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About one third of Stearns County (blue on the water-table map) is covered by Quaternary sand and gragr:)gmoﬁiﬁgggpmc highs. The overall direction of ground-water flow in the water-table system in the county is east suPPLEMENTig\'(\IZSIEJJFolL'J\IFISESRFYQVI?/ S?NFEIEJE TED AREAS \\ é <
deposits of variable thickness. Resulting from glacial retreat, these sand and gravel layers are defined mostl ' . - L . DATUM IS MEAN SEA LEVEL \, °
. . ; . .~ Ground water in the water-table system is linked to surface water in rivers, lakes, and wetlands to varying
outwash (see Plate 4, Quaternary Stratigraphy, of Part A). These permeable materials are important aquifers ir . . . . /
Brooten-Belgrade area and along or near the Mississippi and Sauk Rivers. Based on well log data from the COLdegrees. Movement O.f surfgce water to ground \{vater in the water-table system occurs during periods when river ,'
Well Index (CWI) data base, there are 800 wells completed in the surficial sand and gravel aquifer. Severand lake levels are high. Rivers and lakes receve recharge from groun d water w hen surface-water levels drop
percent of them are used for,domestic water supplies, 22 percent for irrigation, and 8 percent for other uses. lbelow the local water tablle. Qround—water withdrawals due to gravel mining or high-capacity wells can reverse Lo
to its availability, this surficial sand and gravel aquifer continues to be an important fresh-water source f(Ioc_iallhgrog?edr;&?teiréﬂ;)\gf(ill;e;tlmz.r is the maximum withdrawal rate an aquifer can sustain without unacceptable
domestic and agricultural use, although water-chemistry data indicates some pollution by agricultural and urb ho y qu : anag ptab!
activities (Anderson, 1993; Magner and others, 1990). This plate displays the occurrence and distribution of lchanges in storage, water quality, or flow patterns. Estimated potential yields were calculated only for the surficial
surficial sand and r’avel a' uifegr its water- ieId’in ca .acit gnd the proﬁnd—water flow in the svstem sand and gravel aquifer because data were insufficient for other aquifers. The modified nonequilibrium Jacob N _ 3 o
9 quiter, 1ts water-ylelding capactty, 9 o ystem. equation (Cooper and Jacob, 1946) was used in the potential-yield determination. Hydraulic conductivity, storage B B’ Digital base composite of madified 1990 Census TIGER/Line files of the U.S. Bureau of
The water-table contour map on this plate is based on data from many sources. Historical water levels recor'coeﬁicient and saturated thickness of the surficial sand and aravel lavers were obtained from U. S. Geological 1400 1400 the Census (source scale, 1:100,000), U.S. Geological Survey Digital Line Graphs
in well logs and soil borings are the primary data. About 4000 wells have been field located by the Minneso . ) . : 9 yers - e 09 Skunk River N. Fork Crow River Minn. 4 (source scale, 1:100,000), and Minnesota Department of Natural Resources (DNR)
Geological Survey. These wells had water-level information recorded at the time the well was installed WatSurvey aquifer studies (Lindholm, 1980; Van Voast, 1971). Average hydraulic conductivity and storage coefficient, us 7 B developed Public Land Survey data (source scale, 1:24,000; digital base annotation by
- X . . . as determined from pumping tests, were about 400 feet per day and 0.17, respectively. The saturated thickness of 1300 L 1300 the Minnesota Geological Survey and the DNR. Project data compiled 1997 at the scale
levels in more than 230 wells were checked during 1995-96 by DNR stalff, assisted by students and faculty of aquifer ranged from less than 10 feet to 100 feet (Lindholm, 1980). With these data, the potential yields were ‘ of 1:100,000.
Cloud State University. Soil-boring records were an essential source of water-level data for the water-table syste : : o e ' . ) . : Minn. 23 gig) ake Beaver Lake -
Soil-boring data were obtained from the Minnesota Department of Transportation (216 borings) and from ﬂcalcul_a ted using the following assumptions: the aquifer is homogeneous; drawdown after 30 days of continuous T 1200 , Johnson Creek Clearwater River |- 1200 O Universal Transverse Mercator projection, grid zone 15, 1983 North American Datum.
United Power Association (50 borings). Seismic soundings measure the time required for sound or pressure wePUmping is equal to two th|rd§ of the o_rlgmal saturgted thickness and was correpted (Jacob, 1944.; Ree_der, 1972) 3 Minn. 15 @ Vertical datum is mean sea level.
to travel from a source to a receiver T.ravel times of saturated geologic materials differ from similar unsaturatnto account for dewatering during pumping; the well is open to the full saturated thickness of the aquifer with a well 58 | §8 i
. - ; . geologic | > S O diameter of 12 inches; and pumping efficiency is 100 percent. The calculated yields reflect assumed ideal T @ 1100 Plum Creek |4 |- 1100 € ¢ GIS and cartography by Michael Scharber, Randy McGregor and Shawn Boeser, DNR,
materials. About 30 seismic soundings were obtained for water-level information in areas where thick till |Con ditions: actual vields mav varv and should be expected to be somewhat less 83 \ - — i o8 and Norman Anderson, Land Management Information Center, Minnesota Planning
present and no wells were available. Digitized Stearns County Soil Survey maps were used to delineate areas . "~/ or0 du)(l:tive wateyr tab)lle aquifers are the gxtensive sand and gravel déposits along the Mississippi River ve } m==- ‘ == ‘ He 'afﬁce- Dtesgtop ptub"s't“i“?’;g‘qu tt’y t*_“m ADr_‘d_frISO”’ Cogmgmf\latignsg\"ema Division,
. H : : H : - 9@ 1000 — 1000 Q@ Innesota bepartment o ministration. Digital assembly by Nordic Press.
:iheeptgh;o”\(/)vv%terr(lisns dt-r\;\?a?tglrvz fg;aet hﬂ‘l?]szraefsaz’li?r:thn%u%Thgfzt;{;nfg{ésgﬁg;zvffevtg,:&i32p?aokrgggrlir\]/fgrrsma;t:%n and in the southeastern part of the county. Most wells in these areas are domestic wells. Ground-water flow = \ \ N/ \, =
. W9 y " ' ! ' " gradients are moderate, with flow direction toward the Mississippi River. Areas of maximum saturated thickness } Undifferentiated Precambrian rocks } ~~~~~~~
configuration of land-surface elevation contours were used. Based on study results that the water table is mo o . . L . 900 4 e TR EEEEE e T - 900
- . . —and water-yielding capacity are shown on the map in dark blue. Calculated potential yields in these areas can be | | .
within 20 feet of the land surface, water-table contours were deduced for areas with sparse data by subtractlngzooo allons per minute (gpm) or more where the saturated thickness of the surficial sand and gravel deposits is ‘ ‘ Minnesota The DNR Information Center
feet from the land-surface elevation of the 1:24,000-scale U.S. Geological Survey Digital Elevation Mode 9 P gp 9 P \ \ in Cities: .
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as much as 100 feet. Increasing urbanization in the St. Cloud area has attracted the attention of local and state
agencies. An investigation of potential impacts of urban development on shallow ground-water systems with St.
Cloud as the study area is underway by the Minnesota Pollution Control Agency. Results to date indicate
significant impacts of recent land-use changes on the water quality of the shallow surficial aquifer (Minnesota
Pollution Control Agency, 1998). Water quality in deeper portions of the aquifer in the study area, however, was
nearly unaffected by land use.

The Sauk River occupies part of a northwest-to-southeast sand- and gravel-filled valley. There are fewer wells
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(DEM). However, this method may not be accurate in areas of greater relief such as east of Big Lake. Figure
shows a 1:600,000-scale shaded-relief map of the DEM for Stearns County.
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EXPLANATION
I:l Surficial, unconfined sand and gravel deposits

FIGURE 3. Hydrogeologic cross section along B-B' (See Plate 4,
Quaternary Stratigraphy, Part A) showing hydrogeologic units and
general direction of ground-water flow. The hydrogeologic unitsare
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_ When precipitation infiltrates throm_Jgh tr_\e soil zone and enters the \_/0|d space of geologic mate_rlals und?meedrilled in this valley compared with other areas. Most wells in this area are used either for domestic water supplies based on the geqlog|c units delineated on Plate 4 cross section B-B'. - Buried, confined sand and gravel deposits P Potential direction of ground-water flow in till and precambrian rocks 0 5 10mi " iod and ed usi - .

it becomes ground water. The zone in which the underground geologic materials are saturated with waterisca_ "~ ..~ T . . The water table is usually less than 20 feet below land surface; the | | | is map was compiled and generated using geographic information

the saturated zone. The upper surface of the saturated zone is termed the water table and is at atmosp or irrigation; there are about equal numbers of both. The water-table gradient in this valley is relatively steep ‘ . ¢ £ buried. confined sand and o d T - Till T T T T T T system technology. Digital data products are available from the Land
' compared with surrounding highland areas. The greatest flow gradients occur in the transitional area between the potentiometric surtace of buried, confined sand and gravel deposits 0 5 10 15km Management Information Center, Minnesota Planning Office, St. Paul.

pressure. Saturated geologic materials with significant permeability, such as sand and gravel, and capable
yielding useable quantities of water are referred to as aquifers. Less permeable materials (such as till) abowvt
around the aquifers are called confining units. When no confining unit overlies an aquifer, the aquifer is called

river valley and the adjacent highlands. Within the valley, the bulk ground-water movement generally follows the
river flow direction. Ground water discharges to the river and sustains its flow. Except locally, the calculated
ground-water yield potential in the Sauk River valley is lower relative to other major surficial sand and gravel

(see Plate 9) is also typically within a few tens of feet of theland
surface. Theresidence timeinterpretation for this cross section is
shown on Plate 10, Sensitivity of Ground-Water Systems to
Pollution.
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This map was prepared from publicly available information only. Every
reasonable effort has been made to ensure the accuracy of the factual data
on which this map interpretation is based. However, the Department of

unconfined or water-table aquifer. The bottom of the water-table aquifer in Stearns County is the first relative
impermeable unit, such as till or bedrock. A confined aquifer is overlain by a confining layer, is fully saturatec
and water in a well will rise above the top of the aquifer. The surface defined by water levels in confined-aquifi
wells is referred to as the potentiometric surface. Water table and potentiometric surface contours are lines of ec
hydraulic head or potential. Water in an aquifer will move from higher to lower potential.

Water levels in wells respond to changes in pressure that can be due to many reasons, both natural
anthropogenic. Examples include rainfall, evapotranspiration by vegetation, and pumping of wells. Water leve
can be studied by installing observation wells completed in the aquifer of interest. The water-table hydrogeolo
map shows the location in Stearns County of the more than 30 Quaternary water-table and confined-aqui
observation wells in the Minnesota Department of Natural Resources observation-well network. Figure 2 sho
typical water-table elevation changes for at least the past ten years for several observation wells in the county

The water table in most of the county is within 20 feet of the land surface, as revealed by driller’s well log
and soil-boring records. The water table is close to the land surface in wetlands and deeper along the river-va
bluffs. As shown in Figure 2, the water table fluctuates seasonally and in response to longer-term climatic chanc

deposits in the county.

The surficial sand and gravel plain in the Brooten-Belgrade area is an important water resource for local
agriculture. Most wells in the area are used for irrigation. Ground water in this surficial sand and gravel aquifer
flows east and discharges into the North Fork Crow River, which forms the northern and eastern border of the
aquifer. The saturated thickness of the aquifer ranges from 10 to 40 feet. Maximum calculated potential yields
1000 to 2000 gpm were found near Belgrade.

Between the surficial sand and gravel plains and river valleys are upland areas of till deposits with little watel
yielding capacity. Few wells are completed in these low-permeability deposits unless there is no other alternati
for water. Soil-boring data shows the till is commonly fractured and oxidized within 20 feet of the land surface.

Natural Resources does not warrant the accuracy, completeness, or any
implied uses of these data. Users may wish to verify critical information;
sources include both the references here and information on file in the
offices of the Minnesota Geological Survey and the Minnesota Department
of Natural Resources. Every effort has been made to ensure the
interpretation shown conforms to sound geologic and cartographic
principles. This map should not be used to establish legal title, boundaries,
or locations of improvements.
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HYDROGEOLOGICAL CROSS SECTION REFERENCES CITED

The east-west cross section along B-B” (Figure 3) shows schematically major hydrogeological units and flcAnderson, H.W., Jr., 1993, Effects of agricultural and residential land use on ground-water quality, Anoka Sai
paths. This cross section was created by modifying geological cross section B-B” on Plate 4, Quaterne Plain aquifer, east-central Minnesota: U.S. Geological Survey Water-Resources Investigations Report 93-40
Most precipitation becomes surface runoff. Some precipitation infiltrates downward through the fractured zone tStratlgraphy, of Part A. As shown in the flgur_e, th_e surficial sgnd and gravel dePOS't.S have varying thickness 62 p. . . . .

. . e - from east to west along the cross section, with thicker deposits to the east. The buried sand and gravel dep«Cooper, H.H., Jr., and Jacob, C.E., 1946, A generalized graphical method for evaluating formation constants
the water table. The dense loamy till effectively limits significant downward movement of ground water. It is X i ) . . . . . . . .
are more deeply buried by till in the western part of the cross section than in the east. In most areas, ground w  summarizing well-field history: American Geophysical Union Transactions, v. 27, no. 4, p. 527.

assumed that ground water either moves laterally and discharges into the surface-water system, or moves upw. - . . X ; . - o . .
g y 9 y P n the surficial sand and gravel aquifers moves horizontally to topographic lows that are often occupied by riveilJacob, C.E., 1944, Notes on determining permeability by pumping tests under water-table conditions: U.

: i
due to evaporation. . ; - . .
The water-table contours and the estimated potential yields shown on this plate must be regarded as providilakes’ or wetlands. In some areas, such as southern Rockville and St. Augusta townships, where surficial sand  Geological Survey Open-File Report, p. 4.
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Department of Natural Resources is available to all individuals regardless of race,
color, national origin, sex, sexual orientation, marital status, status with regard to
public assistance, age or disability. Discrimination inquiries should be sent to:
MN/DNR, 500 Lafayette Road, St. Paul, MN 55155-4031; or the Equal Opportunity
Office, Department of the Interior, Washington, D.C. 20240.

The magnitude of water-level changes was generally less than two to three feet during the monitoring peri I . : o : . gravel deposits overlie relatively permeable bedded sediments, ground water moves more deeply into buried sLindholm, G.F., 1980, Ground-water appraisal of sand plains in Benton, Sherburne, Stearns, and Wright counti ©1998 State of Minnesota,
(1969-1997). Heavy pumping in irrigated areas could cause a significant lowering of the water table during %Y scale trends. Because of local variations in hydrologic conditions the water-table elevation at a particul | gravel deposits within the bedded sediments. The water-table gradients are greater in valley bluffs and | central Minnesota: U.S. Geological Survey Open-File Report 80-1285, 111 p. g:gz:fg%?ttﬁ;%ﬁ%;ﬁgﬁ;i?‘,{;fﬁr‘:’é:;gthe Q:: @2331“2 i

in surficial sand and gravel plains such as the Brooten-Belgrade area.

location must be determined on a site-by-site basis. In addition, site-specific well-yield calculations, utilizing loca
geologic, hydrogeologic, and pumping characteristics, are recommended.

summer. Drought conditions in the late 1980’s resulted in the greatest decline in water levels (five to seven fet
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