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Objectives

1. Prepare preliminary maps and figures to show the areal distribution of nitrate in
local groundwater, the local subsurface geology, the local distribution of well
depths, and seasonal/long-term variations in nitrate in the local groundwater.

2. Prepare preliminary maps of the areal distribution of the static groundwater
levels based on the well construction logs and determine groundwater-flow

direction(s) relative to Casco area.

3. Conduct limited isotopic investigation of groundwater to assist in determining the
source(s) of nitrate (chemical fertilizer, animal waste/human, etc.) and the age of
the nitrate (legacy or recent).



Well Records

Wisconsin Department of Natural Resources

Well Construction Information System

WI Unique Well #:

County:

Well Completion Year:

Section:

Township:

Range:

Well Address:

Municipality Name:

Owner Name:

Well Type:

Constructor Name:

Well Completion Date
From:

Service Category:

Well Depth:

Kewaunee w

MM/DDYYYY

= ft

=

SEARCH TIPS

« If your well was constructed before 1988, search only by Township, Range and
Section. In the search results, you will see these reports at the bottom of the list,
and most additional fields (address, owner name, year constructed) are blank. You
will need to open each “Image file” POF to see the details about each well.

If your well was constructed 1988 or later, try searching by County and Well
Address — use part of the street name, for instance if the address is 123 Main
Street, try just “MAIN". However, not all well construction reports include an
address. So if address does not work, try Owner Name, for example “JONES™. The
owner name represents the owner at the time of well construction.

If you have any questions or corrections, please send an email to
DNRWELLREPORT@wisconsin.gov

SEARCH BY MAP
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Open the map , and search for an add;ess onIace in the sear;:h box. Or click on
the map in a half mile vicinity of expected well location

Well Construction Report A B 1 2 3 Drinking Water and Groundwater - DG/S Fom 33000774
Department of Natural Resources, Box 7921
WISCONSIN UNIQUE WELL NUMBER Madisan Wi 53707
Er:lg-::t:.r Phone # 1. Well Location Fire # {if avail.}
Mailing
Address Streat Address or Road Mame and Nummber
City State Wl ZFip Code 54301
County Co.Permit#  Motification # Completed Subdiviston Marme Lot # Block &
Hewaunes
‘Well Constructor (Business Mame) Lic. # [Facility 1D # (Public Wells) | Labiude ! Lonaitude in Decimal Degree (DD} Method Code
RETZLAFF & GREGORICH 1267 “N "W GP5008
‘Wedl Plan Approval # o 8E Section Township Range
or Gowt Lot & .
fadress NWEE.'I:'.LF%THQIE'E I{,\.LFHQQQ Approval Date immdieny) |2, Well Type  New Wel
of previous unigue well # constructed in
Hicap Permanent Well & Cormmon Well # Specific Capacity Reason for replaced or reconstructed well ?
03
3. Well serves 1#of Hicap Wall ¥ Mo
Private_polable Hicap Property 7 No
Heat Exchange # of drllholas Hicap Potable ¥ Construction Type Dnllad
4. Potential Contamination Sources - ON REVERSE SIDE
5. Drillhole Dimensions and Construction Method B. Geology
Dis. {in.}) From (ft.} To(ft)  Upper Enlarged Lower Dpen |Geclogy 8. Geology Type, From (ft.) Tao (ft.)
875 Surface 4q Drilincle Bedrock | Codes ;::d;%gscﬁumg. Calor,
¥os Rolary « Mud Ciculafion . Mo .
& 41 163 — = | |- ¢ & cLayasTONES Surface 10
MNo Roary A Yeg
- - G - GRAVEL 10 20
Rolary - Air & Foam ..o
- - - 20 z
Drill-Through Casing Hammes < SAND = £
Reverse Rotary - - 2 - CLAY & GRAVEL 28 32
Cable-tool Bt in. dia... - - L - LIMESTONE 32 163
Dual Rotary .......oo........
Temp. Cuter Casing _ in. dia
Remowed? _ depth ft (F RO
expizin on back side)
6. Casing, Liner, Screen 9. Static Water Level 11. Well is
Dia. (in.) Material, Weight, Specification From (ft) To (fr.)] 24 i below ground surfaca 14 in. above grade
Manufacturer & Method of Assembly 10. Pump Test Developed 7 Yes
6 XL TUBE ASTMA 53-B SCH 40 SEAMLESS PE Surface 42 7
WELDED JOINT MADE 1M LISA Pumping level 100 fi. below surface Disinfected ?  Yes
Dia. {in.} Screen type. material & slot size From (ft.) To (ft.) Pumping a1 20 GP M for 1 Hre. (Capped ? Yes
Pumping Method ¥
7. Grout or Other Sealing Material 12. Notified Owner of need to fill & seal ¥
Method PRESSURE PUMPED
Hind of Sealing Material From (f.) To(fi.) # Sacks Cement
‘4
CEMENT —i— “ 108 Filled & Sealed Weall(z) as needed? Yes

13. Constructor | Supervisory Driller Lic# Diate Signed
KG ]
Drill Rig Operatar LicorReg#  Date Signed

WISCONSIN UNIGUE WELL NUMBER  AB123
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Legend

NITRATES

01-20 0]

21-50

51-9.9 L *
10.0 - 20.0

20.1-33.1 o

¥ 3@

villages_and_cities

: ¢
D town_lines

s state highways

dnr_streams
i IT

— Village of Casco Nitrates (July & November 2021)

2021
Groundwater Nitrate Concentrations (mg/L)
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2021
“Contoured Nitrate” and

General Groundwater Flow Directions
(North Side Casco Creek)

Our analysis: groundwater flowing from

northwest to southeast in a narrow band had
highest nitrate concentrations.
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Brief Introduction to Isotope Hydrogeology




The Hydrologic Cycle:
endless transfer of water between the ocean,
atmosphere & land




Hydrologic Cycle
e e WHa
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1. precipitation 5. throughflow
2. overland flow 6. groundwater discharge
3. infiltration 7. evapotranspiration

4. groundwater recharge 8. stream flow



nucleus (includes protons
and possibly neutrons)

Environmental Isotope
Hydrogeology Primer

electrons

“Isotopes” are versions of the atoms with different numbers of neutrons.

Protons and neutrons have mass, electrons do not.
Mass differences >> different behavior.

Environmental isotopes are “naturally” occurring isotopes, help solve hydrogeologic
problems.

Environmental isotopes allow long-term “natural” tracer tests ... a different approach
to groundwater investigations.

For Casco, we used isotopes in water molecules and in nitrate ions.



Water Isotopes

1. Chemical formula for water is H,0.

2. Hydrogen (H) has three isotopes we use:
a) Protium 'H
b) Deuterium ?H
c) Tritium 3H

3. Oxygen (O) has two isotopes we use:
a) Oxygen-16 10
b) Oxygen-18 20

4. Water molecules with heavier isotopes
behave differently than water molecules
with lighter isotopes.




What controls 80 and ?H concentrations in precipitation and groundwater?

* lighter isotopes tend to be more energetic
* lighter isotopes preferentially leave the liquid phase
* liquid phase becomes enriched in heavier isotope

lighter
isotopes




130 concentrations in precipitation depend on temperature

(values are more negative in winter, less negative in summer)
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130 concentrations in precipitation depend on temperature

(values are more negative in winter, less negative in summer)
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Long-term Variation in Oxygen -18 in Precipitation at Midway Airport, Chicago
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130 concentrations in precipitation depend on location/temperature

(values are colder areas are more negative, less negative in warmer areas)

) MONTHLY ® RAIN ATMOSPHERIC ® ANTARCTIC
SAMPLES EVENTS MOISTURE SNOW

A Ml 570 (%)
-6 >0

<-30 -27 -22 -16 -14 -10



130 and ?H concentrations in precipitation are linearly related

(“global meteoric water line” summarizes values across the globe,
each area on the globe has a slightly different meteoric water line)
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130 and ?H concentrations in evaporated water (like in a lake)

40 take on a different slope
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Typical Uses of 80 and %H Isotopes

1. Distinguish between glacial age
groundwater (1000s of years old) and
recent recharge.

2. ldentify groundwater that has been
evaporated (flow-through lakes).

3. Determine amount of groundwater in storm
runoff in streams.

4. Evaluate extent of landfill leachate plumes.




What controls tritium (H3) concentrations in precipitation and groundwater?

concentration in “tritium units” (TU)
e 1TU =1 tritium in 1018 protiums
natural tritium < 25 TU

atmospheric testing of nuclear bombs
started in 1950s

peak values in 1000’s of TU in ~1963
atmospheric test ban treaty 1963

100

T (TU)

10

radiogenic with half-life of ~12.3 years

1/1/50

Tritium In Precipitation
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Madison H3
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Date

1/1/90

1/1/00

1/1/1C



Typical Use of 3H — Determining Age of Groundwater by
Aging Tritium in Precipitation
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Nitrate Isotopes

1. Chemical formula for nitrate is NO;.

2. Nitrogen (N) has two isotopes we use:
a) “N
b) N

3. Oxygen (O) has two isotopes we use:
a) Oxygen-16 10
b) Oxygen-18 20

4. Heavier versus lighter isotopes in nitrate
depends on origin of nitrate (mineral,
animal/human waste, water source,
biological processes, etc.)




Observed ranges of >N isotope
composition by activity
determined from existing plots
used exclusively for animals,
chemical fertilizer, septic systems,
or natural.

Fogg et al. (1998)

Spatial Variation in Nitrogen Isotope Values Beneath
Nitrate Contamination Sources

by Graham E. Fogg®", D.E. Rolston®®, D.L. Decker®J, D.T. Louie?®, and M.E. Grismer®?
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tifying NO, sources with greater certainty.

According to literature sources (Figure 1), average 8'°N val-
ues of soil water NO, (excluding ground water samples) from
sites beneath animal waste, fertilizer, soil organic nitrogen (“nat-
ural”), and sewer septic sources typically range from +10 to +25,
0to +5, -3 to+5, and +7 to +15%e, respectively. Variability of val-

Vol. 36, No. 3—GROUND WATER—May-June 1998
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well DIM results.
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Assumptions we use:
Limited Mixing in Groundwater Flow Systems
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Isotope Hydrogeology Results — February 2022 Data




Casco, WI: 6'°N versus 6180 in Nitrate, February 2022
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Groundwater Age,
rebruar
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Casco, WI: 6%H versus 680 in Water, February 2022

. y=6.6142x-1.1589
R*=0.9791

u".- \_ R
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Linear (Feb 2022 Data)

Note: large arrows indicate
analytical precision




Average Annual Temperature Trends
at Green Bay, WI
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Casco, WI: 3H versus 680 in Water, February 2022
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Casco, WI: >N versus 680 in Water, February 2022
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Casco, WI: NO; versus Casing and Well Depth, February 2022
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Findings Related to Water Well Records
Based on the wells we tested in February 2022:
1. Bedrock subcrop occurs at about 28-47 fbgl.
2. Most are open bedrock wells cased to below the bedrock subcrop.
3. Most of the wells are open boreholes between about 100 and 160 fbgl.
4. Two of the wells are cased deeper (147 and 170 fbgl) and extend deeper (240 and
233 fbgl, respectively.)

5. Groundwater elevations based on well logs from wells installed after 2010 indicate
groundwater flow is from northwest to southeast towards the center of Casco.



Findings Related to Nitrate and Nitrate Isotopes

We were not provided with any long-term nitrate data sets for Casco.
Based on the wells we tested in February 2022:

1. Nitrate exceeds drinking water criteria in a narrow band along the groundwater flow
direction in the central part of the study area.

2. Nitrate isotopes indicate that most of the nitrate originated from animal/human waste.




Findings Related to Nitrate, Water Isotopes, and Nitrate Isotopes

Based on the wells we tested in February 2022:

1.

Tritium (3H) data indicate a range of groundwater ages in three groupings: pre-1960, pre
~1995, and pre ~2007. None of the groundwater is ~post-2007. Groundwater nitrate is
“legacy” to various degrees.

The highest nitrate concentrations appear to be in pre-2007 groundwater that runs in a
narrow band in the groundwater flow direction through Casco.

Nitrate concentrations are loosely related to age.

Regardless of age, groundwater nitrate is from animal/human waste except for the very
old groundwater (pre-1960).



Other Findings and Thoughts
Based on the wells we tested in February 2022:
1. The depths of the well casing and the well are not factors in the nitrate concentration.

2. Oxygen-18 (*30) and deuterium (?H) can also be used to approximate groundwater age
because they are temperature-sensitive and temperatures have progressively increased
since the 1960s. Using 80 and %H instead of 3H would make further investigation of
legacy nitrate less expensive.

3. Since the highest nitrate concentrations in Casco groundwater align in a narrow band in
the groundwater flow direction, source is likely a “point” source rather than a regional
source.

4. High groundwater near Main and “C”.
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