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Groundwater Movement

Unsaturated

Water infiltrates the
subsurface through
interconnected pores



http://www.purdue.edu/dp/envirosoft/groundwater/src/geo4a.htm

Groundwater How does your Learn about Interpret my How to Who to contact
Basics: Where water quality well water test improve my if | need
does my water compare? Look for construction results water quality additional

come from? data in your area assistance

Aquifers: Our groundwater Factors that af'fe(_:t
storage units groundwater quality

What is Groundwater? Watersheds of Wisconsin

Aquifers: Our groundwater storage units

. . 0 . B _4 -5y

Aquifers are geologic formations that store and transmit G i
roundwater.

g __':L:_!: Ere
The aquifer properties determine how quickly —
groundwater flows, how much water an aquifer can hold ;
and how easily groundwater can become contaminated. ik f ————
Some aquifers may also contain naturally occurring Water and contaminants can
elements that make water unsafe. move quickly through cracks and

fractures.

Wisconsin’s geology is like a layered
cake. Underneath all of Wisconsin lies
the Crystalline bedrock which does
not hold much water. Think of this
layer like the foundation of your
house. All groundwater sits on top of
this foundation. Groundwater is stored Sandstones
in the various sandstone, dolomite and

and sand/gravel aquifers above the dolomite
crystalline bedrock layer. The layers
are arranged in the order which they
formed, oldest on the bottom and Crystalline
youngest on top. bedrock

Learn more about Wisconsin’s geologic past by clicking the aquifer names

Center for :‘
) Watershed Science
and Education

Better Homes and
Groundwater

.

ATORRTTH o - s

Water moving through tiny spaces in
between sand particles or sandstone
moves slower and allows for filtration
of some contaminants.

Eastern
Dolomite

Youngest

Oldest

B

Diagram courtesy of WGNHS


http://www.purdue.edu/dp/envirosoft/groundwater/src/geo4a.htm
http://gissrv2.uwsp.edu/cnr/gwc/pw_web/
http://dnr.wi.gov/education/educatorresources/bhgw.pdf

Watershed — the land area where water originates for
lakes, rivers or streams. Water flows from high
elevation to low elevation.
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Groundwater flow

mpermeable bedroc
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Elk Creek

Chippewa County
Water Table

Chippewa River

Lake Wissota

Land Surface Water Table

Elevation
(ft)
[J1410- 1532
[ 1325-1410
[ 1272-1325
[ 1233- 1272
1200 - 1233
[ 1171 - 1200
I 1145 - 1171
[ 1118 - 1145
I 1089 - 1118
[ 1059 - 1089
I 1026 - 1059
I 990 - 1026
B o5 - 90
B o5 - 051
B ss0 - 915
I 75 - 859

Elevation
(ft)
[]1197-1252
[11.169-1,196
[J1149-1,168
[J1.125-1,148
[11.099-1124
[ 1,074 - 1,008
1,050 - 1,073
[ 1,024 - 1,049
[ 994 - 1,023

[ 965 - 993
[ 937 - 964
I o11- 936
B ss7 - 910
I 54 - 886
Bl si7-ss3
Bl 751 -816



General Groundwater Flow Direction

0 0.126 0.25 0.5 Miles
Legend

B wel Water Table

The black arrows show generalized groundwaler flow direction in the area near your well.
Groundwater flows perpendicular to the groundwater elevation lines and moves from high areas
(hills) to low areas (streams,rivers). In general, residential wells impacted by land use are usually
the result of those activities occuring within a roughly 1/2 mile distance from a well.

Disclaimer: This map is for educational purposes only. Groundwater flow is a best guess

based on currently available information. Cartography by Sean Piette



General Groundwater Flow Direction
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The black arrows show generalized groundwater flow direction in the area near your well.
Groundwater flows perpendicular to the groundwater elevation lines and moves from high areas
(hills) to low areas (streams,rivers). In general, residential wells impacted by land use are usually
the result of those activities occuring within a roughly 1/2 mile distance from a well.

Disclaimer: This map is for educational purposes only. Groundwater flow is a best guess

based on currently available information. Cartography by Sean Piette



water basics

»"Universa
»Naturally

Solvent”

nas “stuff”

dissolved in it.

® Impurities depend on rocks,
minerals, land-use, plumbing,
packaging, and other materials
that water comes in contact

with.

» Can also treat water to
take “stuff” out




Nitrate-Nitrogen

H eal 't h Eff eC t S : This can affect women who are or

Nitrate may cause birth defects.

- Methemoglobinemia
(blue baby disease)

- Possible links to birth Levelsofnirate-
defects and Prymiry
miscarriages (humans can be harmful.
and livestock)

- Indicator of other
contaminants D s R

Sources:

- Agricultural fertilizer

- Lawn fertilizer

- Septic systems

. Animal wastes o




What to do if your

nitrate levels are high?

Solution:

Eliminate contamination source
or reduce nitrogen inputs

Short term:

Change well depth or relocate
well

Carry or buy water

Water treatment devices
Reverse osmosis
Distillation
Anion exchange

AMERICAN RESCUE 14 7%
PLAN ACTWELL %%
COMPENSATION AND
WELL ABANDONMENT
GRANTS

YOU COULD RECEIVE UP TO ( 16 OOO

To replace, reconstruct, treat or abandon your well or water system

You might be eligible to apply if:

* You own a private well or non- ‘ Your well or water system is contaminated
community water system with nitrate, arsenic, fecal bacteria or PFAS
Your annual family or business

‘ income is $100,000 or less

You have not begun work on your well or
water system yet

Apply by December 2024. To learn more about eligibility and how to apply:

dnr.wisconsin.gov/aid/WellCompensation.html
dnr.wisconsin.gov/aid/WellAbandonment.html

DNRARPAWellGrants@wisconsin.gov

608-577-3583




Comparing nitrate concentrations over time
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n
Meltwater 360
Stream
Glacial 207
Sediment
Cambrian 170

Mean
6.4

3.6

5.9

% > 10 mg/L
24.2

9.7

17.0

Wells in Glacial Sediment Areas of Chippewa County
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Chippewa Groundwater Quality Index
1985, 2007, 2016, 2019, 2020.....

GOAL: To learn how well water quality
changes over time

How variable is well water quality from
m[?gigzsgﬁmary)mw Jones Industrial Average year to year?
26,2']7 5.15..+1 92.59 (0.74%) +
Is well water quality getting better, worse,
or staying the same?

If changing, what can we learn about
where and why

This project works best when:

» Wells are representative of diverse geology
and land use

« The same wells are sampled every year



Chippewa County Well Water Quality Index

Ci/Users/kmasarik/OneDrive - UWSP/MASARIKR_CODESCHIFFEWA - Shiny

hitee/F127.0:0.1:6031

Open in Browser

Chippewa County Well Water Monitoring Project

Map Type Year Varlable:

Individual Wells - 2016 - Nitrate -

‘Chetak

Thorp

Nitrate

OpenSirestMap contribarions

Center for Warershed Science and Education
College of Matural Resources
University of Wisconsin-Stevens Point

Extension
/  UNIVERSITY OF WISCOMNSIN-MADISON

ABOUT the Projec

Overview

Groundwater Is a vital resource to Chippewa County residents, municlpalitles, and Industries. Previous groundwater
data collection efforts in 1985 (715 wells), 2007 (800 wells) and 2016 {744 wells) have provided useful dat
characterizing Chi County's groundwater gualit sting at multiple points in time offers the opportu
investigate change ell water quality over time. This is particularly useful for key constituents such as nit
chloride over time. Nitrate and chloride are indicators of land-use impacts and provide insight into how well water
quality today compares to previous well testing efforts. Beginning in 2019, Chippewa County embarked on efforts to
collect well data that is closer to real-time assessment of the resource that could ald management decisions. Rather
than testing wells every decade, a subset of wells was selected to be tested annually.

The information collected through these efforts will be used to anal
to any changes in groundwater quality observed over time. The well network is intended to be representative of
Chippewa County [i.e. accounting for the wide variety of geology. soils, land-use, and well construction found

throughout the ar:

vhere and what factors may be contributing

Samples are analyzed for nitrate-nitrogen, chloride, alkalinity, total hardness, pH. and conductivity. Nitrate and
chloride are useful for understanding the degree to which groundwater has been affected by human act! 5. To
learn more about the specific tests and what they tell us a tests” tab.

Individual Wells
When wells are selected, this map view allows you to see the water quallty test results for each well that was

sampled. Clicking on the points will provide the water quality result for whichever test is selected. Wells have been
n identifying numbeer and loca ect the privacy of

»ut groundwater, click on the "LEARN about

onal information is not exact, in order to pr

l‘«h.lr'-lci;:'alltz.r View

When the municipality view |
tests conducted. (

elected, the map displays the average concentratios
2 municipality will p

each of the water quality
ovide additional summary statistics by town.

Beginning in 2019, annual well
testing of up to 210 wells

e 70 wells each from each
stratum (Cambrian,
Meltwater Stream Sediment,
Glacial)

*  Wells will be selected to
obtain representative land
cover distribution

*  Wells with known well
construction



Nitrate / Chloride

» Useful for understanding land-use impacts on groundwater

i & : Conductivity

h « Overall water quality,

-~ ik combination of both

B, land-use, rocks, and
O™~ o 3

soils

xxxxxxxx

Total Hardness / Alkalinity / pH

* Help us understand how rocks and soils impact groundwater



Tests for Aesthetic Problems

Hardness

_ Greater
Natural (rocks and soils) than “HARD
Primarily calcium and 200 WATER”
magnesium

150-200 IDEAL

Problems: scaling, scum,
use more detergent, “SOFT
decrease water heater Less WATER”
efficiency than 150




Tests for Overall Water Quality

- Alkalinity — ability to neutralize acid

- Conductivity —
. Measure of total ions

. can be used to indicate presence of
contaminants (~ twice the hardness)

- pH — Indicates water’s acidity and helps
determine if water will corrode plumbing

0 Acidic 4 Basic 14



Tests for Aesthetic Problems
Chloride

Greater than 250 mg/I
. No direct effects on health
. Salty taste
. Exceeds recommended level

Greater than 10 mg/l may
Indicate human impact

Less than 10 mg/l considered
“natural” in much of WI

Sources: Fertilizers, Septic
Systems and Road Salt

250 mq/l

Less than
10 mq/l |/
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Nitrate in Chippewa County Wells

Colfax

0.0-02

02-10
10-50
50-10.0 —
10.0 - 20.0 ®

20.0 - 35.0 \_

Nitrate (mg/L as N}
Mone Detected

.. 2.0

2.1-5.0

31-10.0

10.1 - 20.0

20.1 ..

fvg: 4.8 for

0 0%
33 34 %
42 27 %
35 23 %
24 15 %

1 <1%

155 Samples

O
®e
—
o
‘@
® Q
ter Lake Colfax
Nitrate ¢
00-02
02-10 o
) | 1.0-50 __
B 50-100 Y
10.0 - 20.0 - e

20.0 -35.0 \_ .o

Nitrate (mg/L as N)
Mone Detected
2.0

21-5.0

5.1-10.0

10.1 - 20.0

201 ...

Avg: 4.9 for

26 16 %
37 23 %
2 20 %
39 24 %
23 17 %
0 0%
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Chippewa County 2022 — Nitrate-Nitrogen

Nitrate-Nitrogen Number Percent
(mg/L) of
Samples

Less than 0.1 29 10%
0.1-2.0 52 18%
2.1-5.0 65 22%
5.1-10.0 78 27%
10.1-20.0 64 22%
Greater than 20.0 2 <1%

ake

Nitrate

W

= |

..‘ U




Preliminary Data - Chippewa County
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rends

* Nitrate Trends
e 26 wells decreasing (21%)
e 15 wells increasing (12%)
e 83 wells no trend (67%)



Modeling
Nitrate
Risk

SOIL
DRAINAGE
CLASSIFICATION

Excessively
- drained

Somewhat

I excessively
drained

0 Well drained

Moderately
well drained

Somewhat
f— poorly drained
N Poorly drained

Very poorly
B ined

2016 Well
Sample

Source. Suil Survey Slafl, Naturel Rescurces
Conzemslion Senice, Uniled Slabes Department
Sal Suvey

Camdase

WELL
DENSITY
{#km)

[ <s
[ 18-18
[ 118-32
[ 132-58
=58

2016 Well
I
Sample

1
0 4.5 9 18 Miles

AGRICULTURE
CATEGORY

[] Cash Grain

Continuous
B o

Al
[_] Dairy Rotation |* 1.
Potato/ Wt
. obie
[ Hay
I Pasture

2016 Well
Sample

Zource: 'Wizckind 2.0: Level 4 Demse. 201C.
Weeerzn Cepanmert of Naturl Rezournces

1
18 Miles

Call:
Im(formula = NITRATE_SQRT ~ CORN_CASH + DAIRY + HAY + RLTIVE_DNS +
Weighted.Average.Rank, data = chippewa_combined)

Residuals:
Min 1Q Median 3Q Max
-2.6939 -8.7798 -8.8012 ©.7205 3.9679

Coefficients:

Estimate Std. Error t value Pr(»|t|)
(Intercept) 8.21229 @.21826 8.973 8.331e
CORN_CASH 2.71988 @.27686  9.852 < 2e-lp *==
DAIRY 1.64863 8.28357 5.814 9.89%9e-89 ===
HAY 2.43178 @.49896  4.953 9.87e-@7 ===
RLTIVE_DNS 1.394668 8.32825  4.355 1.52e-@5 ===

Weighted.Average.Rank ©.11734 @.85018 2.338 0.019% *

Signif. codes: @ “***’ @g.@@1 ==’ @.01 =’ 6.5 .7 ©.1 1

Residual standard error: 1.12 on 738 degrees of freedom
Multiple R-squared: @.2161, Adjusted R-squared: ©.2188
F-statistic: 40.68 on 5 and 738 DF, p-value: < 2.2e-16



Well Selection for Nitrate Source Occurrence

* County Trend Monitoring
* Well owners that have submitted
samples annually since 2019 O
* 152 wells ey
* Nitrate Source Investigation B e e
* Additional wells selected from —
grid cells with a nitrate-N et
estimate greater than 5 mg/L
* 141 wells A
N




Annual Sampling (CTM) versus Nitrate Areas (NSI)

| | NitrateNitogen

Mean Greater Greater Greater
Samples , than 2 than 5 than 10
Concentration

mg/L mg/L mg/L

B mg/L e Yy

151 4.7(4.4) 62 40 12
I 142 7.6(5.5) 82 59 34

Overall, gridded predictive model did a better job of identifying
areas of elevated nitrate than random sampling would have.



Nitrate losses from agricultural systems

Water Quality/

Nitrate
Concentration

Less

|enuajod Sulyoeaq ajeniN

L
s
Q

(a10e 4ad sq|) uadonIN

Economic Optimal Nitrogen Rates

Potato

Alfalfa Soybean Corn

Forest/
Prairie/

CRP

Corn-

Soybean



Nitrate leaching losses from septic systems

321lbs |321bs |[321lbs |32lbs

321lbs |321bs |[321lbs |32lbs 20 Ibs

321lbs |321bs |[321lbs | 32lbs

20 acres
|

20 acres
|

321lbs [321lbs |321lbs | 32lbs

321lbs |321bs |[321lbs |32lbs

o

32 Ibs/ac x 20 acres = 640 |bs 20 Ibs/septic system x 1 septic systems = 20 lbs
14 mg/L 1/32" the impact on water quality
0.44 mg/L

\ Assuming 10 inches of recharge




Nitrate Source Tracers

Parameter Samples Limit of Samples Health Min Median | Mean Max
Detection with value*
detections
n ug/L n % ug/L or parts per billion
Alachlor OA? 24 0.08 0 0 NA NA NA NA
Alachlor ESA? 24 0.08 10 42 0.13 0.49 0.53 1.28
Metolachlor OA? 24 0.08 2 8 0.12 0.17 0.17 0.22
Metolachlor ESA? 24 0.08 21 88 0.12 0.61 0.95 6.01
n ng/L n % ng/L or parts per trillion

Acesulfame? 24 5 10 42 5.6 10.8 1,500 13,100
Sucralose? 24 25 11 46 27 43 1934 16,100
Caffeine? 24 12 3 13 12 12.3 14 18.7
Paraxanthine? 24 0 NA NA NA NA
Carbamazepine? 24 1 7.6 7.6 7.6 7.6
Sulfamethoxazole? 24 2 64 117.5 117.5 171
Acetamiprid? 24 1.7 0 NA NA NA NA
Clothianidin3 24 1.5 4 17 1,000,000 2.5 18.1 18.2 34.1
Dinotefuran? 24 0.7 0 NA NA NA NA
Imidacloprid® 24 2.4 1 200 18.7 18.7 18.7 18.7
Thiamethoxam3 24 1.5 1 1,200,000 47.9 47.9 47.9 47.9

!Common pesticides
2Pharmaceuticals and personal care products (PPCPs)

3Neonicotinoid compounds

*If this column is absent it means that there is no recommended health value available due to low risk or lack of

health/toxicity research on those compounds.

Nitrate-

Chloride

mg/L
9.8(5.1) 20.4(13.8)
8.8(5.4) 35.8(60.1)
10.0(5.2) 19.2(14.9)

I n

Agricultural Tracers @il

PPCPs 17
Only Agricultural 6

Tracers
Only PPCP 3

4.7(5.2)  105(137)

Take aways:

e Agriculture has greater influence on nitrate
concentrations

* Developed areas have greater influence on chloride
concentrations



PFAS

What are PFAS?

PFAS are a group of chemicals made by humans. Since the 1950s, PFAS have been
used in many consumer products and industrial processes. They have properties
that resist heat, grease, and water.

Where are PFAS found?

While PFOA and PFOS have been phased out from their use in commercial
Products, they are still found in the environment from historical uses and in some
irefighting foams. In addition, products are often made with other PFAS as
repLacements for PFOA and PFOS. These PFAS can be found in everyday products,
such as:

* Cleaning products.

*  Water-resistant fabrics, such as rain jackets, umbrellas and tents.

*  Grease-resistant paper.

* Nonstick cookware.

e Personal care products, like shampoo, dental floss, nail polish, and eye makeup.
* Stain-resistant coatings used on carpets, upholstery, and other fabrics.

Most studies have analyzed only a small number of chemicals. Research suggests
that high levels of some PFAS may:

* Increase cholesterol levels.

* Decrease how well the body responds to vaccines.
* Increase the risk of thyroid disease.

* Decrease fertility in women.

* Increase the risk of serious conditions like high blood pressure or pre-eclampsia during
pregnancy.

* Lower infant birth weights (the decrease in weight is small and may not affect health).

S0 pron

Polylﬂk;'lloro- "< PFDA y£0
L 9% p ~

Perfluoro- e

aIkyIs

Figure 1.

Family Tree of
perfluoroalkyl and

polyfluoroalkyl PFAS
Substances

Agency for Toxic Substances and Disease Registry
Division of Community Health Investigations




Perfluoroalkyl and Polyfluoroalkyl Substances

Parameter

Total of 6
above

HFPO-DA

PFDoA

n
24
24
24
24

24
24

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

ng/L n ng/L
0.107 3 13 20
0.141 2 8 20
0.153 0 0
0.686 0 0
0.21 0 0
0.21 0 0

20
0.146 1 4 30
0.14 3 13 40
0.19 0 0 300
0.161 1 4 300
0.268 0 0 500
0.127 0 0 3,000
0.219 0 0 3,000
0.342 4 17 10,000
0.173 0 0 10,000
0.202 3 13 150,000
0.228 3 13 450,000
0.148 3 13
0.148 2 8
0.255 1 4
0.134 2 8
0.435 1 4
0.427 1 4

Detection
%

ng/L or parts per trillion

294 3.19
0.17 0.61
NA NA
NA NA
NA NA
NA NA
0.19 0.19
0.19 1.22
NA NA
0.149 0.149
NA NA
NA NA
NA NA
1.23 6.35
NA NA
0.67 0.91
0.26  2.05
0.26  0.80
0.36 3.42
0.46 0.46
039 141
111 111
1.23  1.23

8.78 20.20
0.61 1.04
NA NA
NA NA
NA NA
NA NA
0.19 0.19
3.21 8.23
NA NA
0.149 0.149
NA NA
NA NA
NA NA
15.31 47.30
NA NA
1.05 1.57
477 12.00
0.76  1.22
342 649
0.46 0.46
141 243
111 111
123 1.23

The one sample that
detected PFAS above
the health standard
only contained PPCPs,
no agricultural tracers



Nitrate-N

Moderately well drained
I somewhat poorty drained
I Poorty drained

Chippewa County
Well Water Sampling Project

Somewhat excessively drained
=

[ well drained

Il very poorty drained

] e

Drainage Classification
I xcessively drained

Soil Drainage

Source: Soil Survey Staff, Natural Resources Conservation Service, United States Department of Agriculture

Soil Survey Geographic (SSURGO) Database
Created: Elizabeth Belmont. February 28, 2022

+

Landcover

§
L
| [N ] T

Chippewa County
Well Water Sampling Project

Source: Wiscland 2.0
Created: Elizabeth Belmont. February 28, 2022




2022
Nitrate Risk Model Chloride Risk Models

Chippewa

Chippewa
County

County

N

A

N

A

Nitrate Risk

® Low

Chloride Risk

® Low




What’s next for the project?

« Test kits for 2023 will be sent sometime In
October

- Coming in Year 5:

. Add new functionality to dashboard:
 Land use, well construction, trends, etc.

. Continue to analyze for trends in nitrate/chloride
data

. Investigate factors that might be contributing to
trends

. Utilize data to target outreach and management



Operating your
private water
utility:

o Periodically inspect
and maintain the area
around your well

o Test your water
regularly to evaluate
common water quality
concerns

o If necessary, take
corrective actions*

*Know when to call a licensed well driller or pump installer E&



Questions contact:
Kevin Masarik
kmasarik@uwsp.edu

715-346-4276

Center for Watershed Science and Education
College of Natural Resources

Extension
University of Wisconsin-Stevens Point

UNIVERSITY OF WISCONSIN-MADISON
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