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GEOLOGY AND GROUND-WATER RESOURCES OF THE
BIG SANDY CREEK VALLEY, LINCOLN, CHEYENNE,
AND KIOWA COUNTIES, COLORADO

By Dowarp L. Corrin

ABSTRACT

This report describes the geology and ground-water resources of that part of
the Big Sandy Creek valley from about 6 miles east of Limon, Colo., downstream
to the Kiowa County and Prowers County line, an area of about 1,400 square
miles. The valley is drained by Big Sandy Creek and its principal tributary,
Rush Creek. The land surface ranges from flat to rolling; the most irregular
topography is in the sandhills south and west of Big Sandy Creek. Farming
and livestock raising are the principal occupations. Irrigated lands constitute
only a small part of the project area, but during the last 15 years irrigation
has expanded.

Exposed rocks range in age from Late Cretaceous to Recent. They comprise
the Carlile Shale, Niobrara Formation, Pierre Shale (all Late Cretaceous),
upland deposits (Pleistocene), valley-fill deposits (Pleistocene and Recent), and
dune sand (Pleistocene and Recent). Because the Upper Cretaceous forma-
tions are relatively impermeable and inhibit water movement, they allow ground
water to accumulate in the overlying unconsolidated Pleistocene and Recent
deposits. The valley-fill deposits constitute the major aquifer and yield as much
as 800 gpm (gallons per minute) to wells along Big Sandy and Rush Creeks.
Transmissibilities average about 45,000 gallons per day per foot. Maximum
well yields in the tributary valleys are about 200 gpm and average 5 to 10 gpm.
The dune sand and upland deposits generally are drained and yield water to
wells in only a few places.

The ground-water reservoir is recharged only from direct infiltration of pre-
cipitation, which annually averages about 12 inches for the entire basin, and
from infiltration of floodwater. Floods in the ephemeral Big Sandy Creek are
a major source of recharge to ground-water reservoirs. Observations of a ficod
near Kit Carson indicated that about 3 acre-feet of runcff percolated into the
ground-water reservoir through each acre of the wetted stream channel. The
downstream decrease in channel and flood-plain width indicates that floodflows
percolate to the ground-water reservoir.

In the project area at least 94,000 acre-feet of water is evaporated and tran-
spired from the valley fill along Big Sandy Creek, 1,500 acre-feet is pumped, 250
acre-feet leaves the area as underflow, and 10,000 acre-feet leaves as surface flow.

Surface-water irrigation has been unsuccessful because of the failure of diver-
sion dams and because of excessive seepage from reservoirs.



2 GEOLOGY, GROUND WATER, BIG SANDY CREEK VALLEY, COLO.

Ground-water irrigation dates from about World War I; most of the 30
irrigation wells now in use, however, were drilled after 1937. In 1960 less than
1,000 acre-feet of water was pumped for irrigation, about 500 acre-feet was
pumped for municipal use, and less than 10 acre-feet was pumped for rural use
(stock and domestic).

Although additional water is available in the valley-fill deposits of Big Sandy
and Rush Creeks, large-scale irrigation probably will not develop in the immedi-
ate future; soils are unsuitable for crops in many places, and large water sup-
plies are not available from individual wells.

The dissolved-solids content of the ground water in the valley-fill deposits
ranges from 507 to 5,420 parts per million. In the Big Sandy Creek valley the
dissolved-solids content generally increases downstream, whereas in the Rush
Creek valley the dissolved-solids content decreases downstream. Ground water
in the Big Sandy Creek valley is suitable for most uses.

INTRODUCTION
PURPOSE AND SCOFPE

Investigation of the geology and ground-water resources of the
Big Sandy Creek valley was begun in July 1959 by the U.S. Geo-
logical Survey in cooperation with the Colorado Water Conservation
Board.

The purpose of the study was to determine the availability of
ground water, the extent of ground-water development, the chemical
quality of water as related to use, and present and possible future
ground-water problems.

To accomplish these objectives, basic data were collected and
compiled by Coffin (1962) in a report containing logs, water-level
measurements of selected wells and test holes, physical properties of
unconsolidated material, chemical analysis of ground water, and
streamflow measurements.

The collection of these data was also the beginning of a continuing
program for water-data collection. This program will be useful in
monitoring problems pointed out by this study and in the early
detection of new water problems.

LOCATION

The project area (fig. 1), in east-central Colorado, is in the Colorado
Piedmont section of the Great Plains province. Its east boundary
roughly follows the west boundary of the High Plains section of the
Great Plains province, as defined by Fenneman (1931, p. 5-7). The
project area is at a lower altitude than the terrain along the west
boundary of the High Plains and, as is typical of the Colorado
Piedmont, has a gently rolling topography. It includes 420 square
miles of Lincoln, 735 square miles of Cheyenne, and 280 square miles
of Kiowa Counties, a total of 1,435 square miles. The 1960 popula-
tions of the principal towns are: Hugo, 811; and Kit Carson, 356.
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Well C14-45-15daa

FIGURE 2.—System of numbering wells and test holes.

toried in the quarter-quarter-quarter section. The capital letter C

indicates the township is south of the base line and that the range is

west of the principal meridian.
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GEOLOGY AND WATER-BEARING PROPERTIES
OF THE ROCKS

Topographic position and physical characteristics of the rocks are
the major controls of water availability in the Big Sandy Creek valley.
Rocks of Late Cretaceous and Quaternary age crop out. In general,
the Cretaceous bedrock is relatively impermeable and forms barriers
to the downward movement of water. Therefore, the bedrock allows
water to accumulate in the overlying unconsolidated deposits of Qua-
ternary age. The rocks of Quaternary age are relatively permeable
in comparison with the Cretaceous bedrock and allow water to move
through them. The Quaternary rocks constitute the major water-
bearing units (aquifers). Table 1 shows a generalized section of the
geologic formations and a summary of their water-bearing properties.

ROCKS OF LATE CRETACEOUS AGE

The rocks of Late Cretaccous age—the Carlile Shale, the Niobrara
Formation, and the Pierre Shale—are primarily shale but contain a
few thin limestone beds; their maximum thickness is about 4,300 feet.
Their outcrop pattern has been affected by regional structural move-
ment. The most pronounced geologic structure is the Las Animas
arch, which has caused the Carlile and Niobrara to be exposed in the
southern part of the area. The Cretaceous rocks are exposed as small
isolated patches, except for the Pierre Shale, which is widely exposed.
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(See pl. 1.) The formations are not discussed in detail in this report
because of poor exposures and because, hydrologically, their principal
importance is to retard the downward movement of water. Many
reports have described these formations in nearby areas; in particular
the reader is referred to Bass (1926, p. 28, 64), Elias (1931, p. 29-131),
and Scott (1963, p. 95-104) for excellent discussions of the Carlile,
Niobrara, and Pierre.
CARLILE SHALE

The Carlile Shale of Late Cretaceous age contains the Fairport
Chalky Shale Member, the Blue Hill Shale Member, and the Codell
Sandstone Member. The Carlile can be traced from western Kansas
to the Front Range. However, the only member exposed locally is the
Codell Sandstone Member, which crops out in a small area near the
Prowers County line (pl. 1).

CODELL SANDSTONE MEMBER

CHARACTER

Where the Codell Sandstone Member crops out it consists of about 26
feet of sandy shale separating four sandstone beds 1 to 2 feet thick.
The sandstone beds are at the surface and at the intervals of 6,13, and
26 feet below the surface. The shaleis grayish to dark blue, is slightly
calcareous, and contains lenses less than 6 inches in diameter of very
fine grained silty buff to light-yellow soft sandstone. The shale
weathers to a gentle slope that generally is covered by its own weather-
ing products and by rubble from the overlying formations. The
sandstone is very fine grained, subrounded, well cemented, calcareous,
and light gray to light brown. The bedding is flat, and the sandstone
fractures into thin slabs. Locally the sandstone is well cemented into
quartzite. The topmost 2-foot-thick sandstone bed contains much
chalk and weathers to a yellow-brown gnarly surface. The sandstone
beds form resistant ledges, especially the topmost bed, which, together
with the disconformably overlying Fort Hays Limestone Member,
formsa bluff.

WATER SUPPLY

The sandstone beds of the Codell yield less than 5 gpm (gallons per
minute) to wells. Little water moves through the Codell, for its
permeability is relatively low because of fine grain size and cementation.
The Codell is far beneath the surface except near the outcrop.
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NIOBRARA FORMATION

The Niobrara Formation of Late Cretaceous age contains the Fort
Ilays Limestone Member at the base and the overlying Smoky Hill
Shale Member (table 1). The Fort Hays is predominantly chalky
limestone, and the Smoky Hill is chalky shale. The Niobrara is ex-
posed widely in eastern Colorado and in adjoining States, but exposures
in the project area are generally small and widely separated. Dis-
cussions of the Niobrara are given by Elias (1931, p. 29-43) and Scott
(1963, p. 97-99).

FORT HAYS LIMESTONE MEMBER

CHARACTER

The lower member of the Niobrara Formation, the Fort Hays Lime-
stone Member, crops out in several places near the Prowers County
line (pl. 1). It consists of about 50 feet of white chalky limestone
separated by thin beds (less than 1 ft thick) of calcareous silty dark-
gray shale. The limestone beds are from 4 inches to 2 feet thick; the
thicker beds are near the base. The limestone contains small ironstone
concretions and, in unweathered outerops, is fractured into rectangular
blocks. In the SW1j sec. 19, T. 20 S., R. 45 W, structural movement
has produced some minor faults in the Fort Hays; some of these faults
have been filled with crystalline calcite. Both the limestone and shale
contain abundant fossils. The Fort Hays is more resistant than the
overlying and underlying formations and therefore generally weathers
to a ridge. If the exposure is next to a stream channel, erosion by the
stream forms a small bluff. The limestone in the Fort Hays weathers
to small white chips, and in places the chips may cover the unweathered
limestone.

The interbedded shale becomes thicker and more abundant near the
top of the member and grades upward into the overlying Smoky Hill
Shale Member.

WATER SUPPLY

The fractures in the Fort Hays allow movement of water; however,
less than 10 gpm is obtained from wells tapping the formation.
Except near its outerop, in the southern part of the project area, the
Fort Hays is too deeply buried to be a source of potable water.
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SMOKY HILL SHALE MEMBER

CHARACTER

The upper member of the Niobrara Formation, the Smoky Hill
Shale Member, is about 700 feet thick. It consists of chalky shale
that is dark gray to black on a fresh surface; however, it weathers to
an orange or light-yellowish orange. The Smoky Hill weathers
rapidly and, except in streamcuts, is almost everywhere thinly covered
by silty clay. In several exposures along Rush Creek thin chalky
limestone beds and thin bentonite beds are common. Large (1.5 to 3 ft
diam) calcareous concretions may be seen in many outcrops. Smaller
(1 to 2 in. diam) concretions of limonite surrounded by calcite are
also common. In many places the shale is fractured at an angle of
about 30° to the bedding and thus has produced a false impression of
bedding. The fractures are commonly filled with calcite and gypsum.

The conformable contact of the Smoky Hill and Pierre Shale is
marked by an upward gradation of the calcareous orange- or yellow-
weathering shale into the noncalcareous drab yellowish-brown-
weathering shale of the Pierre.

WATER SUPPLY

The Smoky Hill is relatively impermeable and yields water to wells
(less than 2 gpm) only in a few places, principally from weathered
zones. In Wallace County, Kans., Elias (1931, p. 40) reports per-
meable zones in the Smoky Hill. These zones have not been reported
in the project area and, if present, probably contain highly mineralized
water. The Smoky Hill retards downward movement of water.

PIERRE SHALE

The Pierre Shale crops out widely in the Great Plains. It underlies
the unconsolidated deposits in most of Cheyenne and Lincoln Counties.
The Pierre has been the subject of many geologic investigations, and
the reader is referred to Elias (1931, p. 43-131) and Scott (1963, p.
99-104) for a complete description of the formation. The Pierre has
been subdivided into several mappable members; however, in this
report it is considered to be a single hydrologic unit.

CHARACTER

The Pierre is remarkably uniform lithologically and is composed of
noncalcareous shale usually dark gray to black but weathering to
lighter shades of brownish gray or yellow. Thin crystals of selenite
are scattered through the formation but are most common along
bedding planes and fractures. Concretions ranging from a few inches
to several feet in diameter are abundant throughout the formation
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and generally contain many fossils. The concretions are usually
impure limestone but in some places are mostly ironstone.

A few thin and nonpersistent limestone beds occur locally. Conical
buttes of limestone may be found near and northeast of Boyero. These
are called the tepee buttes because the limestone core is conical and
weathers out of the surrounding shale as a hill resembling an Indian
tepee. The limestone contains large numbers of LZucina shells, and,
in Kansas, Elias (1931, p. 80) applied the name “Lucina limestone.”

The Pierre generally weathers to form gentle slopes because of the
lack of resistant beds. Soil that forms from the Pierre is fine grained
and relatively impermeable; hence, precipitation runs off the forma-
tion quickly and forms many ephemeral washes and gullies.

WATER SUPPLY

The Pierre is not known to yield water to wells in the project area.
Its fine grain size makes it relatively impermeable.

The minimum thickness from the base of the Pierre to the first
dependable source of water, the Dakota Sandstone, is about 2,000 feet.
The Dakota probably contains highly mineralized water. Therefore,
a test hole that does not tap potable water above the Pierre Shale
should be abandoned.

ROCKS OF QUATERNARY AGE

Rocks of Quaternary age are sand, gravel, silt, and clay that have
been deposited by wind and streams. These rocks are composed of
reworked material originally deposited during the Pliocene and early
Pleistocene. A small part is derived from Cretaceous material. The
principal source material is probably the Ogallala Formation of Plio-
cene age, which forms the High Plains. In this report rocks of
Quaternary age are divided into three groups: (1) the upland deposits
(mostly north of Big Sandy Creek), which are considerably above
stream level, (2) the valley-fill deposits along the streams, and (3) the
dune sand, which is generally on the south side of streams. The
Quaternary deposits are the major aquifers. Their geologic character,
position, and hydrologic properties are described on the following
pages. Suggestions for advantageously locating wells in these rocks
are given at the end of the description of each unit.

TPLAND DEPOSITS
CHARACTER AND POSITION

The upland deposits east and northeast of Aroya (pl. 1) are the
oldest Quaternary deposits in the project area. They are composed
chiefly of reworked Pliocene and lower Pleistocene material. Their
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thickness ranges from 0 near the north project boundary to about 40
feet at the southern contact of the upland deposits and the valley-fill
deposits near Big Sandy Creek. They grade from coarse sand and
gravel at the base to sandy clay and silt at the top. The lower sand
and gravel beds thicken northward, whereas the sandy clay beds thin.
Thus the total thickness does not greatly change except for abrupt
thinning near the northern edge. For discussion, it is convenient to
divide the deposits into a lower unit of sand and gravel, a middle
sandy unit, and an upper unit of silt and clay.

The lower unit is 5 to 20 feet thick. It is thickest near the north
project boundary and thins southward. It is composed of fine to
medium subrounded to rounded quartz and feldspar gravel and fine
to very coarse sand. A few well-rounded igneous and metamorphic
cobbles are generally present. The sand and gravel unit contains
much concretionary material and a few lenses of claystone, which are
both derived from the Pierre Shale. Well-rounded and reworked
caliche nodules and a few stringers of caliche are scattered through-
out the unit. The lower unit is poorly sorted compared with the
middle and upper units.

The middle unit, above its gradational contact with the lower unit, is
predominantly fine to very coarse sand that contains lenses of very
fine gravel. It ranges in thickness from 5 feet near the southern
contact to 10 or 15 feet near the north project boundary. Caliche
stringers and nodules are abundant and give it a whitish appearance
when viewed from a distance. Reworked claystone from the Pierre
Shale is much less common than it is in the lower unit.

The middle unit grades upward into the upper unit, which consists
of 1 to 15 feet of gray-brown windblown silt and clay or loess. The
upper unit is thickest near the southern contact with the valley-fill
deposits and thins northward, where it almost disappears near the
north project boundary.

The upland deposits overlie a relatively smooth eroded surface of
the Pierre Shale. This surface slopes southward at about 20 feet per
mile. The surface of the upland deposits also slopes uniformly south-
ward and ranges from about 400 feet above Big Sandy Creek at the
north project boundary to about 50 feet above the creek at the southern
edge of the deposits. The surface is covered by dune sand in some
places and is dissected by streams in others.

Regional extension of the surface of the upland deposits indicates
a correlation with deposits southwest of Big Sandy Creek. The
deposits southwest of Big Sandy Creek have been mapped as Pliocene
Ogallala Formation (Burbank and others, 1935). However, their
topographic position, which is generally below the Pliocene surface
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projected from the High Plains westward to the Front Range, indi-
cates an age younger than Pliocene. An age of Pleistocene for these
deposits southwest of Big Sandy Creek may be assumed, primarily
because of their position below the projected Pliocene surface and
because their caliche content, smaller than that in the Pliocene Ogallala
Formation, may indicate a shorter time since deposition. A more
specific age may be determined by additional fieldwork southwest of
Big Sandy Creek.

WATER SUPPLY

Even though the upland deposits are permeable and receive recharge
from precipitation, they are topographically higher than the valleys
and are generally drained. Line G-G” (pl. 1) illustrates the hydro-
logic situation in most of the area underlain by upland deposits. Al-
though stock and domestic wells yielding less than 10 gpm have been
developed in a few undrained depressions in the bedrock surface, it
is not possible to develop irrigation wells in the deposits.

Landowners in the area of upland deposits (pl. 1) desiring to
develop domestic and stock-water supplies should first test the valley-
fill or dune-sand areas by drilling. If no valley fill or dune sand is
nearby, the upland deposits may be tested. However, the chance of
obtaining successful wells in the upland deposits is considerably less
than it is in either the dune sand or valley fill.

VALLEY-FILL DEPOSITS

The valley fill consists of sand, gravel, silt, and clay resting on the
bedrock of the valleys. The deposits along Big Sandy and Rush
Creeks will be discussed separately from the deposits in the tributary

valleys.
VALLEY-FILL DEPOSITS IN THE TRIBUTARIES

CHARACTER AND POSITION

In the tributaries to Big Sandy and Rush Creeks, the thickness of
the valley fill ranges from 0 to about 40 feet. The deposits are
predominantly sand, silt, and clay. The valley fill of the larger
tributaries may contain a small amount of very fine to fine gravel,
usually near the base. The average grain size of the valley fill in the
tributaries is smaller than that in the Big Sandy Creek and Rush
Creek valleys because most of the valley fill in the tributary valleys was
derived primarily from fine-grained sources—Pierre Shale, Niobrara
Formation, loess, and dune sand. The sand and gravel are probably
derived from the lower upland deposits and the Ogallala Formation.
Sorting is much poerer than it is in the deposits of the main valleys,

239-751—67——3
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mainly because of smaller and more erratic streamflow during the
time of deposition.

The bedrock floor of the tributary valleys gently slopes from each
side, meeting in a shallow V. The thickest valley fill normally is
near the center of the valley. Even though the width of the deposits
in the tributaries may be greater than that in the main valleys, the
average thickness is less because of the gently sloping bedrock sides.
Section lines G-G" and H-H’ (pl. 1) show the configuration of the
bedrock and the lithologic characteristics of the tributary valley fill.

Terraces are not well developed in the tributary valleys and were
not mapped. In many places there are terrace remnants near the
mouths of tributaries, but the remnants cannot be traced upstream.

WATER SUPPLY

The tributary valleys are topographically lower than the surround-
ing terrain. Thus their valley-fill deposits usually contain water
because they collect runoff or ground water draining from the dune
sand or upland deposits. Saturated thickness may range from a few
inches near the edge to about 20 feet near the center of the larger
tributaries. Finer grain size and poorer sorting of these deposits
relative to the valley fill in the Big Sandy Creek and Rush Creek
valleys result in lower permeability. The maximum well yield in the
tributary valleys is estimated to be 200 gpm, which is probably possible
only in the lower end of Big Spring Creek and Wild Horse Creek
valleys, where the saturated section is thickest and permeability is
highest. In the other tributary valleys maximum yield of wells is
about 50 gpm, and average yield is 5 to 10 gpm.

When prospecting for water in the tributary valleys, test holes
should be drilled in a line at right angles to the long axis of the
valley. The first test hole should be drilled near the center of the
valley. The well owner should locate his well in the thickest
saturated section to obtain the greatest well yield and to minimize
the chance of the well going dry in drought.

VALLEY-FILL DEPOSITS IN BIG SANDY CREEK AND RUSH CREEK VALLEYS

CHARACTER AND POSITION

The valley fill along Big Sandy and Rush Creeks is composed of
sand, gravel, silt, and clay and ranges from 0 to about 70 feet
in thickness. The average thickness is 25 to 30 feet. The sand and
gravel were derived mostly from igneous and metamorphic rocks but
to some extent from limestone and sandstone. The grains and pebbles
are subangular to well rounded, and the pebbles generally are more
rounded. Compared with the upland deposits, the valley fill contains
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only small amounts of caliche and is well sorted. Crossbedding is
apparent in most exposures of the valley-fill deposits.

Test-well logs (Coffin, 1962) and the outcrops of the valley-fill
deposits show a vertical gradation from very fine to fine gravel and
sand near the base to silt and clay or very fine to fine sand near the top.
The basal valley-fill deposits also grade downvalley from cobble-size
material near the headwaters of Big Sandy Creek (McLaughlin, 1946,
p- 94) to very fine gravel near the Kiowa County and Prowers County
line.

At least four terraces and the flood plain are developed on the
valley fill along Big Sandy Creek. For this report, the mapped units
(pl. 1) from youngest to oldest are: the flood plain deposits; younger
terrace deposits, which include at least three terrace levels; and older
terrace deposits. Figure 3 shows a diagrammatic section of the
Big Sandy Creek valley and the relative position of the surfaces.

The flood plain lies at about the same level as the top of the stream
channel. It is fairly smooth, although there are some meander scars
and discontinuous 1- to 2-foot terraces. The width of the flood plain
decreases downstream, as shown on plate 1. This is attributed to the
percolation of floodwater into the underlying deposits. As flood
discharge decreases downstream because of percolation, the area
needed for flow also decreases, and thus the width of the flood plain
decreases.

The downstream decrease in discharge, as indicated by the down-
stream decrease in flood-plain width, implies that the thickness of the
fine-grained flood-plain deposits must increase downstream. If most
of the suspended load originates from the drainage basin rather than
from the flood plain, then a decrease in discharge by percolation results
in a concentration of the suspended load. As the concentration in-
creases some of the load may be deposited, for the slope of the stream
profile decreases downstream (fig. 4).

Flood Younger terrace Older terrace
plain

Upland deposits

FEeT Valley-fill
50— deposits
Dune sand

25

Valtey-fill deposits

o]
0

Pierre Shale % MILE

Ficure 3.—Diagrammatic north-south section across the Big Sandy Creek valley.
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The increase in thickness of the fine-grained deposits beneath the
flood plain is shown by section lines A-4’, B-B’, O-C’, E-E’, and
F-F’ (pl. 1). The deposits increase in thickness from Hugo to about
the Cheyenne County and Kiowa County line. Downstream from the
county line there is little increase in thickness of the fine-grained de-
posits because most floods originate above Wild Horse and are ab-
sorbed before they reach the county line.

The younger terrace includes at least three unmapped units. Al-
though the heights above the flood plain differ from place to place,
the first unit is about 3 feet above the flood plain, the second is about
3 feet above the first, and the third is from 10 to 20 feet above the
second. The three units are not everywhere present where the young-
est terrace is shown. The lowest unit commonly has been removed,
and in many places the highest unit is poorly developed or covered by
dune sand.

The older terrace ranges in height above the flood plain from about
100 feet near Hugo to about 35 feet downstream from Kit Carson.
Both the terrace and its deposits are discontinuous, and its wide range
in height above the flood plain makes correlations between outcrops
tentative.

HISTORY OF DEVELOPMENT OF TERRACES

The valley fill is reworked Pliocene and lower Pleistocene deposits
that were originally derived from the mountains, as shown by the
abundance of igneous and metamorphic rock fragments. These frag-
ments were deposited by eastward-flowing Pliocene and early Pleisto-
cene streams in and along channels. In many places the material
along adjacent streams may have coalesced to form sheet deposits. As
the southeastward-flowing Big Sandy Creek began to develop its drain-
age area, it destroyed the early topography and incorporated the
older sand and gravel into the present valley fill.

The above brief and oversimplified summation of the Quaternary
shows that sand and gravel in the valley fill have undergone at least
two cycles of erosion and deposition. The reworking during the sec-
ond cycle of erosion and deposition is the principal reason that a well
penetrating 20 to 30 feet of saturated material may yield 300 to 500
gpm from the valley fill of Big Sandy Creek, whereas a similar well
may yield only 50 to 100 gpm from the Pliocene Ogallala Formation
or lower Pleistocene deposits. Reworking and redeposition of the
valley-fill deposits have increased the rounding and sorting of the
constituent particles and, consequently, the water-yielding capabilities.

In the Big Sandy Creek valley all terraces do not necessarily have
the same genetic relations with the deposits beneath them; that is,
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terraces may be formed either by deposition or by erosion. The pres-
ence of 20 to 30 feet of valley fill does not necessarily imply that the
terrace is depositional. The sand and gravel of the valley fill could
simply have been exchanged for the siltstone and claystone of the bed-
rock by the downcutting stream. On the other hand, the valley-fill
deposits may have once filled the valley to the height of the uppermost
terrace, and successive downcutting and planation by the stream may
have produced the present terrace levels.

Most of the valley fill beneath the flood plain and the younger terrace
was probably deposited as a unit; that is, the valley was probably filled
to an altitude 20 or 30 feet above the present channel, and, therefore,
the highest level of the younger terrace is a surface of deposition.
This is indicated throughout the unit by (1) the uniform upward
gradation from sand and gravel to silt and clay, as shown by test-
hole logs, (2) the uniform downstream gradation from cobbles to
very fine gravel in the lower 5 feet of the valley fill, and (3) the fact
that both the upward and downstream gradation are continuous
throughout the valley. The two lower levels of the younger terrace
may represent periods of downcutting and planation ; thus they may
be surfaces of erosion. This is indicated by the absence of a silt and
clay layer immediately below the surface; the layer probably has
been removed by erosion.

The scattered outcrops of the deposit beneath the older terrace makes
the origin of the terrace difficult to interpret. In the Hugo area the
base of the valley fill beneath the older terrace is several feet above
the younger terrace, and the valley fill grades from gravel at the base
to silt and clay near the top. Downstream, north of Chivington, the
older terrace merges into the younger terrace; the deposit beneath the
older terrace is primarily sandy clay. The dissimilarity of lithologic
characteristics and the wide variation in height of the remnants above
the channel permit speculation that perhaps the remnants of the older
terrace deposit result primarily from downcutting and exchange of
sand and gravel for fine-grained bedrock.

The valley fill of Rush Creek is lithologically similar to that of Big
Sandy Creek. Terrace relations are not evident because most of the
valley-fill deposits of Rush Creek are covered by dune sand; therefore,
the valley-fill deposits are undifferentiated on the map (pl. 1).

‘WATER-SUPPLY AND HYDRAULIC OCHARACTERISTICS

The valley-fill deposits in the Big Sandy and Rush Creek valleys are
the principal aquifers in the area. As much as 800 gpm may be
obtained from wells tapping them; however, the average yield of irri-
gation wells is about 400 gpm.
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The coefficient of transmissibility of the valley fill was determined in
four places by pumping tests. See Ferris, Knowles, Brown and Stall-
man (1962, p. 91-122) for definitions and methods of making pumping
tests. These tests are useful in assessing the ability of the aquifer to
store and transmit water. Results of the pumping tests are sum-
marized in table 2.

TaBLE 2—Summary of the results of pumping tests in valley-fill deposits

Depth | Depth | Depth |Saturated) Duration | Average
Well Owner of to to thickness of pumping
well bedrock | water (feet) pumping rate
(feet) (feet) (feet) (minutes) | (gpm)
C10-55-27cca - ooooo B. Hallowell ... 36 36 6.4 30 2,910 117
C14-51-6ddd. . ... V. George___.___.. 16 20 6.6 13 1,425 53
C17-45-30cbd.__...| E. Rutledge._...._. 23 28 6.6 21 1, 440 78
46-18cdd......| Town of Eads..... 46 46 10.9 35 2,880 565
Draw- | Specific Average
down in | capacity | Coefficient { coefficient | Number
pumped { (gpm per| of trans- | of perme- | of obser- [ Date
well at ft of | missibility [ ability vation
end of draw- | (gpdperft)| (gpd per wells
pumping| down) sq ft)
(feet)
C10-556-27cca- oo B. Hallowell. ... 5.3 22 40, 000 1, 300 3 | 7-15-60
C14-51-6ddd.__....| V. George._..__... 4.2 13 45, 000 3, 500 1| 7-20-60
C17-45-30chd - - . - E. Rutledge.._____ 4.5 17 55, 000 2, 600 1| 7-29-60
46-18cdd-.____. Town of Eads..... 32.0 18 48, 0600 1, 400 2 | 7-23-55

The coefficient of transmissibility was determined near well C17-
45-30cbd by a mathematical model that assumes, among other factors,
steady state and uniform recharge (Ferris and others, 1962, p. 131).
If at several places the altitude of the water table, with respect to the
mean stream level and distance to the ground-water divide, is known,
the ratio of transmissibility and recharge can be calculated. By
further assuming that during the winter, when evapotranspiration is
low, the effective recharge is discharged into the stream where it can
be measured, then recharge and, hence, transmissibility may be cal-
culated. This method resulted in a transmissibility of 13,000 gpd
(gallons per day) per ft. This transmissibility is much lower than
that calculated from pumping tests—a result probably due to the fact
that different volumes of aquifer were sampled by the two methods. A
pumping test samples a roughly cylindrical volume with the well at its
center, whereas the other method samples a unit width of the saturated
zone extending from the stream to the ground-water divide or valley
wall. Therefore, fine-grained material eroded from the valley walls
and redeposited within the valley fill would decrease the transmissi-
bility over a large part of the unit width of the aquifer. The higher
transmissibility, as determined by pumping tests, may apply only to a
volume of well-sorted material relatively near the well.
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The average coefficient of permeability of the valley fill (for horizon-
tal flow) may be determined by dividing the coefficient of transmissi-
bility by the saturated thickness. Permeability determined in this
manner, however, is an overall average of an ideal aquifer assumed in
the mathematical model and may not represent the aquifer tested.
Average permeability should therefore be used with caution.

Permecability, as determined in the field or in the laboratory by
permeameter, is likewise subject to limitations, especially because per-
meability depends on the geometry of the pore space or packing.
The act of collecting a sample disturbs and often completely changes
the packing. The sample is repacked, but the pore spaces in the dis-
turbed sample differ from those in the aquifer.

An alternate method for estimating the coefficient of permeability
is to calibrate a driller’s log of a well where the coefficient of transmissi-
bility was determined by a pumping test. Not only can the permeabil-
ity of the undisturbed aquifer be estimated by this method, but also the
determined permeability values can be used with a driller’s log to esti-
mate the potential yield of other test holes.

Table 3 shows the permeability of various intervals of valley-fili de-
posits, as determined by solving for P; in the formula

T'=3 Pims

where T'=coefficient of transmissibility, as determined by a
pumping test, in gallons per day per foot;
P;=field coefficient of permeability of the interval de-
seribed in the driller’s log, in gallons per day per
square foot; and
miy=thickness of the interval described in the driller’s
log, in feet.

The field coefficients of permeability corresponding to the intervals
described in the driller’s log may be obtained from table 3. These
coefficients multiplied by the thickness of the interval can then be added
to obtain transmissibility. The transmissibility thus estimated may be
substituted in the following approximation of the steady-state Theim
equation (Ferris and others, 1962, p. 91)

Ts
?=3000
where @ =discharge, in gpm;

7' =transmissibility, in gpd per foot; and
s=drawdown, in feet.
The permissible drawdown is also estimated from the driller’s log.

Solution of the above equation gives a rough estimate of the test-hole
yield.
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TABLE 3.—Field coefficient of permeability of the valley-fill deposits in the Big
Sendy Creek valley

Field coefficient
of permeability
(gpd per sq ft)

Description Range Average
Sand, medium to very coarse, and very fine to fine gravel.. 1,500-2,500 1,900
Sand, very fine to very coarse 200-1, 000 500
Clay, contains silt and fine sand <100

The average coefficient of permeability to vertical flow was roughly
estimated for very fine to very coarse sand of the valley-fill deposits
between the stream-channel floor and the water table by flood-dis-
charge measurements and by applying Darcy’s law. The total flood
discharge on July 6, 1960, at Wild Horse was estimated to be 300 acre-
feet. The flood was almost completely absorbed during 1 day in 22
miles of stream channel, or an area of about 110 acres. Ifitisassumed
that the zone between the water table and the channel floor (about 2
ft) becomes saturated and that the vertical gradient during the flood
is relatively constant, Darcy’s equation may be solved for the coefficient
of vertical permeability. A vertical permeability of 7 gpd (gallons
per day) per sq ft was determined by this method. Because of the
broad assumptions and the errors in measuring total discharge and
area of infiltration, this method should be considered indicative only
of the order of magnitude. Comparison of the vertical to horizontal
permeability for very fine to very coarse sand results in a ratio of
1 to 70.

The storage coefficient, as determined by a 2-day pumping test, was
about 0.15. For short periods of pumping, two-dimensional flow and
instantaneous drainage, which are assumed in the analysis of the data,
may not have been attained. To more closely determine the storage
coefficient, much longer (60 to 90 days) durations of pumping are
necessary. The calculated storage coefficient seems to increase as
pumping time increases. Thus, 0.15 is probably a minimum.

The coefficients of storage and transmissibility determined during
this study will aid in predicting effects of additions or withdrawals
of water from the aquifer. For example, if the coefficients of storage
and transmissibility are known, declines of water levels near a pump-
ing well may be predicted, and proper spacing of additional wells may
be determined. Also, water-table declines due to increased evapo-
transpiration may be predicted. These coefficients would also aid
in predicting water-level rises due to increased recharge. Thus,
knowledge of the aquifer’s hydraulic characteristics is a prerequisite
to proper planning and management of the area’s water supply.

239-751—67——4
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Test drilling is advisable in locating a site for a large-capacity well
because of variations in thickness and saturation of permeable sand
and gravel and differences in amounts of fine-grained material. A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>