5 to 10 feet and from 25 to 30 feet lower,
respectively, than at present. About 9,000 acre-feet of water would be captured
from increased recharge resulting from the additional supply of water made
available under the plan, and the remaining 9,000 acre-feet would be salvaged
from water that would be discharged by seepage to streams and by evapotranspi-
ration under present conditions. Streamflow in the Laramie River below its
confluence with Chugwater Creek eventually might be dimivished by as much as
7,000 acre-feet a year.

If all the water were pumped from the Arikaree Formation, average pumping
lifts for water pumped under the project plan would be from 185 to 190 feet.

INTRODUCTION
PURPOSE AND SCOPE

This investigation was made by the U.S. Geological Survey in
cooperation with the U.S. Bureau of Reclamation to determine the
availability of ground water in the Wheatland Flats area for supple-
mental irrigation supplies. Water for irrigation is diverted from the
Laramie River, but in many years the supply is inadequate for crop
requirements. The Bureau of Reclamation is studying the feasibility
of constructing ground-water pumping facilities to alleviate the prob-
lem. The study requires detailed quantitative data from which an
estimate can be made of the effects of an increased draft on the ground-
water reservoir. This report is based on field investigations carried
out between July 1958 and June 1961. Investigations included in-
ventory of most small-discharge wells and all large-discharge wells,
examination of drill cuttings of the Arikaree Formation, periodic
measurements of water levels in selected wells, compilation of pump-
age inventories, and several aquifer tests on the Arikaree Formation.
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Much of the material for this paper was adapted from previous reports,
especially the report by Morris and Babcock (1960), to avoid
duplication of effort.

The work was done under the supervision of Ellis D. Gordon,
district geologist for the Ground Water Branch of the U.S. Geological
Survey in Wyoming.

LOCATION AND EXTENT OF THE AREA

Wheatland Flats includes an area of about 100 square miles in Platte
County, Wyo., bounded on the east by Chugwater Creek, on the north
by the Laramie River, and on the west by Sybille Creek The south-
ern Boundarv is mdeﬁmte it is considered to lie along the southernmost
it of the terrace deposits in the Wheatland Flats area. The area
described in this report includes the Wheatland Flats and adjacent
areas in Tps. 23, 24, and 25 N., Rs. 67, 68, and 69 W., (PL. 1; fig. 1).

METHODS OF INVESTIGATION

The irrigation-well inventory of Morris and Babcock (1960) was
brought up to date. Data were obtained on 42 wells tapping the
Arikaree Formation of Tertiary age and 63 wells tapping the terrace
deposits of Quaternary age that had been constructed to supply water
for irrigation, municipal, or industrial use. Morris and Babcock’s
inventory of small-discharge wells tapping the Arikaree Formation
also was brought up to date. The depth to water was measured in
most of the wells that were visited, and reported depths were obtained
from the owners or tenants for wells that could not be measured. The
discharges and drawdowns of most of the large-discharge wells were
measured, and logs of as many wells as possible were obtained.

Periodic measurements of water levels were begun in May 1958 in 19
observation wells tapping the Arikaree Formation and 33 observation
wells tapping the terrace deposits. In addition, periodic measure-
ment of water levels in 13 observation wells installed by the Bureau of
Reclamation was assumed by the Geological Survey in November 1960.

The Bureau of Reclamation drilled five test holes, four of which were
finished as observation wells, in the area to obtain lithologic data on
the Arikaree Formation. The Bureau also drilled 10 observation
wells in the vicinity of well 23-68—4abc to facilitate making an aquifer
test at that site.

The Geological Survey drilled eight observation wells tapping the
Arikaree Formation to be used in aquifer tests at the sites of five
irrigation wells. Stratigraphic data were collected at these sites.
In 1953, the Geological Survey drilled 73 test holes to the base of the
terrace deposits (Morris and Babcock, 1960, p. 113).

During this investigation, aquifer tests were made at the sites of
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eight irrigation wells tapping the Arikaree Formation. One test was
made on the Arikaree Formation and three were made on the terrace
deposits by Morris and Babcock (1960, p. 52-54) during their
investigation.

Locations and altitudes of wells were determined from Geological
Survey topographic maps of the 1:24,000 series. Altitudes of Geo-
logical Survey and Bureau of Reclamation test holes were determined
by spirit leveling.

Maps were prepared showing the location of wells, contours on the
top of the bedrock, contours on the water table and the piezometric
surface, the saturated thickness of the terrace deposits, depth to the
water table below the land surface, and the difference in head between
the piezometric surface and the water table. The geologic map was
taken from Morris and Babcock (1960, pl. 2).

A detailed study of the hydrology was made. The head of water at
depth in the Arikaree Formation was broken down into two compo-
nents—that due to the aquifer boundaries and that due to accretion—
by means of an electrical analog apparatus. Estimates of recharge to
the ground-water reservoir were made from water-level measurements
and streamflow gains; deep percolation losses were estimated from a
flow-net analysis of streamflow gains, and the aquifer coefficients were
determined by aquifer tests and other methods.

WELL-NUMBERING SYSTEM

The wells are numbered according to their location within the U.S.
Bureau of Land Management’s system of land subdivision. All wells
are in the sixth principal meridian and baseline system. The well
number shows the location of the well by township, range, section,
and position within the section. A graphical illustration of the well-
numbering system is shown by figure 2. The first numeral of a well
number indicates the township, the second the range, and the third
the section in which the well is located. The lowercase letters follow-
ing the section number indicate the position of the well within the
section. The first letter denotes the quarter section, the second the
quarter-quarter section, and third the quarter-quarter-quarter section
(10-acre tract). The subdivisions of the sections are lettered a, b, ¢,
and d in a counterclockwise direction, beginning in the northeast
quarter. If more than one well is listed in a 10-acre tract, consecutive
numbers beginning with 1 are added to the well number. Locations
of wells and test holes in the area are shown on figure 3.

This numbering system was used also to designate the test holes and
springs and to designate flow-measuring stations on the major streams.
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F1GURE 2,—Sketch showing well-numbering system.

PREVIOUS INVESTIGATIONS

The first published report on ground water in the area is one by
Edwards (1941) on the ground-water resources in the valleys of Chug-
water Creek and Laramie and North Laramie Rivers. R. T. Littleton
(1950) made a reconnaissance of the ground-water resources in the
area, giving special emphasis to water losses from canals to the terrace
deposits. Morris and Babcock (1960) made a comprehensive study
of the ground-water resources of Platte County, with emphasis on
the Wheatland Flats area.

ACKNOWLEDGMENTS

The writer is indebted to the many persons who contributed infor-
mation and assistance. Messrs. Clarence Galusha and Robert Mor-
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dahl furnished information on wells they had drilled in the area.
Residents in the Wheatland Flats area supplied information on their
wells and gave permission for various measurements and tests to be
made on their property.

The free exchange of ideas between the author and Messrs. Robert
Cross and Dale Raitt of the Bureau of Reclamation contributed a
great deal to this report, as did the whole-hearted cooperation of many
other Bureau of Reclamation personnel.

HISTORY OF IRRIGATION IN THE AREA

Approximately 40,000 to 50,000 acres of land is irirgated in the
Wheatland Flats area with water supphed by the Wheatland Irrigation
District. The principal crops grown on the irrigated acreage are corn,
sugar beets, beans, hay, barley, oats, and pasture. Livestock feeding
is a major enterprise.

Irrigation was begun in the area in 1883 with irrigation water
obtained directly from streamflow. About 30,000 to 40,000 acres of
land was settled and u’r‘1gated under this program. _Supplies of surface

water from streamflow were ample for irrigation in the spring and early

_summer, when runoff from snowmelt was high, but late in the growmg
season supplies generally were insufficient. Therefore, two Teservoirs
were constructed to store water during periods of high streamflow and
during the nonirrigation season, under a charter providing for the
trrigation of 63,500 acres of land. In 1896, Reservoir No. 1, having
a usable capacity of 5,300 acre-feet, was completed in secs. 5 and 6,
T. 23 N., R. 68 W.; and, in 1901, Reservoir No. 2, having a usable
capacity of about 60,000 acre-feet, was completed on the Laramie
River, about 24 miles west of the project area. The height of the
dam for Reservoir No. 2 was raised in the 1930’s, and the capacity of
the reservoir was thus increased to 99,000 acre—feet (M. J. Greer,
written communication, 1962). = T 7°

Irrigated acreage is much smaller than the 63,500 acres provided for
under the charter; it varies from year to year, depending on the amount
of water available and market conditions. The average acreage irri-
gated during the period_1930-46 was about 43,000 acres. The area
has sufficient water for irrigation onTy ‘1n years when stream runoff is
above normal. In the period 1945-56, annual water shortages aver-
‘aged about 0.5 acre-foot per acre of 1rr1gated land (U.S. Bureau of
Reclamation, 1958, p. 23). Thus, water shortages constitute a major
problem to agriculture in the area.

GEOLOGY

Igneous and metamorphic rocks of Precambrian age and sedi-
mentary rocks of Tertiary and Quaternary age crop out in the Wheat-



8 HYDROLOGIC CONDITIONS, PLATTE COUNTY, WYOMING

land Flats area. The geology of the Wheatland Flats is shown in

plate 1.
ROCKS OF PRECAMBRIAN AGE

Rocks of Precambrian age crop out a short distance west of the
Wheatland Flats.  The rocks consist of granite, gneTs?aﬁd schist
that have been intruded by pegmatite dikes. These igneous rocks
are genetically related to the rock mass of the Laramie Range (Little—
ton, 1950, p. 10). These rocks do not yleld water to wells in the

Wheatland Flats area.

ROCKS OF TERTIARY AGE

The rocks of Tertiary age that crop out in the Wheatland Flats area
include the Brule Formation of of Oligocene age, the Arikaree Formation
of Miocene age, and undifferentiated alluvial deposits of probable
Tertiary age. The ages of the Oligocene and Miocene deposits have
‘been detérmined by study of vertebrate fossils found in them and by
their lithology and stratigraphic sequence. No fossils were found in
the undifferentiated alluvial deposits, and their age has been estimated
from lithologic characteristics and stratigraphic position (Morris and

Babcock, 1960, p. 38).
BRULE FORMATION

The Brule Formation consists of white to buff-orange, moderately
hard brittle argillaceous, bentonitic blocky siltstone or silty claystone
(Morris and Babcock, 1960, p. 32). The formation is middle to late
Oligocene in age and correlat,es with the upper unit of the White River
Group in other areas in Wyoming, South Dakota, Nebraska, and
northern Colorado (Wood and others, 1941, p. 1).

The permeability of the rocks is very 1 low The formation i is of po

permeaby

yleld small quantities of water to numerous domestlc and stock wells
a few miles east of the Wheatland Flats.
ARIKAREE FORMATION

The deposits of Miocene age in the area constitute a fairly homo-
geneous, mappable unit; however, detailed geologic and paleontologic
work in western Nebraska and in the Greyrocks area, Platte County,
Wyo., indicate that the Miocene deposits may be divided into smaller
mappable units.

MeceGrew (unpublished master’s thesis, University of Wyoming,
1953) recognized and subdivided the Arikaree Formation in the Grey-
rocks area, 10 to 12 miles east of the Wheatland Flats. Although the
formations recognized by McGrew probably are present in the Wheat-
land Flats area, the scope of this report did not warrant the detailed
study necessary to subdivide the sandstones of Miocene age. They
have been grouped under the Arikaree Formation in this report.



GEOLOGY 9

Lithology.—The Arikaree Formation is composed chiefly of fine to
very fine quartz sand and sandstone containing muscovite and biotite
grains. In many places in Platte County, the formation consists of
two distinct lithologic units, a basal conglomeratic unit and an upper
sandy unit. The basal unit has not been observed in the Wheatland
Flats area, but it may be present at depth locally. The basal con-
glomerate was deposited in stream channels and lies unconformably
on the Brule Formation (Morris and Babcock, 1960, p. 33-34).

Morris and Babeock (1960, p. 34) described the basal unit as con-
sisting of loosely to well-cemented red to gray coarse to very coarse
sandstone interbedded with lenses of well-cemented conglomerate
containing fine to very coarse gravel and boulders. These materials
have been derived from the Laramie Range and other structurally
high areas and include quartzite, felsic rocks, mafic rocks, sandstone,
limestone, and chert.

The upper unit is composed, for the most part, of light-gray to tan
very fine to fine-grained silty sandstone interbedded with thin lenses
of white to light-tan fine-grained sandstone very tightly cemented
with concretionary lime. Individual concretions are numerous in
many places. Some of these concretions are spherical and others are
cylindrical. The cylindrical concretions, called “pipy conecretions’’ by
Darton (1903, p. 23-29), seem to be much more numerous than the
spherical ones. The cylindrical coneretions have been described by
Wenzel, Cady, and Waite (1946, p. 72-75).

The uppermost part of the upper sandy unit in the Wheatland Flats
area is very poorly cemented and contains fewer limy concretions than
zones lower in the unit. The upper zone does not stand as open hole
when drilled and is known by drillers in the area as quicksand. The
zone is poorly defined and is inconsistent between wells as to thick-
ness or altitude of the bottom of the zone. It is difficult to complete
wells in this poorly consolidated material, and in most of the wells the
top part of the upper unit has been cased off.

Some wells penetrate lenticular deposits of coarse sand to fine
gravel in the upper unit. The deposits are poorly sorted, subangular
to subrounded, and contain a predominance of orthoclase and ande-
sine(?) plagioclase grains. These coarse lenticular deposits may have
been deposited in stream channels. Five wells (24-68-34bbel,
24-68—27accl, —27acc2, 24-68-22accl, and —22acc2) tapped a con-
siderable thickness of the coarse deposits. These wells lie in a
northward-trending line and indicate a continous channel in this area.
The wells yield much more water than others in the area. Thin white
beds of silty limestone were penetrated in several wells and test holes,
and beds of hard green claystone were tapped in USBR test hole 5
(fig. 4). Samples of cuttings from wells 24-68-22aac1, 24-68-27aac2.




10 HYDROLOGIC CONDITIONS, PLATTE COUNTY, WYOMING

24-68-27bdd, and 24-67-7acd all contained some sand composed of
rounded frosted quartz grains that appear to be aeolian in origin.
Particle-size distribution analyses of the Arikaree Formation were
made on eight core samples taken from USBR test hole 1 by the
Bureau of Reclamation. The results of these analyses are given in
table 1. The first four samples were taken from unconsolidated
deposits in the upper part of the formation and are composites of the
material recovered in the depth intervals shown. The last four
samples are continuous cores of consolidated material taken at the
indicated depths. The mean grain size of five of the eight samples
is in the very fine sand range (0.0625-0.125mm). In two samples, the
mean grain size is in the fine sand range (0.125-0.250mmy); and in one
sample, the mean grain size is in the silt size range (0.005-0.0625mm).
Clay content for the samples ranges between 4.4 and 26.2 percent.

TaBLE 1.—Particle-size percentage distribution of core samples of the Arikaree
Formation from U.S. Bureau of Reclamation test hole 1 (well 24—68-33aba)

[Analyses by U.S. Bureauof Reclamation]

Particle size, in millimeters
Depth Sand size
Sample interval
from which| Clay size | Silt size Gravel
sample was| (<0.005) | (0.005~ Very size
taken (feet) 0.0625) |Veryfine | Fine | Medium | Coarse | coarse | (+42.00)
(0.0625~ | (0.125- | (0.250~ | (0.500- { (1.00-
0.125) | 0.250) | 0.500) 1.00) | 2.00)
42-44 26.2 26.1 40.8 1.1 1.7 2.5 1.2 0.2
83-85 4.4 .6 18.3 30.8 21.1 22.7 2.0 .1
153-164 12,2 5.2 33.8 40.6 4.3 1.8 2 I,
184-194 12.4 8.8 14.6 30.3 23.4 10.3 1 2
226 7.8 25.2 45.2 15.9 3.1 2.7 ) R O
259 8.4 2.8 44.5 34.6 8.1 I O R,
320 7.8 34.0 26.3 12.8 7.4 10.8 1.3 1
346 5.4 20.7 47.7 20.5 2.7 2.7 P 25 O,

Electric and gamma-ray logs of five test holes drilled by the Bureau
of Reclamation and of five observation wells drilled by the Geological
Survey were obtained. No definite correlation of strata could be
established between well sites from these logs, but the electric logs,
in conjunction with the lithologic logs, were useful in determining the
lithologic sequence at each test-hole site. Plate 2 is a detailed co-
lumnar section showing the relation between the lithologic charac-
teristics of the rocks penetrated by U.S. Bureau of Reclamation test
hole 5 and their electric properties, as shown on the electric log. The
middle third of the section has a higher resistivity than the upper and
lower parts. The higher resistivity might indicate that less clay
occurs in that.part of the section and that it might be more permeable
than the other zones.



GEOLOGY 11

Thickness and extent.—The Arikaree Formation is present through-
out most of the project area, being absent only in the areas of outcrop
of rocks of Precambrian age and south of the Wheatland Fault where
the Brule Formation and undifferentiated alluvial deposits of probable
Tertiary age crop out. The Arikaree strata in the Wheatland Flats
area are almost flat-lying and were deposited on an erosion surface of
cons1deral>le zelief. The formation ranges in thickness from 0 to
about 1,100 feet. It is 1,080 feet thick in USBR test hole 1. The -
extent and thickness of the basal unit is not known. It is absent in" ¢
USBR test hole 1. ~

The formation is cut by several faults of the Wheatland and Whalen
fault systems near the eastern and southern boundaries of the area.
Total displacement along the fault systems is not known; however,
the total throw on the fault system may be several hundred feet.

Water-bearing properties—The basal unit of the Arikaree Forma-
tion is deeply buried or absent in the area, and its potential as an
aquifer has not. been tested. However, in the vicinity of Chugwater,
about 11 miles south of the project area, the unit is very tightly
cemented, and a laboratory test made on a sample from this outcrop
‘indicates that the permeability of the unit is very low in that locality.

The upper unit yields small quantities of water to many domestic
and stock wells in the area and from 150_to_700 gpm (gallons per
minute) to_several irrigation and pubhc—supply wells. The wells of
large dlscharge penetrate a considerable thickness of the formation,

"many being as mich as 500 feet deep. )

Bedrock topography —The Arikaree Formation has been extensively
eroded, and its upper surface is very irregular. It is covered in most
of the area with a veneer of terrace sand and gravel deposits. A con-
tour map of the top of the formation has been made from data obtained
from logs of test holes and wells that penetrate the Arikaree Formation
and from altitudes of its outcrop. The contours are shown on the
geologic map (pl. 1).

DEPOSITS OF TERTIARY(?) AGE, ImDIF‘FERENTIATED

Gray to red, loosely consolidated sand, gravel, and arkosic conglom-
_erate crop out in the southernmost part of the area. The deposits
are interbedded or mixed with clayey sand and tuffaceous clay. The
sediments were deposited as alluvial fans, but subsequent erosion has
dissected them to form deep valleys and pediment surfaces. The
deposits range in thickness from 0 to 200 feet.

The deposits are unfossiliferous, and their time of deposition cannot
be determined. Their stratigraphic position indicates that they may
be of Tertiary age, and they have been mapped as Tertiary(?) undi-
vided (Morris and Babcock, 1960, p. 37-38).

7283-431—64—2
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The beds are topographically high and well drained in most places
and are of minor hydrologic importance. However they yield water
to springs and probably contribute to the flow of Antelope and Hunton
"Creeks in areas where these streams are entrenched below the water

table.
ROCKS OF QUATERNARY AGE

Quaternary deposits in the Wheatland Flats area include terrace and
flood-plain_deposits and alluvial-fan deposits. The alluvml—fan de-
pos1ts are areally small and generally lie above the water table Only

the terrace and flood-plain deposits are discussed in this report
TERRACE DEPOSITS h

Thickness and extent.—Terrace deposits underlie the seven terraces
(Morris and Babcock, 1960, p. 39) that form the Wheatland Flats.
The deposits also underhe the extensions of the terraces across the
major stream valleys from the Wheatland Flats. The deposits range
in thickness from 0 to 50 feet; differences in thickness are great because
of the rrregulanty of the erosion surface (pl. 1) on which they were
deposited. Only the terrace deposits underlying the Wheatland Flats
contain significant quantities of ground water, and they are the only
ones discussed in this report.

Lithology.—The deposits consist of subangular to rounded unsorted
unconsolidated sand, gravel, cobbles, and boulders, interbedded with
lenses of clay and silt. The cobbles and boulders are igneous and
metamorphic rocks and are subrounded to subangular. The sand
grains are predominantly quartz, orthoclase, and plagioclase. They
range in grain size from fine to coarse and are subrounded to well
rounded. Source rocks for the deposits are from the Laramie range
and from local sources (Morris and Babcock, 1960, p. 39-40).

Water-bearing properties.—Water in the terrace deposits is under
water-table conditions. The deposits yield small to moderate quan-
tities of water to numerous domestic and stock wells.  Trrigation
wells in the area generally yield 100 to 700 gpm; however, one well
fed by radiating tile drain lines yields more than 800 gpm.

A summary of data on the terrace deposits on the Flats is given in
table 2 (Morris and Babcock, 1960, table 3).

FLOOD-PLAIN DEPOSITS

The deposits that underlie_the flood plains of the Laramie River
and Sybille and Chugwater Creeks are principally fine to very coarse
sand and gravel containing lenses and heds of fine sand, silt, and clay,
and cobbles and boulders derived from sedimentary, metamorphlc
and igneous rocks (Morris and Babcock, 1960, p. 41).

The thickness of the flood-plain deposxts probably ranges from 0 to
.abgg@jg feet. The Geological Survey drilled six test holes in the
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TaBLE 2.—Terraces on Wheatland Flats

Approxi-
mate height! Average | Evaluation of terrace
Terrace| above thickness | deposits as source of Remarks
parent of deposits irrigation water
Stream (feet)
(feet)
7 160 40 | Good in N3 of T, Depth to water is more than 40 ft except in
23N, R.68 W, approximately the N1¢ T, 23 N., R. 68 W,,
where it is less.
6 140 50 { Poor._.o...o_..__... Terrace is of small areal extent; depth to water
generally is more than 40 ft.
5 120 25 [ GO0 e oaccnas Dg}llith tz?) ;itvater under much of the terrace is less
an
4 90 15 | Fairto poor.._....._ Dg};])th !1;8 Xater under much of the terrace is less
an )
3 70 25 | Poor_ .. ... Depth to water under most of the terrace is 20
1t or more.
2 40 20 |- (¢ 7o S, Do.
1 25 10 | U [ Y Terrace is of very small areal extent.

valley of the Laramie River between its confluence with Sybille
Creek and its confluence with Chugwater Creek that penetrated from
9 to 28 feet of alluvial material. In general the deposits range from
about a quarter of a mile to half a mile in width.

The ‘flood-plain deposits seem to be very permeable and probably
can transmit moderately large quantities of water. The scope of this
investigation did not include a quantitative analysis of the hydraulic
properties of the flood-plain deposits, but data on the hydraulic
properties of deposits in adjoining areas have been published (Morris
and Babcock, 1960, p. 58).

GROUND-WATER HYDROLOGY
The Wheatland Flats area is bounded on the west, north, and east

by deeply entrenched streams, which act as gr'(;uﬁd-water drains and
prevent significant quantities of ground water from moving into or
from thé area as underflow. Rocks of relatively low permeability
occur in the southernmost part of the area and limit underflow to or °
from the south. The ground-water reservoir is recharged almost
“entirely by seepage from rrigation water and from precipitation.
The reservoir loses water to_wells, ta sireams, and through evapo-
transpu'atlon
" The terrace deposits and the Arikaree Formation are the principal
aquifers in the area. The terrace deposits form a thin blanket over
the Arikaree Formation and readily absorb water from precipitation
and irrigation. Water in the terrace deposits moves slowly downward
into the less permeable Arikaree Formation and from there to the
major streams, which are at a much lower altitude than the terrace
deposits. The Arikaree Formation cannot transmit all the water
available from the terrace deposits, and water rejected by the Arikaree
Formation is discharged to minor streams, sprmgﬂrams and seeps
" tapping the terrace deposits.
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THE WATER TABLE

The water table is defined as the upper surface of the zone of
saturation except where that surface is formed by an impermeable
boundary (Meinzer, 1923b, p. 22).

The water table lies within the terrace deposits throughout most
of the area, except in that part of terrace 7 (pl. 1) lying east of Rock
Creek and that part along the high area lying in sec. 4, T. 23 N,
R. 68 W., and secs. 33 and 34, T. 24 N, R. 68 W. In these areas the
terrace deposxts are topographically hlgh and drained. Plate 3 shows
the configuration of the water table based on altitudes of water levels
in shallow wells and altitudes of ponds and seeps. The contour lines
are drawn on the perched water table where it occurs along the major
streams. In places where the terrace deposits are not saturated, the
contour lines have been interpolated from nearby saturated areas.

The_ zone of saturation is continuous between the terrace deposits
and the Arikaree Formation in much of the area, but near the edges of
the flats, the zone may be discontinuous, as 1ndlcabed by springs at the
contact of the two formations (pl. 1) in a few places along the cliffs
bounding the area. In these areas, a lower zone of saturation in the
Arikaree Formation, which contains the main water table, lies below a
perched zone of saturation in.the terrace deposits. Figure 3 shows the
probable relation between the main water table and the zone of perched
water in the terrace deposits.

Ground-water moves downslope in a direction approximately per-
pendicular to the contour lines of the water table, and almost every-
where in the Wheatland Flats it moves to the north and northeast

Rock Creek

——

Ayers Draw

Perched water table

Sybille
Creek, -

Arikaree Formation

Accretion component of head

200 —

Chugwater Creek

Boundary component of head

150 -

C

100 EXPLANATION
50 - / /
0 % 1 2 MILES Z
o - | I T | I Perched water

FiGURE 3.—Sketch showing the probable relation between the main water table, the perched water table in
the terrace deposits near the major streams, the piezometric surface of the Arikaree Formation, and the
boundary and accretion components of head for the piezometric surface.
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in _the direction of the slope of the land surface. The slope of the
Water tablejkas represented by the spacing of the contours (pl. 3), is
unezgn The slope is dependent on the permeability and thickness of
The water-bearing materials and on the amount of water being trans-
mitted. The terrace deposits are much more permeable than the
Arikaree Formation; therefore, the slope of the water table varies
inversely with the thickness of the saturated part of the terrace de-
posits. The terrace deposits differ greatly in thickness in short
distances (pl. 4) because they were deposited on the highly irregular
erosional surface of the Arikaree Formation. At many places where
the terrace deposits are thin or absent, seeps appear at the land surface
because the underlying Arikaree Formation is not sufficiently per
meable to transmit the water available from the terrace deposits.

The average slope of the water table is greater in the part of terrace
7 lying in T. 23 N, R. 68 W., than in the terrace deposits in other
parts of the area, although the saturated thickness is greater here
than in most of the rest of the area. The deposits underlying terrace
7 transmit no more water than the deposits farther north, and they
probably are less permeable than those beneath the other terraces.
Examination of drill cuttings from several wells on this terrace reveals
that the deposits contain more clay and silt than those beneath the
other terraces. This high clay and silt content probably is respon-
sible for the relatively low permeability.

THE PIEZOMETRIC SURFACE

When water moves through an aquifer, a decline in piezometric
head, which is proportional to the rate of flow divided by the permea-
bility of the aquifer, occurs along the path of flow. Because water
moves downward from the terrace deposits and horizontally through
the Arikaree Formation to the major streams, a considerable decline
in head with depth occurs in much of the area. The head decline
caused by vertical flow is comparatively high because the Arikaree
Formation is lenticular and its vertical permeabxhty is much less than
_its horizontal permeability. Static Water levels in observation wells
installed by the Bureau of Reclamation in the vicinity of well 23-68—
4abe (fig. 4) demonstrate this decline.

Water levels in wells tapping the Arikaree Formation represent a
piezometric surface much different from the water table because of the
decline in head with depth. Plate 5 shows the configuration of this
piezometric surface based on altitudes of water levels in the wells and
altitudes along the major streams. Most of the wells are open or
screened in the zone lying a few feet below the poorly consolidated part
of the upper sandy unit of the Arikaree Formation. This zone coin-
cides roughly with the plane described by connecting points of equal
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FIGURE 4.—Sketch showing relative locations, depths, and altitudes of static water levels in observation
wells used for aquifer tests at site of pumped well 23-68-dabe.  Observation-well numbers are those used
by the U.S. Bureau of Reclamation.

altitude between Chugwater Creek, the Laramie River, and Sybille
Creek; most of the downward movement of water and consequent
decline in head with depth occur above this level. Thus the slope of
the piezometric surface depicts approximate changes in head due to
the horizontal movement of water through the formation. Ground-
water flow is from the Arikaree Formation to the major streams, and
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water in the formation is under some artesian pressure in the areas

underlying the stream valleys. Altitudes along the streams were

used for control in drawing the piezometric-surface map but, because

of the artesian pressure, the contours were rounded at the streams,

and the altitudes of the contours at their points of intersection with the

streams are higher than the topographic altitudes there.
COMPONENTS OF HEAD

The head at any point in an aquifer may be separated into two
components—that due to the location and configuration of the aquifer
boundaries and that due to accretion to the aquifer. Accretion is
used here to represent the net rate at which water is gained or lost in
response to external forces. The piezometric head for the Arikaree
Formation in the Wheatland Flats area was broken down into its
boundary and aceretion components so that estimates could be made of
changes in water levels produced by changing the accretion rate by
increasing ground-water pumpage in the area.

THE BOUNDARY COMPONENT OF HEAD

The boundary component of head within the Wheatland Flats was
determined by use of a conducting-paper analog field plotter, as
described by Reed and Bedinger (1961, p. 2425). The aquifer bound-
aries were simulated on a sheet of semiconducting paper, which was
trimmed to represent a model of the aquifer. For this determination,
it was assumed that the aquifer is homogeneous and that flow through
the aquifer is in a horizontal plane.

\ 1 .The aquifer boundaries on _the west, north, and east are represented

"fb'y Sybille Creek, the Laramie River, and Chugwater Creek, respec-

tively. These are. gggmnhhead baoundaries and were represented on

the analog model by maintaining electric potentials proportional to

stream elevations at 24 points along the trace of the streams on the
model.

\/ A relatively @permeable.hauudux,gggurs _on_the south side of the

” area. Thev'Eoundary is the result of a large increase over a short dis-

“fance in the clay content of the Arikaree Formation that reduces its
permeability. The southern boundary has been idealized as a definite
impermeable vertical plane for the purpose of this report. The
impermeable boundary is actually somewhat gradational, and certain
assumptions were made in determining its trace for the analog model
study.

"~ The impermeable boundary was drawn between wells 23-68-20edd2
and 23-68-18dad. Samples from well 23-68-20cdd2 (samples were
examined but not logged by the author) indicated that rocks of the
Arikaree Formation contain much clay at this site and that the per-
meability is extremely low. The well was drilled as an irrigation well,




18  HYDROLOGIC CONDITIONS, PLATTE COUNTY, WYOMING

but it yielded only a few gallons of water per minute by bailing.
Samples and the electric log (fig. 4) of well 23-68-18dad indicate that
the rocks are somewhat more permeable here than at well 23-68-
20cdd2. The trace of the boundary was drawn just south of well
23-68-15ddd because the samples and electric log for this well show
that rocks of the Arikaree Formation contain much clay and silt at
this site, which in turn indicate low permeability. The boundary
was arbitrarily extended from its trace, as located by the well data, to
mtersect the major streams.

The boundary component of head was determined by establishing
potentials proportional to altitudes at selected control points along
the major streams and drawing contours of potential on the model
proportional to altitudes for which piezometric contours were desired.
When the contours were determined, they were traced from the model
on a base map.

ACCRETION COMPONENT OF HEAD
~ 7 The accretion component of head is determined by the ratio of the
rate of accretion to the transmissibility and by the areal geometric
_shape of the aquifer and the nature of the hydrologic boundaries.
The accretion component of head is equal to the observed head, or
piezometric surface, minus the boundary component of head. The
map (pl. 6) showing the accretion component of head for the area was
prepared by laying the piezometric-surface map (pl. 5) over the map
showing the boundary component of head and connecting contour
intersections denoting equal differences in elevation between the
two surfaces.

The very steep slope of the accretion component of head in the
southernmost part of the area probably is caused by the lower trans-
missibility of the Arikaree Formation in that area.

The contour of the accretion component of head is very steep in the
northernmost part of the area near the Laramie River. Some of the
best wells in the Wheatland Flats are in this area. The Arikaree
Formation is at least as permeable here as anywhere in the Flats, and
the steepness of slope may be caused by a higher accretion rate or a
higher transmissibility for the aquifer near the Laramie River than
elsewhere in the area. Furthermore, water levels in wells near the
river may represent piezometric levels for a zone that is stratigraphically
higher than the zone hydraulically connected with the river and that
would therefore be higher in altitude than the piezometric surface in
the formation at river level.

The analog analysis of the components of head assumes that the
transmissibility is constant over the entire area. The low trans-
missibility in the southern part of the area and the high transmissi-
bility in the northern part probably do not cause too great an error in
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the analog result over most of the Wheatland Flats, however, because
the areas of anomalous transmissibility are small and are near aquifer

boundaries.
DIFFERENCE IN HEAD

Because of the decline in head with depth, the piezometric surface
in the Arikaree Formation lies below the water table in most of the
area. The difference in head between these two surfaces was determined
(pl. 7) by laying the water-table map over the piezometric-surface
map and connecting contour intersections of equal difference in
altitude. The difference in head between the two surfaces ranges
from 0 to 20 feet in much of the area and from 0 to 40 feet in most of
the area. The difference in head between the two surfaces is more
than 40 feet near the major streams and probably more than 40 feet
in some places of perched water in the terrace deposits. In three
areas the water table is below the piezometric surface and flow upward
from the Arikaree Formation to the terrace deposits is thus indicated.

WATER-LEVEL FLUCTUATIONS

Water levels do not remain stationary but fluctuate in response
to changes in storage in the ground-water reservoir in much the same
manner as the water level in a surface reservoir varies with changes in
storage. However, the water level in a ground-water reservoir does
not rise or decline uniformly with a change in storage, and changes in
the water level of one well do not necessarily reflect changes through-
out the ground-water reservoir. To determine quantitative changes
in ground-water storage, it is therefore necessary to make periodic
measurements in a network of observation wells throughout the area.

Periodic water-level measurements have been made in the Wheat-
land Flats since August 1948, when Littleton (1950, p. 22) started
observations in 25 wells tapping the terrace deposits and in 5 wells
tapping the Arikaree Formation. In July 1949, the number of wells
measured was reduced to 9 in the terrace deposits and 1 in the Arikaree
Formation. In May 1958, the network was expanded to 31 wells
tapping the terrace deposits and 22 tapping the Arikaree Formation.
In 1958-59, the Bureau of Reclamation installed 55 additional wells,
each 5 feet deep, in areas where the water table was near the surface.
Water levels in these wells were measured periodically from the fall
of 1958 to October 1960.

FLUCTUATIONS OF THE WATER TABLE

In the Wheatland Flats area, the water table rises sharply during
the irrigation season (May-Septembér) when much more water is
being added to the ground-water reservoir from surface-water appli-
cations than is being discharged by evapotranspiration and to streams,
drains, and wells. After the irrigation season, the water table declines
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slowly, as water drains from the ground-water reservoir to streams,
drains, and springs. The declines in water levels generally slow or
halt in April or May, as recharge from precipitation increases owing to
snowmelt and increased rainfall. Hydrographs of water levels in two
wells tapping the terrace deposits and graphs of the volumes of sur-
face water applied for the period 1949-60 (fig. 5) show the correlation
between the rise in the water table and the surface-water applications
during the irrigation season. Quantitative determinations of the
change in storage, as determined by changes in the water table, are
discussed in a separate section.
FLUCTUATIONS OF THE PIEZOMETRIC SURFACE

Water levels have been observed at monthly intervals from July
1958 to August 1961 in 22 deep wells tapping the Arikaree Formation.
Hydrographs of eight of these wells are shown in figure 6. The water
levels fluctuate seasonally; they generally reach their seasonal highs
in November or December, and decline to their seasonal lows in
August or September. Part of the fluctuation is caused by changes in
the rate of recharge to the Arikaree Formation, which occurs when
the water table in the terrace deposits rises or falls. Recharge to the
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FI1GURE 5,—Graphs showing fluctuations of water levels in two wells tapping the terrace deposits in the
‘Wheatland Flats, monthly precipitation at Wheatland, and the amount of surface water applied annually
for irrigation.
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TiGURE 6.—Hydrographs of eight wells tapping the Arikaree Formation at depth in the Wheatland Flats
area.

lower strata increases with an increase in the difference in head be-
tween the piezometric level of water in those strata and the water
table. However, there is a lag of several months between the time
the water table reaches its highest level and the time the piezometric
surface achieves its peak The water levels decline sharply in July,
“Kugust, and September in response to heavy pumpmg for irrigation.

The water levels have declined since 1958 in much of the area.
The declines reflect the reduced recharge caused by diminishing sur-
tace-water supplies for-irrigation (fig. 5) each year from 1958 to 1961
and the increased discharge from expanded ground-water pumpage
(t&ble 7) from the Arikaree Formation. However, water levels in
wells in the northwest corner of the area (secs. 5, 6, 8, and 9 T. 24
N, R. 68 W., and sec. 31, T. 25 N, R. 68 W.) have remained about
stea.dy on a yearly bas1s, although they have shown considerable
seasonal fluctuations. Possibly there is less resistance to downward
movement of water in this area than elsewhere on the Wheatland
Fla.ts, ‘which allows the water level in these wells to recover more
quickly after the pumping season than that in wells in other parts of
the area.

Water levels have been measured periodically since August 1948 in
one well (25-67-27ccc) tapping the Arikaree Formation (fig. 7). The
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FIGURE 7.—Hydrograph of well 25-67-27ccc showing fluctuations in the water level between August 1948
and June 1961.

hydrograph for this well shows an erratic pattern of fluctuations quite
different from those shown by hydrographs of other wells in the area.
The water level in the well sometimes has risen or fallen 10 to 12 feet

"in a period of 3 to 4 months, for no apparent reason. The well is not

in an irrigated area, and there are no other wells nearby.

Erratic fluctuations have been observed in two other Arikaree wells
in which water levels have been measured since July 1958. The water
level in well 25-68—26dcd rose 12.2 feet between October and December
1958. It subsequently declined 11.0 feet between December 1958 and
March 1959 and thereafter resumed a pattern similar to that shown
by levels in other wells in the area. This well is an irrigation well
drilled to a depth of 636 feet and cased to a depth of 140 feet. The
level in observation well 6A800 (fig. 4) also showed an erratic rise of
7.3 feet from November 16 to November 19, 1959, the last 3 days of
a 56-day drawdown test on well 23-68—4abe, 800 feet away. The
level in the well previously had drawn down 3.4 feet in response to the
pumping in well 23-68-4abc; therefore, the level rose to a point 3.9
feet above its altitude at the start of the test. The level declined
slowly after this, and by February 15 it had declined nearly to the
level measured before the start of the aquifer test in September 1959.
Since that date and through 1961, it has shown a normal pattern of
fluctuation.

CHANGES IN GROUND-WATER STORAGE

Changes in ground-water storage are closely related to recharge and
discharge to and from the aquifer; before estimates of recharge and
discharge could be made, it was necessary to determine.these changes
quantitatively. This was done by multiplying the change in saturated
volume for each period between observation-well measurements by
the specific yield of the aquifer.

Changes in the volume of saturated material within the aquifer were
calculated by using the-Theissen mean method (Theissen, 1911, p.
1,082). This method involves constructing a polygon around each
well in which water levels are observed periodically and assuming
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that the change in water level in the well is the change in water level
throughout the area of the polygon. Change in saturated volume is
computed by multiplying the change in water level by the area of each
polygon, as determined by a planimeter. Figure 8 shows the polygon

network for the observation wells used in this determination. -~

The specific yield of the ground-water reservoir was computed by
dividing the change in saturated volume into 100 times the total

discharge, both units being stated in cubic feet. Estimates of ground-

water discharge were made from stream measurements of February
1959. Most of the discharge from the ground-water reservoir for this
period was to the streams—because evapotranspiration losses are
small in the winter and very little ground water was being pumped.
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Streamflow measurements listed in table 3 were made February 26-27
at seven stations on the streams, and these data were used with stream-
flow data gathered at permanent Geological Survey gaging stations on
Sybille Creek at Muleshoe Ranch (24-69-23ccc), on the North
Laramie River 15 miles northwest of Wheatland, and on the Laramie
River 7% miles east of Uva, Wyo., to determine the total gain in
streamflow from ground water discharged from the Wheatland Flats.
It was assumed for this determination that gains in underflow in the
alluvium of the Laramie River due to its thickening and widening in

_the downstream direction nearly balance the volume of water added

.

to the streams from the aquifer bordering the streams opposite the
Wheatland Flats and that no appreciable gains in flow occurred in the
reach of the North Laramie River between the gaging station and its
confluence with the Laramie River. It also was assumed that gains
in streamflow in the reach of Sybille Creek borderlng the Wheatland
Flats above the gaging station in the NEY sec. 23, T. 24 N., R. 69 W,
and the reach of Chugwater Creek bordering the VVheatland Flats
above the upper flow section in sec. 21, T. 24 N., R. 67 W., nearly
equaled gains in streamflow in the reach of the Larm1eﬁ1ver between
it§ confluénce mthGhugwater@reek’and the gaging station below Uva.
The last assumption in the preceding paragraph was made because
the areas within the Wheatland Flats drained by those reaches of

TaBLE 3.—S8ireamflow measurements made on February 25-26, 1959, at various
sites on Chugwater Creek, Sybille Creek, and Laramie River

[Measurements made by author, except as otherwise indicated]

Stream Location Discharge (efs) Remarks
Chugwater________ 24-67-21abb__ 24, 3 (in-
flow)
10bbe.. 37. 4
25-67-35bce . - 40. 2
23dde.. 42.7 Near confluence with
Laramie River.
Sybille.. oo _____ 24-69-23cce__| ! 11 (inflow) | Gaging station 6666.
25-69-35abb__ 16. 7 Near confluence with
Laramie River.
N. Laramie________ 25-70-2d_..__.| 110 (inflow) | Gaging station 6675.
Laramie_______.___ 25-69-26dce_ - 12. 8 (in- Near confluence with
flow) Sybille Creek.
25-68-26bbe_ - 25. 8
25bba. . 30. 6
25-67-19dce._ - 31.8
25-66-16be___|1 100 (out- Gaging station 6700.
flow).
Net gain?__ | . .. ___..... 41. 9

1 Daily mean discharge from records of U.S. Geological Survey.
2 Net gain equals outflow minus sum of inflows at designated stations, Other stations measure gains
along intermediate reaches of the stream system. Location of measuring sites are shown on plate 5.
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Sybille and Chugwater Creeks are fairly small, and much of the seepage
feeding the Laramie River below its confluence with Chugwater Creek
probably is derived from ground water recharged in the Wheatland
Flats. Because the lenticularity of the formation restricts vertical
movement of water through the formation, some ground water prob-
ably moves horizontally through the formation downstream for some
distance before being discharged.

The stream measurements indicate that during the latter part of
February 1959 the major streams were gaining about 40 cfs (cubic feet
per second) or about 80 acre-feet per day released Trom s storage from the
ground-water reservoir in the Wheatland Flats area. Gross changes
in ground-water storage during this period, as calculated from water-
level data by the Theissen mean method, amounted to about 670
acre-feet a day. The average specific Jleld for the materials lying
within that range of water-table fluctuations was computed to be
about 12 percent. The specific yield will vary for different intervals
of fluctuation because of differences in the water-bearing properties
of the materials lying at different depths within the aquifer, but the
value of 12 percent probably represents a fairly accurate average for
the aquifer as a whole. The value represents an average for all the
different materials lying within that zone of fluctuation, including
sandstone of the Arikaree Formation and the gravel, silt, and clay
of the terrace deposits.

Total storage within the ground-water reservoir above the boundary
component of head was computed by deteriiining storage between

“the piezometric surface and the boundary component of head and
between the piezometric surface and the water table, and adding the
two values. Storage beneath the level of the piezometric surface
(fig. 4) and above the level of the boundary component of head within
the aquifer was computed by multiplying the average value for the
accretion component of head for the piezometric surface (pl. 6) by the
areas of the flats and the specific yield of 12 percent. Storage between
the piezometric surface and the water table was computed by multi-
plying the planimetered areas between contour lines on the head-
difference map (pl. 7) by the mid-values between each pair of contours
and by the value for specific yield. Total storage above the boundary
component of head was computed to be about 830,000 acre-feet for
December 1959-January 1960, the interval durimg which data used
in preparing the water-table and piezometirc maps were collected.
Storage for each of the other months in which water levels were’
measured was then computed by algebraically adding changes in’
storage over the periods between measurements.

Figure 9 shows changes in ground-water storage for the period
October 1958 to February 1961.
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FI1GURE 9.—Changes in storage in the ground-water reservoir from October 1958 to February 1961, as
determined from water-level fluctuations,

RECHARGE

In the Wheatland Flats area, almost all the recharge to the ground-
water reservoir is derived from precipitation, from seepage losses in
irrigation canals and ditches, and from water applied for irrigation.
Little water is contributed by underflow. The amount and rate of
recharge to the ground-water reservoir governs the amount of ground
water available for development ; therefore quantitative estimates of
recharge were made.

Recharge from water applied for irrigation.—Estimates of the re-
charge rate were made from the sum of the daily change in storage,
the daily discharge rate to the major streams, the total pumpage from
the terrace deposits, and one-half the pumpage from the Arikaree
Formation divided by the sum of surface applications and total well
discharge, in acre-feet per day. Discharge to the streams was deter-
mined by methods discussed on pages 29 to 34 and the total ground-
water pumpage was determined by a pumpage inventory discussed
on pages 50 to 60. The pumpage from the Arikaree Formation was
adjusted because some of the water pumped is diverted from water
that otherwise would reach the major streams, and the pumpage
diminishes the streamflow somewhat. Adding all the estimated dis-
charge to streams and all the pumpage probably would cause part of
the discharge to be included twice. Table 4 gives the results of the
recharge determinations for the summers of 1959 and 1960. Per-
centage values of recharge from surface water applications were
adjusted for rainfall by averaging the recharge values for months in
which little rainfall occurred and assigning that value to the rainy
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TaBLE 4.— Results of recharge study made in the area for 1959 and 1960

Dis- Percentage of
charge surface water
to |Change| Pump Surface appearing as Re-
streams| in dis- Re- | water recharge charge
(acre-ft | stor- | charge | charge | appli- from
Time interval per age | (acre-ft | (acre-ft | cations rainfall| Remarks
day) |(acre-ft| per per |(acre-ft| Unad- |Adjusted| (esti-
esti- per day) day) per justed | for rain- | mate)
mated | day) day) | for rain- fall
from fall
graph
1959
Apr. 23-May 22..._. 69 -9 2 62 132 47 LY (——
May 22-June23__._. 91 | +350 8 449 772 58 48 | 2,600 H::&y‘an
June 23-Aug. 10.____ 161 | -+180 a1 | 62| 736 49 49 ’
Aug. 10-Sept. 17____ 204 —14 30 220 470 47 47
- 273 528 52 48 | .
12 95 110 86 38 | 1,600 | Heavy
rainfall.
23 152 424 36
50 310 788 39
53 160 413 39 -
30 43 67 61 38 480 {Some raln.
163 360 45 38 {emanne

months. Quantities of recharge from rainfall were then computed
from the difference between the adjusted and unadjusted figures.

The computed recharge rate was higher for 1959 than for 1960. This
difference was due, in part, to differences in the distribution of pre-
cipitation in the 2 years. Much rain fell in the summer of 1959, and
it was fairly evenly distributed over the irrigation season. Some of the
precipitation probably was not included in the estimates of recharge
from surface-water applications, except for that in June, which was
greater than for the other months. In 1960 there was little precipita-
tion, and much of it occurred as intense storms. Therefore, most of
the recharge by precipitation could be adjusted from the figures for
the rate of recharge from surface-water applications for the 1960
irrigation season, and these figures probably are more accurate than
those for 1959.

The recharge rate from surface-water applications for 1960 also was
smaller, in part, because of changes in irrigation practices in the 2°
years. In 1959, farmers were apportioned water by a rate of delivery;
that is, they could draw water at a certain rate at any time water was
available in their canals or laterals. This apportionment system led
to heavy irrigation and to some wasteful irrigation practices. In 1960
the delivery system was changed, and water was apportioned on a
volume basis. Each farmer was credited with a volume of water at
the beginning of the irrigation season, and when this volume was
exhausted he could receive no more. This system led to better

723-431—64——3
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irrigation practices, and much less water was wastefully applied.
Consequently, a smaller percentage of the applied water reached the
ground-water reservoir during the 1960 irrigation season, and a larger
percentage was used by crops. The irrigation efficiencies achieved in
1960 probably will continue as long as the volume-delivery system
remains in effect.

Estimates of the recharge rate may be somewhat in error because of
inaccuracies in estimating discharge to the streams, as discussed under
that section. Discharge to streams, however, is a small part of the
total recharge in many months, and a relatively large error in the
estimate of discharge to streams will produce only a small error in the
estimate of the recharge rate.

Recharge from precipitation.—The major factors governing the
volume of water reaching the water table from precipitation are the
physical properties of the soil and subsoil, the moisture content and
cultivation of the soil, the depth to the water table, and the amount,
distribution, and intensity of precipitation. In the Wheatland Flats
area, most of the recharge from precipitation is from snowmelt in
March and April and from heavy rainfall in May and June.  Recharge
from precipitation was estimated for March and April 1960 by com-
puting the difference between changes in storage and the discharge
rate obtained from the graph on figure 10. This difference was about
2,000 acre-feet for the 2 months.

June 1959 and May and September 1960 were months of intense
rainfall, and the recharge rates for these months are much higher than
for the other months during the irrigation season, if all the recharge
is assumed to occur from surface-water applications. Recharge from
precipitation was computed for the 3 months by assuming that the
percentage rate of recharge from surface-water applications for these
months equaled the average rate determined for the other months
and attributing the difference to recharge by precipitation. The
computed recharge from precipitation was 2,500 acre-feet in June 1959,
1,600 acre-feet in May 1960, and 480 acre-feet in September 1960.

Morris and Babcock (1960, p. 64—65) assumed from data collected in
areas adjoining Platte County that about 5 percent of the precipita-~
tion contributed recharge to the ground-water reservoir in Platte
County and that about 3, 800 ac acre-feet of water was contributed
annually during normal y&ars from precipitation in the Wheatland
Flats. This figure is about the same as the results obtained above.

Total recharge.—Total recharge varies from year to year, depending
on the amount and distribution of rainfall and on surface-water sup-
plies for 1rr1gat10n Total recharge was estimated to be about 55,000
acre-feet in 1959 and 25,000 acrefeet in_1960. These estimates
probably are low because they do not include - recharge from precipita-
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tion during the fall and winter; the quantity of recharge during this
time, however, probably is small,

DISCHARGE

Ground water from the Wheatland Flats area is discharged_to the
major streams by seepage from the Arikaree Formation to the valley
alluvium, which in turn feeds water to the stréant; and by the flowof the
small streams, drains, and springs that tap the terrace deposits. Some
ground water probably moves northward out of the area through that
part of the Arikaree Formation lying beneath the Laramie River.
However, the fact that the piezometric gradient in the Arikaree For-
mation north of the Laramie River, as shown by Morris and Babcock
(1960, pl. 1), is small compared to piezometric gradients observed in
the Arikaree Formation in the Wheatland Flats area indicates that
underflow in this direction is small. Ground water also is discharged
to wells in the area, and some ground water is discharged to the
atmosphere by evapotranspiration. Estimates of the quantities of
ground-water discharge to streams and to wells were made, as was an
estimate of total evapotranspiration including losses both from ground
water and from soil moisture.

DISCHARGE TO STREAMS

Seepage from the Arikaree Formation.—Seepage from the Arikaree
Formation through the valley alluvium to Chugwater Creek, Sybille
Creek, and the Laramie River (pl. 1) contributes much of the gain in
flow in these streams where they border the Wheatland Flats. A
_seepage run was made on February 26-27, 1959 (table 3), to determine
the volume of discharge from this source. The run.was made in
reaches of Sybille Creek, the Laramie River, and Chugwater Creek
(pl. 5), but it did not include the entire reach of these streams border-
ing the Wheatland Flats. Results of the run were expanded to include
seepage from the aquifer underlying the entire area of the Wheatland
Flats by a flow-net analysis. Flowlines were drawn on the piezo-
metric-surface map (pl. 5) through the measuring stations on the
streams. The gain in streamflow across each reach of stream between
a pair of flowlines, taken from table 3, was divided by the planimetered

ares between the flowlines to compute flow contributions to the |

streams per square mile of aquifer.

Values for the flow contribution per square mile of aquifer for the
different reaches of stream differ greatly, from a negative value for
the reach on the Laramie River between its confluence with Sybille
Creek and station 25-68-26bbc to a very high value for the reach on
Chugwater Creek between stations 24-67-21abb and 24-67-10bbe.
The wide range in these values is probably caused by changes in the
width, depth, and permeability of the alluvium of Sybille Creek, the

N~
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Laramie River, and Chugwater Creek. The alluvium in 25-68—-26bbec
on the Laramie River is about twice as deep and twice as wide as the
alluvium on the Laramie River just below its confluence with Sybille
Creek. No data were available on changes in thickness of the allu-
vium along Chugwater Creek, but the large increase in flow along the
reach between stations 24-67-21abb and 24-67-10bbc probably is a
result of a decrease in the permeability of the alluvium along that
reach.

Gains 1n flow in each reach do not accurately represent discharge
by seepage from the Arikaree Formation because of the changes in the
ability of the valley alluvium to transmit water between the individual
reaches. However, the changes balance out somewhat over the full
lengths of streams measured, and the average figure determined for all
the reaches probably represents discharge from seepage fairly
accurately.

Some seepage comes from the Arikaree Formation in areas outside
the Wheatland Flats. Contributions to streamflow from this source
are small, however, and they have not been considered in making the
computations.

The average flow contribution per square mile of aquifer surface
multiplied by the total area of the Wheatland Flats gives a figure of
seepage to the streams of about 39 cfs or about 28,000 acre-feet per
year. This is almost as large a figure as the 40 cfs determined for the
‘total discharge of the ground-water reservoir during that period. (See
p- 22 to 26.) However, the reach of Sybille Creek above the gaging
station (24-69-23ccc) and the reach of Chugwater Creek above the
uppermost flow section (pl. 5) drain the southernmost part of the area
where the rocks of the Arikaree Formation are much less permeable
because of their higher clay content. The formation here probably
contributes much less water per square mile of aquifer surface than it
does farther north. If this part of the area is excluded from the
determination, seepage to the streams is about 32 cfs, or about 23,000
acre-feet per year. The difference of about 8 cfs is discharge from
minor streams, artificial drains, and springs to the major streams at
the time of the seepage run. This figure probably is approximately
correct.

Discharge from seepage was determined from data gathered at only
one time (February 1959). However, the small fluctuations of the
piezometric surface (fig. 6) indicate that this discharge probably does
not vary much seasonally and that the daily discharge figure might
be projected over the entire year without introducing too much
error.

Although several sources of error exist in the above determination,
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the figures probably are sufficiently accurate to be used in making a
quantitative analysis of the ground-water hydrology of the area.

Flow from small streams, springs, seeps, and artificial drains.—A
stream-drainage system including Rock Creek, Ayers Draw, and
Wheatland Creek has developed on the terrace deposits (fig. 4). These
streams derive most of their flow from seepage from the terrace
deposits, and, according to residents, the streams have had perennial
flow only since irrigation was begun in the area. Festo Lake, which
is fed by ground water, also contributes flow to these streams. The
flow of Wheatland Creek, which carries the water to the Laramie
River, is a few cubic feet per second during most of the year. However,
the flow is much less during the irrigation season, when water is
diverted from the stream for irrigation.

Springs discharge at the outcrop of the contact of the terrace deposits
with the Arikaree Formation along the cliffs above the major streams
at a few places. These springs are small, and many of them flow only
during periods when the ground-water reservoir is being heavily
recharged by greater than normal surface applications. Springs are
of minor importance as discharge agents and probably do not discharge
more than a few hundred acre-feet a year.

In several places on the Wheatland Flats—topographic lows, slight
topographic slopes, and in areas where the terrace deposits are thin or
absent—the water table is at or near the land surface and forms seeps
or waterlogged soil. The seeps generally are drained into the small
streams by natural or artificial open channels. In some areas where
the water table is sufficiently close to the surface to hinder cultivation,
subsurface tile drains have been constructed. The largest of these
drains, constructed about 1931, runs through secs. 8, 17, and 20, T.
24 N, R.68 W. (fig. 5). These drains remove from 1 to 2 cfs of water
from the terrace deposits and carry it in an open drain ditch to a small
pond in 24-69-1cdd, where most of the water seeps down to Sybille
Creek or is lost by evapotranspiration. Pumps have been installed to
tap these tile drains for irrigation water at five sites, and at times dur-
ing the summer the pumps intercept most of the discharge of the
drains. Several smaller subsurface drains have been constructed in
Wheatland Flats and are shown on plate 3. Most of these drains are
limited to one farm and discharge to the natural drains in the area
(Wheatland Creek and its tributaries). Total discharge from the
drains probably is small, and most of it appears in the flow of Wheat-
land Creek.

Total ground-water discharge to the magor streams—Total ground-
water discharge was computed from change-in-storage data because
streamflow data available for the area were inadequate to measure
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the ground-water discharge directly. In using the change-in-storage
data, it was assumed that during the winter changes in ground-water
storage reflect and equal discharge to streams.

The assumption that changes in storagé computed from water-level
declines in wells some distance from the drains should reflect and
represent discharge to the streams was checked by calculation, because
some lag might occur between the time recharge ceased and the time
the water levels should decline in response to discharge to natural and
artificial drains in the area. The check was made by calculating the
water-level decline along the center of an infinite strip of an ideal
aquifer bounded by parallel drains 6 miles apart, a distance that
represents about the widest separation of natural drains in the area.
The coefficient of transmissibility for the ideal aquifer was assumed to
be 50,000 gpd (gallons per day) per ft, or 7,000 sq ft per day, which
is near the average value determined for the terrace deposits. (See
p. 36 to 50.) The water-level declines along the center of this strip
were computed to be 0.5 foot and 7 feet 30 days and 180 days respec-
tively, after recharge stopped, assuming that discharge was at the
uniform rate of 4> 1072 feet per day before it instantaneously ceased.
The computations were made with the aid of an equation formulated
by Jacob (1943, p. 566—67).

Water-level declines during the entire winter, in most of the obser-
vation wells used in computing changes in ground-water storage,
ranged from about 5 to 10 feet. These declines agree well with those
computed for the ideal aquifer and indicate that the assumption that
changes in water levels during the winter reflect stream discharge
probably is valid. The assumption that changes in ground-water
storage equal discharge to the streams during the winter probably is
also valid and fairly accurate, because during this period little recharge
takes place and discharge by evapotranspiration and to wells is small.

During the summer much water is recharged to the ground-water
reservoir from water applied for irrigation, and the discharge cannot
be computed directly from change-in-storage data. The discharge
during the summer was estimated indirectly from ground-water
storage data by assuming that discharge is proportional to the volume
of water in storage above the boundary component of head in the
aquifer. (See p. 22 to 26.) A graph showing the assumed relation-
ship was prepared by plotting the ground-water discharge calculated
from change-in-storage data for the winter on a logarithmic scale
against ground-water storage above the boundary component of head
on an arithmetic scale and then drawing the straight line that most
nearly describes the data (fig. 10). The lower part of the graph is
shown as becoming steeper, because the discharge rate probably is
much less affected by small changes in storage when the water table
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F16URE 10,—Graph used in estimating discharge to the streams, drains, and springs from computed
values of ground-water storage. Circled points represent storage and discharge rates computed
from changes in storage for months of little recharge.

declines to a level below which discharge to the minor streams, drains,
and springs is small.

Estimates of the discharge rate to streams and drains during the
summer were then made by computing the average storage for each
period between measurements and selecting the discharge rate corre-
sponding to that volume of storage from the graph (fig. 10). These
estimates probably are somewhat low, because hydrologic conditions
for the periods when data were gathered to prepare the graph were
those of no ground-water recharge and of water-level decline, while
during the irrigation season recharge is occurring and water levels are
being built up in the area. Because of these different conditions,
discharge to streams in the winter is smaller for water levels of a given
height than during the irrigation season.

Differences in the rates of discharge for the two sets of conditions
were calculated for an ideal aquifer bounded by parallel streams of
infinite length located 6 miles apart. The aquifer was assumed to
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have a coefficient of transmissibility of 50,000 gpd per ft. and a
specific yield of 12 percent. The discharge rate for conditions of
recharge and water-level buildup was computed to be about 20 percent
higher than for conditions of no recharge for any given water level
altitude at the center of the area.

Hydrologic conditions during the irrigation season also are altered
from those during the winter by changes in the evapotranspiration
rate between the two periods. Because of the high evapotranspiration
rate during the irrigation season, some of the water that would be
discharged to the major streams during the winter is lost to the atmos-
phere. This causes the discharge rate to be lower during the summer
than during the winter and tends to reduce the effects of differences
between conditions of recharge and water-level buildup and those of
no recharge and water-level decay. No correction has been made for
either of these effects in computing ground-water discharge to the
streams.

The total discharge to the streams varies from year to year, depend-
ing on the amount of surface water applied, the amount of precipita-~
tion in the area, and losses to evapotranspiratian and changes in storage
during the year. Discharge to streams was computed to be about
50,000 acre-feet in 1959 and about 30,000 acre-feet in 1960. Much
more surface water was available and rainfall was more plentiful in
1959 than in 1960. Discharge data for individual months during the
winter are shown in figure 10, and discharge data for individual
months during the summer are shown in table 4.

DISCHARGE TO WELLS

Ground water is discharged to numerous wells drilled to obtain
water for irrigation, domestic and stock, and municipal use.
The quantity of water pumped from these wells was 3,960 acre-feet in
1959 and about 7,750 acre-feet in 1960. Results of the pumpage
inventory are discussed in detail under the section on present ground-

water development.
EVAPOTRANSPIRATION

In the Wheatland Flats area, water is discharged to the atmosphere
by evaporation from man-made and natural surface-water bodies,
from soil moisture and ground water, and by transpiration through
plants. The recharge study based on changes in ground-water storage
indicates that 60 to 65 percent of the surface water applied and 90 to
95 percent of the precipitation in the area is discharged to the atmos-
phere by evapotranspiration. The estimate of 60 to 65 percent for
the consumptive use of surface water may be too small, because the
computed ground-water discharge for the summer used in making esti-
mates of recharge includes some water discharged by evapotranspira-
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tion. Discharge by direct runoff from precipitation and surface
wastage from irrigation has been included in the estimates of evapo-
transpiration losses. Only a small error is introduced in this manner,
however, because the discharge is small. Significant quantities of
water are discharged by evapotranspiration from the ground-water
reservoir in areas where the water table lies within about 10 feet of the
surface. The amounts discharged vary inversely with the depth to
water. Plate 8 is a map showing the depth to the water table, areas
of high evapotranspiration from the water table (areas in which the
water table is less than 5 feet), and areas of moderate evapotranspira-
tion from the water table (areas in which the water table is from 5 to
10 feet below land surface).

Most of the water discharged to the atmosphere in the Wheatland
Flats is transpired by crops and decorative trees and, thus, is bene-
ficially used. The principal nonbeneficial consumptive use is tran-
spiration by hydrophytes growing in the seepage areas and along the
natural and manmade drains. These hydrophytes—cattails, water-
cress, reeds, and certain grasses—grow profusely in water-logged areas.
These plants are of little economic importance, but they consume
large quantities of water. Mower and Nace (1957, p. 21) quote figures
determined in tank and lysimeter experiments at Fort Collins, Colo.,
by Young and Blaney (1942) for the consumptive use by rushes of
4.4 feet of water annually. They also quote figures from tank and
lysimeter experiments by Criddle and Marr (1945) on cattail at
Bonner’s Ferry, Idaho and on a thick growth of rushes and cattail at
Grays Lake, Idaho. In each of these experiments, 5.1 feet of water
was consumed annually by the plants. Less significant is the discharge
by nondesirable phreatophytes, of which cottonwood is the most
important. Water is lost directly to the atmosphere by evaporation
from seeps, open drains, and ponds, and from areas where the water
table lies near the surface.

The Bureau of Reclamation made estimates of the nonbeneficial
consumptive use in the area by using the results of a detailed land
classification made in 1958-60 and figures for consumptive use by
hydrophytes determined in other areas. Their figures indicate that
nonbeneficial consumptive use amounts to about 2,500 acre-feet
annually (Robert Cross, oral communication, 1961).

Much of this water could be salvaged by lowering the water table
in the terrace deposits, because the hydrophytes grow only in seepage
areas or along natural and artificial drains. Some evaporation losses
from the water table could be diminished by lowering the water table
in areas where it lies within 10 feet of the surface. However, lowering
the water table in these areas might decrease the irrigation efficiency,
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because the crops use some ground water where the water table is
near the surface, and larger surface-water applications would be
required.

HYDRAULIC PROPERTIES OF FORMATIONS COMPOSING THE
GROUND-WATER RESERVOIR

The ability of an aquifer to yield water to a well or to transmit
water under a pressure gradient depends on certain hydraulic proper-
ties of its constituent materials. The principal hydraulic properties
of aquifers are expressed mathematically as the specific yield, the
coefficient of storage, and the coefficients of permeability and trans-
missibility.

The specific yield of an aquifer is defined as the volume percentage
of water that will drain by gravity from saturated sediments. In
unconfined aquifers it is nearly equal to the coefficient of storage.
The coefficient of storage (S) of an aquifer is the volume of water
released from or taken into storage per unit surface area of the aquifer
per unit of change in the component of head normal to that surface.

The coefficient of permeability (P) is defined as the number of gal-
lons of water a day that can be transmitted by a strip of aquifer 1
foot high and 1 foot wide, under a hydraulic gradient of 1 foot per foot,
and is expressed as gallons per day per square foot. The coeflicient of
permeability is dependent on the size and shape of the pore spaces,
their interconnection, and the nature of the material making up the
boundaries of the pore spaces.

The coefficient of transmissibility (7 is the number of gallons a
day at a prevailing water temperature that would be transmitted
across a strip 1 foot wide and extending the height of the saturated
thickness of the aquifer under a hydraulic gradient of 1 foot per foot.
The coefficient of transmissibility is equal to the average coefficient of
permeability times the saturated thickness of the aquifer and is
expressed in gallons per day per foot.

Several methods, including analysis of data collected during aquifer
tests, were used in estimating or computing the hydraulic properties
of the aquifers in the area. The aquifer tests were made by observing
declines in water levels in pumping wells and in wells in their vicinity
(drawdown tests), or by observing the rise in water levels after a well
has been shut down (recovery tests). The methods used in analyzing
the data collected depended on the geologic and hydrologic setting at
the well site. The specific methods used in analysis of aquifer tests
are discussed under the sections on the hydraulic properties of the
individual aquifers, as are other methods used to obtain the aquifer
coefficients.
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HYDRAULIC PROPERTIES OF THE TERRACE DEPOSITS
AQUIFER TESTS

Aquifer tests on the terrace deposits were analyzed by the Theis
nonequilibrium method, or the Theis recovery method (Theis, 1935,
p. 519-524), by using the procedure described by Wenzel (1942, p.
87-91 and p. 95-96).

Aquifer tests at wells 24-68-16add, 24-68-18acc, and 25-67—
31ccc2 were made by Morris and Babcock (1960, p. 46 and 54) in
1953-55. Data gathered at the three sites were analyzed to yield
coefficients of transmissibility of 67,000, 87,000, and 120,000 gpd per ft.
and coeflicients of permeability of 2,700, 2,600, and 5,100 gpd per sq.
ft., respectively. The data could not be analyzed to yield a reliable
figure for the coefficient of storage.

SPECIFIC CAPACITIES OF WELLS

The specific capacity of a well is defined as the yield in gallons per
minute per foot of drawdown. The specific capacity decreases as the
time of pumping increases, but after a time it decreases slowly. Other
factors affecting the specific capacity of a well are the permeability,
thickness, and storage coefficient of the aquifer at the well site, the
presence of hydrologic boundaries such as streams or ponds, large
changes in saturated thickness over short distances in the vicinity of
the well, and the construction and development of the well.

Specific-capacity figures are useful for comparing the efficiency of
construction of different wells and the transmissibility of the aquifer
at the different sites. Care should be used in making such comparisons
because specific capacity is affected by many variables.

Theis and others (1954, p. 11) prepared a chart for estimating the
coefficient of transmissibility from specific-capacity data. This chart
was used to determine the coefficients of transmissibility and permea-
bility for the terrace deposits at 12 well sites. Values for these
determinations are given in table 5. The estimates of the figures for
the coefficient of permeability made from the specific capacities are
not very reliable, but they do indicate the magnitude and range of
the permeabilities in the terrace deposits. The wide ranges in per-
meability are due principally to large differences in clay and silt con-
tent over short distances.

HYDRAULIC PROPERTIES OF THE ARIKAREE FORMATION
AQUIFER TESTS

The geologic and hydrologic setting for Arikaree wells in which the
uppermost part of the fornation has been cased off is such that the
wells behave as though they tapped a leaky aquifer, and data collected
from them were analyzed by the leaky-aquifer method developed by
Hantush (1956, p. 702-714) or by the modified leaky-aquifer method
developed by Hantush (1960, p. 3713-3725).
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TaBLE 5.—Estimates of the coefficient of permeability from specific-capacity data for
12 wells tapping the terrace deposits

Specific capacity,

(gpm per ft of Saturated Coefficient of

Well drawdown) after |Transmissibility] thickness at eability

number of hours | (gpd per ft) well site pd per sq it)

shown in (feet)
parentheses

23-68~1ced 44 (3) 80,000 20 4,000
24-67-6bed1 17 (170) 22,000 23 1,000
2ACC e m e 34 (354) 45,000 19 2,400
Sbeb. 7 (10) 9, 18 500
4cbe. - 13 (50) 20,000 14 1,400
7dce (5) 13,000 11 1,200
9cec? 15 (24) 22, 8 2,500
1lcbe - 10 (8) 17,000 22 700
1leee oo loeo I 39 (1) 70,000 27 2,600
15acb R 28 (several) 45,000 11 4,000
20cedl 40 (8) 72,000 13 5,600
83edd2. . ool 22 (5) 36,000 10 3,600

The geohydrologic setting is analogous to that assumed for a leaky
aquifer. The lenticularity of the formation causes the vertical per-
meability to be much less than the horizontal permeability, and the
cased-off and undrilled parts of the formation, therefore, act as semi-
confining beds to vertical flow. In most of the wells, the zone of
saturation just below the water table acts as a sand containing water
under constant head, and the underlying Brule Formation acts as an
impermeable bed. Figure 11 illustrates the analogy between the
stratigraphic setting for wells tapping the Arikaree Formation in the
area and two of the leaky-flow systems for which Hantush (1960, p.
8713-3725) derived his modified equations of flow.

Because of the distribution of impermeable lenses in the Arikaree
Formation, observation wells used in the tests yielded data showing
variation in characteristics of vertical flow. Data from some wells
indicated that part of the water pumped was derived from storage
within the semiconfining beds; data from other wells, however,
indicated that little or no water was being derived from that source.

Data indicating that water was being derived from storage within
the semiconfining beds were analyzed by a method that utilizes the
modified theory of leaky aquifers (Hantush, 1960, p. 3713-3725), which
was explained to the author by Hantush (written communication, 1961).
Data indicating that little or no water was derived from storage were
analyzed by a type-curve solution developed by H. H. Cooper (written
communication, 1959) from the data for leaky-aquifer equations
computed by Hantush (1956, p. 702-714).

Nine aquifer tests were made at the sites of wells tapping the
Arikaree Formation. Conditions at seven of the nine well sites were
analogous to case 1 of figure 11 and to case 2 of figure 11 for one test
site (24-68-34bbcl). Well 24-68-27accl was cased with perforated
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Case 1. Condmons at most of the wells tested (analogous to case 3,
Hantush, 1960,.p. 3717).
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FIGURE 11.—Semischematic sketches showing the analogy between the stratigraphie
setting for wells tapping the Arikaree Formation in the Wheatland Flats area and
two of the flow systems for which Hantush (1960, p. 3713-3725) derived equations

of flow.
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casing to a point above the level of the water table in the quicksand
. zone; data from this well were analyzed by the Theis method.

The results of the test are tabulated in table 6, and a brief discussion
of each test follows.

The first test was made at well 24-68-12dbe, which was pumped
46 hours at 600 gpm. Discharge was regulated with a gate valve.
Drawdown and recovery data were obtained at the pumped well and
at observation well 24-68-12dbb2 located 1,050 feet from the pumped
well. The observation well did not tap the same part of the formation
as the pumped well and the aquifer coefficients derived by analysis
of data from the observation well are, therefore, not reliable. Few

TABLE 6.—Aquifer coefficienis for the Arikaree Formation as determined from
aquifer tests.

Test number: Number of test as discussed in the text. Tests number chronologically.

Location of pumped well: See section on well-numbering system. .

Location of observation well from pumped well: Location of observation well for which data were obtained,
in feet and direction from pumped well (N, north; 8, south; E, east; W, west).

Leakance factor (A): Leakance factor for leaky systems in which some feakage is derived from storage within
semiconfining bed,s.

Leakage factor (;ﬁ-, : Vertical permeability of the semiconfining bed divided by its thickness.

Assumed thickness of semiconfining bed (m’): Thickness of semiconfining bed assumed to be distance
between the contact of the Arikaree Formation and terrace deposits, and open or screened part of well.
For observation wells in which the upper part of the Arikaree Formation has been cemented off, m’ is
assumed to be the distance from cement plug to contact. For wells drilled in areas where terrace deposits
are not saturated, m’ is assumed to be distance between the approximate level of water table and open
hole or screened part of well. .

Method of analysis: A, leaky-aquifer method; B, modified leaky-aquifer method; C, Theis nonequillibrium
formula method.

Coeffi- Leakage | As- | Verti-
cient of Leak- factor | sumed | cal
Location of trans- | Coeffi- | ance p thick- | perme- |Method
Test Loc;léign ofu obseﬁvﬁ?tion bmmissti- ciglt of (fa;c&rl w ?ess abi]}ty (;f "
pum wel well from ility |storage | (A (ft-1{ (gpd ofsemi-| p analys
pumped well | (zpd per | (10| X109 | Fogite | confin-| (gpd
ft) X10-%) [ing per sq
m’(feet)| ft)
1 | 24-68-12dbe..| Pumped well.... 5,400 [ e A
1,050 7,100 511 I S P25 (N I, A
2 | 24-68- 9ccel.. 5, 200 N P B
2, 18, 000 24 0. - B
3 | 24-67- 6bed2. 4,000 6 2 B
597 E 3, 700 3 . 2.3 120 0.28 | B
4 | 23-68- 4abe.. 9, 800 30 [ J PR NIRRT S, B
6, 200 6 b I FURRERIS SIS AP B
4, 000 [ T 6 80 48 | A
1 9, 800 5 2 1B
5 | 25-68-31cbd.__ F- 017 PR SRR AN NS R, A
500 8,200 : S A 21 22 441 A
8, 400 10 1 6.4 105 671 B
6 | 24-67- Bacc... 3,200 - -{ A
3,200 5 3.2 160 B8 A
2, 600 f: S N 1.6 160 271 A
7 | 24-67- 7add._). 10, 000 16 L 3% 2 DU IR NSRRI B
8 | 24-63-34bbel. .| 43,000 25 ) N R A I B
400 E 50, 000 23 1.5 B
9 | 24-68-27accl.| Pumped well3_.] 388,000 |- oo{oeomoooclomom oo C
Average 123 ____ 5, 700 5.4 2.0 3.6 |ocaeee 0.48 ...

1 Observation well does not penetrate same part of aquifer, and results are unreliable. Included in table
for comparison, Results not used in computing averages.

2 Observation well measured between two casings, rather than down well, and results are unreliable.
Not used in computing averages.

8 These wells were not drilled in the same type of material as the others, and results from these tests are
lgﬁ)t considered to be typical for the Arikaree Formation in the area. Theresults were not used in computing

e averages.
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drawdown measurements were made at the pumped well, and only the
recovery data from this well were analyzed.

The second test was made at well 24-68—9ccel, which was pumped
125 hours at 525 to 440 gpm. Water-levels were observed in well
24-68~17add1, tapping the Arikaree Formation, and in wells 24-68—
9ccc2 and 24-68-9cce3 tapping the terrace deposits. Data from
observation well 24-68-17add1, which is 2,510 feet south-southwest of
the pumped well, indicated a coefficient of transmissibility of 18,000
gpd per ft; the figure may be erroneous, however, because the draw-
down was measured in the annular space between the two casings in
this well and may not reflect conditions in the same part of the aquifer
as the pumped well. Water levels in wells 24-68-9ccc2 and —9cce3
tapping the terrace deposits did not show declines that could be
attributed to drawdown; however, slight drawdown might have been
masked by fluctuations due to other causes.

In the third test, well 24-67—-6bcd2 was pumped 120 hours at 380
to 350 gpm. Drawdown was observed in well 24—67—6bdc, which is
similar in construction to the pumped well and taps the same zone of
the Arikaree Formation. Water levels also were observed in well
24-67—-6bcd 1, which taps the terrace deposits 17 feet from the pumped
well. Results of analysis of data for the two wells in the Arikaree
Formation were quite consistent. The water level in the well tapping
the terrace deposits was not visibly affected by pumping the deep
well.

The fourth test was made at the site of well 23-68—4abe. Draw-
downs were measured inside the pumped well and in a 1%-inch pipe
installed in the sand pack outside the casing. Two observation wells
were constructed in the terrace deposits 50 and 200 feet from the
pumped well (U.S. Bureau of Reclamation wells 1G50 and 2G200)
and eight were constructed in the Arikaree Formation at intervals of
100, 200, 400, 800, and 1,600 feet from the pumped well and to dif-
ferent depths (U.S. Bureau of Reclamation wells 10A100, 3A200,
4A400, 5AD400, 6A800, 9A0800, 10AD1600, and 7A1600). The wells
were drilled 4 inches in diameter and cased with 14-inch pipe. The
wells in the Arikaree Formation were packed with gravel to a depth
near the contact of the Arikaree and terrace deposits, at which depth
a bentonite plug was placed to prevent movement of water down the
wellbore from the terrace deposits to the Arikaree Formation. Figure
4 shows the depths, locations, and static water levels for the wells used
in this test. The two wells in the terrace deposits have remained dry
since they were drilled.

During this test the well was pumped at 525 to 540 gpm for the first
13 days; the discharge was regulated with a gate valve. At the end of
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13 days, the discharge was reduced to 475 to 485 gpm, and the test was
continued for an additional 45 days. Well 5AD400 is the only
observation well that penetrates the same thickness of the aquifer
as the pumped well and is the only one that yielded reasonable results.
Data gathered from wells 10A100, 3A200, and SAD1600 were analyzed
to obtain aquifer coefficients. The results do not accurately represent
the formation at that test site, but they provide some insight on the
hydrology of the aquifer. The data plot from well 3A200 showed a
departure from the type curve, after about 30 minutes of pumping,
similar to that caused by an impermeable boundary. This departure
probably represents a change in the characteristics of leakage flow in
the vicinity of the well. Data gathered at the other wells observed
during this test did not show a similar departure.

Water levels in the four wells drilled to a depth of 100 feet (4A400,
6A800, 7A1600, and 9A0800) were not immediately affected by the
pumping; however, 5.2 and 3.4 feet of drawdown had been induced in
wells 4A400 and 6A800, respectively, by the end of the 58-day test.
Water levels in wells 7A1600 and 9A0800 did not show decline
attributable to pumping.

The last five tests were made at the sites of private irrigation wells.
Before the tests were made, one or two observation wells were drilled
in the vicinity of each pumped well by a contractor for the Geological
Survey. The observation wells were drilled 4 inches in diameter and
cased with 1%-inch pipe. The wells were drilled to depths about 10
feet below the measured depths of the pumped wells, and grout seals
were placed at depths about equal to that at which the casings in the
pumped wells were seated.

In the first test of the series, well 25-68-31cbd was pumped 216
hours at 550 to 500 gpm. Two observation wells, one 500 feet east and
one 800 feet north of the pumped well, were installed for the test.

The coeflicient of transmissibility obtained from the pumped well
and the two observation wells check closely. The value for the
pumped well is less reliable, however, than that for the others because
drawdown data were not collected at the well during the first 10
minutes of the test, and the data gathered after that time yielded a
plot which could be matched with equal facility to several type curves.

The data plot from observation well 1 departed from the type curve
after about 100 minutes of pumping ; probably the departure was due to
changes in the pattern of leakage flow in the vicinity of the well.

Well 24-67-5acc was pumped 144 hours at 540 to 480 gpm. Two
observation wells were used, one 400 and one 800 feet east of the
pumped well. Data obtained from the three wells give results that
are consistent.
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Well 24-67-7add was pumped 48 hours at 670 to 650 gpm. One
observation well was used. Drawdown data could not be obtained at
the pumped well during pumping, but the drawdown data from the
observation well were analyzed by the modified leaky-aquifer method.
Recovery data for the pumped well were analyzed by the Theis non-
equilibrium formula to obtain an approximate coefficient of trans-
missibility, but recovery data for the observation well could not be
analyzed because the well was not pumped long enough to establish
near-equilibrium conditions.

The last two tests were made in an area in which the Arikaree
Formation is composed of much coarser material than elsewhere.
This coarser material probably was deposited in a main stream
channel within the flood-plain environment in which the sediments
composing the Arikaree Formation were laid down. The two tests
were made at the sites of wells about 0.9 mile apart, one at 24-68—
34bbel and the other at 24-68-27accl.

Well 24-68-34bbel was pumped for about 48 hours at 870 to 830
gpm, and drawdowns were observed in two observation wells. Plots
of drawdown data for the observation wells differed somewhat from
plots of data for the other tests because the semiconfining beds in the
vicinity of well 24~68~34bbel are composed of thick beds of sandy
clay, rather than of relatively impermeable lenses of well-cemented
sandstone distributed in permeable sandstone. Because the upper
zone of saturation lies within the clay beds, the hydrologic environ-
ment at this test site is analogous to case 2, as illustrated by figure 11.
Drawdown data could not be obtained for the pumped well because a
burr around the casing prevented measurement.

Well 24-68—27accl was completed at a depth of 300 feet and was
cased with perforated casing from a depth above the water table in
the unconsolidated part of the upper unit of the Arikaree Formation
to the total depth of the well. The observation well also was drilled
to a total depth of 300 feet and was screened at intervals throughout
the saturated part of the aquifer. The construction of the wells used
in this test is such that results expected in a water-table aquifer were
obtained. The well was pumped for 97 hours at 1,000 to 950 gpm.
The data from the pumped well met the requirements for a successful
aquifer test. Analysis of drawdown data from the observation well,
however, did not yield a reasonable value for the coefficient of trans-
missibility, possibly because the aquifer is nonhomogeneous in the
vicinity of this test site. The drilled materials from the observation
well are somewhat finer grained and contain much more limestone
than those from the pumped well.

723-431—64——4
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COEFFICIENT OF TRANSMISSIBILITY

DETERMINED BY AQUIFER TESTS

Analysis of aquifer tests indicate that the average coefficient of
transmissibility for the Arikaree Formation is about 5,700 gpd per ft
and that it ranges from about 2,600 to about 10,000 gpd per ft, or 350
to 1,300 sq ft per day. The wide range probably is due partly to
changes in grain size and cementation of the aquifer from place to
place and partly to differences in depth of penetration of wells used
in the various tests. Because the wells only partially penetrate the
aquifer, the determined coefficients of transmissibility probably are
low for the aquifer as a whole. These coefficients probably are the
best available, however, for predicting local drawdowns obtained by
pumping partially penetrating wells.

DETERMINED BY IDEAL GEOMETRIC CONFIGURATIONS

The coefficient of transmissibility was estimated also from the head
distribution along the piezometric surface and the accretion rate to
the aquifer by fitting the area to two ideal geometric figures.

The circle configuration—The first configuration used was that of a
half circle, approximated by Sybille Creek, the Laramie River, and
Chugwater Creek. An impermeable boundary parallel to the Laramie
River and 3 miles south of the township line separating townships 24
and 25 and extending across the area is assumed to complete the
configuration.

For an aquifer of this configuration, having a constant ground-water
level maintained about the semicircular arc, the equation for the
ground-water head due to accretion is expressed thus:

W=7 G—r)

where A/=head due to accretion (ft),
w=rthe accretion rate (ft per day),
T'=the coeflicient of transmissibility (sq ft per day),
b=the radius of the area (ft),
and r=the distance from the center of the circle (ft).
This equation may be rewritten:

Y e
T= vy *—r?)
to determine the coefficient of transmissibility when the accretion rate

and the head due to accretion are known (Robert E. Glover, written
communication, 1961).
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The rate of accretion in this area was assumed to be equal to the
average accretion rate computed for the area, which was obtained by
dividing the seepage loss from the Arikaree Formation to the major
streams by the area of the Wheatland Flats. This computation gave
an average accretion rate of 0.46 foot per year or 1.2XX10~? foot per
day. The head due to accretion was estimated from the accretion-
head map (pl. 6) for a point at the center of the south side of sec. 15,
T. 24 N, R. 68 W., to be about 140 feet.

The coefficient of transmissibility is obtained for this idealized
figure by substituting w=1.2X10"2 foot per day and A'=140 feet in
the equation

to give
T=1500 sq ft per day, or 11,000 gpd per ft.

The rectangle configuration.—The second idealized figure used was
that of a rectangle having each of three sides represented by one of the
incised streams and having a center line cutting across the rectangle
represented by the impermeable boundary.

If the rectangle has a length 2b and a width 2@, an origin at the
center, and coordinates z and ¥ measured in the directions of e and b,
respectively, the boundary conditions will be A’=0 at z=a and
h'=0 at y=>b. A solution of the equation of continuity meeting the
boundary conditions for this rectangle system is:

nry
h,__16wa2 "§ 1 . (—l)ﬁ; cosh 3, cos T
T BT S0 nxb 2a°

! COSh-zT

with symbols as previously described (Robert E. Glover, written
communication, 1961).

For this determination, the rectangle dimensions were assumed to be
a@=4.0 miles and 5=8.0 miles, and the center of the rectangle was
assumed to lie in the NWY%SWY sec. 3, T. 23 N., R. 68 W. The
equation for head due to accretion at this point becomes:

b= li“;‘f (0.883) or T—-m:;’:f (0.883).

The average accretion rate of 1.2)X107% feet per day determined
from streamflow gains and the value for the head due to accretion of
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180 feet determined from the accretion-head map (pl. 6) for that point
were substituted in the equation to yield:

161.2>X107% ft per day (4.0 miX 5280 ft per mi)?

I= (3.12)3 180 ft

=1400 ft* per day
=10,000 gpd per ft.

Values also were computed for the points

=0, y=2,
=0, y=4,

=0, y=6.
and ’

The four values were averaged to give a value of T of about 10,000
gpd per ft.

Results obtained from the two geometric figures agree fairly closely,
and probably represent reasonable values for the coefficient of trans-
missibility for the entire aquifer. The rectangle more nearly repre-
sents the configuration of the Wheatland Flats than the circle and
probably gives more reliable results.

VERTICAL COEFFICIENT OF PERMEABILITY

The average vertical permeability of the Arikaree Formation limits
the amount of water that can move down through the formation from
the more permeable overlying terrace deposits and has an important
bearing on the feasibility of the proposed pumping project. Estimates
of the vertical permeability were made from aquifer tests and also
from the relation of the average head difference between the water
table and the piezometric surface to the accretion rate to the lower
part of the Arikaree Formation.

Vertical permeability from aquifer tests.—The vertical permeability

4
(p’) of the Arikaree Formation was estimated from the six values of %

determined for data gathered during aquifer tests 3, 4, 5, and 6
(table 6). Values of the assumed thickness of the semiconfining bed

7
(m’) for values of 57 determined from aquifer tests made at wells in

areas where the water table lies within the terrace deposits were
assumed to be equal to the thickness of the interval between the base
of the terrace deposits and the open-hole or screened part of the

4
observation well. For values of ;%—, determined from aquifer tests

made in areas where the water table lies within the Arikaree Forma-
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tion, m’ was assumed to be approximately the distance between the
water table and the beginning of the open hole or screened part of the
observation well. For observation wells in which water in the upper
part of the hole was cemented off from the screened part of the well, m’
was assumed to be the thickness of the interval between the top of the
Arikaree Formation and the bottom of the cement plug. The values
of m’ thus obtained are shown in table 6.

The vertical permeabilities were calculated by multiplying the

’
values of %—,, as determined from the aquifer tests, by the values of m’

’
at the sites of the observation wells for which the %’—n—} values were
determined. The average value of p’ determined by this method
was about 0.5 gpd per square foot.
Vertical permeability by head difference and accretion rafe.—A value
4

for %7 also may be found from the relation of the average difference in

head between the piezometric surface and the water table to the
accretion rate by using Darcy’s equation for flow through porous
media:

Q=PIA,
when

Q=discharge, or flow (%—,3),

P=coefficient of permeability (%,),

I=hydraulic gradient,
and A=area through which flow occurs (L2).
The equation may be rewritten for vertical flow through a semicon-
fining bed:

Q_»
A4 m A

Q_ . (L .
A—the accretionrate T)=%

Ah=difference in head across the semiconfining bed,
and

%=hydraulic gradient for vertical-flow components.

’ ’
Solving the equation for % yields: 7%’=—ﬁ'

The average difference in head between the piezometric surface and
the water table equals (1) the sum of the head differences times the
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area divided by (2) the total area enclosed by contours on plate 7.
Areas between selected contours found by planimeter from plate 7 are
shown in column 2 of the following table. The areas listed were
multiplied by the average value of the enclosing contours to find the
volume of head difference for each interval, as listed in the third
column. Areas for which the head difference was greater than 60 feet
were not used in the computations, because saturated interconnection
between the two formations may not exist in those areas.

Area witkin con-  Volume of head
tour intersal diferc)r(tlc‘eps_cuﬂ

Contour interval (sg mf)
0-10 above. e 2.6 —0. 36
0-20 beloOW v e 21.2 +5. 92
20-40. o e 319 26. 7
4060 e 3.7 51
Total o ceeeeeaen 59. 4 37.3

The average head difference between the water table and piezo-
metric surface for all the contoured area of plate 7 is found to be 23
feet by dividing the total of all volumes in column 3 by the total of all
areas in column 2. The head difference may be somewhat in error,
because the limits of saturated interconnection are not known and
because the average value of head difference for the interval 0-20
feet, which covers a large area, may not be correct.

The accretion rate was found to be about 0.46 foot per year, or
1.2X107% feet per day, from a flow-net analysis and study of stream-
flow gains.

Inserting the values for the accretion rate and average head
difference in Darcy’s equation:

7 -3
pL_w 12X107_ ¢ 451075 day~!

or 4.1X10~* gpd per cu ft.

A value for m’ was found from the casing records (table 8) and
drillers logs (table 11) for wells used in drawing the piezometric con-
tour map. The thickness for m’ was assumed to be the distance
between the contact of the Arikaree Formation and the terrace
deposits and the open-hole part or screened part of the well. The
average m’ in the wells studied was about 140 feet. Multiplying this

value by the value of i—, of 4.1 X10~*gpd per cu ft yields a value for the

vertical permeability of about 0.06 gpd per sq ft.

The latter value of p’ is about one-eighth that determined from the
aquifer tests. Vertical permeability determined from the aquifer
tests may be too high, because the apparent confining bed reflected
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by the aquifer-test data may not extend to the base of the terrace
deposits, but only to an upper porous zone within the Arikaree
Formation. Although vertical permeabilities determined by the
two methods differ widely, they probably define the range of vertical
permeability.

The maximum capacity of pumping wells in the Arikaree Formation
is limited to the maximum vertical flow downward through the forma-
tion from the overlying terrace deposits and soil zones. This maxi-
mum flow may be determined by assuming a gravity gradient between
the terrace deposits and the tapped zone of the Arikaree Formation
over the area of the Wheatland Flats by using Darcy’s equation:

Q=PIA.

The hydraulic gradient under gravity-flow conditions is equal to
unity, the area equals about 50,000 acres, and it may be assumed that
the vertical permeability is equal to about 0.06 gpd per sq ft. The
maximum recharge to the formation under these conditions would
be equal to 0.06 gpd per sq ftX50,000 acresX43,560 sq ft per
acre==130,000,000 gpd=400 acre-feet per day. The discharge from
the Arikaree Formation, as computed from an analysis of streamflow
measurements, presently is about 23,000 acre-feet per year, or about
63 acre-feet per day Thus, the a,glufgr under maximum develop-
ment could accept six or seven times more recharge than it does af

. present (1961), if the vertical permeability of the formation equals
the minimum value determined. If two-thirds of the water to be
'pumped for the proposed project were to come from increased recharge
and if the pumping were to be evenly distributed over a 120-day
pumping season, recharge would be increased by about 100 acre-feet |
‘per day, or by about 1% times the present rate of recharge. This is {
well within the capability of the upper part of the Arikaree Formation

to transmit water from the water table downward to the pumi),'nEA
wells without causing ponding at the surface.

THE STORAGE COEFFICIENT AND SPECIFIC YIELD

The storage coefficient for the Arikaree Formation was computed
from data obtained from eight of the nine aquifer tests. The average
storage coefficient, as determined from data from observation wells
most accurately reflecting the hydrologic environment at their sites,
was about 5X10~% This storage coefficient is very small, and little
water would be released from storage by declines in the piezometric
surface. For example, a decline in the piezometric surface of 30 feet
over the area of the Wheatland Flats would release only about 750
acre-feet of water. Thus, the storage characteristics of the pumped
zone of the Arikaree Formation are not important in determining
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water-level changes, because changes in storage are negligible com-
pared with the quantity of water pumped each season. The storage
coefficient should be useful, however, for predicting local drawdowns
in the vicinity of wells tapping the Arikaree Formation at depth.

An average specific yield of about 0.12 for the materials lying within
the range of water-table fluctuations was determined from observed
changes in storage and discharge estimates made for February 1959.
The water table undoubtedly would decline during the first years the
the Bureau of Reclamation’s proposed pumping project is in effect,
before new equilibrium conditions are established. The volumes of
water released from storage within the terrace deposits and the upper-
most part of the Arikaree Formation can be computed from the average
specific yield and from forecasts of the amount of decline of the water
table caused by project pumping.

GROUND-WATER DEVELOPMENT
PRESENT DEVELOPMENT
TERRACE DEPOSITS

Water is obtained for irrigation in the area from about 50 wells in
the terrace deposits. The wells yield from 100 to 800 gpm, but the
yield of most wells ranges from 200 to 500 gpm. The irrigation wells
were drilled with cable tool, rotary, or reverse-rotary rigs or were dug.
Most of the wells were drilled a few feet into the Arikaree Formation
and fully cased; they generally are from 10 to 48 inches in diameter.
All the irrigation wells are equipped with turbine pumps and electric
motors except two, which are equipped with centrifugal pumps. The
motors range in horsepower from 1.5 to 15, and most are in the 5 to 10
horsepower range. Data on the individual irrigation wells are given
in table 8.

Pebble or cobble gravel was used to fill the annular space between
the casing and the outside of the hole in many of the wells. None of
the wells have a gravel pack designed to prevent sand pumpage; how-
ever, most of the wells seem to develop a natural gravel pack and do
not pump much sand after the first few weeks of pumping.

About 170 small-discharge wells obtain water for stock and domestic
use from the terrace deposits. These wells were drilled by cable-tool
or reverse-rotary methods or were dug. Drilled wells generally range
in diameter from 4 to 8 inches, but the diameter of the dug wells may
be as much as 4 feet. Most of the wells were drilled to depths of a
few feet below the base of the terrace deposits and were cased to their
total depth. The wells are equipped with jet or cylinder pumps, and
most are powered with electric motors. Many abandoned domestic
wells have hand-operated pitcher pumps.
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ARIKAREE FORMATION

Thirty-three large-discharge wells, records of which appear in table
8, tap the Arikaree Formation in the Wheatland Flats area. These
include 5 municipal wells and 28 irrigation wells. In addition, 2
municipal wells and 1 well drilled as an industrial supply for the Great
Western Sugar Co. have been abandoned, 3 irrigation wells have failed
structurally, and 2 wells drilled for irrigation yielded only small quan-
tities of water and were not completed. One large-diameter well,
drilled for irrigation, was plugged without being tested by pumping.
Of the above, 22 wells were drilled by cable-tool methods, 4 probably
were drilled by cable-tool methods, 7 were drilled by rotary methods,
and 9 were drilled by reverse-rotary methods.

Wells drilled by cable-tool rigs were constructed by lowering blank
casing down the hole as drilling progressed, to prevent caving, to a
depth at which the formation would stand as open hole. The casing
was seated at that depth, generally on a hard limy lens, and the well
was completed with about 200 to 350 feet of open hole. The depths
of seven wells completed in this manner were measured in 1959-60.
The wells had caved and partly filled with 150 to 350 feet of material.
Three wells (23-68-10cde, 24-68-13cdd1, and 24-68-34bbcl) were
cased with perforated casing below the quicksand zone, rather than
being completed as open hole. No depth measurements were obtained
on these wells. Wells drilled by rotary methods were completed in
much the same manner as those drilled by the cable-tool method.

Most of the irrigation wells drilled by the reverse-rotary method
were drilled to depths of 300 to 320 feet; however, well 23-68—4abc is
500 feet deep. The wells were drilled to a diameter of 30 inches and
cased with 12-inch to 16-inch casing to their total depth. In most of
the wells the casing is perforated from about the water table to the
bottom of the well. Pea-sized gravel was installed in the annular
space around the casing in all the wells except 23-68—4abc, in which a
graded sand pack was installed. Several of the wells packed with
pea-sized gravel pump moderate to large quantities of sand. Well
24-68-22acc2 pumped so much sand that, after about five days of
pumping, the ground caved around the well and formed a cavern that
required 60 cubic yards of material to fill. The owner installed a
smaller pump on the well and continued to operate it. After about two
months it caved again, and this time about 30 to 40 cubic yards of
material were required to fill the cavity.

All the irrigation wells tapping the Arikaree Formation are equipped
with turbine pumps except 24-68-27acc2, which has a submersible
turbine pump. The wells are powered with 15- to 40-horsepower
electric motors, with the exception of 24-67-7add, which is equipped
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with a 56-horsepower natural gas engine. Most of the wells yield
from 450 to 650 gpm.

About 70 domestic and stock wells tap the Arikaree Formation in
the area. These wells were drilled by hydraulic-rotary or cable-tool
methods. They generally were drilled to depths of 150 to 300 feet and
are 6 to 8 inches in diameter. Most of the wells are cased with blank
casing to within a few feet of their total depth. The wells are equipped
with jet or cylinder pumps and are powered with electric motors.

HISTORY OF DEVELOPMENT OF GROUND WATER FOR
IRRIGATION IN THE AREA

The first irrigation well for which data are available, 24-68-8cdc,
was drilled in 1931; the well taps both the terrace deposits and the
Arikaree Formation. In 1934, well 23-68-10dcc was drilled to a depth
of 920 feet in the Arikaree Formation, but the pump column and sue-
tion pipe extended only 55 feet below the static water level; after only
a short period of pumping, the water level dropped below the end of
the suction pipe. This discouraged farmers for some time from con-
structing deep wells in the Arikaree Formation. Only five irrigation
wells were constructed between 1934 and 1953, all in the terrace
deposits.

In 1953, as a result of a general drought that greatly reduced the
amount of surface water for irrigation, 23 wells were constructed in the
terrace deposits. Thirteen wells were constructed in the terrace
deposits in 1954, 6 in 1955, and 3 in 1956. By 1956 the water table
had declined greatly because of the drought (fig. 5), and the yields
of many wells in the terrace deposits had declined to a fraction of
what they had been in 1953 and 1954. This led to renewed interest
in deep wells tapping the Arikaree Formation as a more dependable
ground-water supply and, in the fall of 1956, three deep wells were
constructed. Yields of these wells ranged from 500 to 670 gpm.
Fifteen deep wells tapping the Arikaree Formation were constructed in
1957, and well drilling probably would have continued at a rapid pace
had the drought not ended in that year. Only one well was drilled
in 1958. Four deep wells were constructed during the summer and
fall 1959, as supplies of surface water became short near the end of the
irrigation season. No irrigation wells tapping the terrace deposits
were constructed during the period 1957-59.

In 1960, water was again in short supply and 16 new wells were drilled,
including 9 in the Arikaree Formation and 7 in the terrace deposits.
Of the 9 wells drilled in the Arikaree Formation in 1960, 3 were drilled
to replace wells that had failed, and 1 (23—68-9cca) was abandoned
by the owner without being tested by pumping; therefore, only 5 new
irrigation wells tapping the Arikaree Formation were added during
1960.
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GROUND-WATER USAGE

Morris and Babeock (1960, p. 75) determined the following ground-

water pumpage for irrigation and municipal use for the years 1953-55.

As a part of this investigation, ground-water pumpage for irrigation,

municipal, domestic, and stock use was determined for the years 1959-60.

(See table 7.) Records of electric-power consumption for each well were
Water

pumped
Year (acre-jeet)

obtained from the power company. The amount of water pumped by
electrically powered irrigation wells was then computed by measuring
the power input and the discharge of each well to derive a figure for
acre-feet of water pumped per kilowatt-hour of electricity used.
This figure was multiplied by the electric power used to obtain the
total discharge for each well. Discharges of wells not pumped by
electricity were measured, and the owners were asked to keep a record
of the days the wells were pumped. The daily discharge of the wells
was multiplied by the number of days pumped to obtain the total
discharge.

TABLE 7.—Ground-waler pumpage in the Whealland Flats area for
196960, in acre-feet

- Arikaree Formation Terrace deposits
e
1959 1960 1959 1060
Irrigation:
April (1] F—
May 30 280 60 210
June. 150 560 190 400
Tl o e 190 970 230 1,030
August__ . 590 930 780 1,160
Sept er. 520 550 550 640
Octob 130 180 60 110
Muniecipal._ . 400 420 0 0
Domestic
and stock. 30 30 50 50
Total. 2,040 4,040 1,920 3,710

Figures for pumpage from the Arikaree Formation are more accu-
rate than those from the terrace deposits because the discharges of
wells tapping the Arikaree Formation do not vary much seasonally,
whereas the discharges of wells tapping the terrace deposits vary
considerably as the water table fluctuates during the irrigation season.

Municipal pumpage was obtained from meter readings for three of
the wells used by the town of Wheatland and from an estimate of
discharge for one well (24-68-13cdd1).

Domestic and stock pumpage was estimated from interviews with
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about 20 farm owners. The average pumpage for domestic and stock
use for each farm was determined to be about 0.3 acre-foot annually.
Although the estimates are only approximate, they probably are of
about the right order of magnitude.

PROPOSED FUTURE DEVELOPMENT

The Bureau of Reclamation proposes to pump about 15,600 acre-
feet more water per year from the Arikaree Formation. The project
plan also requires an additional 12,000 acre-feet of surface water to be
made available by increasing storage facilities and by lining canals
outside the area (Robert Cross, oral communication, 1962). This
measure would add about 27,600 acre-feet annually to the irrigation-
water supply.

The Bureau of Reclamation previously had estimated that an addi-
tional 18,000 acre-feet of ground water might be required for the
project. That amount of ground water, plus the 12,000 acre-feet of
additional surface water annually, would have added about 30,000
acre-feet of water annusally to the total irrigation-water supply. For
the purposes of this report, a figure of 30,000 acre-feet was used as a
basis for calculations regarding the effect of the proposed project upon
water levels in the report area.

EFFECTS OF PROPOSED PUMPING PROJECT ON WATER LEVELS

Ground water for the proposed project would be obtained from four
sources: (1) storage in ground-water reservoirs, (2) diversions from
seepage to the major streams, (3) decreases in evapotranspiration
losses, (4) and increases in recharge resulting from increases in appli-
cations of water for irrigation from surface supplies. Most of the
water pumped initially would be derived from storage in the Arikaree
Formation; however, as the head on the water in the Arikaree Forma-
tion is lowered by this withdrawal, water that otherwise would drain
from the formation to the major streams would be diverted to the wells,
and more leakage would be induced from the terrace deposits. The
water supplying the induced leakage would come from increased re-
charge because of increased applications of irrigation water on the
terraces, from storage within the terrace deposits and the uppermost
part of the Arikaree Formation, and, as the water table declines, from
decreases in evapotranspiration losses. After the pumping project
has been in effect for several years, essential equilibrium will be
reestablished and, for average conditions, significant quantities of
water no longer will be derived from storage.

Both the piezometric surface of the Arikaree Formation and the
water table will decline considerably if the proposed pumping project
is begun. Inasmuch as the feasibility of the project depends on the
extent of these declines, estimates have been made of their magnitude.
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These estimates are for the new equilibrium levels to be established
by pumping over several years and do not include releases of ground
water from storage. The effects of the proposed pumping project on
the water levels will depend on the quantities of water to be derived
from the different sources.

Increased recharge to the ground-water reservoir was computed, by
multiplying the figure of 30,000 acre-feet of additional water to be
applied for irrigation annually by the estimated recharge rate of 35 to
40 percent, to be 10,500 to 12,000 acre-feet a year. Most of this addi-
tional recharge would be recaptured by the proposed well field when
the water levels are lowered over the area, although some would
escape by evapotranspiration and loss to streamflow. It is assumed
for this computation that about 9,000 acre-feet would be recaptured
by the well field. The additional 9,000 acre-feet would be derived
from reduced flow from the Arikaree Formation to the streams and
from reduced discharge from the terrace deposits.

The part of the 9,000 acre-feet of water to be diverted to the well
field by reduction of present discharge to streams from the Arikaree
Formation and the terrace deposits is dependent on the declines in
ground-water levels. Therefore, empirical equations were derived to
indicate declines in water levels resulting from salvage rates from the
two sources of discharge. Values then were assumed for the salvage
from each source and tried in the equations until reasonable figures for
the declines in head were found.

The first equation derived is used to determine the magnitude of the
decline in the piezometric surface necessary to produce a decrease of a
certain magnitude in ground-water seepage to the major streams. This
equation assumes that the pumping is evenly distributed over the
entire area and acts to decrease the accretion rate uniformly. The
piezometric head at any point in the flow system due to accretion is
proportional to the aceretion rate, and the change in head, AR/,
is found by the equation:

AR =R %D"—", (Eq. 1)
when
Ah’=change in accretion head due to change in rate of
accretion, in feet,
h'=accretion head before the change in the accretion rate, in
feet,
Aw=change in accretion rate in any units,
and
w=accretion rate before change occurred, in same units.
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The value for the average accretion component of head was deter-
mined by finding the area between each pair of contours on the
accretion-head map (pl. 6) by use of a polar planimeter, multiplying
each area by the mid-value of the enclosing contours, totaling the
values for each interval, and dividing by the total area to get an
average head value. The value was determined to be about 105 feet.
The accretion to the Arikaree Formation at depth is about 23,000
acre-feet a year, as determined from streamflow data, and, for the
change in accretion rate in acre-feet a year, equation 1 becomes

Ah, =105 o 23 000

when

Ak’ ;=average accretion component of head. ‘
The latter equation is an approximation because the head values from
areal segments were not weighted to account for nonlinearity in the
equation relating head, accretion, and space; however, estimates
based on this approximation are believed to be of adequate accuracy
for this study.

Under proposed project conditions, much more water than presently
does so will move down from the terrace deposits and the uppermost
part of the Arikaree Formation to the deeper water-bearing zones in
the Arikaree Formation; therefore, the difference in head between the
water table and the piezometric surface will increase. The increase in
downward flow will be equal to the ground-water pumpage minus the
amount salvaged from direct flow to the streams (Aw, in equation 1).
Downward flow is proportional to the difference in head between the
two formations; therefore, the change in head difference between the
water table and piezometric surface may be expressed by equation 2:

AD= D><P —Aw,

when
D=average head difference between the water table and

piezometric surface over area,
AD=change in head difference caused by change in accretion,
w=accretion rate,
P=pumping rate,
and
Aw=change in accretion rate due to pumping.

The average head difference (D) was determined to be about 23
feet (p. 48), the accretion rate w, is equal to about 23,000 acre-feet a
year, and the pumping rate is about 18,000 acre-feet a year. Thus,
equation 2 becomes:

41,000— Aw

AD=2X=4r05s
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Saturated interconnection between the terrace deposits and the
lower part of the Arikaree Formation probably does not exist in some
areas near the streams bounding the Wheatland Flats. The increased
depth to the piezometric surface caused by pumping the proposed
well field would cause the size of the unsaturated area to increase,
and the area where saturated interconnection between the two forma-
tions now exists would become smaller. Consequently, the amount of
head difference between the two formations would need to increase
more than proportionally in order to cause a proportional increase in
the accretion rate. The increased difference in head between the
water table and the piezometric surface would increase the vertical
component of downward movement relative to the horizontal com-
ponent, and, as a consequence, the quantities of water moving down-
ward would increase more than proportionally with an increase in the
difference in head.

The influences of these two factors on equation 2 are not known,
but it is assumed that they are compensating.

Finally, the decline in the water table may be expressed by equa-

tion 3:
Ahw;= M;—AD,
when
Ahy=change in the level of the water table.

By assigning various assumed values for the volume of present
accretion to be intercepted by the proposed well field, expressed as
Aw, various combinations of declines in head of the two surfaces—
the water table and the piezometric surface—may be computed, and
the most reasonable combination may be determined. Sample
calculations are given below.

If it is assumed that about 4,000 acre-feet of water is to be diverted
from present seepage to the major streams and that 9,000 acre-feet is
to be salvaged from increased recharge, then 5,000 acre-feet will be

_derived by decreasing present discharge from the terrace deposits.
Using these figures in the three equations:

Aw
23,000’

.U 18,000—Aw
AD=23X—55"560

AkwtzM’a—AD;

AR’ =105

and

the following is obtained:
AR/, =18 feet,
AD=18 feet,
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and
Ahy,;=0 foot.

Because no water could be salvaged from the discharge from the
terrace deposits and uppermost part of the Arikaree Formation
without a decline in the water table, the assumed value of Aw must be
too low.

If a value of Aw of 5,000 acre-feet a year is assumed, values of

Ah,=23 feet,
AD=17 feet,
and
Ah,; =6 feet
are obtained.

An average decline of 6 feet in the water table might be expected to
vield 4,000 acre-feet of salvaged discharge annually, and these figures
may represent good assumptions for the declines in head.

Moreover, if a value of Aw of 6,000 acre-feet is assumed,

Ah,=27 feet,
AD=13 feet,

and
Ahy=14 feet.

A decline in the water table of that magnitude should yield more
than 3,000 acre-feet a year in salvaged recharge from the terrace
deposits and uppermost part of the Arikaree Formation; therefore,
the estimate of Aw must be too high.

The sample computations indicate that under the new equilibrium
conditions imposed by the proposed pumping project, the piezometric
surface probably would decline, on an average, 20 to 25 feet from
present levels, and the water table probably would decline, on an
average, 3 to 10 feet below its present average level. These declines
in head would not be evenly distributed over the area, and for the
piezometric surface they would range from 0 to about 50 feet; for the
water table, they would range from 0 to 20 feet.

PUMPING LIFTS UNDER PROJECT CONDITIONS

Average pumping levels may be computed for the wells tapping the
Arikaree Formation at depth by totaling the local drawdown for the
well determined from data from the aquifer tests, the depth to the
piezometric surface at present, and the average decline in the piezo-
metric surface under the proposed project conditions. The average
local drawdown in the vicinity of a pumping well may be computed
from the aquifer coefficients determined from the analysis of aquifer
tests. This was done for a well assumed to be drilled at a location for



GROUND-WATER DEVELOPMENT 59

which the aquifer has the average aquifer coefficients as determined
by the aquifer tests. These aquifer coefficients are:
T=5,700 gpd per ft,
S=5X10"*,
and
pl
W=4><10‘3 gpd per cu ft.
It also was assumed that
t (length of pumping) =120 days,

@ (discharge of well) =500 gpm,
and
r (radius of well) =3 feet.

A radius of 3 feet was used because analysis of data gathered
during the aquifer tests indicated that each pumped well behaved as
though its radius were at least 3 feet. A local drawdown of 120 feet
at the pumped well at the end of 120 days was determined from the
above values.

It was next assumed that wells in the proposed field would be spaced
on a rectangular grid 3,000 feet apart. The combined drawdown at
the well produced by pumping the four wells 3,000 feet away was com-
puted, using the same values, to be about 5 feet. Drawdown caused
by the more distant wells was assumed to be negligible. After
adding 35 feet for the average depth to the piezometric surface and
20 to 25 feet for the average decline in the piezometric surface, the
average pumping lift for a well pumping 500 gpm under equilibrium
conditions was computed to be 180 to 185 feet.

These pumping lifts would be reduced somewhat by locating as
many of the wells as feasible in areas where the coefficient of trans-
missibility is very high, such as the apparent channel of coarser
material in the western part of sec. 34, the center part of sec. 27, and
the center part of sec. 22, T. 24 N., R. 68 W. (See logs of observation
wells 24-68-27bdd, —34bbb, and -34bbel and for irrigation well
24-68-27accl, tables 10 and 11.) Pumping lifts might also be reduced
by constructing the wells to tap a greater part of the total thickness of
the Arikaree Formation and by deriving part of the water from wells
tapping the terrace deposits in areas where its saturated thickness

is greatest.
SOURCE OF WATER PUMPED

Projected head declines also indicate that quantities of water pumped
from the different sources can be broken down thus: about 9,000
acre-feet from salvaged increased recharge, from 5,000 to 6,000 acre-
feet from discharge salvaged from direct accretion to the major

723-431—64——75
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streams, and from 3,000 to 4,000 acre-feet from discharge salvaged
from evapotranspiration and from seeps, drains, and small streams
tapping the terrace deposits and the uppermost part of the Arikaree
Formation.

Because part of the water now discharged from the terrrace deposits
and uppermost part of the Arikaree Formation finds its way to the
major streams, total flow in the Laramie River below its confluence
with Chugwater Creek eventually may be diminished 6,000 to 7,000
acre-feet a year by the decline in head caused by installation of the
project. Present evapotranspiration losses from the ground-water
reservoir would be reduced by 2,000 to 3,000 acre-feet a year, although
total evapotranspiration from the project area would be increased by
about 16,000 to 17,000 acre-feet a year because of the additional appli-
cations of water for irrigation. Some of the water salvaged by de-
creasing evapotranspiration losses would otherwise be used by
nondesirable hydrophytes and phreatophytes or would be lost
directly to the atmosphere, but some would be used by crops.

From 1,500 to 3,000 acre-feet of the 10,500 to 12,000 acre-feet of
additional recharge which would occur under proposed project con-
ditions probably would be in areas where perched ground water exists,
and most of this water probably would not be salvaged by the project
wells. Much of the water probably would be discharged from the
area by evapotranspiration, although some would reach the streams.

SUMMARY

The Wheatland Flats area may be considered to be a hydrologic
unit, because little water enters or leaves the area by underflow.
Ground-water movement toward the area from the south is restricted
by the low permeability of the rocks in that part of the area. Some
ground water probably moves northward out of the area through that
part of the Arikaree Formation lying beneath the Laramie River.
However, the piezometric gradient in the Arikaree Formation north
of the Laramie River, as shown by Morris and Babcock (1960, pl. 1),
is small compared to piezometric gradients observed in the Arikaree
Formation in the Wheatland Flats area, and indicates that underflow
in this direction is small. Ground-water recharge is derived almost
entirely from surface water applied for irrigation and from precipita-
tion in the area. From 35 to 40 percent of the applied irrigation
water and from 5 to 10 percent of the precipitation reaches the ground-
water reservoir. Ground water is discharged from the area to streams
and by wells and evapotranspiration.

Two formations constitute the ground-water reservoir—the Arikaree
Formation of Tertiary age and the terrace deposits of Quaternary age.
The hydraulic properties of the Arikaree Formation were determined
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from nine aquifer tests performed at the sites of partially-penetrating
wells and from a regional analysis of water-level data. Data obtained
from the aquifer tests indicate that the Arikaree Formation has a
coefficient of transmissibility of 5,700 gpd per ft, a storage coefficient
of 5X107*, and a vertical permeability of 0.5 gpd per sq ft. The
regional water-level analysis indicates that the Arikaree Formation
has a coefficient of transmissibility of 10,000 gpd per ft, a storage
coefficient of 0.1, and a vertical permeability greater than 0.06 gpd
per sq ft. The coefficient of permeability of the terrace deposits, as
determined from aquifer tests, ranges from 500 to 4,000 gpd per sq ft.
The aquifer coefficients determined from the regional water-level
analysis were used to predict overall declines in water levels and in
streamflow caused by increased pumping, and the data from the
aquifer tests were used to predict local drawdown in the vicinity of
individual wells. The data show that an additional 18,000 acre-feet
of water per year can be pumped annually from the Arikaree Formation
in the Wheatland Flats area. Under the new equilibrium that results
from pumpage of that magnitude, regional water levels in the Arikaree
Formation would decline 20 to 25 feet, and water levels in the terrace
deposits would decline 5 to 10 feet. Pumping lifts probably would
average 180 to 185 feet under project conditions. Streamflow of the
Laramie River eventually might be reduced by 6,000 to 7,000 acre-
feet per year because of the additional draft on the ground water.
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TABLE 9.—Sample logs of test holes and observation wells drilled in the Wheatland
Flats area, Wyo.

Thick-
. ness Depth
Description (feet)  (feet)

Well 23-68-15ddd

[Test hole drilled by Bureau of Reclamation. Log ]{)repared from sample descriptions by R. W. King,
Bureau of Reclamation]

01l e 2 2
Terrace deposits:
Sand and gravel, containing some cobbles_ .. _ ______________ 26 28
Sand and gravel, interbedded with brown clayeysilt___._______ 14 42
Arikaree Formation:
Sand, brown, fine-grained, silty . _ __ .o _______ 11 53
Silt, light-gray . _ _ e 11 64
Sandstone, grayish-brown, fine-grained; interbedded with thin
beds of white hard sandy limestone_ .- ______________ 16 80
Sand, light-gray, fine-grained, silty . _ .. ________________ 5 85
Silt, light-gray, sandy, interbedded with white hard sandy
limestone. - e 8 93
Sand, gray, fine-grained, silty___ _ . .___ 9 102
Limestone, white, hard, sandy . __ .. _________ 4 106
Sand and sandstone, grayish-brown, fine-grained, silty; inter-
bedded with thin beds of white hard sandy limestone and
thin beds of dark-gray shalyelay ... .. _______________ 15 121
Limestone, white, hard, sandy - _____ - _____________ 7 128
Sandstone, gray, fine-grained, silty, interbedded with white
hard sandy limestone__ - ___ ___ .. 6 134
Sand and sandstone, grayish-brown, fine-grained. . ... ___._____ 4 138
Silt, light-gray, elayey . - - - oo 12 150
Silt, light-gray, clayey, slightly sandy._ ... ______________ 25 175
Silt, light-gray, sandy _ - _ __ __ e 17 192
Sand, light-gray, fine-grained, silty, interbedded with a few
thin beds of white hard sandy limestone_ - ________________ 48 240
Silt, light-gray to white, clayey, limy___ . ______________ 11 251
Sand, light-gray, fine-grained, silty; interbedded with thin
beds of white hard limestone___ - __________ 11 262
Sand, light-gray, fine-grained, silty - . .. ______.__ 31 293
Sand, light-gray, fine-grained, silty; thinly interbedded with
white hard sandy limestone____ .. ___________ 7 300
Sand and sandstone, light-gray to light grayish-brown, fine-
grained, silty; interbedded with several thin beds of white
hard sandy limestone_ _ . ___ .. 102 402
Limestone, white, hard, sandy; thinly interbedded with light-
gray, fine-to very fine-grained limy sandstone_ _____________ 16 418
Sand and sandstone, light grayish-brown, fine-grained, and a
few beds of medium to coarsesand . - ______________ 23 441
Sand and sandstone, grayish-brown, very fine to fine-grained;
interbedded with a few white hard sandy limestone beds . _ ___ 11 452
Silt, brown, clayey, sandy; interbedded with thin beds of white
hard sandy limestone__ _ ___ e 23 475
Sand and sandstone, grayish-brown, very fine to fine-grained,
silty; interbedded with thin beds of white hard sandy
limestone_ __ __ . e 72 547
Limestone, white, hard, sandy_ - _ .- _________________ 5 552
Sandstone, light grayish-brown, very fine to fine-grained.______ 13 565
Limestone, white, hard,sandy .. .- _________________. 3 568
Sandstone, grayish-brown, fine-grained, silty, thinly inter-
bedded with white hard sandy limestone___________________ 29 597
Silt, brown, clayey - - - - e 5 602

Well 24-67-5acd
[Observation well drilled 800 ft east of irrigation well 24-67-5acc]

Terrace deposits: .
Gravel, medium to coarse, subrounded, with medium to coarse
sand matrix_ . _ o e 15 18
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TABLE 9.—Sample logs of test holes and observation wells drilled in the Wheatland
Flats area, Wyo.—Continued
Thick-

ness  Depth
Description (feet)  (feet)
Well 24-67-5acd—Continued
Arikaree Formation:

Quicksand, light-brown, fine to medium, well-rounded._ - ______ 80 98
Sand, fine to medium, well-rounded; thinly interbedded with

hardlimy lenses _ . .. e 14 112
Sand, fine to medium, well-rounded. - oo _______ 8§ 120
Sand, fine, clayey - - - - o e 5 125
Sand, fine to medium, firm; poorly to moderately cemented

with lime and clay; hard lens at 140 feet_ . . _________ 71 196
Sandstone, hard, imy_ ___________________________________ 2 198
Sand, fine, firm, and a little clay; thinly interbedded with

sandy elay _ . e 18 216
Sandstone, hard, limy__ - ______________________________.___ 2 218
Sand, fine to very fine, very clayey, firm, with thin hard limy

lenses at 227, 236, and 241 feet _ - o oo e 26 244
Sand, coarse, well-rounded (lost circulation) . - _ ..o .._____ 6 250
Sandstone, hard, limy _ - _ __ __ e 4 254
Sand, light-brown, fine, clayey _ - - - - - oo oo e 6 260
Limestone, white, hard - _ . ____ ____________________________ 1 261
Sand, light-brown, fine to very fine, containing some clay_______ 28 289
Sandstone, hard, imy . - . .. 4 293
Sand, very fine, clayey_ .. .. 5 298
Sandstone, hard, limy - ___ ____ .. 1 299
Sand, fine, and some clay. . __ oo 5 304
Sandstone, hard, imy______ oo 2 306
Sand, light-brown, fine to medium; thinly interbedded with

fine to very fineclayeysand_ _ _ . ____._ 12 318
Sand, fine, and some clay; thinly interbedded with hard limy

sandstonebeds - . .o . 6 324
Sand, fine, very elayey. . .ol 4 328
Sand, fine, and alittleclay __ __ ___ . ____ .. __._______ 6 334

Sand, fine, clayey; thinly interbedded with hard limy beds,
6t012in.thick_ . - . e 16 350

Well 24-67-7acd
[Observation well drilled 660 ft west of irrigation well 24-67-7add]

S0i e 6 6
Terrace deposits:
Clay, white, caleareous - - _ - - oo 1 7
Gravel, medium, subrounded; has coarse-sand matrix_ . ____.___ 1 8
Clay, brown, sticky - - - e 10 18
Gravel, medium, subrounded - _ __ - e 1 19
Clay, brown, sticky _ _ e 9 28
Gravel, medium to coarse, subrounded; has coarse-sand
AT iR - - e 26 54
Clay, brown, sticky_ . 2 56
Gravel, medium to coarse, subrounded; has coarse-sand matrix__ 22 78
Arikaree Formation:
8uicksand, light-brown, fineto very fine_._ . _________ 17 95
and, fine to very fine, firm; cemented with various amounts of
elay e e 46 141
Sand, greenish-brown, fine to medium, well-rounded, quartzitic- 67 208
Clay, brown, sandy - - - - - o e e 5 213
Sand, fine to medium; interbedded with fine-grained clayey
sand and hard limy sandstone at 235, 239 ft____.__.____. 43 256
Limestone,white, hard,sandy . . . oo 2 258
Sand, light-brown, fine, clayey. - - .o e 14 272
Sand, fine, clayey; interbedded with medium to coarse well-
rounded quartzitiecsand_____ __ . _______________.__ 39 311
Limestone, white, hard, sandy - - - _ oo 1 312

Sand, medium to coarse, well-rounded, quartzitic_____._______ 8 320
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TaBLE 9.—8Sample logs of test holes and observation wells drilled in the Wheatland
Flats area, Wyo.—Continued

Thick-
ness Depth
Description (feet)  (feet)
Well 24-67-7acd—Continued
Arikaree Formation—Continued
Sandstone, hard, imy_ _ .________________________________. 1 321
Sandstone, light-brown, very fine grained, silty, well-cemented_ 11 332
Sand, medium to coarse, well-rounded, quartzitic ... __._.____ 7 339
Limestone, white, hard - __________________________________ 1 340
Sandstone, light-brown, fine-grained, firm_ __________________ 20 360
Bottomof hole _ _ _ ___ . 360

Well 24-68-27bdd

[Observation well drilled 400 ft west of irrigation well 24-68-27accl]
Soil, sandy loam __ __ __ _______ . 2 2
Terrace deposits:
Gravel, medium to coarse, subrounded; medium to coarse-sand
matrix. Pebbles, predominantly quartz and some andesine
feldspar _ _ o 10 12
Clay, brown, sticky . _ _ ______ ______ .. 6 18
Gravel, medium to coarse, subrounded; has medium- to coarse-
sand matrix. Pebbles, predominantly quartz, and some
andesine feldspar_ . . _______ .. 8 26
Clay, brown, stieky - _ . __________________________________ 12 38
Gravel, medium to coarse, subrounded; has medium- to coarse-
sand matrix. Pebbles, predominantly quartz, and some
andesine feldspar. _ ___ __ . 3 41
Clay, brown, sticky - . _______ . 9 50
Gravel, medium to coarse, subrounded; has medium- to coarse-
sand matrix. Pebbles, predominantly quartz, and some
andesine feldspar_ - . __ __ __ __ . ____ 4 54
Clay, brown, sticky . _ _ . _______ . _____ 5 59
Gravel, medium to_coarse, subrounded; has medium- to coarse-
sand matrix. Pebbles, predominantly quartz, and some
andesine feldspar_ - _ _______ __ o ___._ 7 66
Arikaree Formation:
Sand, light-brown, very fine to coarse, predominantly fine,

well-rounded, quartzitic_ _ _ . ____________________________ 29 95
Sand, light-brown, fine to coarse, predominantly medium, some

cementing _ _ __ e 30 125
Limestone, white,bard . _ _________________________________ 1 126
Sand, light-brown, medium to coarse, well-rounded . _ _ ________ 20 146
Sandstone, light-brown, medium to coarse, well-rounded_______ 8 154
Sand, light-brown, fine to medium; contains lenses cemented

with clay at intervals throughout_._______________________ 44 198
Limestone, white, hard . _ ___ ______________________________ 5 203
Sand, light-brown, fine to medium; contains lenses cemented

withelay. - 43 246
Limestone, white hard ___ . _____ . ________ 2 248
Sand, light-brown, fine to medium__ - ____.____________ 7 255
Limestone, white, hard . _ __ ___ ____ . ____ 2 257
Sand, light-brown, fine, clayey . _ - . _ 1 258
Sandstone, light-brown, fine to medium; moderately to firmly

cemented with limeorelay_ .. _________________. 18 276
No sample caught__________ _ . ______ 4 280
Sand, light-brown and greenish, medium to coarse, moderately

cemented, well-rounded .. _ ___ . ____________________ 20 300

Well 24-68-34bbb
[Observation well drilled 800 ft north of irrigation well 24-68-34bbc]

Terrace deposits:
Clay, brown, sticky - _ - __ - 3 7
Gravel, coarse to fine, subrounded ; has medium to coarse quartz
sand matriX. - _ e 17 24
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TABLE 9.—Sample logs of iest holes and observation wells drilled in the Wheatland

Flats area, Wyo.—Continued

Description
Well 24-68-34bbb—Continued
Arikaree Formation:

Clay, light- to chocolate-brown, sandy, containing lumps of
very fine grained clayeysand . - - . ________________
Sand, white to pink and some gray, very coarse to fine, sub-
angular., Grains composed of quartz and orthoclase and
andesine(?) plagioclase; contains lumps of pink fine to
medium sand, clay binder from 140to 160ft._______________
Clay, light-brown, sticky, containing some silt________________
Sand, coarse-grained, well-rounded; firmly cemented with lime
and clay; predominantly quartz_____ . ________________
Limegtone, white, hard, sandy . - - - ___________
Sand, coarse-grained, well-rounded; firmly to poorly cemented
with lime and clay; predominantly quartz. . ______________.
Clay, light-brown, sandy_ . ______ . ______
Sandstone, coarse-grained, well-rounded, hard; cemented with
lime . e
Sand, white to pink, coarse, rounded; predominantly quartz.__._
Limestone, white, hard, containing littlesand ________________
Sandstone, light-brown, fine to very fine grained; firmly
cemented with elay binder_ . _ _ _ . ________________________
Sand, light-brown to pink, coarse to medium, rounded.________
Sand, light-brown, fine to very fine, clayey__ . ______________
Bottom of hole

‘Well 24-68-34bbc2
[Observation well drilled 400 ft east of irrigation well 24-68-34bbecl]

Terrace deposits:
Clay, white, calcareous . __________________________________
Gravel, coarse to medium, subrounded, containing quartz,
orthoclase, and metamorphic minerals; medium to coarse
sand matrix__ . ___
Arikaree Formation:
Clay, light-brown, sandy _ . __ . . ___ o ____
Sandstone, light- brown, fine-grained, hard, limy______________
Clay, light-brown, sandy__________ ________________________
Clay, yellow, flakey, calcareous. - _____._______________._._.
Clay, light-brown, sandy___ ______ . __________.___.
Limestone, white, hard, sandy_______ . ________
Clay, light-brown, sandy___ . ______________________ ..
Limestone, white, hard . _ _________________________________
Clay, light-brown, sandy___________ . __.__
Sand, very coarse to medium, subangular; of quartz and ortho-
clase and andesine plagioclase composition_______.__________
Sand, fine to coarse, subrounded to subangular, poorly to
well-cemented with lime and clay; predominantly quartz and
containing some orthoclase and andesine_ - - _______________
Limestone, white, hard, silty . . _ . __________________________
Clay, light-brown, sandy__________________________________
Sand, very coarse to medium, subrounded, quartzitic, contain-
ing some andesine; slightly to moderately cemented with
clayandlime______________________ o _._._
Limestone, white, hard . _ _________________________________
Sandstone, coarse to medium, rounded; slightly cemented with
lime; quartzitie._ - __ __ . __ o __
Sand, light-brown, fine to very fine, elayey__ . _______________
Limestone, white, hard, silty - - _ - __________________________
Sandstone, medium-grained, quartzitic, well-rounded; firmly
cemented with ime_ _ . _________________________________
Sandstone, same as above, but not so well cemented ___________
Clay, light-brown, sandy__. . ____ . ____

Thick-
ness

(feet)

87
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111

205
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TasLE 9.—Sample logs of lest holes and observation wells drilled in the Wheatland
Flats area, Wyo.—Continued

Thick-
' ness  Depth
Description (feet)  (feet)
Well 24-63-34bbc2—Continued
Arikaree Formation—Continued

Limestone, white, hard, elayey_____________________________ 1 272
Sand, light-brown, fine to medium, well-rounded, quartzitic____ 5 277
Clay, light-brown, sandy___ . _ . _.__. 4 281
Sandstone, medium to coarse, well-rounded, quartzitic; well

cemented with lime_ _ _ ______ .. 15 296
Clay, light-brown, sandy, to clayey very finesand_____________ 10 306
Limestone, white, hard, silty_._____ . ________________. 3 309
Sandstone, medium-grained, well-rounded, quartzitic, mod-

erately indurated . - __ ___ ... 26 335
Clay, light-brown, sandy _____ __ ... 7 342
Clay, white, limy, containing somesand.__ . _________________ 6 348
Clay, light-brown, sandy, stiecky . - - - - ____. 6 354
Limestone, white, hard - _ _________________________________ 1 355
Clay, brown, sandy, stieky . - - o .. 5 360
Limestone, white, hard_. . _ . __ . __ 1 361
Clay, white, limy, sandy . _____ . ______ 1 362
Limestone, white, hard _ - ____ .. 2 364
Clay, brown, sandy, sticky _ _ ____ . _____ . _____ 5 369
Sand, very coarse to medium, subrounded, quartzitic with

some andesine. Some lime cement._______________________ 11 380
Limestone, white, hard; interbedded with white limy sandy

clay at 381-384 and 387-389 ft_ .. ... 11 391
Clay, brown, sandy - - - - ___ 3 394
Sand, coarse, well-rounded, quartzitic, moderately cemented;

interbedded with light-brown sandyelay_ - .______________ 6 400
Limestone, white, hard_ _ _______________________________.__ 2 402
Sandstone, coarse-grained, well-rounded; well cemented with

lime_ e emee—ee 8 410
Sand, light-brown, very fine, elayey .- -« . ___________ 8 418
Sandstone, light-green, fine- to medium-grained, well-indurated,

firm; brown sandy clay at 426-428ft__ . ____ . __________ 22 440
Bottom of hole_ - - - oo 440

Well 25-68-31 caa
[Observation well drilled 800 ft north of irrigation well 25-68-31chd]

Terrace deposits:
Gravel, medium to coarse, subrounded, composed of quartz,
orthoclase, and metamorphic rocks, has a matrix of rounded

medium to coarsequartzsand. - . . . ________________ 29 33
Arikaree Formation:
Quicksand, light-brown, very finetofine___._________________ 11 44

Quicksand, light-brown, very fine to fine; interbedded with
lenses of very light brown fine-grained hard limy sandstone.

Sandstone beds 3 to 6 in, thick, 1to 2ft, apart_.____________ 14 58
Sandstone, hard, limy . . _ __ ______ . 2 60
Quicksand, light-brown, fine__ . __ . _____.__ 5 65
Sandstone, hard, limy _ _ _ _ e 1 66
Quicksand, light-brown, fine; interbedded with lenses of sand-

stone, moderately cemented with clay andlime .. ________._ 12 78
Sand, light-brown, very fine to fine; moderately cemented with

clayandlime___ e 11 89
Sandstone, hard, imy_ _ _ . e 1 90
Quicksand, light-brown, fine; interbedded with several 3- to 4-in.

lenses of hard limy sandstone . _ - - ___... 5 95

Sandstone, light-brown, fine-grained; firmly cemented with

lime and clay; interbedded with 3- to 4-in. lenses of hard

limy sandstone _ _ ..o e 20 115
Sandstone, hard, imy_ . 1 116
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TaBLE 9.—Sample logs of test holes and observation wells drilled in the Wheatland
Flats area, Wyo.—Continued
Thick-
. ness Depth
Description {feet) (feet)
Well 25-6B-31caa—Continued

Arikaree Formation—Continued
Sandstone, light-brown, fine-grained; firmly ecemented with lime

and elay . . e 4 120
Sandstone, hard, limy . ________ ... 2 122
Sandstone, light-brown, fine-grained; firmly cemented with

lime and clay; contains 6- to 12-in. lenses of hard very limy

sandstone at 133, 138, 143, 150, 157, 159, 161, 163, 169, 174,

179,184, 204 ft. o 115 237
Limestone, white, hard,sandy_ _ . _________________________ 2 239
Sandstone, light-brown, fine-grained ; firmly cemented with lime

and clay containing 6- to 12-in. lenses of hard very limy

sandstone . 356 274
Limestone, white, hard, sandy_. _ . _______________________ 1 275
Sandstone, light-brown, fine-grained; firmly cemented with

lime and clay containing 6- to 12-in. lenses of hard very limy

sandstone_ _ _ _ L . 3 278
Bottom of hole_ _ - o 278

Well 25-68-31cda
[Observation well drilled 500 ft east of irrigation well 25-68-31 cbd]

Terrace deposits:
Gravel, medium, subrounded; has coarse sand to silt matrix;

pebbles consist of quartz, orthoclase, and metamorphic rocks. 10 13
Clay, light-brown, containing much finesand._._._.____________ 4 17
Gravel, medium to coarse; has coarse sand matrix interbedded

with reddish-brown sticky elay__ . ____.___ 16 33

Arikaree Formation:
Sandstone, light-brown, fine to very fine grained; firmly

cemented with lime . _ _ . _ . 1 34
Quicksand, light-brown, very fine, uncemented . .- _.__._._ 11 45
Sandstone, fine-grained, firm; cemented withlime__ ... __.__ 1 46

Sand, loose, very fine to fine; interbedded with numerous beds of
hard well-cemented sandstone; sandstone beds about 3 in.

thick, 1to2 ftapart. - . 9 55
Quicksand, light-brown, fine_____________________________.__ 10 65
Sand, light-brown, fine; firmly cemented with lime, and clay.____ 13 78
Sandstone, very light brown, fine-grained, hard; well-cemented

with ime. - e 1 79
Sand, light-brown, fine, firm . o < oo oo oo ._ 13 92
Sandstone, very light brown, fine-grained, hard; cemented

withlime ___ o a__- 1 93

Sand, light-brown, very fine to fine, firm; interbedded with

occasional thin lenses of limy whiteelay_ - . __.___________ 28 121
Sandstone, very light brown, hard; cemented withlime. _______ 1 122
Sand and sandstone, light-brown, fine-grained; firmly cemented

with elay andlime _ _ _ _ o _____ 42 164
Sandstone, imy, hard . _ . _____________ L ___. 1 165
Sand, light-brown, fine, firm. ________ ______________________ 4 169
Sand, light-brown, fine, firm; thinly interbedded with beds of

hard limy sandstone 4 to 5in.thiek . ____ . _______ 7 176
Sand, light-brown, fine, frm_ ________________ ... 7 183
Sandstone, very light brown, hard, limy .. .. ________ 2 185
Sand, light-brown, fine, firm __ ____ _________________________ 34 219
Sandstone, hard, limy . _ . ____ 1 220
Sand, light-brown, fine, firm_______________________________ 7 227
Limestone, white, hard,sandy_ . . _______ . ___... 3 230
Sand, light-brown, fine, firm, contains limy layer at 238ft______ 47 277
Limestone, white, hard, sandy _ - - e 2 279

Bottomof hole . _ . e e 279
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TABLE 10.—Drillers’ logs or sample logs of selected irrigation wells tapping the
Arikaree Formation in the Wheatland Flats area, Wyo.

. Thick- | Depth Thick- | Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
Well 23-68-27baa
[Drilled for Byrd by Elbert Howe]
113 ) 6 6 || Arikaree Formation—Continued
Terrace deposits: Gumbo-quartz rock and sand. .. 15 80
Sand, coarse_._____.._.. ... 9 15 Sand and gravel . 17 97
Caliche and sand. 7 22 Sand, pack. oo ____.______ 28 125
Sand and gravel.. 5 27 || Reddish-pink silt observed on top
Shale, light-gray_ 16 43 of the cuttings pile. Probably
Sand and gravel..__ 5 48 Brule siltstone at bottom of
Arikaree Formation: hole. e emeeee e
Shale, gray, and sand_....._.... 17 65
Well 24-67-5acc
[Drilled for Ben Lockman by C. J. Galusha]
Surface loam.__.__.._______.__._. 6 6 || Arikaree Formation—Continued
Terrace deposits: Sandstone, brown, soft--___..... 20 250
Sand, gray, fine.....____..._____ 26 32 Sandstone, brown. .. 30 280
Boulders(?) ... . 8 40 Shell, hard_.._.___ 5 285
Arikaree Formation: Sandstone, brown..______._..__ 55 340
Shell, hard . ________._.__.__._. 2 42 Sandstone, brown, and hard
Sandstone, brown, fine. - 14 56 shells. .o 45 385
Shale brown__.__ ... - 6 62 Sandstone, brown..__.___._____. 55 440
Shale, brown, sandy. - 8 70 Sandstone, brown, hard, and
Sandstone, light-brown_________ 5 75 shellS. oo e 25 465
Shale, brown, sandy, and shells_ 65 140 Sandstone, brown, and thin
Shale, brown, and shells_______. 40 180 shale streaks_ ... _..._.____. 81 546
Sandstone, brown.... 12 192 Shale, brown._._ 12 558
Shale, brown.__..__ 23 215 Sand, light-gray 27 585
Shale, brown, sandy___._.._.._. 15 230 Sand, brown, and shells_._.__... 20 605
Well 24-67-6bcd2
[Drilled for Eldon Johnston by C. J. Galusha]
[ 1)) S 12 12 || Arikaree Formation—Continued
Terrace deposits: Sand, fine, loose-.. 10 320
Shale and gravel stringers .-..--_ 58 70 Lime, coarse____..__. 10 330
Arikaree Formation: Sand, brown, fine, caving... 50 380
Sand, fine caving.. 51 121 Lime shell, hard.._.__. 4 384
Shale, brown____ - 28 149 Shale, sa.miy.. 6 390
Sand, fine, caving. - 71 220 Shale, brown___. 10 400
Lime, coarse, sandy- .- 10 230 Sand, fine, brown. 10 410
Sand, brown, fine, caving 10 240 Shale, brown.._.. 5 415
Lime, coarse, sandy. ... 40 280 ||  Shell, hard. ... 5 420
Sand, brown, fine, loose. . - 15 295 Sand, brown........ 10 430
Clay, white, sticky.. - 1 296 Sand, brown, and shale__ 10 440
Lime, fine, sandy._ 4 300 Sand, brown ... 10 450
Lime, coarse, sandy._..__..___.. 10 310
Well 24-67-7add
[Drilled for L. A, Shepard by C. J. Galusha]
SULfACR o o e e 4 4 || Arikaree Formation— Continued
Terrace deposits: Shale, brown.._... - 15 275
Sandrock, gray- - 2 6 Sandstone, brown.._____..__.._. 50 325
Shale, gray._. 24 30 Sand, brown, and shale streaks. 60 385
Sand and gravel_. 55 85 Sand, brown, and hard shells.. 15 400
Arikaree Formation Sand, brown___ 50 450
Sandrock, gray- 30 115 Sand,light-bro 30 480
Shale, gray... 50 165 Shale, brown.____ 2 482
Sandstone, gr: 20 185 Sand, brown, an 18 500
Shale, gray___ 45 230 Sand, brown, caving.. 10 510
Sandstone, gray.- 20 250 Sandstone, brown 25 535
Sandstone, brown. 10 260 Sandstone, brown, and shells_ .. 21 556
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TaBLE 10.—Drillers’ logs or sample logs of selected irrigation wells tapping the
Arikaree Formation in the Wheatland Flats area, Wyo.—Continued

Thick- | Depth Thick- | Depth
Material ness (feet) Material ness. | (feet)
(feet) (feet)
Well 24-67-8caa
[Drilled for John Rutz by C. J. Galusha]
Terrace deposits: Arikaree Formation—Continued
Gravel and boulders.._.._._._ 38 38 19 191
Sand 18 56 - 23 214
12 68 - 5 219
Arikaree Formation: - 28 247
Sand, clay-streaked. ... ..._... 57 126 - 4 251
Boulders (1 ____ 3 128 - 5 256
Clay, sandy. 23 151 36 292
Sandstone._ 13 164 || Sandand sandstone_._...____._. 226 518
18y ... - 8 172
Well 24-68-5ddc
[Drilled for Daniel Jensen by C. J. Galusha]
Surface. - oueeecem e 3 3 || Arikaree Formation—Continued
Terrace deposits: Sandstone, brown.____.__._.___ 60 285
Boulders. ..o oceaiaaomons 40 43 Sand, brown, with shale streaks. 15 300
Arikaree Formation: Sandstone, brown, fine_________ 50 350
Sand, fine_ ... ... 22 65 Sandstone, varicolored (?)_._...__ 30 380
Sandstone, brown. e 75 140 Sand, brown. ... ____ - 20 400
Sandrock shell, hard 5 145 Shale, gray._._. 2 402
Sandstone, brown. 35 180 Sand shell, hard__ - 8 410
Shell, hard...___ 3 183 Sand, varicolored._. - 10 420
e, gray. . 1 184 Sand, brown, hard_ .. 20 440
Sandstone, bro 16 200 Sand, varicolored, hard 10 450
Sand, brown, and s 20 220 Shell, hard 15 465
Shell, hard. -« .o 5 225 Sand, brown, sh; 35 500
Well 24-68-8ccc
[Drilled for Doval Johnston by C. J. Galusha]
Terrace deposits: Arikaree Formation—Continued
ravel L 25 25 Sand, brown,andshells.__.__.__ 85 250
Arikaree Formation Sandstone, brown, and brown
Sand, brown, fine_____.________ 35 60 sand. . oo 70 320
Shells, hard, and brownsand..- - 75 135 Shells, hard, and shale streaks__ 45 365
Sandstone, brown, containing Sand, varicolored, and shale. ... 60 425
shale streaks. - 15 150 Sand, brown,andshale..____.__ 65 490
Shale, gray 15 165 Shale, gray,sandy. ... _..._.__ 10 500
Well 24-68-9cec
[Drilled for Doval Johnston by C. J. Galusha]
Surface - - cmee oo 2 2 || Arikaree Formation—Continued
Sand, brown, soft_._ 15 330
23 25 Sand, light-brown_ _ -— 30 360
9 34 Shell,hard ___ ... 4 364
Shale,gray._ .. 4 368
26 60 Sand, light-brown______________ 17 385
15 75 Sand, brown;shale-streaked. .. _ 15 400
15 90 Sand, brown. __ 15 415
4 94 Shale,gray. ... 3 418
16 110 Sand, light-brown_______.______ 12 430
4 114 Sand, varicolored_._________.___ 6 436
6 120 Sand, gray, hard. 14 450
5 125 Sand, varicolored 6 456
20 145 Shale,gray_____. 4 460
5 150 Sand,gray,hard..____._______.__ 30 490
25 175 Shale,gray- . .o .. 16 506
Sand, brown. 25 200 Sand,gray__ . . .. 14 520
Sand, brown; shale-streaked. ___ 30 230 Shale, brown._ ... ___._._.___ 10 530
Shale, gray. 5 235 Sand, light-brown_ - 18 548
Sand,brown___._.._____________ 15 250 Sand, varicolored ... _____ 12 560
Shale,gray_ ..o _____._____ 4 254 Sand, varicolored, containing
Sandstone,brown____.___._____ 16 270 shalestreaks. - ... 40 600
Sand, light-brown._.___.______.__ 40 310 Shell, hard,and grayshale__.___. 30 630
Shale,gray. - ooooocoaooioioo. 5 315 Sand, brown, hard.. ... 25 655

723-431—64——86
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TaBLE 10.—Drillers’ logs or sample logs of selected irrigation wells tapping the
Arikaree Formaltion in the Wheatland Flals area, Wyo.—Continued

Thick- | Depth Thick- | Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
Well 24-68-17adcl
[Drilled for Herman Hellbaum by C.J. Galusha}]
Terrace deposits: Arikaree Formation—Continued
Gravel____________ ... 25 25 Sand, brown, fine, caving__._____ 55 195
Arikaree Formation: Sandstone, brown______ - 5 200

Sand, gray, fine ____._________. 20 45 Sand, brown, and shells___ 120 320

Sand, gray, fine, and shale Sand, brown, and shale streaks._ 80 400
streaks - ... 25 70 %nd varicolored. 30 430

Sand, light-brown, fine, cavmg_ 25 95 Shale, gray_ - ... - 12 442

Shel] hard - 3 98 Sand, brown and varicolored 58 500

Sand brown, fine, caving - - 10 108 Shale, gray_ . ... 15 515

Shell hard . . _.______ - 4 112 Sand, light-brown, and shale

Sandstone, brown. .. ____.______ 28 140 streaks_ ... _____._____ 35 550

Well 24-68-27accl
[Log of samples from irrigation well drilled for Joe Bowen]
Nosample ... __________________ 52 52 || Arikaree Formation—Continued
Arikaree Formation: Nosample___ . __.____ 13 216

Sand, medium, rounded, well- Sand, medium rounded, quartz-
sorted; grains predominantly 10 226
quartz; some orthoclase and Nosample 9 235
mafic minerals.___ 3 55 Sand, brown to gray, mediam

Nosample 65 120 to very coarse, rounded to

Gravel, medium  to fine, subrounded; predominantly
rounded to subangulur; very quartz and some andesine..___ 10 245
coarse sand matrix; particles Clay, light-brown, silty_________ 10 255
consist of quartz, orthoclase, Sand, light-brown, fine to very
and metamorphic minerals; fine, containing much clay
pebbles coated with thin lime andsilt____._ . ___ 12 267
coneretion .. ___________._.___ 5 126 Gravel, fine, subangular; me-

No sample. Driller reports dium to very coarse sand
this interval to be the same as matrix; predominantly ande-
120-12510t . 20 145 sine and some quartz.__________ 3 270

Sand, light-brown, fine to very Nosample ... _________________ 5 275
fine,clayey_ . ... 10 155 Sand, medium, rounded, quartz-

Nosample ... - 10 165 10 285
Sand, very light brown me- Nosample 10 295
dium, rounded, quartzitic_.___ 29 194 Sand, coarse, rounded; predom-

Clay, brown, sandy-.. ... 1 195 inantly quartz and some

Limestone, very light brown, andesine; sample also con-
hard, fissile, silty..._.______.._ 5 200 tains light-brown fine to very

Gravel, medium, subangular; fine sand and very little me-
pebbles composed of quartz, diumsand.____________________ 5 300
orthoclase, and andesine;
sample also contains pinkish
fine- to medium-grained sand-
stone cemented withlime_____ 3 203

Well 25-67-31cdc2
[Drilled for Ed Preuitt by C. J. Galusha]
Terrace deposits: Arjkaree Formation—Continued
Sand, coarse, and gravel________ 35 35 Sand, varicolored .______________ 10 310
Boulders_ ____ . 20 55 ﬁandstone light-brown. _ 10 320
Arikaree Formation: Sand, brovm and gravel 30 350

Shell,hard_____________________ 3 58 Sfmd, brown, caving_____ 10 360

Graveland fine sand... - 17 75 Sand, brown, and shells. . 40 400

Sand, gray, fine___ . 35 110 Shale, gray .. ... 6 406

Shale, gray__.__ - 10 120 Sandstone, brown. .. 24 430

Smldstone brown, soft_ 35 155 Shale,gray. . _._____ 6 436

Gravel embedded 'in sandstone. 25 180 Shell, “hard .00 4 440

Sandstone, brown . __. - 30 210 Randstone brown.__._ 40 480

Shell, hard 5 215 Shale, gray......____ 5 485

%nd brown, and shale streaks . 45 260 Sandstone o2 ¢S, 27 512

Sa.ndstone DEOWD - - - oo 40 300
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TasLe 10.—Drillers’ logs or sample logs of selected drrigation wells tapping the
Arikaree Formation itn the Wheatland Flais area, Wyo.—Continued
. Thick-| Depth Thick- | Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
Well 25-68-35dbe
[Drilled for John Foos by C. J. Galushal

Soil. .o 3 3 || Arikaree Formation—CQontinued
Terrace deposits: Shell,hard ... ______l____._____ 6 224
Gravel, sand, and shale (clay?) __ 17 20 Sand, hrown, and shalle streaks_. 36 260
Arikaree Formation: Sand, light-brown.._[__________ 25 285
Sand, brown, fine__ 20 40 Sand, varicolored. 30 315
Shell, hard_____. 10 50 Shale, gray.___ 6 321
Sand, brown, sof 15 65 Sand, varicolore 14 335
Shell,hard_____________________ 7 72 Shale, gray.... 7 342
Sand, brown, hard, and shale Shell, hard ... - 3 345
streaks. ... 68 140 Shale, gray . .- coocfoooo___ 15 360
Sandrock, gray, hard___ 10 150 Sand, brown, and shalle streaks__ 40 400
Sand, brown, soft.__ 55 205 Sand, brown, and shale___._____ 50 450

Sand, hard 7 212 Sand, varicolored, and shale
Sand, brown, soft.__. 6 218 streaks._ .ol __ 62 512
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