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The six hydrogeologic cross sections on this plate illustrate the horizontal and vertical extent of aquifer The Rice Area aquifer system and the Anoka Sand Plain aquifer system from Figure 1, Plate 6 are two 2 % = o - > 3
units and confining units in Benton County. Groundwater residence time and groundwater flow conditions  areas of the county where the buried sand aquifer units and the surficial sand aquifer tend to function as a single uij g 1050+ _ AQgQ§Q - 1050 “
shown on the cross sections illustrate groundwater movement and aquifer relationships. The cross sections on  groundwater system. Lines of hydraulic equipotential coupled with the chemistry and isotope results indicate 2 1000 F Qoo L 1000
this plate were selected from a series of 34 west to east geologic cross sections constructed at one-kilometer inter-  that buried aquifer units in these areas and the surficial sand aquifer are a connected area aquifer system. € j S
vals across Benton County. All four of the geologic cross sections in the Part A atlas (see Plate 4) are interpreted The Anoka Sand Plain aquifer system consists of the surficial sand aquifer and shallow buried sand 950 gm'v’lhg‘i',/,.”,ll' OO &> L 950
on this plate as hydrogeologic cross sections (Figure 1). aquifer units in the central third of cross sections E-E’ and F—F" . In this aquifer system groundwater flow direc- X t:i'/'/l"&":ﬁlab” ' (\\>/<,>\\\>A
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To create the hydrogeologic cross sections shown on this plate, Part A geologic cross sections were inter- ~ tions are primarily lateral, but oriented perpendicular to the cross sections, as if pointing out of the paper. Chem- 900 - MR 5k XK - 900
preted with water chemistry and isotope results of 96 sampled wells and additional water level data from the  istry of groundwater samples from the two Emerald aquifer units in the Anoka Sand Plain aquifer system _
County Well Index (CWI). Four primary buried sand and gravel aquifer units are depicted together with three  indicates that recent recharge to the groundwater has been impacted by human activities. 80 - 2
categories of confining layers. Some limited geologic data were adjusted in several locations where a combina- The Rice Area aquifer system in the western quarter of cross sections A—A’, B-B”, and C—C’ closely Q 5 Recharge zone E _ B’
tion of hydraulic and chemical data indicated a probable connection between a shallow buried sand unit and the  coincides with the Mississippi River-Sartell watershed boundary. The supra- and sub-Emerald aquifer units in 1250 Recharge zone > Mississippi River Recharge zone & & '\:;\;JT R';]’e(rj - 1250
surficial aquifer. In these instances, the buried sand unit and the overlying till layer were included as part of the  this area are commonly-used resources for local crop irrigation. In this aquifer system, recharge to the Emerald Mississippi River T St. Cloud & w atersne
surficial sand aquifer. The correlation between geologic units from Plate 4 with the buried sand aquifer units is  aquifer units moves vertically downward from the overlying surficial sand aquifer and laterally from the 1200 9 o Sartell Watershed j% Watershed » - 1200
described in the map explanation. more-deeply buried sub-Emerald aquifer unit to the east of Little Rock Creek and Mayhew Lake. Supra- and 1s0 & 8 % @ | 4150
sub-Emerald aquifer units that are overlain by the surficial sand aquifer have static water elevations similar to the _ o < 8 \
surficial aquifer. Groundwater samples from the two Emerald aquifer units in the Rice Area aquifer system g 1100 --% é 5 |l 200 | | i - 1100
GROUNDWATER RESIDENCE TIME indicate recent recharge that is likely impacted by human activities. Water samples with recent-aged tritium were 58 s s 2 T T Nt gl P N o e —
collected from pre-Wisconsinan and sub-Emerald aquifer units at an elevation lower than the Mississippi River, So 1050 4 =4 N 9070 4 \\/>Q<@@ ©<QQ\Q - 1030 5
Isotope Concentrations as Evidence of Groundwater Recharge which is the regional groundwater discharge area. Recent-aged tritium at these elevations indicates that local w3 1000 I @9@%@@?&%@@?@@{% S Q?\ L 1000 S
pumping is likely altering flow patterns and potentially inducing vertical recharge downward from overlying 3 ‘ oY @A@QQQQQA QQQQQX QQQQQ§XQQ O@é /Q/< w
The pink, green, and blue areas on these cross sections represent the groundwater residence time. buried aquifer units (western portions of cross sections A—A’ and B-B’). 950 OIOSONONINININININE SESEIE N L gs0
Groundwater residence time can be estimated by the level of tritium (*H) that is present in the groundwater. @ QQQQ
Tritium is a naturally occurring radioactive isotope of hydrogen. Concentrations of *H in the atmosphere were Relative Hydraulic Conductivity 900 XD - 900
greatly increased between about 1953 and 1963 by above-ground nuclear tests (Alexander and Alexander, 1989). ‘ ~—
The presence of *H in water samples indicates water has infiltrated the land surface since the early 1950s. Tritium The confining layers in Benton County are deposits of glacial sediment called glacial till. Thick exten- 850 1 AQQQQQ% //Q(\/\ - 80
has a half-life of 12.43 years and this known rate of decay allows the residence time of groundwater samples to  sive till layers with a high percentage of fine-grained sediments like silt and clay can limit the vertical flow of 800 | 800
be estimated based on *H concentration. Water samples with 10 or more tritium units (TU) are considered  water between two separate aquifer units. In some areas isolated pockets of sand and gravel, a higher proportion
evidence of recharge since the early 1950s; water with greater than 10 TU is classified as recent. Water samples ~ of coarse sediment in till, and vertical fractures in an otherwise thick confining layer can allow more than L 750
with 1 TU or less are classified as vintage water because the water in these samples entered the ground before ~ expected amounts of water to reach buried sand aquifers. These “leaky” conditions support greater aquifer Recharge zone
1953. Water samples with tritium concentrations greater than 1 TU and less than 10 TU are considered a mixture  recharge, but may also permit greater movement of possible contaminants. Recharge zone
of vintage and recent waters. Tritium age does not necessarily correspond to well depth. Samples with *H concen- The matrix texture of till samples from Table 1, Plate 4, Part A was used to estimate relative hydraulic Mississippi River . Cc’
trations indicating recent water were collected from aquifer units as deep as 140 feet below land surface; samples  conductivity for the confining layers. It is assumed that hydraulic conductivity increases with higher sand 1200 - % St. Cloud s\;”? R'r‘:e; ~ 1200
with mixed water were collected from aquifer units as deep as 150 feet below land surface; samples with vintage content. Three categories of relative hydraulic conductivity are defined on this plate based on the percentage of 5 o Mississippi River _;' Watershed 5 atersne
water were collected from aquifer units as shallow as 60 feet below land surface. sand content in a till unit and are indicated on the cross sections by a light, medium, or darker gray. The relative 150 - Eu Sartell Watershed % £ - 1150
Groundwater residence time of the vintage samples suspected of being old can be estimated by sampling  hydraulic conductivities are a generalization of conditions throughout the county. It is important to recognize that 5 % 2 &
for the carbon-14 (**C) isotope. Carbon-14 is a naturally occurring radioactive isotope of carbon with a half-life  till composition and thickness are heterogeneous in space and that hydraulic conditions vary over short distances. 100 4 % & - 100
of 5,730 years; it is used to estimate groundwater residence time between 100 years and 40,000 years. Of the  As a result, site-specific investigations are required to accurately assess local conditions. T j050 JS 2 1050
eight wells that were sampled for “C in this study, all eight were completed in Quaternary sand aquifer units and The Cromwell Formation tills (Qcr and Qce) of the Superior lobe are present throughout most of the e T BT e | P e
only five samples were old enough to provide a reliable “C age. The estimated groundwater residence times for ~ county and each has an average thickness of 30 to 35 feet. These two units are the shallowest and likely the most 2 f 1000 4/ I . . P L 1000
samples from these aquifgr units ranged from 400 to 2,000 years, 'which'is relatively young for groundwater in pgrmeable §onﬁning layers. Both of the shallow .C(')nﬁning laye.:rs are composed of more than 60 percen.t sand u¥'>j % £ ',\'@,o\/sﬁ:' W W ! : D00 00 00 Q/> 2 5
buried sand aquifers in Minnesota. Carbon-14 ages of these magnitudes indicate a shallow groundwater system  with a considerable amount of gravel. The Qcr unit is the confining layer for the supra-Emerald aquifer unit (se) 3 950 1 " 2000 @ ¢ W@@;}éﬁ%© - 950 s
that is recharged relatively quickly and in which groundwater moves readily from recharge zones into aquifers. and the Qce unit is the confining layer for sub-Emerald aquifer unit (sb). The Lake Henry formation (Qbs), = 000 > \ NVQA@A@@QVV\AC @A/QVQ I w
Browerville formation (Qbs) and Old Rainy (Qwt) tills contain 40 to 60 percent sand and are categorized as the B
Groundwater Chemistry confining layers that have intermediate relative hydraulic conductivity. The Eagle Bend formation (Qxe) and 850 o % %% L 850
Elmdale formation (Qwt) tills are categorized as the lowest relative hydraulic conductivity till with approxi- = (>Q<Q>\A/<> K7
The chemistry of a groundwater sample is composed of a mixture of dissolved ions derived from the  mately 20 percent sand content. Undifferentiated Quaternary sediments (Qu) are shown in light brown. No 800 A(QQ QX - 800
atmosphere, rock-water interactions, and anthropogenic sources. The major-ion chemical composition or water ~ textural information is available for this unit, so no inference of hydraulic conductivity should be made.
type can be classified by plotting data on a trilinear diagram that shows the relative concentrations of major 750~ - 780
dissolved anions and cations (Freeze and Cherry, 1979). A trilinear diagram for the Benton County groundwater Groundwater Flow Conditions L 200
chemistry data is shown in Figure 2. The two bottom triangle-shaped diagrams represent the relative composition
of positively charged major ions (cations) on the left and the relative composition of negatively charged major Analysis of groundwater flow conditions in Benton County included plotting and contouring the L 650
ions (anions) on the right. Groundwater from each sampled well is represented by one point within the cation =~ measured static water levels in wells. The contours are lines of equal groundwater potential called equipotentials.
portion and one point within the anion portion; the two points projected to the diamond-shaped portion of the =~ Groundwater moves perpendicular to the equipotential contours, from contours of higher potential to lower Mississippi River _
diagram result in a composite single point. The groundwater in Benton County is generally of the calcium- potential; this movement is indicated in the cross sections by gray arrows. Where data are present, several D Mississippi River Recharge zone St. Cloud g & D’
bicarbonate type that is typical of much of central and southern Minnesota. groundwater conditions of recharge, discharge, and lateral direction of movement are indicated on the cross Sartell Watershed $ Watershed Recharge zone . 5
Elevated chloride and nitrate in groundwater is an indication of human impacts on recent recharge from  sections and on Plate 9. 12007 _ g g 2 Rum River [ 120
the surface. A ratio of chloride concentration to bromide concentration from a sampled well greater than 300 Groundwater recharge zones are defined as the portion of the drainage basin in which the net saturated 150 A ;z; ‘3 § _ i % Watershed L 1150
(C1l/Br > 300) indicates groundwater has received recent human-influenced recharge from the surface (see Plate  flow of groundwater is directed away from the water table (Freeze and Cherry, 1979). Groundwater discharge 5 Z 5 g 2 o
6). Elevated Cl/Br ratios are often caused by increased chloride from local sources such as road salt, agriculture ~ zones occur when groundwater is directed up toward the water table and most commonly toward a surface stream 1100 % %) = °__E / sel| o 306 J. Se - 100 _
practices, and septic tank effluent. Elevated chloride and nitrate in recent groundwater is indicated by the small ~ that receives groundwater discharge as base flow. Groundwater recharge is identifiable in the areas where T 2 > u " $§9 % g | y 4 3) X ﬁ VRN S [ I. 2
oval in the diamond part of the diagram in Figure 2. All 14 of the recent-aged waters (pink symbols) have  equipotential contours are locally highest and where groundwater flow arrows are directed away from the water g 1050 ] 2 ,«ﬁii;||||”'ull|:ﬂ|[ I \ i .-1 £ T Tasha ) oY% % %% @/‘ & 7 <A *'|9$§"4;r "v?@'v"‘!’ii’ b ® 4~ 1050 uij
sulfate-chloride-nitrate ion compositions greater than 15 percent millequivalents (meq) and up to 40 percent table (conditions (D, @, and ). Recharge zones in Benton County are present in the highlands of the county, ‘§ % i .;/éﬁigﬁi"ii !!N;i N;if; ' AN \yﬁf@%QYOOQQQ/ <>©Q <> @, QQ@”@QQ@Q@Q\@ e | 1000
meq. Twenty-five of the 26 vintage water samples (blue symbols) have less than 15 percent meq of the sulfate- the Rice Area aquifer system, and the Anoka Sand Plain aquifer system. Recharge in these two systems is & g 100 _; \ ' A@?@Q@?@Q@QAQ/\QAO”& ” NN AAQA@QOQQ%%‘%%M%'\%@% QQQ@@QQ Ll 9.
chloride-nitrate ions; this indicates that those water samples have likely not been impacted by human activity ~ confirmed with the presence of tritium and elevated Cl/Br ratios in the local water samples. Groundwater B 950 - Q%QQQX /O\<§/>AQ/ ) EXHRICICCIACBSAHR A PLARARNAARAANA 950
(large oval in Figure 2). discharge zones in the county are associated with the Mississippi River and Elk River. These areas are identified = Q\Q@\AAQ(\
with a (© on the cross sections. Local conditions in the buried sand aquifer and the adjacent confining layers can 900 — - 900
HYDROGEOLOGIC FEATURES AND DATA be different from the general flow conditions identified on this plate and require more detailed investigations. At
depths of 100 feet or more, flow can become more lateral in orientation and regional in scale. 850 7
Aquifer Units Lateral flow conditions, identified by © and (®, are evident on cross sections A—A’ and B-B’ between the 800 Q@@%C
upland recharge zone and the Rice Area aquifer system as well as the Anoka Sand Plain aquifer system on cross -
The surficial sand aquifer and several buried sand aquifer units are the major sources of groundwater  sections E-E’ and F-F’ .
used in Benton County. The Quaternary sediments in which these aquifers occur were deposited by multiple —
glaciers that entered and receded from the county. Sediments deposited during the most recent glacial period, the REFERENCES CITED _1
Late Wisconsinan, are better understood than those from previous glaciations because they form the surface J_
mateqals over mo_st of the county (Plate 3, Pz_irt A). Three of the mapped aquifer units on this plate, n.amely the Alexander, S.C., and Alexander, E.C., Jr., 1989, Residence times of Minnesota groundwaters: .
surficial sapd aquifer and the tyvo shal'low buried aqul'fers uplts (the supra- and sub—Emeralq aquifer un1t§, se apd Minnesota Academy of Sciences Journal, v. 55, no.1, p. 48-52. N
sb, respectllvely), were depos1t§d during the Late Wlsgons1gan. The. two more-deeply buried sand aq.u1fer. units Dingman, S.L., 2002, Physical hydrology (2d ed.): Upper Saddle River, N.J., Prentice Hall, 656 p. | = % . 3
were deposited earlier in the Pleistocene prior to the Wisconsinan Episode (sx and sw). The Qu geologic unit fills  proeze R A. and Cherry, J.A., 1979, Groundwater: Englewood Cliffs, N.J., Prentice Hall, 604 p. E _ M'Sé'i'j:'rpp' > Mississippi River 5 S E
a substantial bedrock valley in the western third of the cross sections. There is the potential for additional buried 150 =12 Sartell i v?/gtgrlgrl:gd = Recharge zone ci Recharge zone © RUM ,
sand and gravel deposits to be present in the sediment of that bedrock valley. The hydrostratigraphic correlation T 95‘_ Watershed 5 g = 5 2 River I£
of the aquifer units and confining till units with the Part A geologic units is shown in the map explanation. A LOCATION DIAGRAM 1100 % o @ & Water- - 1100
description of the relative age for these Late Wisconsinan and pre-Wisconsinan ice lobe deposits is shown in 3 ]
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Figure 2, Plate 4, Part A. Aquifer units shown with patterns on the cross sections represent different units and do R = T4y | mm— A g =
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Darker color in small vertical rectangle (well screen symbol) @ Infiltration through a thin layer of overlying, fine-grained 800
indicates tritium age of water sampled in well. Lighter color material to an underlying aquifer. o Mississippi River 5
indicates interpreted age of water in aquifer. 750 - 5 8 V?/te.ltgt!;:g g 2
. (® Groundwater recharge from overlying surficial Fx = < Recharge zone 2 2
I—_—, Recent—Wateir.entereq the ground since about 1953 aquifer to buried aquifer. 1o 4 & 3 5 o 5 S ,
(10 or more tritium units [TU]). g = g 2 &n i F
(1] Mixed—Water is a mixture of recent and vintage ® g;g?gg‘;‘;@gﬁ;ﬁ:ge through multiple aquifers and R 1050 7 & i @ [ 1050
waters (greater than 1 TU to less than 10 TU). ' T 00 A 1000 <
. ® Groundwater discharge from a buried aquifer to surface-water e o L& 2
I___l Vintage—Water entered the ground before 1953 (less body. 28 o0 o S ORIRG PR a s 1050 LS ey b 950 &
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Symbols and labels SCALE 1:100 000
VERTICAL EXAGGERATION X 50
300 If shown, chloride to bromide ratio &= General direction of groundwater flow. [ ] Lakeorriver. e — — :
greater than 300. 1 0 1 2 3 4 5 MILES
=== I 1 I 1 ]
2000 If shown, groundwater residence time 1030~ Approximate equipotential contour - Peat. 1 0 1 2 3 4 5 KILOMETERS
in years, estimated by carbon-14 (**C) as labeled.
isotope analysis.
—— Land or bedrock surface.
12.6  If shown, nitrate as nitrogen concentra-
tion equals or exceeds 10 parts per
G+ NG, million. Minnesota The DNR Information Center
CATIONS ANIONS Twin Cities: (651) 296-6157
PERCENT OF TOTAL MILLIEQUIVALENTS PER LITER Aquifers - grouped by stratigraphy Confining units - grouped by texture ranging from highest sand content (light gray) to ,“g'fg?;ﬁfj‘;?j,'j{ﬁ:thr?ﬁg‘iﬁpgﬁgg (TDDITTY): (651) 296-5484
lowest sand content (dark gray) indicating relative hydraulic conductivity (Plate 4, Part A, TDD/TTY Minnesota toll free: 1-800-657-3929
EXPLANATION Aquifer unit name Aquifer unit code Geologic unit code Table 1). Relative hydraulic conductivity based on texture as derived from Dingman (2002). OEMIENGE DNR web site: hitp://www.mndnr.gov
. Relative hydraulic conductivit Color code Geologic unit code This information is available in alternative format on request.
Sampled well and aqulfer symbols Other wells. Surficial sand aqUifer Qe’ Qf’ Qa’ Qp’ QWL QWI‘, Qns, : ' : cos ! ¢ Equal opportunity to participate in and benefit from programs of the Minnesota Department
v Surficial sand aquifer L] Unrnapped buried aquifer QIIO, an’ QCf’ QCI ngheSt relative conductwlty ofq Natu;rjfl ResoZrceg is a/\iailable regardless of rgce? color, national origin, se)l(), sexual
>60% sand Qnd, Qcr, Qce, western Qbs orientation, marital status, status with regard to public assistance, age, or disability.
Buried sand and gravel aquifers. * Bedrock Supra-Emerald aquifer unit se Qs gravelly, sandy loam i e o Rl i
A Supra-Emerald aquifer unit (se) Tritium age DC 20240.
+ Sub-Emerald aquifer unit (sb) v Recent Sub-Emerald aquifer unit ij@[f{:f: Qsb Intermediate relative conductivity Eastern Qbs (Browervﬂle),' Qbs (gezpoe:rtzmsetr?tt?)? lf\l'\a/ltltTIZTSRoézburces, and the
° P W. . 'f .t . >4O_6O% Sand - (Lake Henry and St- Franms), Regents of the University of Minnesota.
remISConSIna aquiter uil (SX) v Mixed : loam to Clay loam QWt (Old RalnY) This map was compiled and generated using geographic information systems (GIS)
B Pre-Wisconsinan aquifer unit (sw) v Vintage Pre-Wisconsinan SX s Qsx tfechnology. Digital data products, including chemi.stry and geophysical data, are available
) 1 |: Lowest relative conductivity rom DNR Ecological and Water Resources at http://www.dnr.state.mn.us/waters.
aqulfer units This map was prepared from publicly available information only. Every reasonable effort
B ) o - . - % Qsw <40% sand - Qxe and Elmdale Qwt has been made to eIﬁSuIS the ?ccurtacyf %\fl tltqs f?cglal data ondwhlch t?ls map 1tnttirpretatlon is
FIGURE 2. Trilinear diagram. This diagram compares the relative proportions of cations and clay loam Eg;fglegggzvgrr atn; implied uses of these data, Users may wish to verify critical informa.
anions in groundwater samples from all of the sampled wells. The left triangle shows cation compo- ) ) . ) tion; sources include both the references here and information on file in the offices of the
sition, the right triangle shows anion composition, and the center diamond shows a composite of Cry§talllne bedr(.)ck - can be.a low hydraulic conductivity aquifer or Not determined Qu g%?ﬁeﬁﬁfbfgﬁlﬁlgiﬁi1tguéggr?iﬁe&lix}fiﬁffﬁéiEﬁgfvfréfiffgﬂgsa?fiﬁiOgéﬁfﬁgﬁvfﬁ
aqultard dependlng on location cartographic principles. This map should not be used to establish legal title, boundaries, or

cations and anions. Wells are symbolized according to the source aquifer unit and colored accord-
ing to tritium age. The majority of groundwater samples are of calcium-bicarbonate type. As an
example, the dashed circles and lines connect data from the well number 480849; this well had an
atypical, excessively high Cl + NO, composition.
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FIGURE 1. Location of hydrogeologic ~ open circles indicate the locations of

locations of improvements.

cross sections shown on this plate (black wells displayed on the hydrogeologic Base modified from Minnesota Geological Survey, Benton County Geologic Atlas, Part A,
. . . . . 2010.

hnes) and geOIOglC CI"O.SS sections on cross sections shown on this plate. Project data compiled from 2010 to 2011 at a scale of 1:100,000. Universal Transverse

Plate 4, Part A (orange lmes). The small Mercator projection, grid zone 15, 1983 North American datum. Vertical datum is mean sea

level.
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