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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 By

Acre 0.4047

Acre-foot (acre-ft) .001233

Foot .3048

Foot per day (ft/d) .3048

Foot per mile (ft/mi) 18943

Foot squared per day (ft2/d) .0929

Gallon .003785

Gallon per day .003785
(gal/d)

Gallon per minute .06309
{gal/min)

Gallon per minute per 207
foot [(gal/min)/ft]

Inch 25.4

Mile 1.609

Million gallons (Mgal) 3,785
Square mile (mi2) 2.590

vi

To obtain SI unit

hectare (ha)

cubic hectometer (hm3)

meter (m)

meter per day (in/d)

meter per kilometer (m/km)

meter squared per day
(m?/d)

cubic meter (m3)

cubic meter per day
(m3/d)

liter per second (L/s)

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

millimeter (mm)

kilometer (km)

cubic meter (m3)

square kilometer (km?)




GROUND-WATER RESOURCES OF
RAMSEY COUNTY, NORTH DAKOTA

By

R. D. Hutchinson and Robert L. Klausing

ABSTRACT

The quantity, quality, and movement of ground water in Ramsey County
was determined by an evaluation of existing hydrologic data and data acquired
through a program of test drilling and observation-well development. Ground
water is obtainable from sand and gravel deposits in the glacial drift, from
fractured shale in the upper 50 to 200 feet (15 to 61 meters) of the Pierre
Formation, and from sand and(or) sandstone beds in the Dakota Group.

The major glacial-drift aquifers are the Spiritwood aquifer system and the
Starkweather aquifer.

The Spiritwood aquifer system underlies an area of about 152 square miles
(394 square kilometers) in southern and western Ramsey County. Properly
constructed wells developed in the thicker parts of the aquifer system yield
from 500 to 1,000 gallons per minute (32 to 63 liters per second). Dissolved-
solids concentrations in water from the aquifer system ranged from 432 to 2,430
milligrams per liter.

The Starkweather aquifer underlies an area of about 13 square miles (34
square kilometers) in central Ramsey County. Well yields from this aquifer
generally range from 50 to 250 gallons per minute (3 to 16 liters per second);
however, in places yields of as much as 500 gallons per minute (32 liters per
second) may be possible. Dissolved-solids concentrations in water from this
aquifer ranged from 623 to 2,490 milligrams per liter.

The Spiritwood aquifer system and the Starkweather aquifer contain about
1.2 million acre-feet (1,500 cubic hectometers) of ground water available from
storage.

The Pierre aquifer yields as much as 10 gallons per minute (0.63 liters per
second) to wells. Dissolved-solids concentrations in water from the Pierre aqui-
fer ranged from 330 to 9,800 milligrams per liter.

The maximum reported well yield from the Dakota aquifer is 280 gallons
per minute (18 liters per second). Dissolved-solids concentrations in the water
were 3,770 and 3,870 milligrams per liter. Depths to the top of the Dakota
aquifer range from 1,150 to 1,450 feet (351 to 451 meters).

INTRODUCTION

The study of the geology and ground-water resources of Ramsey County
(fig. 1) was requested and supported by the Ramsey County Board of Commis-
sioners and was made under the statewide cooperative program of the U.S.
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FIGURE 1.—Physiographic divisions in North Dakota and location of study area.



Geological Survey, the North Dakota State Water Commission, and the North
Dakota Geological Survey.

The North Dakota Geological Survey mapped the geology of the county and
will publish the results as part I of this series. The data used in this report,
unless otherwise referenced, are in part II of this series (Hutchinson, 1977a).

Purpose and Scope

The purpose of the investigation was to determine the quantity and quality
of ground water available for municipal, domestic, livestock, industrial, and
irrigation uses. Specifically, the objectives were: (1) to describe the location,
extent, and nature of the major aquifers in Ramsey County; (2) to evaluate the
occurrence and movement of ground water, including the sources of recharge
and discharge; (3) to estimate the quantities of ground water in storage; (4) to
estimate the potential yields to wells; and (5) to determine the chemical quality
of the ground water.

Many sources of data have been utilized in the preparation of this report. A
well inventory provided data on depth, construction, and productivity of 902
private and public wells in the county. Drilling of 243 test holes supplied
information on the thickness, lithology, and extent of the major aquifers. Ob-
servation wells constructed in 79 test holes supplied water-level data. One
aquifer test was made to determine the transmissivity and storage coefficient of
a major glacial-drift aquifer and to help establish a basis for estimating potential
yields of other glacial-drift aquifers. Chemical analyses of water samples from
209 selected wells provided data on the quality of the ground water.

Location and Geography

Ramsey County has an area of 1,309 mi? (3,390 km?) in northeastern North
Dakota. It is located in the Drift Prairie section of the Central Lowland pro-
vince (fig. 1).

The land surface is a rolling glacial plain that is interrupted in places by
glacial moraines. Numerous prairie potholes, or sloughs, are present on the
gently sloping terrain between the morainal ridges. Land-surface altitudes
range from about 1,400 feet (430 m) above NGVD of 1929 along the shore of
East Devils Lake to about 1,640 feet (500 m) at the crest of Devils Lake
Mountain in sec. 35, T. 152 N., R. 62 W.

Most of the county lies within the Devils Lake basin, a large closed drainage
basin that extends from the southeastern edge of the Turtle Mountains in
Rolette County to a series of prominent hills south of Devils Lake. The princi-
pal drainages in the county are Mauvais Coulee (called Big Coulee below Lake
Irvine), Starkweather Coulee, and Edmore Coulee. During periods of high
runoff Big Coulee is the discharge stream for the lake chain including Sweetwa-
ter Lake, Dry Lake, Lake Alice, and Lake Irvine. Edmore and Starkweather




Coulees drain the central and eastern parts of the county. Discharge records
from 1958 to 1974 show that surface-water flow in Edmore Coulee occurs less
than 30 percent of the time. No data are available for Starkweather Coulee.

Climate

Ramsey County is in a region of temperate continental climate and has long
rigorous winters and warm summers. According to the U.S. Environmental
Data Service (1975), the mean annual! temperature at Devils Lake is 38.7°F
(3.7°C). January, with a mean temperature of 4.2°F (—15.4°C), is the coldest
month and July, with a mean temperature of 68.9°F (20.5°C), is the warmest
month.

The long-term normal precipitation at the city of Devils Lake (1941-70), is
17.15 inches (436 mm). However, for the period 1972-74, during which most of
the hydrologic data for this investigation were collected, the mean annual
precipitation was 15.05 inches (382 mm), or 2.10 inches (53 mm) less than the
long-term normal. About three-fourths of the precipitation falls during the
growing season April through September.

Population and Economy

The population of Ramsey County was 12,915 in 1970 (U.S. Bureau of the
Census, 1971). Devils Lake was the most populous community in Ramsey
County with 7,078 inhabitants and Edmore was second largest with 398.
Churchs Ferry, Crary, Hampden, Lawton, and Starkweather had between 100
and 200 inhabitants. Bartlett and Brocket had fewer than 100 inhabitants.

Agriculture is the basis of the economy and the major source of income in
Ramsey County. The principal crops are barley, wheat, oats, and hay. Live-
stock farming is practiced throughout the county and accounts for about 10
percent of farm income.

Previous Investigations

The earliest known report of ground-water data is by Underhill (1890), who
described a deep artesian well at Devils Lake. Upham (1895) briefly reported
on artesian ground water in Ramsey County as a part of a study of glacial Lake
Agassiz. Simpson (1929) described the general geologic and ground-water con-
ditions in Ramsey County (p. 189-196) as part of a statewide survey. Reports
describing the occurrence of ground water near the cities of Devils Lake (Bab-
cock, 1902; Paulson and Akin, 1964) and Lawton (Naplin, 1974) also are availa-
ble.

Chemical-quality data of water from wells in Ramsey County are included in
reports by Riffenburg (1929), Abbott and Voedisch (1938), Robinove and others
(1958), Scott and Barker (1962), and North Dakota State Department of Health
(1962 and 1964).




Location-Numbering System

The location-numbering system used in this report is based on a system of
land survey used by the U.S. Bureau of Land Management. The system is
illustrated in figure 2. 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 section, quarter-quarter section, and
quarter-quarter-quarter section (10-acre or 4-ha tract). For example, well 153-
063-15ADC is in the SW%SEUNEY sec. 15, T. 153 N., R. 63 W. Consecutive
terminal numerals are added if more than one well is recorded within a 10-acre
(4-ha) tract,

Acknowledgments

The collection of data for this report was made possible by the cooperation
of the Ramsey County Board of Commissioners and the residents of the county
who contributed time and effort. Particular recognition is due Messrs. M. O.
Lindvig, C. E. Naplin, R. W. Schmid, and L. D. Smith, Jr., of the North
Dakota State Water Commission, who were largely responsible for the test
drilling and aquifer-test data. G. O. Muri, chemist for the North Dakota State
Water Commission, analyzed most of the water samples collected during the
investigation. S. R. Moran, geologist with the North Dakota Geological Survey,
provided valuable comments on the glacial geology of the area.

GENERAL CONCEPTS OF
GROUND-WATER OCCURRENCE AND QUALITY

All of the ground water in Ramsey County is derived from precipitation.
After precipitation falls on the earth’s surface, part is returned to the atmos-
phere by evaporation, part runs off into streams, and the remainder infiltrates
into the ground. Some of the water that enters the soil is held by capillarity and
replaces water previously evaporated or transpired by plants. The excess water,
if any, infiltrates downward to the zone of saturation where it becomes available
to wells.

Ground water moves under the influence of gravity from areas of recharge
to areas of discharge. Ground-water movement may be only a few feet per
year. The rate of mdVement is governed by the hydraulic conductivity of the
material through which the water moves and by the hydraulic gradient. Sand
and gravel generally are highly conductive, and deposits of these materials
commonly form aquifers. Fine-grained materials such as silt, clay, and shale
usually have low conductivity.

The water level in an aquifer fluctuates in response to recharge to and
discharge from the aquifer. Aquifers exposed at land surface are recharged each
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spring and early summer by direct infiltration of precipitation. Recharge to
aquifers normally is sufficient to replace losses caused by natural processes and
by pumping of wells, although long-term trends of several years may develop
during which there are net gains or losses in storage. Aquifers that are confined
by deposits of finer grained materials, such as clay or silt, are recharged by
leakage from the finer grained materials. The rate of recharge may increase as
heads in the confined aquifers are reduced by pumping. Head declines may
continue, however, for several years before sufficient recharge is induced to
balance the rate of withdrawal. In some cases this balance may never be
achieved without a curtailment of withdrawals.

Ground water contains dissolved mineral matter in varying amounts. Rain
begins to dissolve mineral matter as it falls, and continues to dissolve mineral
matter as the water infiltrates through the soil. The amount and kind of dis-
solved mineral matter in water depends upon the solubility, the pressure,
temperature, and types of matter encountered, the length of time the water is
in contact with the matter, the amount of carbon dioxide and soil acids in the
water, and other factors. Water that has been underground a long time, or has
traveled a long distance from the recharge area, generally is more highly
mineralized than water that has been in transit for only a short time.

The suitability of water is determined largely by the kind and amount of
dissolved matter. The source, the effects on usability, and the drinking-water
limits recommended by the National Academy of Sciences-National Academy
of Engineering (1972) for the major chemical constituents in water are given in
table 1.

In this report numerous references are made to ground-water types, such as
sodium bicarbonate type, calcium bicarbonate type, etc. These types represent
the predominant cation (sodium, calcium, or magnesium) and anion (bicarbo-
nate, sulfate, or chloride) in the water, expressed in milliequivalents per liter
(meq/L).

The hardness of water determines its usefulness for some industries. Hard-
ness does not seriously affect the use of water for most purposes, but it does
increase the consumption of soap. Hardness removal by a softening process
increases suitability for domestic, laundry, and industrial purposes. The clas-
sifications of hardness used in this report are listed below:

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

Two indices of the suitability of water for irrigation are SAR and specific
conductance. SAR is related to the sodium hazard, and specific conductance is
related to the salinity hazard. The hazards increase as the numerical values of




TABLE 1. — Major chemical constituents in water — their sources, effects
ded ration limits

upon usability, and r

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

Constituents

Major source

Effects upon usability

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

National Academy
of Sciences —
National Academy of
Engineering (1972)
recommended limits

Silica
(Si02)

Feldspars, quartz, ferro-
magnesian and clay min-
erals

In presence of calcium and magnesium,
silica forms a scale in boilers and on
steam turhines that retards heat
transfer.

Iron
(Fe)

Natura! sources: amphi-
boles, ferromagnesian
minerals, ferrous and
ferric sulfides, oxides,
carbonates, and clay min-
erals. Man-made sources:
well casings, pumps, and
storage tanks.

If more than 100 ug/L! iron 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 200 ug/L is
objectionable for most industrial uses.

300 ug/L

Manganese
{Mn)

Soils, micas, amphiboles,
and hornblende.

More than 200 ug/L precipitates upon
oxidation. Causes undesirable taste and
dark-brown or black stains on
fabrics and porcelain fixtures. Most
industrial uses require water con-
taining less than 200 ug/L.

50 ug/L

Calcium
(Ca)

Amphiboles, feldspars,
gypsum, pyroxenes, an-
hydrite, calcite, arago-
nite, limestone, dolomite
and clay minerals.

Magnesium
(Mg)

Amphiboles, olivine, py-
roxenes, magnesite, dolo-
mite, and clay minerals.

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.

Sodium
(Na)

Feldspars, clay minerals,
and evaporites.

Potassium

(K)

Feldspars, feldspathoids,
some micas, and clay
minerals.

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

Boron

(B)

Tourmaline, biotite, and
amphiboles.

Essential to plant nutrition. More
than 200 ug/L may damage some plants.

Constituents Major source Effects upon usability for drinking water.

Bicarbonate Limestone and dolomite. | Heating water dissociates bicarbonate

(HCO3) to carbonate and{or) carbon dioxide.

Carbonate The carbonate can combine with

(CO3) alkaline earths (principally calcium
and magnesium) to form scale.

Sulfate Gypsum, anhydrite, and | Combines with calcium to form scale | 250 mg/L

(SO4) oxidation of sulfide min-| More than 500 mg/L tastes bitter and

erals. may be a laxative.
Chloride Halite and sylvite. In excess of 250 mg/L may impart salty | 250 mg/L
h taste. greatly in excess may cause
' physiological 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 | imum limits depend
structure and resistance to decay of| on average of maxi-
children’s teeth. Concentrations in| mum daily air tem-
excess of optimum may cause mottling | peratures. Maximum
of children’s teeth. Maximum limit for } limits range from 1.4.
Ramsey County is 2.4 mg/L. mg/L at 32°C to 2.4

mg/L at 10°C,

Nitrate Organic matter, fertiliz- | More than 100 mg/L may cause a bitter | 45 mg/L

(NO3) ers, and sewage. taste and may cause physiological dis-
tress.  Concentrations  in excess
of 45 mg/L have been reported t6 cause
methemoglobinemia 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 pos-
sible to establish a
limiting value.

iMicrograms per liter.
2Milligrams per liter.



the indices increase. For further information the reader is referred to “Diag-
nosis and Improvement of Saline and Alkali Soils” (U.S. Salinity Laboratory
Staff, 1954).

GEOLOGIC UNITS AND THEIR HYDROLOGIC PROPERTIES

Geologic units that contain aquifers of economic importance in Ramsey
County are: (1) the Dakota Group! of Early Cretaceous age, (2) the Pierre
Formation of Late Cretaceous age, and (3) the glacial drift of Quaternary age

(table 2).

Aquifers in the Bedrock

The only bedrock formations underlying Ramsey County that contain aqui-
fers of importance are the undifferentiated sand and(or) sandstone beds in the
Dakota Group and the Pierre Formation.

Dakota Aquifer

The term Dakota aquifer as used in this report includes all the undiffer-
entiated sand and(or) sandstone beds in the Dakota Group. The Dakota aquifer
underlies the entire county. Data from oil-test logs and from a few water-well
logs indicate that the aquifer dips to the southwest. Depth to the top of the
aquifer ranges from about 1,150 feet (351 m) in the northeastern part of the
county to about 1,480 feet (451 m) in the southwestern part (fig. 3).

"The aquifer is composed of fine to coarse shaly sandstone and quartzose
sandstone that ranges in thickness from about 10 to 110 feet (3 to 34 m).
Generally the basal part of the aquifer is coarser grained, better sorted, and
potentially more productive than the upper part.

Devils Lake city wells 1, 2, 3, and 4 are the only wells known to tap the
Dakota aquifer in Ramsey County. These wells are located in the SE% sec. 34,
T. 154 N., R. 64 W. and range in depth from 1,496 to 1,530 feet (456 to 466 m).
Paulson and Akin (1964) reported that city wells 1 and 2 had respective free
flows of about 100 and 150 gal/min (6.3 and 9.5 L/s) in 1952. Because larger
yields were required, all four city wells were equipped with pumps and wells 1
and 2 were reported to have respective pumping rates of 280 and 226 gal/min
(18 and 14 L/s). After completion of four municipal wells drilled into the War-
wick aquifer in northeastern Benson County (Randich, 1977), use of the Dakota
wells was discontinued by the city.

Data from Paulson and Akin (1964, p. 207a and 207b) indicate that the water
from the Dakota aquifer is soft and may be either a sodium sulfate-bicarbonate

The stratigraphic nomenclature used in this report is that preferred by the North Dakota
Geological Survey and does not necessarily conform to the usage of the U.S. Geological
Survey.
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TABLE 2. — Generalized lithology of the geologic units and their water-yielding characteristics

Thickness
Period Geologic unit Lithology (feet) Water-yielding characteristics
; Undifferentiated Unsorted mixture of clay, silt, 0-628 | As much as 1,000 gal/min can be obtained from major sand
g Holocene and sand, gravel, and boulders; and gravel aquifers provided (1) a sufficient thickness
8 Pleistocene deposits stratified sand and gravel; lake of water-bearing materials is present or (2) the deposits
5 (glacial drift) silt and clay. are pervious and are in hydrologic continuity with present
© streams or lakes to facilitate infiltration of surface water.
Fox Hills Formation Sandstone, very fine to fine, dark- 0-34 Small areal extent. Not known to be a source of water in
yellowish-brown to medium- the county.
bluish-gray; siltstone, sandy,
medium bluish-gray.
" Pierre Formation Shale, light-gray to black, partly 0-600 | Generally yields less than 10 gal/min from fractures in the
3 fractured, siliceous. upper 50 to 200 feet.
g Niobrara Formation Shale and marlstone, light-gray to 200 [ Very low hydraulic conductivity. Not known to yield
6] yellowish-brown. water.
Carlile, Greenhorn, Shale, siltstone, and marlstone; 500 | Very low hydraulic conductivity. Not known to yield
and Belle Fourche medium-gray to black, water.
Formations, noncalcareous to calcareous.
undifferentiated
Dakota Group Sandstone, fine-to coarse-grained, | 20-200 | Yields as much as 280 gal/min to individual wells.

white to buff; gray to black shale.
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type or a sodium sulfate-chloride type. The following table (modified from
Paulson and Akin, 1964, p. 207a and 207b) lists selected constituents and
physical properties of water from the Dakota aquifer in three of the Devils Lake
city wells. Scott and Barker (1962, p. 85) reported that the specific conductance
of the water from Devils Lake well 4 was 6,100 umho/cm. The very high sodium

and salinity hazards of the water preclude classification for irrigation.

Location
Constituent or
physical property 154-064-34DCBI | 154-064-34DCB2 | 154-064-34DCC

Iron (Fe) (ug/L) 60 — —
Calcium {Ca) (mg/L) 12 12 8
Magnesium (Mg) (mg/L) 4.8 5 7.3
Sodium (Na) (mg/L) 1,400 1,370 1,407
Bicarbonate (HCOs) (mg/L) 843 868 749
Sulfate (SO4) (mg/L) 1,090 1,050 1,130
Chloride (C1) (mg/L) 828 880 878
Fluoride (F) (mg/L) 4.5 6.0 5.0
Nitrate (NOs) (mg/L) 4.0 1.4 1.4
Dissolved solids (mg/L) 3,770 3,770 3,870
Hardness (mg/L) 50 51 50
Sodium-adsorption ratio 86 84 87

Table modified from Paulson and Akin, 1964.

Pierre Aquifer

The Pierre Foundation underlies the glacial drift in the entire county except
in the vicinity of test holes 154-063-12BBB, 12CCC, 156-063-11CDD, and
157-063-34ABA1 where the formation has been eroded and the Niobrara For-
mation subcrops.

The Pierre Formation consists, for the most part, of dark-gray to grayish-
black siliceous shale. The formation has a maximum thickness of about 600 feet;
however, only the upper 50 to 200 feet (15 to 61 m) is sufficiently fractured to
act as an aquifer.

No aquifer tests were made on the Pierre aquifer in Ramsey County. How-
ever, its lithology and water-yielding properties are similar to those in adjacent
counties where tests have been made.

Hutchinson (1977b) reported on two Pierre aquifer tests in adjacent
Cavalier County. Analysis of the data from test well 159-059-35BAC, about 14
miles (23 km) northeast of Edmore (Ramsey County), indicated that the aquifer
had a mean transmissivity of about 30 ft2/d (2.8 m?/d). Analysis of the data from
test well 162-060-17DDD, about 20 miles (32 km) north of Edmore, indicated
that the transmissivity of the aquifer was 11.8 ft%/d (1.1 m?/d). Aronow, Dennis,
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and Akin (1953) tested the aquifer at Michigan City, in adjacent Nelson County,
and calculated that the transmissivity ranged from 66 to 121 ft%/d (6.1 to 11.2
m?2/d). The storage coefficient computed from their test data was 0.00042.

The Pierre aquifer has low transmissivities, therefore most wells will yield a
maximum of about 10 gal/min (0.63 L/s). However, a system of wells, properly
spaced so there is a minimum of interference with each other, could be devel-
oped to provide larger quantities of water.

In order to assist in determining the best arrangement for wells in the
aquifer, the following table has been prepared.

Theoretical drawdowns at various distances from a well
pumping continuously at 10 gal/min (0.63 L/s) from the
Pierre aquifer
(Transmissivity 20 ft?/d (1.9 m?/d); storage coefficient 0.0004)

Drawdown, in feet
Time since Distance from pumping well, in feet
pumping started 10 100 300 500 700 | 1,000 | 5,000
1 day 54 18 3 1 0.0 0.0 0.0
10 days 71 36 20 12 .0 .0 .0
100 days 89 54 37 29 4 .0 .0
1 year 99 64 47 39 4 2 1

Drawdown values in the table were computed by means of the Theis
nonequilibrium formula (Theis, 1935). Where there are several wells pumping
whose cones of influence overlap, the effect in any one well is the sum of the
influences produced by all the wells. Also, the drawdown effects are directly
proportional to the pumping rate, so the effect of pumping 5 gal/min (0.3 L/s)
would be half that of pumping 10 gal/min (0.63 L/s), as listed in the table.

Drawdown tables for the Pierre aquifer must be used with caution. Accu-
rate prediction of drawdown using the Theis (1935) nonequilibrium formula
requires that the aquifer have a uniform distribution of hydraulic properties
that would cause water to move symmetrically towards the discharging well.
The uneven distribution of the water-yielding fractures in the Pierre can greatly
distort the flow pattern and can cause greater drawdowns in some directions
than in others.

Long-term drawdowns would not be as large as those shown in the table
because there is seasonal recharge to the aquifer by precipitation. Also, water
temporarily stored in the overlying glacial drift can move into the Pierre aquifer
to some extent; this movement could be increased by lowering the water levels
in the aquifer by pumping.

Water-level fluctuations in well 156-062-20BBB (fig. 4) indicate changes in
storage resulting from recharge to and discharge from the aquifer. The hydro-
graph shows a gradual water-level rise during late summer and autumn 1973
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due to recharge from precipitation through the overlying glacial drift. The
water-level decline during the winter months is mainly due to discharge ex-
ceeding recharge. Spring snowmelt and above normal rainfall caused recharge
to greatly exceed discharge between April and July 1974. The decline in water
level after July again shows the result of discharge from the aquifer during a
period of decreased recharge. :

Chemical analyses of 74 water samples indicate that the quality of the
ground water in the Pierre aquifer varies greatly. The water is a sodium type
with varying concentrations of bicarbonate, chloride, and sulfate. The water
generally is hard to very hard.

Minimum, maximum, and mean values of selected constituents and physi-
cal properties of water from the Pierre aquifer are listed in the following table.

Constituent or

physical property Minimum Maximum Mean
Iron (Fe) (ug/L) 0 4,700 al 610
Manganese (Mn) {ug/L) 10 2,600 330
Calcium (Ca) (mg/L) 7.5 710 73
Magnesium (Mg) (mg/L) 3.3 760 33
Sodium (Na) (mg/L) 6 1,800 810
Bicarbonate (HCOs) (mg/L) 330 990 680
Sulfate (SO4) (mg/L) 1.2 6,400 490
Chloride (C1) (mg/L) 0 3,000 770
Fluoride (F) (mg/L) 1 .8 4
Nitrate (NOgs) (mg/L) 0 170 b/ 8.1
Dissolved solids (mg/L) 330 9,800 2,570
Hardness (mg/L) 0 4,700 75
Sodium-adsorption ratio 1 122 30
Specific conductance 607 cf —

(umho/cm)

2/ Mean value calculated using 67 samples.
b/Mean value calculated using 71 samples.
£/Maximum is unknown.

Twenty-four of the 67 samples analyzed for iron had concentrations greater
than the 300 ug/L recommended limit. Five of the 74 samples had manganese
concentrations greater than the 50 ug/L limit, and more than half of the samples
had sulfate and chloride concentrations greater than the 250 mg/L limit. Two of
the samples had nitrate greater than the 45 mg/L limit. Fluoride concentrations
were less than the recommended limit in all samples. The irrigation classifica-
tions ranged from C2-S1 (low sodium hazard and medium salinity hazard) to
greater than C4-S4 (very high sodium and salinity hazards).
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Aquifers in the Glacial Drift

Aquifers in the glacial drift, particularly those of glaciofluvial origin, have
the greatest potential for ground-water development in Ramsey County. The
aquifers occur as (1) buried-valley deposits and (2) undifferentiated sand and
gravel deposits associated with glacial till. For convenience of discussion and
identification in this report and for future reference, aquifer names are con-
tinued from adjacent areas — Spiritwood and McVille (pl. 1, in pocket). Newly
recognized aquifers are named after local geographic features — Starkweather.
The order of discussion is based on economic importance, generally from most
productive aquifer to least productive.

Where sufficient test-drilling and hydrologic data are available, an estimate
of ground water available from storage is given for each aquifer. The estimates
are given in acre-feet and are products of areal extent, saturated thickness, and
an assumed specific yield of 15 percent. The storage estimates are provided for
comparison purposes only. They are based on static conditions and do not take
into account recharge, natural discharge by evapotranspiration or springs, or
ground-water movement between adjacent aquifers. The quantitative evalua-
tion of these factors is beyond the scope of this reconnaissance-type study.

The potential well yields of the aquifers are shown on the ground-water
availability map (pl. 1). The aquifers generally are lenticular in cross section and
the largest yields usually are obtainable from the thickest parts. Wells penetrat-
ing long, narrow aquifers, such as those in buried valleys, often have lower
yields than well tapping aquifers of comparable thickness but having larger
areal extent.

The ground-water availability map should be used with the understanding
that the estimated yields are for fully penetrating, properly screened and de-
veloped wells of adequate diameter. The map is intended as a general guide for
the location of ground water and not as a map to locate specific wells. Few, if
any, aquifers are so uniform in extent and physical properties that production
wells may be drilled in them without preliminary test drilling.

Spiritwood Aquifer System

The Spiritwood aquifer system in Ramsey County is part of a large complex
buried-valley aquifer system. The aquifer system was named by Huxel (1961,
p. D179-D181) for its occurrence near the city of Spiritwood in Stutsman
County. Subsequent studies (Kelly, 1966; Trapp, 1968; Downey, 1973; Dow-
ney and Armstrong, 1977; and Randich, 1977) indicated that the aquifer system
underlies parts of Barnes, Eddy, Nelson, Griggs, and Benson Counties.

The Spiritwood aquifer system underlies an area of about 152 mi2 (394 km?)
in southern and western Ramsey County. It ranges in width from about 2 to 9
miles (3 to 14 km) and extends northwestward from the south edge of T. 151 N.,
R. 62 W. to the northern edge of T. 156 N., R. 66 W., where it enters Towner
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County (P. G. Randich, oral commun., 1978). Along the southern edge of
Ramsey County the aquifer system underlies the Devils Lake chain, and in
places along the western edge of the county it is contiguous with another
segment of the Spiritwood present in adjacent Benson County.

The Spiritwood aquifer system in Ramsey County consists of sand and
gravel deposited in one or more buried valleys, and beds or lenses of sand and
gravel in the overlying till (figs. 5, 6, and 7). In the southeastern corner of
Ramsey County the major part of the aquifer is confined to a single buried
valley (fig. 5); however, in the west-central part of the county the aquifer occurs
in two adjacent buried valley (figs. 6 and 7). Isolated lenses and beds of sand
and gravel generally occur in the till overlying the buried-valley aquifers in the
western and northern parts of the study area.

The aquifer consists of very coarse quartz sand that it intermixed and inter-
bedded with gravel. Samples of the aquifer material generally contain abundant
lignite fragments and locally are composed largely of shale pebbles.

The aquifer has a maximum aggregate thickness of 336 feet (102 m) and a
mean aggregate thickness of 68 feet (21 m).

An aquifer test was conducted by the U.S. Geological Survey on the Spir-
itwood aquifer system at Camp Grafton in June 1943. The test site was located
in sec. 19, T. 153 N., R. 64 W. The production well, 153-064-19AAB2, pene-
trated 112 feet (34.1 m) of sand and gravel, but the five observation wells used
in the tests only penetrated the upper 5 to 45 feet (2 to 14 m) of the material.

The production well was pumped at a constant rate of 83 gal/min (5.2 L/s) for
40 hours. A recovery test was made for 60 hours after the pump was turned off.
A transmissivity of about 7,400 ft¥/d (690 m?/d) and a storage coefficient of
0.0002 was computed from the data by A. L. Greenlee (written commun., July
1943).

An aquifer test was made in the Spiritwood aquifer system during October
1974 as part of this investigation. The test site was on the east shore of Sixmile
Bay, 7 miles (11 km) west of the city of Devils Lake. A 12-inch (305-mm)
diameter production well (153-065-09BBA3), with 8-inch (203-mm) diameter
telescoping 25-slot screen set from 74 to 113 feet (23 to 34.4 m), was pumped at
a rate of about 407 gal/min (26 L/s) for a period of 75 hours. Drawdown in the
pumped well was about 32 feet (10 m) and the specific capacity of the well was
12.7 (gal/min)/ft [2.63 (L/s)/m] of drawdown. Water-level measurements were
made in 24 observation wells during the test. The observation wells were
located at distances ranging from 151 to 36,000 feet (46 to 11,000 m) from the
production well.

Based on data from the test, the Spiritwood aquifer system at this site had a
transmissivity of 5,000 ft?/d (465 m?/d) and a storage coefficient of 0.0004 (R.
W. Schmid, written commun., March 11, 1975).
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In order to assist in determining the best arrangement for wells in the
aquifer, the following table has been prepared.

Theoretical drawdowns at various distances from a well
pumping continuously at 100 gal/min (6.3 L/s) from the
Spiritwood aquifer system near Devils Lake
(Transmissivity 5,000 ft%/d (465 m?/d);
storage coefficient 0.0004)

Drawdown, in feet
Time since Distance from pumping well, in feet
pumping started 10 100 300 | 500 700 | 1,000
1 day 4 2 2 1 1 1
10 days 4 3 2 2 2 2
100 days 5 4 3 3 3 2
1 year 6 4 4 3 3 3

Drawdown values are computed by means of the Theis nonequilibrium
formula (Theis, 1935). Where there are several wells pumping whose cones of
influence overlap, the effect in any one well is the sum of the influences
produced by all the wells. Also, the drawdown effects are directly proportional
to the pumping rate, so that the effect of pumping 500 gal/min (32 L/s) would be
five times that of pumping 100 gal/min (6.3 L/s), as used to compute the table.

Drawdown tables for the Spiritwood aquifer system must be used with
caution. Accurate prediction of drawdown using the Theis nonequilibrium for-
mula requires that the aquifer have a uniform distribution of hydraulic prop-
erties that would cause water to move symmetrically towards the discharging
well. Few, if any aquifers are so uniform that hydraulic data can be extrapolated
without detailed analysis.

Long-term drawdowns would not be as large as those shown in the table
because of seasonal recharge to the aquifer system by precipitation. Also, re-
charge from the overlying glacial till would be increased as the water level in
the aquifer system is lowered by pumping.

Well yields from the Spiritwood aquifer system depend mainly upon the
thickness of the sand and gravel found at a specific site. Wells located along the
central parts of the aquifer system have the greatest possibility of penetrating
large thicknesses of sand and gravel. Individual wells located in these areas may
yield as much as 1,000 gal/min (63 L/s). Yields decrease toward the aquifer
system boundaries because of thinning of the sand and gravel deposits and the
low hydraulic conductivity of the confining silt and clay deposits.

Fecharge to the Spiritwood aquifer system is from infiltration of precipita-
tion through the overlying and adjacent glacial till. Annual water-level fluctua-
tions in the aquifer system generally are less than 4 feet (1 m). The highest
water levels occur after a period of prolonged precipitation (figs. 8 and 9) or
after a short intense precipitation event.
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The available data indicate that a ground-water divide probably occurs in
the aquifer system in the southeastern quarter of T. 155 N., R. 66 W. Ground
water moves northward and southeastward from the divide.

Discharge from the aquifer system southeast of the divide is by pumping,
evapotranspiration, and movement into the lakes that form the Devils Lake
chain. However, large extended ground-water withdrawals from the aquifer
system could reverse the hydraulic gradient and the lakes would become a
source of recharge to the aquifer system. Discharge from the northern part of
the aquifer 'system is by pumping, evapotranspiration, and as leakage into the
less permedble glacial till.
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Analyses of 53 water samples from wells in the buried-valley part of the
aquifer system indicate that the quality of the water is not consistent through-
out the extent of the aquifer. Sodium and calcium are the predominant cations
and bicarbonate and sulfate are the predominant anions. The following table
shows the minimum, maximum, and mean concentrations of selected con-
stituents and physical properties of water from the system.
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Constituent or

physical property Minimum Maximum Mean
Iron (Fe) (ug/L) 40 7,900 2,500
Manganese (Mn) (ug/L) 20 1,900 320
Calcium (Ca) (mg/L) 39 © 260 97
Magnesium (Mg) (mg/L) 18 100 50
Sodium (Na) (mg/L) 29 860 250
Bicarbonate (HCO3) (mg/L) 360 740 580
Sulfate (SO4) (mg/L) 49 1,100 460
Chloride (Cl) (mg/L) 5.2 1,000 82
Fluoride (F) (mg/L) 0 7 4
Nitrate (NOs) (mg/L) 0 14 1.6
Dissolved solids (mg/L) 432 2,430 1,280
Hardness (mg/L) 170 1,820 640
Sodium-adsorption ratio .6 25 8
Specific conductance 696 4,400 1,890

(umho/cm)

Iron concentrations exceeded the recommended limit of 300 ug/L in all but
four samples, and manganese exceeded the 50 ug/L limit in all but two samples.
All but six samples had sulfate concentrations exceeding the recommended
limit of 250 mg/L. Only one sample had a chloride concentration greater than
250 mg/L, and fluoride and nitrate concentrations in all samples were less than
the recommended limits. Irrigation indices for water in the buried-valley part
of the Spiritwood aquifer system ranged from C2-S1 to C4-S4 (fig. 10).

Five water samples were collected from wells tapping the sand and gravel
deposits in the till. The water was very hard. Two of the samples were calcium
bicarbonate type water and three were calcium sulfate type. Dissolved solids
ranged from 383 to 2,710 mg/L and sulfate ranged from 53 to 1,500 mg/L.
Concentrations of iron generally were less than 300 ug/1. and manganese gener-
ally was greater than 50 ug/L.

Based on an areal extent of about 152 mi2 (394 km?2), a mean thickness of 68
feet (21 m), and an estimated specific yield of 15 percent, approximately
990,000 acre-feet (1,220 hm3) of water is available from storage from the Spir-
itwood aquifer system.

Starkweather Aquifer

The Starkweather aquifer, named after the city of Starkweather in north-
western Ramsey County, occurs in a buried valley eroded into the Pierre and
Niobrara Formations. The valley extends southeastward from the Ramsey-
Towner county line in sec. 19, T. 158 N., R. 64 W., to the southwestern corner
of sec. 13, T. 154 N., R. 63 W. The valley ranges in width from 0.5 to 1 mile (0.8
to 1.6 km) and has a maximum known depth of 628 feet (191 m). Test holes
indicate that the northwestern part of the valley from the west edge of sec. 7, T.
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157 N., R. 63 W. to the western county line is filled with glacial till containing
isolated lenses or beds of sand and gravel. Test holes drilled south of section 7,
however, penetrated significant thicknesses of sand and gravel. As presently
defined, the aquifer has an areal extent of about 13 mi2 (34 km?). The configura-
tion of the buried valley and its associated aquifer material is shown in figure
11.

The aquifer consists of sand and gravel that is composed largely of shale
fragments derived from the Pierre Formation. The sand and gravel lenses
generally are interbedded with silt and clay. Individual sand and gravel lenses
and beds range from 3 to as much as 319 feet (0.9 to 97.2 m) in thickness. A
maximum aggregate aquifer thickness 0f 432 feet (132 m) was penetrated in test
hole 157-063-34ABA1. The mean aggregate thickness is 184 feet (56 m).

Estimated potential yields from the Starkweather aquifer range from 50 to
250 gal/min (3.2 to 16 L/s). Locally short-term yields of as much as 500 gal/min
(32 L/s) may be possible.

The Starkweather aquifer is recharged by infiltration of precipitation
through the overlying till. Water levels in the aquifer range from about 3 to 14
feet (0.9 to 4.3 m) below land surface. Annual water-level fluctuations in the
aquifer generally are less than 3 feet (0.9 m). The highest water level occurs
after periods of prolonged precipitation or after short, intense precipitation
events. Ground-water movement in the aquifer is to the south at an average
hydraulic gradient of about 1.3 ft/mi (0.25 m/km). Water is discharged from the
aquifer by pumping and be seepage into less permeable glacial drift.

Analyses of seven water samples collected from the aquifer show that the
quality of the water varies from well to well. Sodium was the predominant
cation in the water and chloride and bicarbonate were the predominant anions.
The minimum, maximum, and mean values of selected constituents and physi-
cal properties of the water from the Starkweather aquifer are shown in the
following table.

Constituent or

physical property Minimum Maximum Mean
Iron (Fe) (ug/L) 80 1,100 460
Manganese (Mn) (ug/L) 240 2,700 1,030
Calcium (Ca) (mg/L) 66 240 150
Magnesium (Mg) (mg/L) 18 73 45
Sodium (Na) (mg/L) 64 660 350
Bicarbonate (HCOs) (mg/L) 380 620 450
Sulfate (SO4) (mg/L) 140 450 290
Chloride (Cl) (mg/L) 30 1,000 460
Fluoride (F) (mg/L) 1 2 .2
Nitrate (NO3) (mg/L) 1 12 4.3
Dissolved solids (mg/L) 623 2,490 1,590
Hardness (mg/L) 240 900 550
Sodium-adsorption ratio 1 12 7
Specific conductance 1,010 4,130 2,200

(umho/cm) .
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All but two of the samples had iron concentrations that exceeded the rec-
ommended limit of 300 ug/L and manganese exceeded the 50 ug/L limit in all
samples. Sodium exceeded the 250 mg/L limit in all but one sample, sulfate
exceeded the 250 mg/L limit in all but two samples, and chloride exceeded the
recommended limit in all but three samples. Fluoride and nitrate concentra-
tions were lower than the recommended limits. Irrigation indices ranged from
C3-51 to C4-54 (fig. 10).

Based on an areal extent of 13 mi2 (34 km?2), a mean thickness of 184 feet (56
m), and an estimated specific yield of 15 percent, approximately 230,000 acre-
feet (284 hm?) of water is available from storage.

McVille Aquifer

The McVille aquifer was named by Downey (1973, p. 31) for its occurrence
near the city of McVille in adjacent Nelson County. The aquifer enters Ramsey
County in the southeastern quarter of T. 152 N., R. 62 W. and extends west-
ward to intersect with the Spiritwood aquifer system in secs. 22 and 27, T. 152
N., R. 62 W. The aquifer occupies an area of about 1 mi2 (2.6 km?) in Ramsey
County.

No data are available to indicate the thickness and lithology of the McVille
aquifer in Ramsey County; however, a log of test hole 152-061-30BBB just
across the county line in Nelson County (Downey, 1971, p. 244) shows that the
aquifer consists of an upper sand bed and a lower sandy gravel bed. The beds
have thicknesses of 26 and 63 feet (7.9 and 19 m), respectively, and are sepa-
rated by about 50 feet (15 m) of sandy silty clay.

Based on data from Nelson County (Downey, 1971, 1973), it is estimated
that the McVille aquifer in Ramsey County will yield from 50 to 500 gal/min
(3.2 to 32 L/s) of sodium bicarbonate type water. The water probably will have
dissolved-solids concentrations ranging from 600 to 700 mg/L.

Undifferentiated Sand and Gravel Aquifers

Undifferentiated sand and gravel deposits that were laid down in a glacio-
fluvial environment are scattered throughout the glacial till in Ramsey County.
Test holes and wells drilled in the study area frequently penetrated one or more
beds of sand and(or) gravel at depths from 1 to 190 feet (0.3 to 58 m) below land
surface. Most of the sand and gravel deposits appear to be isolated lenses or
pockets completely surrounded by till.

Saturated thicknesses of the undifferentiated sand and gravel deposits range
from 6 to as much as 62 feet (2 to 19 m; pl. 1).

Wells tapping the undifferentiated sand and gravel deposits probably will
yield from 1 to 50 gal/min (0.06 to 3.2 L/s). The thickness and lithology of some
of the deposits suggest that greater yields may be obtainable; however, addi-
tional test drilling would be needed to determine the areal extent of the depos-
its.

Chemical analyses of 22 water samples obtained from wells developed in the
undifferentiated sand and gravel deposits show that the quality of the water
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varies considerably from one deposit to another. The water generally is hard to
very hard and is a sodium bicarbonate or sodium sulfate type. Dissolved solids
in the samples ranged from 224 to 5,420 mg/L. Iron ranged from 0 to 6,500
ug/L. and about half the samples had concentrations of less than 300 ug/L.
Concentrations of manganese and sulfate generally exceeded the respective
limits of 50 ug/L and 250 mg/L. Nitrate concentrations were less than the 45
mg/L limit in all but one sample. SAR values ranged from 0.2 to 25 and values
of specific conductance ranged from 337 to 7,030 umho/cm. Irrigation indices
ranged from C2-S1 to C4-S4 (fig. 10).

GROUND-WATER USE
Residents of Ramsey County are almost entirely dependent on ground
water for their water supplies. About 58 percent of the residents obtain water
through public-supply systems and 42 percent have self-supplied systems.
Domestic and Livestock Supplies
Most farm units have at least one well for self-supplied domestic and live-

stock uses, but no records are available to accurately determine the quantity of
water used. The following table is an estimate of ground-water use in 1973.

Estimated
Individual use

requirements (gal/d)

Use (gal/d)u Population (rounded)
Domestic 50 b/ 5,837 292,000
Cattle and calves 15 /715,000 225,000
Milk cows 35 ¢/ 1,300 45,500
Hogs 2 </ 2,100 4,200
Sheep 1.5 ¢/ 5,200 7.800
Poultry .04 ©/30,000 1,200
Total 575,700

a’/Murray, 1965.
b/U.S. Bureau of the Census, 1971.
¢/U.S. Department of Agriculture, 1971.

The quantities in the table may be somewhat higher than the amount of
ground water actually used because some farms are vacant during the winter
and some livestock are watered from ponds and sloughs.
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Public Water Supplies
Crary

The city of Crary obtains its water supply from well 153-062-29CCC, about
2 miles (3 km) southwest of the city. The well, which was put into operation in
August 1975, taps undifferentiated sand and gravel deposits between 32 and 64
feet (10 and 20 m) below land surface.

No data are available to indicate the amount of water being withdrawn by
the city, but the well is reported to yield about 30 gal/min (1.9 L/s); thus it can
be assumed that the maximum pumpage would be about 43,000 gal/d (163
m¥d).

Devils Lake

The city of Devils Lake obtains its water supply from a group of wells in the
Warwick aquifer in Benson County (Randich, 1977). The water is piped 17
miles (27 km) to the city. From July 1973 to June 1974 the city used about 356
Mgal (1,347,000 m?). Daily pumpage ranged from 621,000 gallons (2,350 m3) to
1.9 Mgal (7,200 m®),

The Warwick aquifer probably is an adequate source of supply for the
foreseeable future. Additional supplies could be obtained from the Spiritwood
aquifer only a few miles south and southwest of the city, but the quality of water
from the Spiritwood aquifer system is inferior to that in the Warwick aquifer.
Dissolved-solids concentrations in water from the Spiritwood aquifer system
range from 432 to 2,430 mg/L; whereas, concentrations of dissolved solids in
water from the Warwick aquifer range from 222 to 1,010 mg/L (Randich, 1977,
p. 45). Also, water from the Spiritwood aquifer system generally has a higher
sulfate concentration than that from the Warwick aquifer.

Edmore

The city of Edmore in northeastern Ramsey County obtains its water supply
from three wells located on the north side of the city. The wells reportedly are
21 to 24 feet (6.4 to 7.3 m) deep and produce water from the Pierre aquifer and
from overlying undifferentiated silty sand and gravel deposits. The deposits are
artificially recharged by surface water diverted from a small reservoir on Ed-
more Coulee. The water is diverted through an open trench to a point about
300 feet (91 m) from the city wells.

In 1973 the city officials estimated that the mean daily usage was about
20,000 gallons (76 m?3), or 7.3 Mgal/yr (27,600 m3/yr).

In September 1973, 10 test holes were drilled near the Edmore city wells,
but no aquifer significantly better than those presently being used by the city
was located. The Starkweather aquifer, which is about 13 miles (21 km) east of
Edmore could be considered as an alternate source of water. Another potential
source of water is the Dakota aquifer, which occurs at a depth of about 1,200
feet (370 m) below land surface.
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SUMMARY

Ground water in Ramsey County is obtainable from aquifers in rocks of
Cretaceous age and from the glacial drift of Quaternary age. Aquifers of Cre-
taceous age occur in the Dakota Group and the Pierre Formation.

The Dakota aquifer, which underlies the entire area, is composed of
sandstone and occurs at depths ranging from about 1,150 feet (351 m) to 1,480
feet (451 m) below land surface. Wells tapping the aquifer in the city of Devils
Lake were reported to flow at rates of as much as 150 gal/min (9.5 L/s). Installa-
tion of pumps increased the yield to as much as 280 gal/min (18 L/s). Water
from the aquifer is soft and is either a sodium sulfate-bicarbonate type or a
sodium sulfate-chloride type; dissolved-solids concentrations were 3,770 and
3,870 mg/L.

The Pierre aquifer consists of hard fractured siliceous shale in the upper 50
to 200 feet (15 to 61 m) of the Pierre Formation. Maximum well yields from the
Pierre aquifer are about 10 gal/min (0.63 L/s). The water generally is hard to
very hard and is a sodium type with varying concentrations of bicarbonate,
chloride, and sulfate. Dissolved-solids concentrations in water from the Pierre
aquifer ranged from 330 to 9,800 mg/L.

The glacial-drift aquifers with the greatest potential for development in
Ramsey County are the Spiritwood aquifer system and the Starkweather aqui-
fer. The Spiritwood aquifer system is the largest potential source of water from
the glacial drift. The system consists of sand and gravel deposited in one or
more buried valleys, and beds or lenses of sand and gravel in the overlying till.
Wells developed in the aquifer system should yield from 50 to 1,000 gal/min
(3.2 to 63 L/s). The water may be either a sodium or calcium type with varying
concentrations of bicarbonate and sulfate; the dissolved-solids concentrations
ranged from 432 to 2,430 mg/L.

The Starkweather aquifer occurs in a buried valley eroded into the Pierre
and Niobrara Formations. The aquifer consists of sand and gravel that is com-
posed largely of shale fragments derived from the Pierre Formation. Wells
developed in the aquifer should yield 50 to 500 gal/min (3.2 to 32 L/s). The
water may be either a sodium chloride or sodium bicarbonate type. Dissolved-
solids concentrations in water from the Starkweather aquifer ranged from 623 to
2,490 mg/L.

Hydrologic data for the glacial-drift aquifers are summarized in table 3.

Small quantities of water [1 to 50 gal/min (0.06 to 3.2 L/s)] are obtainable
from the undifferentiated sand and gravel deposits associated with glacial till.
Water from the undifferentiated sand and gravel deposits is hard to very hard

and is either a sodium bicarbonate type or sodium sulfate type. Dissolved-solids
concentrations ranged from 224 to 5,420 mg/L.

Practically all water used in Ramsey County is from ground-water sources.
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TABLE 3. — Summary of data for glacial-drift aquifers

Spiritwood aquifer Starkweather
system aquifer McVille aquifer
Areal extent 152 13 1
(square miles)
Mean saturated 68 184 —
thickness (feet)
Estimated water 990,000 230,000 —
available from
storage (acre-feet)
Predominant water Sodium bicarbonate, | Sodium chioride, Sodium bicarbonate.
types sodium sulfate, sodium bicarbonate.
calcium bicarbonate,
and calcium sulfate.
General irrigation C2-S1 to C4-S4. C3-S1 to C4-54. —
classification
Potential yield to 30 to 1,000 50 to 500 50 to 500
individual wells
(gal/min)

SELECTED REFERENCES

Abbott, G. A., and Voedisch, F. W., 1938, The municipal ground-water
supplies of North Dakota: North Dakota Geological Survey Bulletin 11, 99

p.

Aronow, Saul, 1963, Late Pleistocene glacial drainage in the Devils Lake re-
gion, North Dakota: Geological Society of America Bulletin, v. 74, p. 859-
874.

Aronow, Saul, Dennis, P. E., and Akin, P. D., 1953, Geology and ground-
water resources of the Michigan City area, Nelson County, North Dakota:
North Dakota State Water Commission Ground-Water Studies no. 21, 125

p-

Babcock, E. J., 1902, Water resources of the Devils Lake region: North Dakota
Geological Survey 2d Biennial Report, p. 208-250.

Downey, J. S., 1971, Ground-water basic data, Nelson and Walsh Counties,
North Dakota: North Dakota Geological Survey Bulletin 57, pt. II and
North Dakota State Water Commission County Ground-Water Studies 17,
pt. II, 459 p.

— 1973, Ground-water resources, Nelson and Walsh Counties, North
Dakota: North Dakota Geological Survey Bulletin 57, pt. III and North
Dakota State Water Commission County Ground-Water Studies 17, pt. III,
67 p.

32




Downey, J. §., and Armstrong, C. A., 1977, Ground-water resources of Griggs
and Steele Counties, North Dakota: North Dakota Geological Survey Bulle-
tin 64, pt. III and North Dakota State Water Commission County
Ground-Water Studies 21, 33 p.

Durfor, C. N., and Becker, Edith, 1964, Public water supplies of the 100
largest cities in the United States, 1962: U.S. Geological Survey Water-
Supply Paper 1812, 364 p.

Fenneman, N. M., 1946, Physical divisions of the United States: U.S. Geologi-
cal Survey map prepared in cooperation with the Physiography Committee,
U.S. Geological Survey, scale 1:7,000,000 (Reprinted 1964).

Hutchinson, R. D., 1973, Ground-water basic data of Cavalier and Pembina
Counties: North Dakota Geological Survey Bulletin 62, pt. II and North
Dakota State Water Commission County Ground-Water Studies 20, pt. 11,
€06 p.

1976, Preliminary map showing availability of ground water from glacial-
drift aquifers in Ramsey County, northeastern North Dakota: U.S. Geologi-
cal Survey Open-File Report 76-569, 1 sheet.

—— 1977a, Ground-water basic data for Ramsey County, North Dakota:
North Dakota Geological Survey Bulletin 71, pt. IT and North Dakota State
Water Commission County Ground-Water Studies 26, pt. II, 344 p.

—_ 1977b, Ground-water resources of Cavalier and Pembina Counties,
North Dakota: North Dakota Geological Survey Bulletin 71, pt. III and
North Dakota State Water Commission County Ground-Water Studies 26,
pt. III, 68 p.

Huzxel, C. J., Jr., 1961, Artesian water in the Spiritwood buried valley complex,
North Dakota: U.S. Geological Survey Professional Paper 424-D, p.
D179-D181.

Kelly, T. E., 1966, Ground-water resources of Barnes County, North Dakota:
North Dakota Geological Survey Bulletin 43, pt. ITI and North Dakota State
Water Commission County Ground-Water Studies 4, pt. III, 67 p.

Laird, W. M., 1957, Geologic field trip in the Devils Lake area, North Dakota:
North Dakota Geological Survey Miscellaneous Series no. 3, 7 p.

Murray, C. R., 1965, Estimated use of water in the United States: U.S. Geolog-
ical Survey Circular 556, 33 p.

Naplin, C. E., 1974, Ground-water resources of the Lawton area, Ramsey
County, North Dakota: North Dakota State Water Commission "‘Ground-
Water Studies no. 77, 36 p.

National Academy of Sciences-National Academy of Engineering, 1972 [1973],
Water quality criteria, 1972: U.S. Environmental Protection Agency,
Ecological Research Series, report R3-73-033, 594 p.

North Dakota State Department of Health and the School of Medicine, 1962,
The low sodium diet in cardiovascular and renal disease: Sodium content of
municipal water in North Dakota: University of North Dakota, 10 p.

North Dakota State Department of Health, Environmental Health and En-
gineering services, 1964, Chemical analyses of municipal water in North
Dakota: 25 p.

33




Paulson, Q. F., and Akin, P. D., 1964, Ground-water resources of the Devils
Lake area, Benson, Ramsey, and Eddy Counties, North Dakota: North
Dakota State Water Commission Ground Water Studies no. 56, 211 p.

Randich, P. G., 1972, Ground-water resources of Benson and Pierce Counties,
north-central North Dakota: U.S. Geological Survey Hydrologic Investiga-
tions Atlas HA-476.

— 1977, Ground-water resources of Benson and Pierce Counties, North
Dakota: North Dakota Geological Survey Bulletin 50, pt. III and North
Dakota State Water Commission County Ground-Water Studies 18, pt. III,
76 p.

Riffenburg, H. G., 1929, Quality of the waters of North Dakota, in Simpson, H.
E., Geology and ground-water resources of North Dakota: U.S. Geological
Survey Water-Supply Paper 598, p. 272-275.

Robinove, C. J., Langford, R. H., and Brookhart, J. W., 1958, Saline-water
resources of North Dakota: U.S. Geological Survey Water-Supply Paper
1428, 72 p.

Scott, R. C., and Barker, F. B., 1962, Data on uranium and radium in ground
water in the United States, 1954-57: U.S. Geological Survey Professional
Paper 426, p. 84-85.

Simpson, H. E., 1929, Geology and ground-water resources of North Dakota,
with a discussion of the chemical character of the water by H. B. Riffenburg:
U.S. Geological Survey Water-Supply Paper 598, p. 189-196.

Theis, C. V., 1935, The relation between the lowering of the piezometric
surface and the rate and duration of discharge of a well using ground-water
storage: American Geophysical Union Transactions, pt. 2, p. 519-524.

Trapp, Henry, Jr., 1968, Ground-water resources of Eddy and Foster Coun-
ties, North Dakota: North Dakota Geological Survey Bulletin 44, pt. III and
North Dakota State Water Commission County Ground-Water Studies 5,
pt. 1II, 110 p. .

Underhill, F. S., 1890, Report on artesian wells in North Dakota: U.S. 51st
Congress, 1st session, Senate Executive Document 222, p. 105-109.

U.S. Bureau of the Census, 1961, United States census of population, 1960,
Number of inhabitants, North Dakota: U.S. Bureau of the Census Final
Rept. PC(1)-36A.

— 1971, United States census of population, 1970, Number of inhabitants,
North Dakota: U.S. Bureau of the Census Final Rept. PC(1)-A36.

U.S. Department of Agriculture, 1971, North Dakota crop and livestock statis-
tics annual summary for 1970; Agriculture Statistics no. 23, Fargo, N. Dak.,
81 p.

U.S. Environmental Data Service, 1974-75, Climatological data 1973-74: An-
nual summaries, North Dakota: U.S. Department of Commerce, National
Oceanic and Atmospheric Administration, v. 82 and 83, no. 13.

U.S. Public Health Service, 1962a, Drinking water standards, 1962: U.S. Pub-
lic Health Service Publication no. 956, 61 p.

1962b, Manual of individual water supply systems: U.S. Public Health

Service Publication no. 24, 121 p.

34




U.S. Salinity Laboratory Staff, 1954, Diagnosis and improvement of saline and
alkali soils: U.S. Department of Agriculture Handbook 60, 160 p.

Upham, Warren, 1895 [1896], The glacial Lake Agassiz: U.S. Geological Sur-
vey Monograph 25, 658 p.

DEFINITIONS OF SELECTED TERMS

Aquifer — a rock formation, group of formations, or a part of a formation that
contains sufficient saturated permeable material to yield significant quan-
tities of water to wells or springs.

Confining bed — a body of impermeable or distinctly less permeable material
adjacent to one or more aquifers. In nature, the hydraulic conductivity of a
confining bed may range from near zero to some value distinctly lower than
that of the adjacent aquifer. This term replaces aquiclude, aquitard, and
aquifuge.

Hydraulic conductivity — a term replacing field coeflicient of permeability and
expressed as feet per day or meters per day. The ease with which a fluid will
pass through a porous material. This is determined by the size and shape of
the pore spaces in the rock and their degree of interconnection. Hydraulic
conductivity may also be expressed as cubic feet per day per square foot,
gallons per day per square foot, or cubic meters per day per square meter.
Hydraulic conductivity is measured at the prevailing water temperature.

National Geodetic Vertical Datum of 1929 (NGVD) — NGVD is a geodetic
datum derived from a general adjustment of the first order level nets of both
the United States and Canada. It was formerly called “Sea Level Datum of
1929” or “mean sea level” in this series of reports. Although the datum was
derived from the average sea level over a period of many years at 26 tide
stations along the Atlantic, Gulf of Mexico, and Pacific Coasts, it does not
necessarily represent local mean sea level at any particular place.

Potentiometric surface — the surface that represents the static head. It may be
defined as the level to which water will rise in tightly cased wells. A water
table is a potentiometric surface.

Sodium-adsorption ratio (SAR) — the sodium-adsorption ratio of water is de-
fined as:

(Na™t)

/ (Cat2) + (Mg +2)
3

where ion concentrations are expressed in milliequivalents per liter. Exper-
iments cited by the U.S. Department of Agriculture Salinity Laboratory
(1954) show that SAR predicts reasonably well the degree to which irrigation
water tends to enter into cation-exchange reactions in soil. High values for
SAR imply a hazard of a sodium replacing adsorbed calcium and mag-
nesium. This replacement is damaging to soil structure.

SAR =
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Specific capacity — the rate of discharge of water from a well divided by the
drawdown of the water level, normally expressed as gallons per minute per
foot of drawdown.

Specific yield — the ratio of the volume of water which a rock or soil, after being
saturated, will yield by gravity to the volume of the rock or soil. Generally
expressed as a percentage or decimal fraction.

Storage coefficient — the volume of water an aquifer releases from or takes into
-storage per unit surface area of the aquifer per unit change in head. In an
artesian aquifer the water derived from storage with decline in head comes
mainly from compression of the aquifer and to a lesser extent from expansion
of the water. In an unconfined, or water-table aquifer, the amount of water
derived from the aquifer is from gravity drainage of the voids.

Subcrop — a subsurface outcrop that describes the areal limits of a truncated
rock unit at a buried surface unconformity.

Transmissivity — the rate at which water, at the prevailing temperature, is
transmitted through a unit width of an aquifer under a unit hydraulic gra-
dient. Transmissivity is normally expressed in units of square feet per day
but can be expressed as the number of gallons of water that will move in 1
day under a hydraulic gradient of 1 foot per foot through a vertical strip of
aquifer 1 foot wide extending the full saturated height of the aquifer.

Zone of saturation — a subsurface zone in which all the interstices are filled
with water under pressure greater than that of the atmosphere. Although
the zone may contain gas-filled interstices or interstices filled with fluids
other than water, it is still considered saturated. This zone is separated from
the zone of aeration (above) by the water table.
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