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Map Applications

ldentify and Characterize

= Primary aquifer sources and extents

= Zones of aquifer sensitivity

= Potential areas of groundwater discharge
Manage

= Water appropriation permit evaluation
= Water supply assistance

Protect

* Feedlot/nutrient management

= Environmental review support



g P Benton County hydrology is
| ' B characterized by glacial
materials—till or sand/gravel

During the last glaciation the county was
most recently covered with materials from:
-Wadena lobe

-Superior lobe

-Grantsburg sublobe (outwash)

mneapolis

Meyer, 2010




From Meyer, 2010

Figure 2. Physical relief of the land surface in Benton County. Elevation is shown by color: red (higher
surface elevation) grading to blue (Jower surface elevation). A false sun illumination at an elevation of 30°
from the northwest (315%) provides contrast (gray shadowing) to accent defails of landforms. The map was
created using the U.5. Geolopical Survey's Dhgital Elevation Model with a 30-meter grid.




Sand and gravel

Bedrock outcrop

Figure 1. The map units from the 1:100,000 surficial geclogy map are combined mio three simplified onits in

this figure; green is less permeable diamicton (glacial 6ll) and bedded silt and clay; yellow is more permeable,
bedded sand to pravel, and purple is bedrock. Water bodies are white.
From Meyer, 2010
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Map Applications

ldentify and Characterize

= Primary aquifer sources and extents

= Zones of aquifer sensitivity

= Potential areas of groundwater discharge
Manage

= Water appropriation permit evaluation
= Water supply assistance

Protect

* Feedlot/nutrient management

= Environmental review support



Characterize—Hydrogeology of the Surficial Sand Aquifer

Surficial sand aquifer extent, thickness and chemistry of sampled wells
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Characterize—Surficial sand aquifer extent, thickness and chemistry of sampled wells

4 r/ ) /:’ = = .\
Map symbols and labels x nrea g
L] 127" %
16.6  If shown, nifrate as nitrogen concentration % l /,r”
equals or exceeds 10 parts per million. ® | &
f : S
o If shown on well symbol, chloride to L //J - - —
bromide ratio greater than 300. " 1 ! /& o 21
. . . 3 ~ 23 - /
2000 If shown, groundwater residence time in years, ‘i‘ 7L T - il [ q :
estimated by carbon-14 (**C) isotope analysis. e ] 7 o
: ) " L AL
* 5007 DNR observation well where labeled on hydro- / * E. L —® T o
graphs shown in Figure 2. = o v A } o
= apids & e
A 15020001  DNR/MPCA streamflow monitoring location. { ,‘3 —
) = Angkd Sand Plain Aquifer | [ -
x  Selected well log used to map extent of aquifer. d -~ tem 23 o x = r”
Lo T _,_/'1\ " \ N
~——  Surface watershed boundary. U° e [o5] P,
sl B b ae - ) =
0 Area County Aquifer System. o - -
ILES i, P
F F’ Line of cross section. s 5 i il = 5 s
% P I ) 1 a1 -
I - y
Sampled well and aquifer symbol L-‘[ ’ TYEL :
ampled well and aquifer symbols ; __JL_“_}__ ______ g o] I ¢ #ﬁ

VW Surficial sand aquifer.

Buried sand and gravel aquifer units.*
A Supra-Emerald aquifer unit (se)
ok Sub-Emerald aquifer unit (sb)

@ Pre-Wisconsinan aquifer unit (sx)
B Pre-Wisconsinan aquifer unit (sw)
Other wells.

® Unmapped buried aquifer
@ Bedrock

* Buried sand and gravel aquifer units are listed on Plate 7 with their

assoclated sand units from Plate 4, Part A.

Estimated surficial sand
aquifer thickness (feet)

Surficial sand not present
or no data available.

>0to 25
>2510 50
>50to 75
>175

Tritium age

Color indicates tritium age of water sampled in well.

Recent—Water entered the ground since
about 1953 (10 or more tritium units [TU]).

Mixed—Water is a mixture of recent and vintage
waters (greater than 1 TU to less than 10 TU).

Vintage—Water entered the ground before
1953 (less than orequalto 1 T



Characterize—Surficial sand aquifer extent, thickness and chemistry of sampled wells

Map symbols and labels

16.6  If shown, nifrate as nitrogen concentration
equals or exceeds 10 parts per million.

o

If shown on well symbol, chloride to
bromide ratio greater than 300.

2000 If shown, groundwater residence time in years,
estimated by carbon-14 (**C) isotope analysis.

*05007 DNR observation well where labeled on hydro-
graphs shown in Figure 2.

15020001  DNR/MPCA streamflow monitoring location.

x  Selected well log used to map extent of aquifer.
~—— Surface watershed boundary.
T Area County Aquifer System.
F _F’ Line of cross section.

” N i 'f%/ﬂ /jfaf H

Sampled well and aquifer symbols

VW Surficial sand aquifer.

Buried sand and gravel aquifer units.*
A Supra-Emerald aquifer unit (se)
ok Sub-Emerald aquifer unit (sb)

@ Pre-Wisconsinan aquifer unit (sx)
B Pre-Wisconsinan aquifer unit (sw)
Other wells.

® Unmapped buried aquifer
@ Bedrock

* Buried sand and gravel aquifer units are listed on Plate 7 with their

assoclated sand units from Plate 4, Part A.
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Estimated surficial sand
aquifer thickness (feet)

Tritium age

Color indicates tritium age of water sampled in well.

Surficial sand not present .
. - Recent—Water entered the ground since
or 1o data available. about 1953 (10 or more tritium units [TU]).
> . . . .
01023 - Mixed—Water is a mixture of recent and vintage
>251050 waters (greater than 1 TU to less than 10 TU).

Vintage—Water entered the ground before
1953 (less than or equal to 1 TU).

=>50to 75 -

=75




Characterize—Surficial sand aquifer extent, thickness arzd chemistry of samprled wells

o

Map symbols and labels

If shown, nitrate as nitrogen concentration
equals or exceeds 10 parts per million.

If shown on well symbol, chloride to

bromide ratio greater than 300.
2000 If shown, groundwater residence time in years,
estimated by carbon-14 (**C) isotope analysis.
os007 DNR observation well where labeled on hydro-
graphs shown in Figure 2.
A 45020001  DNR/MPCA streamflow monitoring location.
x  Selected well log used to map extent of aquifer.
~—— Surface watershed boundary.
T Area County Aquifer System.
F _F’ Line of cross section.

Sampled well and aquifer symbols

VW Surficial sand aquifer.

Buried sand and gravel aquifer units.*
A Supra-Emerald aquifer unit (se)
ok Sub-Emerald aquifer unit (sb)

& Pre-Wisconsinan aquifer unit (sx)

B Pre-Wisconsinan aquifer unit (sw)

Other wells.

® Unmapped buried aquifer

@ Bedrock

* Buried sand and gravel aquifer units are listed on Plate 7 with their
assoclated sand units from Plate 4, Part A.
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Estimated surficial sand Tritium age

aquifer thickness (feet)

Surficial sand not present
or no data available.

>0to25
> 2510 50
>501t075
>175

Color indicates tritium age of water sampled in well.

Recent—Water entered the ground since
about 1953 (10 or more tritium units [TU]).

waters (greater than 1 TU to less than 10 TU).

Vintage—Water entered the ground before
1953 (less than or equal to 1 TU).

Mixed—Water is a mixture of recent and vintage



1250

1200

Elevation
(feet above sea level)
g

S

Recharge zone

Characterize—Hydrogeologic Cross Sections
Western portions of cross sections A-A’ and B-B’

5 3;% Nississippi River

" Little Rock Creek

Sartell Watershed St. Cloud

Mississippi River Mississippi River Recharge zone
Watershed

Elk River

State Hwy 25

|

----- Recharge zone

5t. Cloud
Watershed

Elk River

State Hwy 25



Characterize—Hydrogeology of the Buried Aquifers

Elevation of the potentiometric surface and reported water use for 2010 in
the sub-Emerald buried aquifer unit (Sb)
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Plate 8—Hydrogeology of the Buried Aquifers

Legend for potentiometric surfaces

MAP EXPLANATION FOR FIGURES 1-3

Sampled well and aquifer symbols

W Surficial sand aquifer.

Buried sand and gravel aquifer units.*
A Supra-Emerald aquifer unit (se)
o Sub-Emerald aquifer unit (sb)

@ Pre-Wisconsinan aquifer unit (sx)
B Pre-Wisconsinan aquifer unit (sw)

Other wells.

® Unmapped buried aquifer

@ Bedrock
* Buried sand and gravel aquifer units are
listed on Plate 7 with their associated sand
units from Plate 4, Part A.

Map symbols and labels

Static water level data.

If shown on well symbol, chloride to
bromide ratio greater than 300.

General direction of groundwater flow.
Surface watershed boundary.

Area Aquifer System.

Line of cross section,

Body of water.

Water use reported by DNR groundwater
appropriation permit holders for 2010
(millions of gallons per year)

o 0-1

QO =1-10
QO >10-20
QO >20-50

Q >50

Potentiometric elevation of
aquifer (feet above mean sea level)

BEONECNEENERE

> 1,275 to 1,300
> 1,250 to 1,275
> 1,225 to 1,250
> 1,200 to 1,225
>1.175 to 1,200
> 1,150 to 1,175
>1,125t0 1,150
>1,100 to 1,125
>1.075 to 1,100
> 1,050 to 1,075
> 1,025 to 1,050
> 1,000 to 1,025
=975 to 1,000




Characterize—Hydrogeology of the Buried Aquifers

Elevation of the potentiometric surface and reported water use for 2010 in
the sub-Emerald buried aquifer unit (Sb)
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Map Applications

|dentify and Characterize

= Primary aquifer sources and extents

= Zones of aquifer sensitivity

= Potential areas of groundwater discharge
Manage

= Water appropriation permit evaluation

= Water supply assistance

Protect

* Feedlot/nutrient management

= Environmental review support



Manage—Water Use

TABLE 2. Water use reported for 2010 by aquifer.
[DHHT%?;'E“;""‘::(:?; S:;armzmﬁééﬂloRg;:;:: tgﬁa‘:g‘:’#ater [Data from Minnesota Departmenl Ef _N_atural Resou:]ges,q State Water Use
Use Data System: MGY, million gallons per year] DaiaSystem;:MGymilion:galons peryear]
Water Use Percent Aquifer Unit Water Use (MGY S
Use Category (MGY) of Use q ( ) of Use
] S Surficial sand aquifer 634 5 173
s S hon ooy G el Supra-Emerald buried aquifer unit (se) 376 6 103
MMImcis! Vistoneeie e o Sub-Emerald buried aquifer unit (sb) 1669 3 456
Commermalﬂ_nsh_mtmnal Mot e oo Pre-Wisconsinan buried aquifer unit {sx) 1754 4.8
Hon—Cmp Irrlgai?on o 21 Pre-Wisconsinan buried aquifer unit {sw) 1642 42
Livestock¥iatEnng 630 = Unmapped buried sand aquifer
Total 26572 100* in geclogic unit Qu 6472 7.7
* Percentages do not add up to 100 due to rounding. Total 3657.2 100"

* Percentages do not add up to 100 due to rounding.




Manage—Water Use

TABLE 2. Water use reported for 2010 by aquifer.
[Data from Minnesota Department of Natural Resources, State Water Use
Data System; MGY, million gallons per year]

TABLE 1. Water use reported for 2010 by use category.
[Data from Minnesota Department of Natural Resources, State Water
Use Data System: MGY, million gallons per year]

Water Use Percent Aquifer Unit Water Use (MGY Percent
Use Category (MGY) of Use q ( ) of Use
] S Surficial sand aquifer 634 5 173
etk S el Supra-Emerald buried aquifer unit (se) 3766 103
G = i Sub-Emerald buried aquifer unit (sb) 1669.3 456
Commermalﬂ_nsh_mtmnal ks e . Fre-Wisconsinan buned aquifer unit (sx) 1754 4.8
Hon—Cmp Irrlgat_lon i 21 Pre-Wisconsinan buried aquifer unit (sw) 154 .2 42
LRESIoc VeI S 18 Unmapped buried sand aquifer
Total 3657.2 100* in geclogic unit Qu AT 2 177
* Percentages do not add up to 100 due to rounding. Total 3657.2 100"

* Percentages do not add up to 100 due to rounding.
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Plate 8—Hydrogeology of the Buried Aquifers

Synoptic water level study
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Plate 8—Hydrogeology of the Buried Aquifers

Synoptic water level study
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Characterize—Hydrogeologic Cross Section
Western portions of cross sections AA” and BB’

Mississippi River Mississippi River Recharge zone
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Development

) Systela L | 17 — N L]
-Pro-actively plan for future growth to { w%é -'v ,’5
protect water resources and minimize i ""; —

land use conflicts - ",

- Provide information/education to
appropriate audiences

Locates available
groundwater

Identifies heavily
utilized aquifers

%4%91 SHERBURNE ' R.30 W. |
COUNTY 94° W.




Map Applications

|dentify and Characterize

= Primary aquifer sources and extents

= Zones of aquifer sensitivity

= Potential areas of groundwater discharge
Manage

= Water appropriation permit evaluation

= Water supply assistance

Protect

* Feedlot/nutrient management

= Environmental review support



Protect—Sensitivity of the Groundwater Systems to Pollution
Surface materials

MAP EXPLANATION FOR FIGURE 3

Pollution sensitivity ratings for near-surface materials

Estimated vertical travel time for water-borne
contaminants to move from the land surface to a depth
of 10 feet.

Very High—Hours to weeks.
- High—Weeks to a month.

El |

IE Moderate—A month.

Low—Several months.

IH

Very Low—DMonths to a year.

FIGURE 3. Pollution sensifivity of the near-surface materials.
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Protect—Sensitivity of the Groundwater Systems to Pollution
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Protect—Sensitivity of the Groundwater Systems to Pollution
Sub-Emerald aquifer unit, sb

Pollution sensitivity rating for buried sand aquifers

Estimated vertical travel time for water-borne contaminants
to enter an aquifer (pollution sensitivity target).

Very High—Hours to months.
High—Weeks to years.
Moderate—Years to decades.

Low—Decades to a century.

Very Low—A century or more.
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Map Applications

Feedlot/nutrient management

- Reduce/minimize negative impacts of manure and fertilizer on surface water

and groundwater

sensitive areas
are prioritized
for BMPs, cost
sharing and
education

Concentrate
communication
on areas of
concern

Legend

Feedlots Tracked by MPCA
Primary Livestock Type

" o BOVINES

BIRDS

DEERELK

GOATSHEEP

e HORSES

LLAMALPAC

PIGS

o

OTHER
. Pollution sensitivity of near surface materials

Estimated vertical travel time
‘- Very High - hours to weeks
I High - weeks to a month

Moderate - a month

Low - serveral months

1,- Very Low - months to a year




Map Applications

Protect

- Encourage LGUs to adopt development related ordinances and policies with

water-based outcomes

Ly———"= - . S S R—

1. Resource overlay

districts
e  maximum density -
standards for -

septic systems

J Stormwater

Mmanagement 28 f

. Landfill ordinances
to be in least

sensitive areas 3
e  Municipal
wellhead g
protection zones ;-
e )
T,

45

Pollution sensitivity rating for buried sand aquifers

Estimated vertical travel time for water-bome contaminants
to enter an aquifer (pollution sensitivity target).

Very High—Hours to months.

E High—Weeks to years.

E Moderate—Years to decades.
Low—Decades (o a cenlury.
a

Very Low—A century or more.




Development
- Provide information and education to appropriate audiences

1. Include a series in the county newsletter/newspaper

2. Library workshops incorporating the digital use
3. Provide GIS data on GeoMoose




ting well owners for chemistry sampling - -




