HYDROGEOLOGY AND WATER QUALITY
OF THE SHELL VALLEY AQUIFER,
ROLETTE COUNTY, NORTH DAKOTA

By Michael L. Strobel

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 97-4291

Prepared in cooperation with the
TURTLE MOUNTAIN INDIAN RESERVATION

Bismarck, North Dakota

1997



u.s.

DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
MARK SCHAEFER, Acting Director

Any use of trade, product, or firm names is for descriptive purposes only
and does not imply endorsement by the U.S. Government.

For additional information
write to:

District Chief

U.S. Geological Survey
Water Resources Division
821 East Interstate Avenue
Bismarck, ND 58501-1199

Copies of this report can be
purchased from:

U.S. Geological Survey
Branch of Information Services
Box 25286

Denver, CO 80225-0286



CONTENTS

ADSITACT ...eveveeiereereeteieretetestrseeteescentasentasecsses et satasvatsreesaeseenessessentessseneereaersanaeneasentesente e seaes e ser e e s e ntasastesesensasanans 1
INETOAUCHON ...ttt ettt et st ettt er e et e s e s e s as s eeaass e e e astessssansestasassesantaste s e sasaesentesentasennnsatansensenresas 1
PUIPOSE G110 SCOPE ....eeeveuirueriiereireteresteenceseereteeseentesassessessasessastssssssssastestastessntesesesssestosenseneesereseensestresassassesans 3
PIEVIOUS WOTK ...eotiiereetetetieeeteeeteeeseencesees et et st eneetesatesese st e te st saeensnsemtesenensasastentessasentossnterssentsencsastassasassesessnn 3
HYAT0GEOLOZY ...c.vverrerrrtreeneeieietrie sttt e r et seses st et as e se e e s st sts bt se s soraaesans st esenesetesssibenencasnsnensetnatraneasesesnsesanes 5
GOIOZY ... ettt ettt ettt et et et et s et st et e eret et enesaeseeaeene beseneesese e e e st ne e e st et se s e st sentsaetane 5
Hydrology 0f the AqUITET......ecvoviiie ettt et ne e sttt et e b e se s me et et et e e neanas 6
Hydrology near the north and south Well EldS ........ccoueiiviieiiiiiieee ettt een st 13
WVALET QUALILY ...ueoveerereiiireetereieet et et sisse et et sbetastesaseesteset e b et sseaseeatsseosenes st et antrsansentesestassess e eatet st neentenasaessssseasraaseses 15
Major i0nS and trACE BLEMENLS .....cveerrerereerrrireetieeieetirtec et sreseraeetet st se e estssestesesenssaeneeneseseeesentencusanarenssassensacns 16
Agricultural CHEMICALS .....c.cocvemivieciiiien ettt et b 18
HYAIOCAIDOMS ...ttt stere st st et e eestsesesstaesess snbe st sanenesassses s entessesesasassnsseseesecsesssansaransessatsneses 18
Land use and susceptibility of the aquifer t0 CORAMINATION ......coveueuerrueereerreerecrirererrcrrteseesere e re st e enesesencssasenssenne 23
SUMMATY aNd CONCIUSIONS ....c.ceuivieriererierreetertereresestesessaeteseassesseseesassasteseesasessesessesteseasesetentesensentesentesessssasrensssens 24
RELEIBIICES .......eeveeietceieie ettt eseesseas e e st ssasassese st asessatasansessessseatnsaasesssassasss s eesssssbesassntesaststasesesenssnsasssasssnsnsnn 24
FIGURES
1. Map showing location of the Turtle Mountain Indian Reservation and the Shell Valley aquifer,
Rolette County, NOTth DEKOTA.......c.uceeereeemeeeiercrerenenseeeesresetesesseeseesesessreeesesaeesssessenesssssossssssssissnessesssacsssssiensns 2
2. Diagram showing township-range location-numbering system used to identify ground- and
SUTTACE-WALET SAMPLITIG STIES .....ecuceceeeecerercucirnretete et te s seesetsesessesensaes e co e est e s e s e sene et sasanesansseatassensaseocs 4
3. Map showing thickness of the outwash deposit.........c.ceirieiiiniiriieiiiiinn et esrens 6
4. Map showing areas where the Fox Hills Sandstone underlies the outwash deposit.........cccccccovrerirrveerecnnnneieas 7
5. Map showing areas where clay or till overlies the outwash depoSit........cccoueeverirrieinienrenecienrerierereteerereeeerereenes 8
6. Map showing potentiometric surface of the Shell Valley aquifer and direction of ground-water
flow in the aqUIfer, JULY 1995....c. ottt sn s s se s st tshs s st sa s seae s sen 9
7. Map showing depth to water in the Shell Valley aquifer, July 11, 1995......coovovrieerreeeiiecenerserernneneenne 11
8. Graphs showing water levels in selected wells completed in the Shell Valley aquifer and
precipitation at Rolla, 1978-95 ...ttt sttt st st re b s 12

9. Graphs showing volume of water withdrawn from the Shell Valley aquifer, water levels in
observation wells completed near the north and south well fields, and precipitation at Rolla,

JOTA-95 ..o et e eteevet s tesssse et e et asssa s asse s aste s e sesnneesbenbeAease st e et e s et essentanttesaene st aa s eatante st aseenretansntasensan 14
10. Diagram showing water levels in observation wells completed near the south well field and
approximate water levels in the production wells, September 1995 .........ccccoivmiiviininne e 15
11. Map and diagrams showing locations of sites sampled for major ions and major-ion
composition Of the Water, JULY 1995 ..ottt trtesseeernesee e see st s s sesssesasessbessestessasmesenasasessnsnssees 17
12. Map showing locations of sites sampled for BTEX, PAH, PCB, and PCP, July 1995 ........cccocnrivniniinicrncnnnace 21
13. Map showing locations of sites sampled for BTEX, PAH, PCB, and PCP, September 1995..........cccovvnnecnee 22
TABLES
1. Locations of ground- and surface-water sampling sites in the Shell Valley aquifer and
EYDE OF SAMPLING....vcreneriuiireertreereserrie i se e ssese b b e cme s cac s s s s e s aea shese st eae s b se e et e b b sa bt ebsas b bt sassessasrerennass 16
2. Pesticides for which water samples were analyzed, July and September 1995.........cccoeovicinincnecnccininane 19
3. Hydrocarbon detections in the Shell Valley aquifer, July and September 1995 .......c..coveemeerevenrvercenrenccecenns 20



GLOSSARY OF TERMS!

Aquifer. A water-bearing layer of rock that will yield water in a usable quantity to a well or spring.

Bedrock. A general term for the consolidated (solid) rock that underlies soils or other unconsolidated surficial
material.

Cone of depression. The depression of heads around a pumping well caused by the withdrawal of water.

Drawdown. The reduction in head at a point caused by the withdrawal of water from an aquifer.

Ground water. Water in the saturated zone that is under a pressure equal to or greater than atmospheric pressure.

Hydraulic conductivity. The capacity of a rock to transmit water. It is expressed as the volume of water at the
existing kinematic viscosity that will move in unit time under a unit hydraulic gradient through a unit area
measured at right angles to the direction of flow.

Hydraulic gradient. Change in head per unit of distance measured in the direction of the steepest change.

Porosity. The voids or openings in a rock. Porosity may be expressed quantitatively as the ratio of the volume or
openings in a rock to the total volume of the rock.

Potentiometric surface. A surface that represents the total head in an aquifer; that is, it represents the height above
a datum plane at which the water level stands in tightly cased wells that penetrate the aquifer.

Rock. Any naturally formed, consolidated or unconsolidated material (but not soil) consisting of two or more
minerals.

Saturated zone. The subsurface zone in which all openings are full of water.

Sea level. Refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived from a general
adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

Storage coefficient. The volume of water released from storage in a unit prism of an aquifer when the head is
lowered a unit distance.

Transmissivity. The rate at which water of the prevailing kinematic viscosity is transmitted through a unit width of
an aquifer under a unit hydraulic gradient. It equals the hydraulic conductivity multiplied by the aquifer
thickness.

Unsaturated zone. The subsurface zone, usually starting at the land surface, that contains both water and air.

Water table. The level in the saturated zone at which the pressure is equal to the atmospheric pressure.

Definitions from Heath (1983).





































































sampling sites and may have been transported to the sampling sites by ground-water flow or surface
runoff.

PAH was distributed throughout the study area and was the most frequently detected hydrocarbon in
the study area. The PAH may have come from coal and organic materials in the glacial sediments or from
asphalt on paved roads in the area and from burned fields and ditches.

Both PCB detections were in samples collected from the same site on Ox Creek. The PCB may have
come from industrial chemicals, oils, pesticides, paints, or a damaged electrical transformer. The detec-
tions of PCB in Ox Creek probably indicate contamination upstream from the sampling site.

The PCP in surface-water samples may be the result of aerial spraying or runoff from agricultural
fields. Also, if any of the lakes and wetlands have wooden docks, the wood preservative may account for
the presence of PCP in the samples.

LAND USE AND SUSCEPTIBILITY OF THE AQUIFER TO CONTAMINATION

Land use in the area underlain by the Shell Valley aquifer is mainly agricultural. Most of the land is
used for grasslands to produce hay and crops such as wheat, barley, and oats. Occasionally, the land is
used to raise sunflowers, beans, and corn. Pastureland used for cattle production is scattered across the
study area but is only a minor component of land use.

The only major residential area overlying the Shell Valley aquifer is the city of Rolette. Farmsteads
that occur across the entire area generally are located at least one-half mile apart and usually are located
farther apart.

Industries located near the northeastern part of the area may be potential sources of contamination to
the aquifer. Municipal sources of contamination (such as small businesses, car washes, and airport and
automotive maintenance shops) and domestic sources of contamination (such as septic tanks, garbage
dumps, and fuel and oil spills) are rare and generally are present in the southern part of the area.

The Shell Valley aquifer is most susceptible to contamination in areas where it is unconfined and in
areas where water levels are near the land surface (fig. 7). Contaminants that are spilled on the land
surface will reach the aquifer most easily where the vertical flow path has the least resistance and is the
shortest. Recharge to the aquifer occurs from infiltration of precipitation, from collection of water in
wetlands and subsequent infiltration, and from Wolf and Ox Creeks. Therefore, potential contaminants can
be transported to the aquifer along those flow paths. Because most of the aquifer is unconfined (fig. 5),
precipitation easily enters the aquifer across most of the land surface. The infiltration occurs more readily
in the northern part of the area, which has coarser aquifer materials and a larger hydraulic conductivity
than the southern part of the area.

The surface relief and the length of flow paths vary more in the southern part of the area, where
numerous wetlands occur, than in the northern part (fig. 1). The surface depressions occupied by wetlands
may result in focused recharge, and contaminants present at land surface in those areas may enter the
aquifer through the wetlands. Water levels across much of the aquifer generally are within 10 feet of land
surface, except in areas that have large surface relief. In those areas, water levels can be deep near hilltops
but at land surface in nearby depressions.

Most of the Shell Valley aquifer is susceptible to contamination. The northern part is susceptible
because of shallow water levels and large hydraulic conductivities and because of recharge from Wolf and
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Ox Creeks. The southern part is susceptible because wetlands that recharge the aquifer are present where
the water table intersects the land surface. These wetlands may be preferential flow paths to the aquifer.
The aquifer is least susceptible to contamination where it is confined by overlying clay or till (fig. 5).

SUMMARY AND CONCLUSIONS

The Shell Valley aquifer is the sole source of water for the city of Belcourt and the primary source
of water for most of the Turtle Mountain Indian Reservation. The Turtle Mountain Band of Chippewa
Indians is concerned about the quantity and quality of water in the Shell Valley aquifer, which underlies
about 56 square miles in central Rolette County and has an average saturated thickness of about 35 feet.

Water levels across most of the Shell Valley aquifer fluctuate with variations in precipitation but
generally are stable. Withdrawals from the north well field decreased slightly during 1976-95, but with-
drawals from the south well field increased during 1983-95. Water levels in the north well field declined
during 1979-81 as the result of ground-water withdrawals. During 1988-92, the water levels declined
because of drought, and during 1993-95, the water levels rose because of wet conditions. Ground-water
withdrawals from the north well field decreased slightly during 1982-95. Water levels in the south well
field declined as withdrawals increased. The average decline during the last 8 years was about 1.75 feet
per year. The water level has reached the well screen in at least one of the production wells.

Ground- and surface-water samples were collected during July and September 1995 to determine
the water quality of the Shell Valley aquifer. The samples were analyzed for major ions, selected trace
elements, agricultural chemicals, and selected hydrocarbons. Most of the water in the aquifer is a
bicarbonate type and has dissolved-solids concentrations ranging from 479 to 1,510 milligrams per liter.
None of the samples analyzed had detectable concentrations of pesticides, but hydrocarbons were detected
in both ground- and surface-water samples. Polycyclic aromatic hydrocarbons (PAH) were the most
frequently detected hydrocarbons. Benzene, toluene, ethylbenzene, and xylene (BTEX), polychlorinated
biphenyls (PCB), and pentachlorophenol (PCP) also were detected. However, too few data are available
to make conclusions about the distribution and sources of hydrocarbons in the aquifer.

Generally, the Shell Valley aquifer is an adequate source of water for current needs, but evaluation
of withdrawals in relation to a knowledge of aquifer hydrology would be important in quantifying
sustainable water supplies. Water quality in the aquifer generally is good; the Turtle Mountain Band of
Chippewa Indians filters the water to reduce concentrations of dissolved constituents. Hydrocarbons,
although present in the aquifer, have not been quantified and may not pose a general health risk. Further
analysis of the quantity and distribution of the hydrocarbons would be useful to understand their sources
and implications for water use.
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