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SELECTED FACTORS FOR CONVERTING INCH-POUND UNITS TO
THE INTERNATIONAL SYSTEM (SI) OF METRIC UNITS

A dual system of measurements — inch-pound units and the International
System (SI) of metric units — is given in this report. SI is an organized system of
units adopted by the 11th General Conference of Weights and Measures in 1960.
Selected factors for converting inch-pound units to SI units are given below.

Multiply inch-pound unit
Acre
Acre-foot (acre-ft)

Foot

Foot per day (ft/d)

Foot squared per day
(ft2/d)

Gallon per day (gal/d)

Gallon per minute (gal/min)

Gallon per minute per foot
[(gal/min)/ft]

Inch

Mile

Square mile (mi?)

By
0.4047
0.001233

1,233
0.3048
0.3048
0.0929

0.003785
0.06309
0.207

25.4
1.609
2.590

To obtain SI unit

hectare (ha)

cubic hectometer (hm?)

cubic meter (m?3)

meter (m)

meter per day (m/d)

meter squared per day
(m?/d)

cubic meter per day (m3d)

liter per second (L/s)

liter per second per meter
[(L/s)/m]

millimeter (mm)

kilometer (km)

square kilometer (km?)




GROUND-WATER RESOURCES OF
SHERIDAN COUNTY, NORTH DAKOTA

By M. R. Burkart

ABSTRACT

An investigation of the ground-water resources of Sheridan County, North
Dakota, indicates that large quantities of water can be obtained from glacial-drift
aquifers. Bedrock aquifers also are a source of water throughout most of the
county, however, yields are much less than from glacial-drift aquifers.

Glacial-drift aquifers consist of sand and gravel deposits that occupy buried
valleys, melt-water channels, and outwash plains. Many of these deposits are
part of a network of hydraulically related aquifers constituting the Lake Nettie
system. Other glacial-drift aquifers include the Martin system, Butte, Painted
Woods Creek, and North Burleigh aquifers. Potential well yields of as much as
500 gallons per minute (32 liters per second) are possible from many of these
aquifers. The ground water available to wells from storage in these aquifers is
estimated to be 1.9 million acre-feet (2,300 cubic hectometers). The water
generally is a sodium bicarbonate or calcium bicarbonate type.

The Hell Creek Formation and Fox Hills Sandstone are the dominant
water-bearing bedrock units underlying Sheridan County. Wells developed in
aquifers in these bedrock units are not expected to yield more than 50 gallons per
minute (3 liters per second). The water generally is soft and is a sodium bicarbo-
nate type.

INTRODUCTION

The investigation of the ground-water resources of Sheridan County (fig. 1)
was conducted by the U.S. Geological Survey in cooperation with the North
Dakota State Water Commission, North Dakota Geological Survey, and Sheri-
dan County Water Management District. The results of the investigation are
published in three parts. Part I is a report describing the geology of the county.
Part 11 (Burkart, 1980) is a compilation of the geologic and hydrologic data
collected during the investigation. Part III, this report, is an interpretive report
describing ground-water resources. All data used in this report are from part II
unless otherwise referenced. The reports are prepared and written to assist
public and private water managers and water users in the development of
ground-water supplies.

Objectives and Scope
The objectives of the investigation in Sheridan County were to: (1) Deter-

mine the location, extent, and nature of major aquifers; (2) evaluate the occur-
rence and movement of ground water, including recharge and discharge; (3)
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FIGURE 1.—Physiographic divisions in North Dakota and location of study area.



estimate the quantities of water stored in the major aquifers; (4) estimate
potential yields to wells penetrating major aquifers; and (5) describe the chemical
quality of the ground water.

Interpretations contained in this report are based on data from 320 test holes
and wells. These data include lithologic and geophysical logs of 308 test holes and
wells, water-level measurements in 61 observation wells, and chemical analyses
of 93 samples of ground water.

Previous Investigations

The first geologic and hydrologic study to include Sheridan County was
conducted by Simpson (1929). The report resulting from this study includes a
brief discussion of the geology of Sheridan County, and the occurrence of water
in both bedrock and glacial-drift aquifers.

Benson (1952) reconstructed preglacial drainage patterns in the Knife River
area, and Lemke (1960) included parts of Sheridan County in his interpretations
of the geology of the Souris River area.

Location-Numbering System

The location-numbering system (fig. 2) used in this report is based on the
system of land survey used by the U.S. Bureau of Land Management. The first
numeral denotes the township north of a base line, the second numeral denotes
the range west of the fifth principal meridian, and the third numeral denotes
the section in which the well is located. The letters A, B, C, and D designate,
respectively, the northeast, northwest, southwest, and southeast quarter sec-
tion, quarter-quarter section, and quarter-quarter-quarter section (10-acre or
4-ha tract). For example, well 148-076-15ADC is in the SW%4SE%NEY% sec.
15, T. 148 N., R. 076 W. Consecutive final numerals are added if more than one
well is recorded within a 10-acre (4-ha) tract.

Geography

Sheridan County has an area of 1,005 mi2 (2,611 km?), and a population of
3,232 (U.S. Bureau of the Census, 1971). The county is located. in two major
physiographic provinces (fig. 1). About two-thirds of the county is in the Coteau
du Missouri district of the Great Plains province (Fenneman, 1946). The north-
ern one-third of the county is in the Drift Prairie of the Central Lowland
province.

The part of the county located in the Coteau du Missouri (fig. 1) has a very
irregular topographic surface. It is an undrained area of potholes and lakes. The
Prophets Mountains and the Lincoln Valley sag (fig. 3) lie within this part of the
county. The Lincoln Valley sag is a broad valley near the community of Lincoln
Valley; the Prophets Mountains are a series of hills about 200 feet (60 m) higher
than the surrounding area located north and west of Pickardville.




FIGURE 2.—Location-numbering system.

The part of the county located in the Drift Prairie generally has flat to rolling
topography with no perennial drainage. Most of this part of the county is in the
Sheyenne River drainage basin. A small area in the north-central part of the
county is included in the Wintering River drainage basin.

The climate of Sheridan County is semiarid. Mean annual precipitation at
McClusky is 17.68 inches (449 mm; U.S. Environmental Data Service, 1973).
Most precipitation occurs during the growing season, April through September.




The mean annual temperature at McClusky is 40.2°F (4.6°C). Other climatologi-
cal stations in surrounding counties have mean annual temperatures ranging
from 40.2°F (4.6°C) at Fessenden in Wells County to 40.6°F (4.8°C) at Velva in
McHenry County (U.S. Environmental Data Service, 1973).

Dry-land farming and stock raising are the two primary industries in Sheri-
dan County. The principal crops are wheat, hay, oats, flax, and barley. Livestock
includes mostly beef and dairy cattle (U.S. Department of Agriculture Econom-
ics, Statistics, and Cooperative Service, North Dakota State Statistical Office,
1978). )

Geohydrologic Setting

The generalized surficial geology of Sheridan County is shown in figure 3.
Deposits of Quaternary age cover all of the county except for small isolated
outcroppings of rocks of Late Cretaceous age in the general area of the
Sheyenne River.

The bedrock units above the Pierre Shale of Late Cretaceous age were
evaluated for their water-bearing characteristics. For practical purposes the
Pierre Shale forms the base of the fresh-water-bearing units in the study area,
and test drilling stopped when the Pierre was reached in eight of the deepest test
holes.

The Fox Hills Sandstone and Hell Creek Formation of Late Cretaceous age
are undifferentiated because the facies differences in Sheridan County were not
considered sufficient to delineate a definite stratigraphic boundary between the
two units. However, for hydrologic purposes, the two units are divided into
upper and lower aquifer systems. The lower system, the Fox Hills aquifer
system, consists of rocks from the top of the Pierre Shale up to and including a
relatively thick and continuous sandstone bed in the Fox Hills that is commonly
encountered between 200 and 370 feet (61 and 113 m) above the Pierre Shale.
The upper system, the Hell Creek-Fox Hills aquifer system, includes the rocks
above the marker sandstone in the lower Fox Hills aquifer system up to the base
of the Fort Union Formation of Paleocene age or the glacial drift.

The Fort Union Formation occurs in a small part of southern Sheridan
County. However, it is not a significant aquifer in the study area.

Glacial-drift deposits of Quaternary age were studied in greater detail than
the bedrock units because greater quantities of better quality water were ex-
pected to be available. The glacial-drift deposits include relatively impermeable
glacial till and water-yielding glaciofluvial materials such as sand, gravel, and silt.
The thickest drift deposits are in buried valleys, which can be seen in the bedrock
topography (pl. 1, in pocket). Major glacial-drift aquifers occur within some of
these valleys.
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AVAILABILITY AND QUALITY OF GROUND WATER
General Concepts

All ground water is derived from precipitation. After precipitation falls on the
earth’s surface, part is returned to the atmosphere by evaporation, part runs off
into streams, and the remainder infiltrates into the ground. Some of the water
that enters the ground is held by capillarity and evaporates or is transpired. The
water in excess of the moisture-holding capacity of the soil infiltrates downward
to the water table and ultimately becomes available to wells.

Ground water moves under the effect of gravity and pressure from areas of
recharge to areas of discharge. Ground-water movement generally is slow and
may be only a few feet per year. The rate of the ground-water movement is
governed by the hydraulic conductivity of the material through which the water
moves and by the hydraulic gradient. Gravel, well-sorted sand, and fractured
rocks generally have a relatively large hydraulic conductivity, and when satu-
rated can be termed aquifers. Cemented deposits and fine-grained materials
such as silt, clay, and shale usually have a relatively small hydraulic conductivity
and restrict ground-water movement.

The water level in an aquifer generally fluctuates in response to changes in
the rate of recharge to and discharge from the aquifer. These fluctuations usually
indicate a change in the amount of water stored in the aquifer. However, in
confined aquifers changes in atmospheric pressure and in surface load also cause
fluctuations in water level. In the report area, aquifers exposed at land surface
are recharged each spring, summer, and early fall by direct infiltration of
precipitation. Aquifers that are confined by thick deposits of fine-grained mate-
rials are recharged by seepage from the materials or by lateral movement
downgradient from a recharge area exposed at the land surface. The rate of
recharge may increase as water levels in the aquifer are lowered by pumping,
However, water levels may decline for several years before sufficient recharge is
induced to balance the rate of withdrawal. In some places this balance may never
be achieved without curtailment of withdrawal.

Ground water contains varying concentrations of dissolved mineral matter.

- Rain begins to dissolve mineral matter as it falls and continues to dissolve mineral
matter as the water infiltrates the soil. The amount and kind of dissolved mineral
matter in water depends upon the kinds and proportions of minerals that make
up the soil and rocks. The pressure and temperature of the water and rock
formations, and the concentration of carbon dioxide and soil acids in the water
also affect dissolved material. Ground water that has been in transient storage a
long time or has moved a long distance from a recharge area, generally is more
mineralized than water that has been in transit only a short time.




The suitability of water for various uses usually is determined by the kind
and amount of dissolved mineral matter. The chemical constituents, physical
properties, and indices most likely to be of concern are: Iron, sulfate, nitrate,
fluoride, boron, chloride, dissolved solids, hardness, temperature, odor, taste,
specific conductance, sodium-adsorption ratio (SAR), and percent sodium. The
sources of the major chemical constituents, their effects on usability, and the
recommended limits are given in table 1. Additional information regarding
drinking-water standards may be found in a report by the U.S. Environmental
Protection Agency (National Academy of Sciences-National Academy of En-
gineering, 1972).

In this report numerous references are made to ground-water types, such as
sodium bicarbonate type and calcium bicarbonate type. These types are derived
from inspection of the water analyses and represent the predominant cation
{(sodium, calcium, or magnesium)and anion (bicarbonate, sulfate, or chloride), as
expressed in milliequivalents per liter.

As a general reference, this report uses the following classification of water
hardness (Durfor and Becker, 1964).

Calcium and magnesium
hardness as CaCOs

(milligrams per liter) Hardness description

0-60 Soft
61-120 Moderately hard
121-180 Hard

More than 180 Very hard

The quality of water used for irrigation is an important factor in productivity
and in quality of the irrigated crops. The U.S. Salinity Laboratory Staff (1954)
developed an irrigation classification system based on SAR and specific conduct-
ance. SAR is related to the sodium hazard and specific conductance is related to
the salinity hazard. The hazards increase as the numerical values of the indices
increase. Irrigation classifications for selected water samples from glacial-drift.
aquifers in Sheridan County were determined using the Salinity Laboratory
Staff ’s classification system.

Ground Water in the Bedrock Units

Test drilling in Sheridan County penetrated bedrock units as old as the Pierre
Shale of Late Cretaceous age and as young as the Fort Union Formation of
Paleocene age. No significant amount of water-bearing material was encoun-
tered in either the Pierre Shale or the Fort Union Formation.

The Fox Hills Sandstone and the Hell Creek Formation of Late Cretaceous
age are not differentiated in this report. However, the stratigraphic interval
represented by the two formations is divided into two aquifer systems; the lower
system is the Fox Hills aquifer system, and the upper system is the Hell
Creek-Fox Hills aquifer system.




TABLE 1.—Major chemical constituents in water — their sources, effects
4

upon usability, and r

d

ration limits

(Modified from Durfor and Becker, 1964, table 2)

Effects upon usability

National Academy
of Seiences —
National Academy of
Engineering (1972)
recommended limits
for drinking water

National Academy
of Seiences

Natipnal Academy of
Engineering (1972)

recommended limits

In p of calcium and mag;

silica forms a scale in boilers and
on steam turbines that retards heat
transfer.

If more than 0.1 mg/L? is present,
it will precipitate when exposed to air;
causes turbidity, stains plumbing fix-
tures, laundry, and cooking utensils,
and imparts tastes and colors to food
and drinks. More than 0.2 mg/L is
objectionable for most industrial uses.

0.3 mg/L.

More than 0.2 mg/L precipitates upon
oxidation. Causes undersirable taste
and dark-brown or black stains on
fabrics and porcelain fixtures. Most
industrial uses require water con-
taining less than 0.2 mg/L.

0.05 mg/L.

Calcium and magnesium combine with
bicarbonate, carbonate, sulfate, and
silica to form scale in heating equip-
ment. Calcium and magnesium retard

the suds-forming action of soap and
detergent. High concentrations of
magnesium have a laxative effect.

More than 50 mg/L sodium and potas-
jsium with suspended matter causes
foaming, which accelerates scale forma-
tion and corrosion in boilers.

Constituents Major source Effects upon usability for drinking water
Bicarbonate Heating water dissociates bicarbonate
(HCOa) Limestone, dolomite. to carbonate and(or) carbon dioxide.
The carbonate can combine with alka-
Carbonate line earths {principally calcium and
(CO3) magnesium) to form scale.
Sulfate Gypsum, anhydrite, and | Combines with calcium to form scale. [250 mg/L
{SO4) oxidation of sulfide | More than 500 mg/L tastes bitter and
minerals. may be a laxative.
Chloride Halite and sylvite. In excess of 250 mg/L may impart salty |250 mg/L
ch taste, greatly in excess may cause
physiologica! distress. Food processing
industries usually require less than 250
mg/L.
Fluoride Amphiboles, apatite, | Optimum concentration in drinking [Recommended max-
(F) fluorite, and mica. water has a beneficial effect on the Jimum limits depend
structure and resistance to decay of Jon average of maxi-
children’s teeth. Concentrations in ex- lmum daily air tem-
cess of optimum may cause mottling of |peratures. Maximum
children’s teeth. limits its range from
1.4 mg/L at 32°C to
2.4 mg/L at 10°C.
Nitrate Organic matter, ferti- | More than 100 mg/L may cause a bitter |45 mg/L
{NOs) lizers, and sewage. taste and may cause physiological dis-
tress. Concentrations in excess of 45
mg/L have been reported to cause meth-
emoglobinemia in infants.
Dissolved Anything that is soluble. | Less than 300 mg/L is desirable for |Because of the wide
solids some manufacturing processes. Exces- |range of mineraliza-

sive dissolved solids restrict the use of
water for irrigation.

tion, it is not possible
to establish a limiting
value.

Essential to plant nutrition. More than

Constituents Major source

Silica Feldspars, quartz, fer-

(8iO2) romagnesian, and clay
minerals.

Iron Natural sources: amphi-

(Fe) boles, ferromagnesian
minerals, ferrous and |
ferric sulfides, oxides,
carbonates, and clay min-
erals. Manmade sources:
well casings, pumps, and
storage tanks.

Manganese Soils, micas, amphiboles,

(Mn) and hornblende.

Calcium Amphiboles, feldspars,

(Ca) gypsum, pyroxenes, an-
hydrite, calcite, arago-
nite, limestone, dolomite
and clay minerals. |

Magnesium Amphiboles, olivine,

(Mg) pyroxenes, magnesite,
dolomite, and clay min-
erals.

Sodium Feldspars, clay minerals,

Na and evaporites.

Potassium Feldspars, feldspathoids,

(K) some micas, and clay
minerals.

Boron Tourmaline,  biotite,

{B) and amphiboles.

2 mg/L. may damage some plants.

Milligrams per liter.




Fox Hills Aquifer System

The Fox Hills aquifer system underlies all of Sheridan County, and in many
areas is the only aquifer system capable of producing sufficient quantities of
water for domestic and stock purposes. The system consists of interbedded
sandstone, shale, siltstone, and claystone. The top of the Pierre Shale (fig. 4) is
the lower boundary of the system. The upper boundary is the top of a relatively

" massive sandstone in the Fox Hills. The thickness of the aquifer system varies
due to changes in the bedrock altitude, stratigraphic changes, and erosion (pl.
2, sec. A-A’). Thicknesses of the aquifer system range from less than 200 feet (61
m) where the bedrock surface has been eroded below the upper boundary of
the aquifer system to as much as 367 feet (112 m) where the system has not
been eroded.

The sandstones, which are the water-bearing beds in the aquifer system,
range from 1 to about 100 feet (0.3 to 30 m) in thickness. These sandstones are
very fine to medium grained and light gray to dark green. The dominant mineral
is quartz although glauconite, a green iron-rich clay mineral, commonly is more
prevalent. The glauconite content generally is much greater in the sandstones
near the base of the system than near the top. The percentage of total sandstone
thickness in the Fox Hills aquifer system penetrated by individual wells ranged
from 23 to 93 percent; the average was 44 percent.

Recharge to the aquifer system in Sheridan County is from adjacent or
overlying aquifers and from infiltration through the till where it overlies the
aquifer system. Because there are no outcrops of the sandstone beds comprising
the aquifer system in the county, there is no direct recharge from precipitation.

General areas of recharge and discharge associated with the aquifer system
can be interpreted from the potentiometric surface shown on figure 5. The
areas of potential recharge include the west-central and southeastern parts of
the county, where the potentiometric surface is highest. Water moves through
the system, down gradient, toward the northeast.

Discharge from the aquifer system is vertically to overlying glacial-drift
aquifers and laterally to the northeast. The relative position of some of these drift
aquifers and the Fox Hills aquifer system is show on plate 2, sections C-C’ and
D-D’. Water levels measured in October 1978 indicate that the potentiometric
surface of the Fox Hills aquifer system is higher than the potentiometric surface
of some of the drift aquifers in the buried valleys. This means the potential is for
movement of water from the Fox Hills aquifer system to these drift aquifers. If
development lowers the potentiometric surface of the drift aquifers, the poten-
tial for discharge from the Fox Hills aquifer system will increase proportionately.

Yields to wells completed in the Fox Hills aquifer system are not expected to
exceed 50 gal/min (3 L/s). Where sandstone beds are thin, yields can be expected
to be substantially less.

Fifteen water samples were collected for chemical analysis from wells com-
pleted in this aquifer system. The analyses indicate the water generally is soft
(water from one sample was hard and water from three samples was very hard)
and is a sodium bicarbonate type. Dissolved-solids concentrations in the samples

10
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ranged from 828 to 2,470 mg/L and averaged 1,330 mg/L. Sodium concentrations
ranged from 250 to 960 mg/L and averaged 500 mg/L; chloride concentrations
ranged from 15 to 1,200 mg/L and averaged 230 mg/L; and bicarbonate concen-
trations ranged from 576 to 1,160 mg/L and averaged 840 mg/L.

The water-quality distribution pattern reflects an increase in dissolved-solids
concentrations away from the potential recharge areas. No pattern of water-
quality differences can be interpreted in the context of depth below land surface
or relative position in the stratigraphic section.

Hell Creek-Fox Hills Aquifer System

The Hell Creek-Fox Hills aquifer system underlies the glacial drift or the
Fort Union Formation in Sheridan County. The Hell Creek-Fox Hills aquifer
system consists of materials very similar to those in the Fox Hills aquifer system
except the sandstone beds are fewer and thinner. The lower boundary of the
aquifer system is the top of the marker sandstone at the top of the Fox Hills
aquifer system, and the upper boundary is the base of the Fort Union Formation
or the glacial drift. The aquifer system is generally about 300 feet (90 m) thick,
except where part of the system has been removed by erosion (pl. 2).

The sandstones in the Hell Creek-Fox Hills aquifer system generally are less
than 100 feet (30 m) thick, and are very fine to fine grained. The dominant
mineral in the sandstones is quartz; however, some glauconite and bentonite,
which is a clay mineral that swells when wet, are present. Clay is present in
greater quantities in sandstones of the Hell Creek-Fox Hills aquifer system than
in sandstones in the Fox Hills aquifer system. The percentage of total sandstone
thickness in the Hell Creek-Fox Hills aquifer system penetrated by individual
wells ranged from 0 to about 40 percent; the average was 28 percent.

Only three observation wells were completed in this aquifer system; how-
ever, hydrogeologic data from an inventory of domestic and livestock wells are
sufficient to conclude that recharge is from adjacent and overlying glacial drift.

Yields to wells completed in the Hell Creek-Fox Hills aquifer system are
expected to be much less than 50 gal/min (3 L/s).

Seventeen water samples were collected for chemical analysis from wells
completed in the Hell Creek-Fox Hills aquifer system. Analyses indicate the
water generally is soft to moderately hard. The water generally is a sodium
bicarbonate type, although three samples had large concentrations of sulfate.

Dissolved-solids concentrations in the samples ranged from 531 to 2,650
mg/L and averaged 1,430 mg/L. Sodium cencentrations ranged from 180 to 880
mg/L and averaged 490 mg/L; chloride concentrations ranged from 4.1 to 470
mg/L and averaged 70 mg/L; bicarbonate concentrations ranged from 466 yo 996
mg/L and averaged 807 mg/L; and sulfate concentrations ranged from 7.4 to 950
mg/L and averaged 400 mg/L.

Ground Water in the Glacial Drift

Aquifers with the greatest potential for ground-water development occur in
the glacial deposits. Names of aquifers used in previous reports and in this report
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are the Lake Nettie aquifer system, Painted Woods Creek aquifer, and North
Burleigh aquifer (pl. 3, in pocket). Aquifers initially recognized and described
during this investigation are named after local geographic features — Martin
aquifer system and Butte aquifer (pl. 3).

Water Available From Storage

Where sufficient data are available, an estimate of ground water available
from storage is given in units of acre-feet (cubic hectometers). The volume of
water available from an unconfined aquifer is defined by the following formula
using average values:

V = mASy
(1)

where:
V = volume of water available from storage, in acre-feet;
m = saturated thickness, in feet;
A = areal extent, in acres; and
Sy = specific yield of the aquifer.

The specific yield for glacial-drift aquifer materials may range from 0.01 to 0.35.
The commonly used range for these materials in North Dakota is 0.10 to 0.20.

Determination of the amount of water available from storage in a confined
aquifer involves a calculation in addition to that shown above owing to (1)
expansion of the water and (2) compressibility of the aquifer. The quantity of
water gained due to expansion and compression is insignificant and therefore the
storage estimates derived for this investigation are based on a long-term specific
yield of 15 percent.

Potential Yield of Glacial-Drift Aquifers

Estimated potential yields of glacial-drift aquifers in Sheridan County are
shown on plate 3. The basic factor used in determining these estimates was
transmissivity. The transmissivity of an aquifer is a measure of its ability to
transmit water through connected openings. Often aquifer tests are used to
determine transmissivity. However, these test results are valid only for the
relatively small area surrounding the test site, and aquifer tests are very expen-
sive to conduct. For this study, transmissivities were determined by estimating
the hydraulic conductivity from lithologic logs and multiplying this by the
thickness of the aquifer. Although the estimates derived are valid only for the
site of the logged hole, the number of logged holes provides a larger data base
than could be provided by aquifer tests.

The hydraulic conductivity was estimated from lithology by using the em-
pirical values shown in table 2. The range of values represents various degrees
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TABLE 2. — Hydraulic conductivity of common
glacial-drift aquifer materials

Hydraulic conductivity

Material (feet per day)
Gravel 160-600
Sand and gravel 130-200
Coarse sand 80-130
Medium sand 65-95
Fine sand 25-55
Very fine sand 10-25
Silt 5-10

of sorting, Estimates were based on the smaller value unless the lithologic log

indicated that the material was well sorted.
Meyer (1963, p. 338-340, fig. 100) published a chart relating well diameter,

specific capacity, and coefficients of transmissivity and storage. This chart shows
that for coefficients of storage of more than 0.005, and transmissivities ranging
from 270 to 13,500 ft2/d (25 to 125 m?/d), the ratio of transmissivity to specific
capacity is about 267:1, when the specific capacity used is given in gallons per
minute per foot of drawdown after 24 hours pumping. The ratio is larger for
transmissivities of more than 13,500 ft%/d (125 m?%d).

Meyer’s chart shows that large changes in the storage coefficient in the range
0.005 to 0.00005 correspond to relatively small changes in specific capacity. In
most confined aquifers the storage coefficient is less than 0.005. In those
confined aquifers having transmissivities of as much as 13,500 ft2/d (125 m?/d),
the yield, in gallons per minute, for a fully penetrating well with 10 feet (3 m) of
drawdown after 24 hours pumping may be approximated by dividing the trans-
missivity by 27. The diameter of the well also will affect the yield, but this effect
is small compared to the inaccuracies encountered in estimating transmissivity
from lithology.

The principles described above were applied in preparing plate 3. Aquifer-
boundary conditions will affect the yields to wells, therefore, the estimated
yields were arbitrarily reduced. The estimated potential well yields shown on
plate 3 are total yields available from both the unconfined and confined parts of
an aquifer system where the two conditions exist.

The yield map (pl. 3) is intended as a guide in the location of ground-water
resources, and not as a map to locate wells with a specific yield. Few, if any,
aquifers are so uniform in areal extent and physical properties that production
wells could be constructed in them without additional test drilling.

Lake Nettie Aquifer System
The Lake Nettie aquifer system occupies parts of buried bedrock valleys in

central and southern Sheridan County (pls. 2 and 3). The aquifer system under-
lies an area of about 200 mi2 (520 km?) in Sheridan County. The Lake Nettie
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aquifer system was first described by Klausing (1974) in McLean County. The
Lost Lake aquifer, which also was first described by Klausing (1974), occurs in
Sheridan County in sec. 30, T. 146 N., R. 78 W, and is included as part of the
Lake Nettie aquifer system in this report. The Lake Nettie aquifer system
consists of two hydrologic units; the lower Lake Nettie aquifer and the upper
Lake Nettie aquifer system (pl. 2).

Lower Lake Nettie aquifer

The lower Lake Nettie aquifer is a confined aquifer that occupies deep
buried bedrock valleys beneath the upper Lake Nettie aquifer system in west-
central Sheridan County. The aquifer is generally about 0.5-mile (0.8-km) wide
and has an areal extent of about 26 m2 (67 km?) in Sheridan County (fig. 6).

Data from 13 test holes indicate the aquifer consists of sand and gravel beds.
The aquifer ranges in thickness from 19 to 308 feet (6 to 94 m) and has an average
thickness 0f 116 feet (35 m). Depths at which the aquifer occurs range from 238 to
729 feet (73 to 222 m) below land surface. The aquifer generally occurs between
altitudes of 1,190 and 1,600 feet (363 and 488 m).

Recharge to the aquifer is by infiltration from overlying aquifers through the
confining till and from adjacent and underlying bedrock aquifers. By comparing
figure 5 to figure 6, it can be seen that in the southeastern part of the lower
Lake Nettie aquifer there is a potential for leakage from the Fox Hills aquifer
system, which has a higher potentiometric surface.

Water movement in the lower Lake Nettie aquifer is generally northeast
toward Lincoln Valley (fig. 6). Based on transmissivity estimates from lithologic
logs, the estimated potential yields from wells completed in the lower Lake
Nettie aquifer may range from 50 to more than 500 gal/min (3.2 to 33 L/s). An
estimated 290,000 acre-feet (358 hm?) of water is available from storage in the
part of the lower Lake Nettie aquifer in Sheridan County. This estimate is
based on the following factors: Average thickness, 116 feet (35 m); areal extent,
26 mi2 (67 km2); and specific yield, 0.15. Currently (1979} only four domestic
wells are known to be completed in the aquifer.

Chemical analyses of 14 water samples from the lower Lake Nettie aquifer
indicate that the water generally is a sodium bicarbonate type, and is moder-
ately to very hard. Dissolved-solids concentrations in the samples ranged from
887 to 1,810 mg/L and averaged 1,190 mg/L. The irrigation classifications of the
water samples (fig. 7) ranged from C3-S1 to C4-54.

Upper Lake Nettie aquifer system

The upper Lake Nettie aquifer system is, in places, confined, and, in
others, unconfined. It occupies bedrock valleys in central, southern, southeast-
ern, and western Sheridan County. The system underlies an area of approxi-
mately 200 mi? (520 km?) in Sheridan County (fig. 8).

Data from 33 test hole