Creviced rock __Water (not groundwater) held by molecular attraction Gravel .
air surrounds surfaces of rock particles - T aw

All opening below water table
full of groundwater

Aquifer — a geologic unit that can store and transmit usable quantities
of water to a well

Water table is boundary between the unsaturated and saturated
zones

Unsaturated zone - pores spaces contain both air and water
e Saturated zone - pores spaces are filled with water

Groundwater Recharge — water that seeps past the root zone and
makes it to the water table (top of the saturated zone)




Wisconsin Aquifers

e Sand & gravel aquifer
e Silurian dolomite aquifer

e Sandstone & dolomite
aquifer

* Crystalline bedrock
aquifer

Image from DNR Magazine supplement: Groundwater Wisconsin's Buried Treasure



Water infiltrates the Unsaturated
subsurtace through zane
interconnacted poras :

I

Groundwater = Saturated
discharge o b Zona

* Groundwater flow is from areas of higher hydraulic head to areas of
lower hydraulic head.

* Recharge area -- area where precipitation infiltrates and moves into
the groundwater flow system. Groundwater flow is generally
downward in these areas.

* Discharge area -- area where water exits the aquifer. In this
diagram streams and lakes are the discharge areas.




Flow Patterns in the Dolomite Aquifer

Regional divide between flow
to Lake Michigan and flow to
Fox Valley

Groundwater discharge to
surrounding surface water
features

Long flow paths

Vertical flow through
relatively uniform aquifer

USGS Hydrologic Atlas HA432
Water Resources of Wisconsin, Lake Michigan Basin
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Glacial sediment of varying thickness over dolomite bedrock




Kewaunee County Geology

Figure 5. Depth to solid rock (thickness of Pleistocene sediment), in

SHADED RELIEF
OF KEWAUNEE COUNTY

Bl Scale 1:500,000

Glacial sediment of varying thickness over dolomite bedrock



Kewaunee County Geology

' Silurian dolomite  map area|
—_ f" ..







Bedding-plane Fractures

Pictures of fractures intersecting
boreholes




From Door County Soil & Water brochure: Protect the Water You Drink




Flow Characteristics of Silurian Dolomite
Aquifer

Dense and ubiquitous fracture network
— little surface runoff

— water easily infiltrates to subsurface

Recharge

— exceedingly rapid

— carries surface contaminants to the water table

Flow within the aquifer occurs primarily along bedding
plane fractures

Flow rates vary from [0’s to 100’s of ft/day




Water Cycle

* Processes
— Evaporation
— Transpiration

— Precipitation
— Infiltration ﬁ |

Precipitation

roxill .
<y Evapotranspiration

B G ro u n dwate r S:QTURATEéZONE A
fI OW ff;;ﬁ._i_.ow,q;wren .

WETLANDS

— Overland flow

— Stream runoff

Figure from WI Geological and Natural History Survey

eIndictors of recharge
*Water level in well rises
*Change in water temperature or chemistry




Assessing Seasonal Variations in Recharge and Water
Quality in the Silurian Aquifer in Areas with 10 to 20
ft of Sq

,,,,,

= *Kenn:h’R‘ B‘fadbu1 R
-f;fi-‘_:: £ WI Geologlcal & Natural H|story Scurvey
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Recharge to the Silurian Aquifer

— Studies in NE WI demonstrate
that recharge reaches the aquifer
within | to 2 days, even with
sediment thicknesses up to |8 ft
and depth to water > 50 ft

— Review of Midwestern and
national literature suggests that
cohesive soils frequently contain
fractures and macropores to
significant depths

— Photo from Dodge County:
Manure through |5+ feet of clay 2
via cracks and pathways Photo from Fred Madison

!




How is Your Well Constructed?

* Depth to rock '
&
R

* Total Depth $\'i %\




Objective |

County-wide randomized
sampling of private wells
stratified by depth-to-
bedrock: <5 ft, 5-20 ft,

> 20 ft

Participation rate ~50%

November 2015

— Recharge period
— 327 samples

Second county-wide
sampling in July 2016
— Non-recharge period
— 400 samples

©  Well Sampled

"0 \:l Town Borders
L. e

<5 ft to bedrock

5 to 20 ft to bedrock
‘ | Parcels

Arc Map coverages from D. Bonness



Objective 3 -- Methods

* Measure recharge
indicators at two non- vl
pumping monitoring wells Vil 1 il

Use automated samplers at
two domestic wells to
collect samples during
recharge events

* Analyze by qPCR for
microbial targets:

— 1) human-specific microbes

— 2) bovine-specific microbes

— 3) Non-specific microbes found
in fecal wastes




Methods — Monitoring Wells

* Existing Well KW 183 * New well at Fish
— Installed 2008 Hatchery
— Depth to rock 7 ft — Installed Aug 2016
— WL, fluid T & Cond, pH, — Depth to rock I1.5 ft
CDOM, turbidity — WL, fluid T & Cond

— Are 2 high-capacity wells

at the hatchery
SREEOC  RR G ,




Methods: Auto- samplerS\ ﬁ

* Placement

— Wells with known water quality
concerns

— Engaged homeowners

— First sampler installed in Kewaunee in

mid-October 2016. New well 300-ft
deep, cased to 200 ft (4 filters)

— Second sampler installed in Door
County in mid-January 2017. Old well,
43-ft deep, cased to 29 ft. (8 filters)

* Water Chemistry

* Can initiate sampler

remotely
— Fluid temperature & conductivity — Run 600+ liters

— Nitrate & chloride through hemodialysis
— pH & FDOM filter




Results — Monitoring Wells

Water-Level Variation: Oct 2016 to April 2017
Precipitation Data from Casco (daily) & Green Bay (cumulative)
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Autosampler Collection Times
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Autosampler Collection Times
Door Sampler
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Summary
* Discrete Recharge Events

— There have been |0 discrete recharge events from mid-Oct 2016
to late April 2017

— Fall & Spring: > 1.0 inch rain in a 24-hour period

— Winter: Days with above freezing and small amounts of rain

* Recharge Indicators (in addition to water-level rise)

— Sharp inflections in fluid conductivity record
— Sharp inflections in Nitrate-N, Chloride, and Dissolved Organic
Matter (CDOM)
* Pathogen Transport
— Total Coliform shows significant variability across recharge events

— Have little data on virus transport (presumably due to lack of
source term(s) in the vicinity of the auto-samplers)




Well Construction Reports

State of Wisconsin

Department of Natural Resources NOTE: WELL CONSTRUCTOR EPORT
FPrivate Water Supply White Copy = Division’s Copy Form 3300 Pﬁe ev, 5-85
Box 7921 Green Copy  — Driller’s Copy
Madison, Wisconsin 53707 Yellow Copy —~ Owner’s Copy

* Well Constructors’ Reports [ - —
. | [T owm 1 vittage Doy e

T Section opfROV't. Loty Tsectvrm |Townsmn\ Rangs |3. NAME 0 OWNERL JAGENT AT TIME OF DRILLING CHECK (/) ONE
. 2, LOCATION SE R YTy oz (Fahrt
— ave e e n re q u I re y t e OR - Grid or Stregf/No. |Street or Rowd Narns ADDRESS &

2l |

AND — I available subdivision name, lot & block No. POST OFFIC 21 CODE
O ol
St a t e S I n ( e I 9 3 7 4. Distance in feet from welll Bullding | Sanitary Bidg. Drain | Sanitary Bidg. Sewer coroor DR, 7] storm Blda, Drain Storm Bldg. Sewar
to nearest:  (Record ca. Other | <. Gther | C.I. Sewser [Other Sewer| ClI, Other CJ, | Other
answer In apprapriate )
biock)
Stroot Sewer | _Othar Sewers [Foundation Draln Confiected 1] Sewaps Sump | Cigarwater | Septic | Holaing [Sewage Absorplion Unit] Manure Hopper or
Sumi Tanl an or
Sen. | Storm | CA. | Gther | Sewer Zomp. Gl [ Other :7 Seepage Pit Priuematic Tank
L4 Clearwater Clearwater ; o Y Seapage Bad P &
. or. Sump Seapage Trench
e O O I ‘ a a l I ra Privy | Pet ~[Pit: Nonconforming Existing [ Subsurface Pumproom [Barn Tanimal [animai [silo  TGlass Lined | Silo | Earthien Sitage | Eavthen
waste [ | onconformng Existing r:u(ler Barn |"Vard " {With Pit) Storage e |Siorage Trench| Manure Basin
Bump | H
Tank | L |

Femporary Manure |{Watertight Liguid [Maﬁure
Manure Tank or

Subsurface |Waste Pond or Land | Manure Storage Basin Other (Destribe)
. Stack or Platform n {pressure | Gacoline or | Disposa Unit Concrete Floor Only
Basin : Cii Tank (Specity Type) [Goncrete Floor and ¢
. i LPartial Concrete Walls
5. Wellis intended to supply water for: 9. FORMATIONS
,Zlf—»v¢, From (f1) To (ft.)

r e t 1 9 8 8 6i)i£]:‘:|1:; ng:; ¢ty [To (ft) | Dia. (n) | From¢ft) To (it) (:/4‘4 . Surface Yo
p I O r O i-%f Surface 53 ;/Ldz{;// 3 27‘6’ 5-3

_ b1 53 [143] §3 1 /93

T CASINGT\htenﬁ Elléﬁlbg emflcag(u:EEEN
Dia, (in)| Mfyg. & Method's Assembly From (ft.) To (f1.)

1: E/\D [/1/1 Surface 5-3 ‘
EL£ I A«/(
Lok~ P

UTre A-12 ¢

o . 7 / R T3, TYPE OF DRILLING MAGHINE GSED
das oniline dala 10r Drarte G pos e
wiar
8. GROUT OR OTHER SEALING MATERIAL 03 catro Toot gl [ setting witn

http://geodata.wgnhs.uwex.edu
/well-viewer/

Kind Bonet) | Togw o1 ppRgar |0 o o ar
1 t ted si by My | sete | 53 | OB D ey | "
wells constructea since A wPl
v ]\:LS:: EI::ANEOUS&DATA ,/ Hrs. at ";{ /\ ()GPM ‘Well is terminated —)[ inches g lhl:?(:’\: final gmade

I B 7
3 #
9 8 8 Depth from surface to mirmal water level £ 17’ LFL Well disinfected upon completion i Yes (0 No
Depth of water level

when pumping *__tédﬂ Stlblh?ed q Yes [] No|Weld sealed watertight upon completion W Yes T No

Water sample seat to M-@/ 7"&‘ > labotatory on Q.&{z y wfi {

‘Your opinion concetning other polluuon\uk }€ and data relating to nearby wells, screens, seals, method of
finishing the well, amount of cement used in gtouting, bmtmg, ete., should be given on reverse side.

Signature [ Business N Complete Mailing Address FE bev £
56 ﬁ .
e WW Registered Well Deilier | |72 /& 4/ %  Doaifobsy, T2,

e http://dnr.wi.gov/topic/wells




Water Levels in the Aquer

 The monitoring well used in
our study is now part of the

permanent USGS/WGNHS
monitoring well network.

e Search for USGS Groundwater
Watch Wisconsin

— Click on the well in Kewaunee
and you can see entire record

— To look in more detail, click on
current/historical observations

e Direct link

1.8
2.8
1]

7 3.8

* 4.0

— https://nwis.waterdata.usgs.gov/
nwis/uv?site_no=443535087345 fr0.0 5
401 T e |

2816 2816 2816 2816 2816 2817 2817

5.8

6.8

Depth to water level, feet below land

— Depth to water level == Period of provisiona ata
== Period of approved data




A Mabverdoy of Wis:cerein
=" Stevens Point

B ackrenic

Private Well Data

e UW Stevens Point
Center for Watershed
Science

— Interactive program that
allows you to view
groundwater quality
data at a variety of
scales

— Example percent of wells
that exceed the standard
for nitrate-N at county
scale

https://www.uwsp.edu/cnr-ap/watershed/Pages/wellwaterviewer.aspx




Private Well Data

* Township Scale e Section Scale

xrensm' A0 University of Wisconsin-Stevens Poi
J College of Natural Resaurces
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Percent of wells exceeding the drinking water standard for Nitrate-N



