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SECTION 1

Introduction

The Kronenwetter Sanitary District No. 2 first started providing municipal potable water supply in 1996.
Two wells were constructed that year to provide water to 700 customers in the Evergreen
neighborhood. Since then, the customer count has grown to 2,474. The original two wells still provide
the only water supply to the system.

Water quality issues, with high mineral content (primarily manganese), has reduced the current reliance
on the Well No. 2 supply. The water supply from Well No. 2 has been throttled back 30%, to 500 gpm.
The Well 1 and Well 2 waters are blended together, to reduce the manganese concentrations, before
entering the distribution system.

A metered water main connection has been constructed to purchase water from the adjacent Village of
Rothschild. However, current high levels of PFAS in the Rothschild water has postponed its use.

The construction of a third Kronenwetter well is the next step in its master plan to address water quality
and water quantity issues. The search for a third well site began nearly 10 years ago. It's goal was to find
a good water supply (one not requiring treatment) in the Maple Ridge Road or the current well field site
on Lea Road.

SECTION 2

Proposed Well Site Location

The site being evaluated for the next Kronenwetter well is located on Pine Road, west of Tower Road.
This site was considered in the late 1980’s as a location for one of the original Kronenwetter Sanitary
District No. 2 wells. However, high iron levels eliminated it, in favor of the two current wells, which
originally did not need any treatment.

The site under consideration is currently owned by the Village and contains the water system water
tower, a soccer field and a small playground. The parcel is 9.74 acres in size. The dimensions, east/west
along Pine Road, are339 feet and 1,287 feet north/south, along Tower Road. Figure 1 is an aerial view of
the parcel and its surroundings. The well would most likely be located in the southwest corner of the
parcel. This is the area of a previous 1989 test well site.

The proposed parcel is part of the southeast quarter of the northeast quarter of Section 2, Township 27
North, Range 7 East. The site latitude is 44.85164 North and longitude 89.62993 West.

The parcel under consideration has very low relief. There is only four feet of elevation change over the
nearly 10 acre parcel. Within a 1,200 feet radius of the site, the maximum elevation change is nine feet
(1170 to 1179) as shown on the contour map, presented as Figure 2.

There are three surface waters near the proposed site. The Bull Junior Creek is located 4,600 feet to the
south. To the north, 6,400 feet, is the Cedar Creek and the Wisconsin River is located 8,700 feet to the
west.



Figure 1. Parcel Map
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Figure 2. Topographic Map
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There are floodplain areas associated with the Bull Junior Creek principally to the south of the parcel,
but also on the parcel of the proposed well site. Updated mapping has recently been completed. The
preliminary floodplain maps (awaiting final FEMA approval) are shown in Figure 3.

SECTION 3

Geological Formation

The proposed site is part of the Wausau Aquifer. The formation is of alluvial deposits along the
Wisconsin River, Cedar Creek and Bull Junior Creek, often to 80 to 100 feet thick.

In 1975 a well was drilled west of the proposed Kronenwetter site for the Evergreen School. The well
log, contained in Appendix A, lists sand and gravel from the surface to 55 feet, sand from 55 to 60 feet
and again sand and gravel from 60 to 83 feet. The well is screened from 74 to 83 feet.

In 1989, as part of the well site search for Kronenwetter Sanitary District No. 2, a test well was drilled at
the currently proposed site. The 1989 test pumping revealed a high iron content. Water treatment was
not being considered at the time, so the site was dropped from consideration. The well log is contained
in Appendix B and generally is described as fine to coarse sand from the surface to the end of boring at
90 feet deep.

SECTION 4

Other Wells

There are a number of public and private wells in the area. Kronenwetter’ s two existing municipal wells
(PWS 73717006 — ID’s — Well No. 1 LI607 and Well No. 2 KO361) are located approximately 5,500 feet to
the southeast of the site under consideration. The Village of Weston has one municipal well (PWS
73701639- ID VX756), the Foremost/Kerry well, located approximately 6,300 feet to the northwest.
These well sites are shown in Figure 4.

A single-family dwelling (2277 Tower Road) located southward across Pine Road from the proposed well
site utilizes a private well for its domestic water supply. This well is approximately 300 feet
south/southeast of the proposed well site. This parcel with the private well site is shown in Figure 5. At
the time of the Sanitary District’s Evergreen Project, this dwelling was not within the District. However,
it is on a boundary street that contains municipal sewer and water. As part of the Evergreen Project,
sewer and water services were extended to the right-of-way for this dwelling.

The single-family developments to the east of the proposed site were constructed with private water
systems, so at one time, they all had wells. With the construction of the municipal water system, many
of those wells have been abandon. However, generally within 1,600 feet of the proposed well site, there
are 24 dwellings with permitted private garden wells. These parcels are listed in Table A and shown in
Figure 5.



Figure 3. Flood Plain Map
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TABLE A - PRIVATE WELLS

Private Well - Residential Domestic Supply

No. Address Street Approx.
Distance
1 2277 Tower Road 300
Private Well - Garden Well (No Domestic Supply)
No. Address Street Approx.
Distance
1 2263 Courtland 1,000
2 2293 Courtland 800
3 2301 Courtland 625
4 2311 Courtland 600
5 2312 Courtland 800
6 1772 Norway 1,600
7 1792 Norway 1,800
8 1773 Plantation 1,475
9 1774 Plantation 1,350
10 2314 Downing 1,250
11 2324 Downing 1,250
12 2354 Downing 1,300
13 1717 McAddoe 800
14 1728 McAddoe 1,000
15 1762 McAddoe 1,300
16 1700 Tonawanda 600
17 1701 Tonawanda 625
18 1730 Tonawanda 800
19 1749 Tonawanda 1,100
20 1750 Tonawanda 1,125
21 1760 Tonawanda 1,300
22 1793 Tonawanda 1,500
23 2370 Pickwick 1,450
24 2377 Pickwick 1,400




Figure 4. Other Municipal Wells
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Figure 5. Private Wells
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SECTION 5

Land Use

Much of the land around the proposed well site is under-developed. An aerial view of the area is shown
in Figure 6. Large parcels north and south of the site remain vacant. However, they are within Village
commercial/industrial TID’s. An elementary school utilizes a small portion of its large parcel. The highest
density developments are single family subdivisions to the east.

The parcel under consideration for a future well site is currently Village owned and contains a water
tower, soccer field and a small playground area. Some 25 years ago the parcel was part of a pine tree
plantation. Prior to the parcel being planted with pine trees, the area was cropland, primarily planted
with potatoes.

On the adjacent parcel, to the west, part of the pine plantation remains. The west parcel is owned by
the DE Everest School District and includes an elementary school, on 29 acres.

The lands to the east are developed with single family dwellings. Originally developed in the 1970’s, the
dwellings were serviced by private wells and septic systems, but for the past 25 years they have been on
municipal sewer and water.

Southward, across Pine Road from the proposed site, there is a single-family dwelling on a small parcel.
While municipal sewer and water mains exist in Tower Road adjacent to the dwelling (and sewer/water
service lines are extended to the right of way), this dwelling remains serviced by on-site private water
well and septic systems. The balance of the lands south of the site are vacant. The lands are in a Village
industrial/commercial TID.

The 40-acre parcel to the north of the site is vacant lands. Again, the lands are in a Village TID for
commercial development.

To the northwest, in the Village of Rothschild, along Trailwood Dr., there is some existing retail,
commercial and service-related development. These land uses range from banking to heavy bus/truck
maintenance and repair businesses. These land uses are listed in the following section.

SECTION 6

Potential Contamination Sources

Within a 0.5 mile radius of the proposed well site there are a number of large vacant parcels and large
under developed parcels, such as the school site. There are also several single-family subdivisions in the
area. We have identified all non-residential land uses, labeling their locations in Figure 7. We have listed
their names, addresses, land use and potential for groundwater contamination in Table B. Some of the
structures may not fall within the 0.5 mile radius, but part of the parcels that they lay on do (such as
Wausau Homes and the Gate of Heaven Cemetery).




Figure 6. Land Use Aerial Map
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Figure 7. Contamination Sites - 0.5-mile Radius
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TABLE B

Potential Contamination Sources Within 0.5 Miles

Map No. Name Street No. Land Use Potential
Contamination
1 Evergreen Elem School Pine 1610 school low
2 Lamers Trailwood 2415 intercity bus facility petro products
3&4 Truck Country Trailwood truck sales & repair petro products
5 Culligan Water Trailwood 2465 water bottling low
6 Pan-O-Gold Bakery Trailwood 2485 retail & distribution low
7 Co-Vantage Savings CTH XX 1585 banking low
8 Emmons Bus. Interiors - CTH XX 1575 office interiors low
Lang Equipment motor sports petro products
9 Harley-Davidson CTH XX 1570 motor cycle sales & repair petro products
10&11 Carpenters Union CTH XX 1630 training facility low
12 Old Dominion CTH XX 1660 freight terminal low
Freightline
13 BRB Auto Body CTH XX 1680 auto repair petro products
14 Southside Tire CTH XX 1690 auto & Truck repair petro products
15& 16 L & S Electric CTH XX 1730 electric motor repair petro products
17 Krueger Wholesale CTH XX 1750 greenhouse & distribution low
Florist
18 Wausua Homes Village Way home building low
Dr
19 St. Therese Gate of 1399 cemetery low
Heaven
20 Northland Lutheran HS Tower Rd 2107 high school low
21 Lift Station No. 1 Tower Rd sewerage lift station low
22 Lift Station No. 3 Tower Rd sewerage lift station low
23 Prime Design CTH XX 1721 office low
24 Water Meter Station CTH XX 1767 water meter building low

There are a number of businesses that involve auto, bus and/or truck maintenance and repair. These
would have moderate to high potentials for groundwater contamination from cleaning solvents, oils and
fuels. However, all these locations are down gradient of the proposed well site based on groundwater
contours (by Kendy) and groundwater modeling (by WRWA). This will be discussed further in the
following section.

A review of the inventory of contamination sites shows no active sites within 0.5 miles of the proposed

site. There are seven (7) closed sites in the area. There are three of these sites, where the property falls
within the 0.5 mile radius, but the structures are outside of it. These three sites are 1) Site 12 (on Figure
7), the Old Dominion Freight terminal and 2) Site 18 the Wausau Homes site, which has two closed sites.




There is one land use existing within the required separation distances as established in NR 811.12(5)(d).
An existing single -family dwelling south of the proposed site, at 2207 Tower Rd, remains on a private
on-site waste disposal system, approximately 300 feet from the proposed well site. Tower Rd contains
municipal sewer and water facilities. This dwell has been provided service laterals extended to the
property line. However, at the time of the Evergreen sewer/water project, the dwelling was outside of
the Sanitary District and not required or allowed to connect. Initially, with the dwelling outside of the
Sanitary District there was no legal means to require the dwelling to be connected. Since the Village
incorporation the Sanitary District has dissolved in favor of a village operated wastewater collection
system. There are several of these situations, dwellings with service laterals but not connected,
throughout the Village. To date there has been no effort by the Village to require connection to the
municipal facilities. With service laterals readily available, in this case to eliminate a contamination
source, a required connect maybe be easy to justify.

A table of the separation distances and any conflicts are presented in the following Table C.

TABLE C
Potential Contamination Sources
Separatio Contamination Sources Sites Sources nearby
n
Distance
50 feet Sanitary or Storm sewer not None Tower Rd.
constructed of water main Approx 250 ft
materials

200 feet 1 or 2 family heating oil tanks None POWTS Approx.

or POWTS system tanks 300 ft
300 feet Farm Storage tanks None
400 feet POWTS dispersal systems < POWTS Cemetery
12,000 gpd, cemetery, storm | Approx. | Approx 3,000 ft
water basins 300 ft
600 feet Farm storage tanks None
1,000 feet | Land spreading wastewater, None

wastewater lagoons

1,200 feet | Solid waste handling facilities, None Coal Storage
landfills, groundwater Approx. 5,000

contamination sites, coal ft
storage




SECTION 7

Groundwater Conditions

The northwestern quadrant and western edge of the Village lie over the Wausau Aquifer, as defined by
Kendy and Bradbury in 1989. The balance of the Village is, generally, thin loamy soils over high bedrock.
The thickness of the sand and gravel formation ranges from, the deepest, 80 to 100 feet thick to very
thin depths eastward along the Bull Junior Creek. The depth of formation and groundwater surfaces
have been presented in several previous engineering studies for the Village by BHA, CWE and others,
generally all based on the Kendy/Bradbury work. The BHA depth of formation map is shown in Figure
8.The two existing wells and the proposed site are located in an eighty foot plus depth finger shaped
trough.

The groundwater surface contours by Kendy/Bradbury are shown in Figure 9. In the area of the
proposed well the wetted formation is approximately 60 feet thick. The surface contours indicate a
general groundwater flow in a northwesterly direction.

The Village has worked with Wisconsin Rural Water Association (WRWA) to evaluate the groundwater
flows around the proposed site. There is some commercial development concept planning for the
vacant 40 acre parcel north of the proposed well site parcel. The Village wanted to be proactive during
rezoning and site development plans if the proposed well site might be impacted by land uses on this 40
acre parcel.

The WRWA technical memorandum is presented in Appendix C. the report confirmed the 40 acre parcel
and the Rothschild Trailwood businesses are all down gradient from the proposed well site. The Five
Year time of travel contours, contributing to a well pumping at the proposed site, travel outward to the
southeast, as shown in Figure 10.

The cone of depression for the 1989 test pumping was calculated to be at an approximate radius of 750
feet. This cone would not impact the private garden wells. However, depending upon the pump depth
setting in the domestic well at 2270 Tower Rd there may be some impact on the private well. Additional
data on the private well is needed.

SECTION 8

Previous Test Pumping Results

The current water demand has been relatively stable, increasing slight from year to year. The average
daily pumpage for 2022 was 380,589 gallons. The past five (5) year annual pumpage from Wells Nos. 1
and 2 is presented in Table D.




Figure 8. Depth of Formation
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Figure 10. Wellhead Five Year Travel Time
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Approximate 750 ft Radius

Figure 11. Cone of Depression
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TABLE D
Annual Water Pumpage

Year Well No. 1 Well No. 2 Total Ave.
Day

2018 67,287,000 | 59,210,000 | 126,497,000 | 346,567

2019 61,159,000 | 54,377,000 | 121,536,000 | 332,975

2020 74,494,000 | 60,366,000 | 134,860,000 | 369,479

2021 71,761,000 | 64,373,000 | 136,134,000 | 372,970

2022 79,016,000 | 59,899,000 | 138,915,000 | 380,589

Over the past decade there have been several utility system studies with 10 and 20 year future demand
projections. An overall system needs study was completed in 2012 by Vierbicher. They were directed to
use a previous Land Use Plan by SEH for population projections. Unfortunately, at the time of the land
use study there was rapid growth in the Village, which was un-realistically projected forward. At the
present time the Village water demand is slightly more than 50% of the 2020 Vierbicher projection of
736,190. More recently Clark-Dietz has summarized several water quality studies and again prepared
future water pumpage demand projections. Their 2030 projection of 761,391 is double the current
pumpage. The various projections are included in the following Table E. The Clark-Dietz reduction in
projected demands principally involves commercial and industrial demands. While the developed
acreage was similar to previous projections, they substantially reduced the demand per acre, from
typical engineering standards to those rates currently being experienced by existing by land users.

TABLE E
Projected Average Daily Water Demand
Year 2020 2022 2030 2040
Actual 369,479 380,589
Vierbicher | 736,190 1,129,614
Clark-Dietz 761,391

At the present time the Village water production passes most engineering standard tests, except for the
“Firm Capacity” test. With only two wells, and with the largest out of service (actually both produce 650
gpm), the remaining pump can not supply water for the recent peak day demand. However, the peak
day demand is during the annual hydrant flushing program. Should a well be out of service the flushing
would be re-scheduled. If for no other reason than a redundant reserve capacity third well should be
developed with a minimum capacity in the 700 gpm, or larger, range.

The proposed site has been tested pumped during a 1989 CWE study on water supply options for the
Kronenwetter Sanitary District No. 2. This study is presented as Appendix D. The study projects a
pumping capacity of at least 1,500 gpm from an 18 inch diameter, 20 foot long screen at the proposed
well site on Pine Road, just west of the Tower Rd intersection.



SECTION 9

Alternate Site Locations

There were two consultant well site searches for the initial two wells for Sanitary District No. 2 in the
late 1980’s and early 1990's. In the late 1980’s CWE consider three sites, as shown in the attached
Figure 12. One of the sites was test pumped. Then in the early 1990’s BHA expanded the search with
test probes and test wells at locations as shown in the attached Figure 13 This search resulted in the
construction of the current production Wells Nos. 1 and 2 on Lea Rd.

As the water quality in Well No. 2 declined and water demands increased additional well site searches
began in 2014 by LBG. This work was focused on trying to find a high capacity well, with low mineral
content waters. The search started with a desktop study of possible sites. Test wells were drilled in the
Maple Ridge area and the current well field area. The sites are shown in the attached Figure 14. No site,
with neither high capacity nor good water quality, was found south Kowalski Rd.

The BHA well site study is attached as Appendix E. the LBG Phase 2 report is included as Appendix F.

With the decision to construct a water treatment plant to address the Well No. 2 high manganese levels,
the initial high iron content impediment at the Pine Rd site is being over come by its potential for a high
capacity supply. Should the site be approved, additional water quality testing will begin to update the
available water quality data.



Figure 12. Previous Site Considerations - CWE 1989
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Figure 13. Previous Site Considerations - BHA 1994
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Figure 14. Previous Site Considerations - LBG 2017
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APPENDIX A
EVERGREEN SCHOOL WELL LOG



Appendix A

e NOV 21’1‘;‘175
s STATE OF WISCONSIN
g‘g%lﬁg:‘%g)}f‘ETRUCTOR S REPORT NOTE DEPARTMENT OF NATURAL RESOURCES
Box 45
WHITE COPY — DIVISION'S COPY
GREEN COPY — DRILLER'S COPY Madison, Wisconsin 53707
YELLOW COPY — OWNER'S COPY
1. COUNTY : CHECK ONE NAME
Marathon [xX Town [ vitiage [ esty Kronenwetter
2 bOCATION - Y Section/  Section  Township Range 3. OWNER AT TIME OF DRILLING
| NE 2 | 2m | TE Joint School District #l- Kronenwetter
OR — Gnid or street no Street name ADDRESS
Pine Street D.C. Everest Area Schools 1581 Grand Ave
AND —I{ available subdivision name, lot & block no POST OFFICE
Schofield, WI 54% F6
2. Distance in feet from well to nearest: BUITHING [SANITARY SEWER|FLOOR DRAIN FOUNDATION DRAI WASTE WATER DRAIN.
c.1 TILE | C 1. | TILE [SEWER CONNECTED{INDEPENDENT|  C 1 TILE

{Record answer in appropriate block)

— a—— - - =3 - - - o -

IR DS P U—— W
CLFAR WATER DRAIN | SEPTIC TANK [PRIVY SEEPAGE PIT | ABSORPTION FIELD BARN SILO | ABANDONED WELL | SINK HOLE
C. L TILE

— == - e — o - = o— == —

OTHER POLLUTION SOURCES (Give description such as dump, quarry, dramage well, stream, pond, lake, etc )

none
5. Well 15 intended to supply water for:
School
6. DRILLHOLE 9, FORMATIONS
Dia {(in} From (ft ) To {ft}) Dia {in} From {ft} To {ft.} Kind From {ft } To (it}
12 Surface 60 aand & Gravel -7 Surface -
~ .7
b 60 83 sand 7~ 55 60
7. CASING, LINER, CURBING, AND SCREEN _ Kl
Dis_in } Kind and Weight From (it} | To (ft) Sal{@y’ & Gravel 60 83
K3

1.2 43.77# new black Surface 60 |-

’

steel P.E. casing | ASTN A-53 Y

6 19.85# new black Std. O T4
7 4 =
13
. { s
1 |stainless sSteel scraen” T4| 83 M aTeTE R
8 GROUT OR OTHER SEAL“}IG MATERIA,L ’ 10 TYPE OF DRILLING MACHINE USED
Kind z -From (ft) | To (ft) X3 cable Too! [1 Direct Rotary [1 meverse Rotary
= Surf [ Rotary — [ Rotary — hammer [ Jetting with
pressure cement grout ed urface 60 o il rnd = b e e D pr Clwter
Well construction completed on_October 23, 19 75
11, MISCELLANEOUS DATA . X above
Yield test: 6 Hes. at 125  gem Well is terminated 16 inches ] below final grade
Depth from surface to normal water level 23 ft. Well disinfected upon completion Bx Yes L1 No
Depth to water fevel when pumpin 40 ft. Well sealed watertight upon completion xk Yes [ ] No
Water sample sent to Madigon _Eboratory OV woveer 19, 19 o5

Your opinton concerning other pollution hazards, information concerning difficulties encountered, and data relating to nearby wells, screens, seals,
type of casing jomnts, method of finishing the well, amount of cement used 1n grouting, blasting, sub-surface pumprooms, access pits, etc., should
be given on reverse side.

COMPLETE MAIL ADDRESS
SIGNM K Lang Well Driller, Inc.
Registered Well Driller 7514 Stettin Drive Wausau, WI 54401

i Please do not write in space below

COLIFORM TEST RESULT & lGAs — 24 HHRS GAS — 48 HRS ‘comrmmzn REMARKS

?\O><

REV 2-71
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Appendix B

BORING NO. _Punp Well

Central Wisconsin

€ngineers

DATE

SURFACE ELEV. 1172.68 FT. P.0. BOX F » SCHOFIELD, Wi 54476 « (715) 359-0400
BLOWS ON SAMPLER : E |7 5
28| (40ws 2700 LAB @
£2) Tl CLASSIFICATION AND REMARKS e §§ g i g | e
16 6 pah
Coarse to fine sand, some B -
to little fine gravel SP % i}
L2157
Coarse to medium sand, J
some fine gravel St |
011142
Coarse to fine sand, .
occasional trace of fine SP |
gravel
62110
Coarse to fine sand, some
gravel S 7D~
: 1102
Coarse to fine sand Sp |
/> L1097
Coarse to fine sand and
coarse to fine gravel SW
20 1 0g2
£.0.B. i
KEY PROJECY
C = ROCK CORE : DATE(S) DRILLED
A = AUGER SAMPLE LOCATION
X = SPLIT SPOON GROUNDWATER FT. BELOW GS. AT ELEV. OF
S = SHELBY TUBE DRILLERS JOB NO.
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WRWA GROUNDWATER MODELING
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WRWA

Wisconsin Rural Water Assoclation

Technical Memorandum

To: Village of Kronenwetter

From: Andrew Aslesen, Source Water Protection Specialist, WI Rural Water Assn.

Date: November 14, 2022

Subject: Future Well #3 Groundwater Modeling and Suggested Wellhead Protection
Area

INTRODUCTION

On November 2™, 2022, | was contacted by Mark Thompson of Marathon Technical Services,
former contract operator and occasional consultant for the Village of Kronenwetter. Mark
explained that the Village owns a piece of land at the northwest corner of Pine Rd and Towner
Rd, where the water tower is currently located, on which a test well was constructed in 1988.
Due to high Iron and Manganese content this site was not previously considered for developing
a new municipal well. Since then, the village has constructed multiple test wells in various
locations and has been unable to locate a site with adequate water quality or supply. Because
of this, the site at the northeast corner of Pine Rd & Tower Rd is being re-considered for
development of a new municipal well. 1,200 feet north of the potential site is a 40-acre parcel
that is currently undeveloped but is likely going to be marketed for sale and developed in the
near future. Due to the potential for development on this parcel near the potential well site the
village would like to delineate a groundwater capture zone for a scenario where a new
municipal well is developed at the potential site. This will allow the village to update their
wellhead protection ordinance and provide protection for the potential future well site.

PURPOSE

The purpose of this memo is to present the results of groundwater flow modeling to estimate
the Zone of Contribution for a proposed Well #3 and provide a suggested wellhead protection
area which can be incorporated into the village wellhead protection area and provide
protection for a future well #3.

GROUNDWATER FLOW MODELING

Groundwater modeling was completed in November 2022 by Wisconsin Rural Water
Association. The model was developed using the analytical element modeling software
GFLOW. The analytic element method uses known water table elevations from hydrologic
features and a series of mathematical equations to simulate a groundwater flow systems in two
dimensions. When a pumping well is placed in the model, it uses reverse particle tracking to

1|Page



estimate a series of groundwater flow lines from the well backwards to their origination points.
Two-dimensional analytic element models are particularly well suited for modeling simple
single layer sand and gravel aquifer systems such as the Wausau Aquifer. The approximate
extent of the Wausau aquifer was determined by geologic mapping (Attig & Muldoon, 1989)
and is shown in Figure 1. Model parameters were chosen based on the work of Kendy &
Bradbury (1988) who completed an extensive hydrogeologic study of the Wausau Aquifer.
Assumptions used in the model include a hydraulic conductivity (K) of 180 ft/day, porosity of
0.3, average aquifer thickness of 55 ft, average annual recharge of 10 inches/year and pumping
rates for each well equal to the village’s average daily pumpage of 370,000 gallons. This
simulates a scenario where each well would have to meet daily demand alone creating a
conservative result.

The entire land area that contributes water to a well is known as the “Zone of Contribution”
(ZOC). The model estimates the ZOC for each well by calculating groundwater flow lines that
start at the well and are calculating backward in time to their origination points. Along with the
full ZOC, “capture zones” equal to the 1-year and 5-year Time of Travel (TOT) were delineated.
Water recharging the aquifer at the margin of the 1 & 5-year capture zones should take 1 & 5
years respectively to reach each pumping well. These time delineations were chosen because
they match the current wellhead protection area three zone delineation. The modeled zone of
contribution flow lines are mapped in Figure 1.

WELLHEAD PROTECTION AREA

The Village of Kronenwetter has an existing wellhead protection ordinance which designates a
zoning overlay districts that is divided into three zones with progressively more stringent
regulations in the zones closer to the wells (figure 2). This includes regulations that maintain
the NR811.12(5)(d) setbacks for municipal wells from potential contaminant sources. The
existing zoning overlay districts were set up under the assumption that a Well #3 would be
installed southwest of the two exiting wells. Based on the current modeling and the new
proposed Well #3 location near the water tower, a suggested revision to the zoning overlay
district is included in Figure 3. Additionally, Zone C of the zoning overlay district was revised to
fit the approximate extent of the Wausau Aquifer more closely. Outside of the Wausau aquifer,
groundwater is not likely to contribute to the municipal wells.

CONCLUSIONS

To protect the area around the proposed Well #3 site next to the water tower it is advised that
the village adopt the proposed wellhead protection zoning overlay district found in Figure 3.
Doing this will not only protect the groundwater but will maintain NR811.12(5)(d) setbacks,
which are required for the installation of a new municipal well. As for th40 acre parcel 1,200
feet north of the potential Well #3 site, the location is hydrologically down-gradient from the
proposed site and land use on the site would pose minimal threat to a municipal well located
near the village water tower. Additionally, the parcel is beyond the furthest NR811.12(5)(d)
setback of 1,200 feet so from a regulatory standpoint development of that parcel would not
limit the installation of a new municipal well near the village water tower.
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FIGURES

Figure 1 — Village of Kronenwetter, Modeled Zones of Contribution................cccccceeevunee.. 4
Figure 2 — Village of Kronenwetter, Existing Wellhead Protection Area.................ccueuuu..... 5
Figure 3 — Village of Kronenwetter, Existing Wellhead Protection Areq................ccuueue..... 6
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Information Circular 65.
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Wisconsin: WGNHS Information Circular 64.
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Figure 1 — Village of Kronenwetter, Modeled Zones of Contribution
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Figure 2 — Village of Kronenwetter, Existing Wellhead Protection Area
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Figure 3 = Village of Kronenwetter, Existing Wellhead Protection Area
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APPENDIX D

WATER SUPPLR ANALYSIS FOR WATER
SUPPLY FOR TOWN OF KRONEWETTER

1989
CENTRAL WISCONSIN ENGINEERS



AN ANALYSIS OF
MUNTCIPAL WATER SUPPLY
QPTIONS FOR THE

TOWN OF KRONENWETTER

June 1989

Prepared by:

Central Wisconsin Engineers, Inc.
903 Grand Avenue
Rothschild, WI 54474
(7156) 359-3400
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CHAPTER 1

INTRODUCTION

Project History

The Town of Kronenwetter Board had been looking into the options
for supplying municipal water to their residential neighborhoods
since 1985. Their focus has not been to install a well and
distribution system, but to begin the planning so that when the
time comes to install a system, adequate planning has preceded

the construction.

Tn 1985, Schneider Consultants prepared a report jointly for the
Towns of Kronenwetter and Weston in which the respective
municipalities’ individual needs were evaluated and how these

needs could be met jointly and possibly shared.

The Town Board has reviewed that report and has decided that it
is important that the Town prepare for the future, T%erefore,
the Town Board has decided that they should locate lands suitable
for development of a future municipal well system at this time,

while land is available.

It is also the intent of the Board to implement a well head
protection ordinance once potential well sites have been

obtained.



Purpese

lJ»F-
The purpose of this report is to document the steps and actions
taken during the planning stages of the well site location study.
It is important that the planning be documented because it is not
the intent of the Board to develop a well at this time. The
results of this study are intended to provide the guidance for
the Town Board in selecting and planning appropriate water supply
facilities at some later date. The study will also provide

useful information to the DNR and Public Service Commission to

assist them in completing their reviews.

Scope

The scope of this project includes identification, evaluation and
comparison of various water supply alternatives. Alternatives
were reviewed based upon available hydrogeologic and other data

H
5

collected during the development of this project. £

Chapter 2 includes an analysis of projected water needs and
solutions available to the Town to fulfill those needs. It also
discusses aspects of the potential for a inter—-municipal
agreement between Weston and Kronenwetter.

33:chapterl



CHAPTER 2

WATER SUPPLY ‘NEEDS
This chapter will summarize our analysis of water supply needs,
and investigate potential benefits that might be gained through
an inter-municipal agreement with the Town of Weston for shared
utilities. An analysis of water supply needs is essential to
establish guidelines for site selection. The capacities required
to meet present and future water needs must be determined so that
the proper alternative can be implemented at the time the system
is installed.

Water Needs Study

Several studies have been undertaken to estimate future water
supply needs. All of these studies have arrived at the same
conclusion. This conclusion is that a municipal water supply
will be needed in the future, but the majority of the residents

do not feel the immediate need is there at this time.

.

Recent studies of water supply needs include the "Comprehensive
Sewer and Water Study, Town of Kronenwetter, Weston Water
Utility, Weston Sanitary District, August, 1985" by Schneider

Consultants.

This study did not address the need for a municipal water supply

or predict a time at which the need would exist. This report



presented the data previously developed for the Wausau Area
Facilities Plan and used that data to determine if it would be
cost effective for the Town of Kronenwetter and the Weston Water

¥
Utility to share facilities.

The conclusion of this study was that there would be minor
savings in capital expenditures, but predicted a savings of
approximately $28,000 dollars in annual operating expenses. The
strongest argument for the joint system was starting or initial
capital costs for the Town of Kronenwetter plus flexibility in

operation.

This study broke the potential service area into two service

areas as shown on Figure 1. Service area one was the area
commonly referred to as the Evergreen Neighborhood. Service area
two is the area referred to as the Gardner Park area. Table 1

summarizes the water demand needs for these areas.

Table 1 was developed on the assumption that the entitvre service
area is served by municipal water and all dwellings are connected
thereto. This assumption may be accurate for the 40 year
projections. However, the timing of the project initiation will

control the accuracy of this projection.

To reach the peak flow rate of 2458 gallons per minute in the

vear 2025, the area will have to experience continued economic
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growth and the Town of Kronenwetter will have to have their sewer

and water system in place to encourage growth and development.

TABLE 1
WATER DEMAND PROJECTIONS

TOWN OF KRONENWETTER

Avg. Daily Demand Peak Day Peak Flow hate
(MGD) (MGD) (gpm)

Service Area 1 (Evergreen Neighborhood)

1985 0.18 0.27 562

40yr 0.53 0.80 16686
Ultimate 0.65 0.98 2041
Service Area 2 {Gardner Park)

1985 0.08 0.12 250

40yr 0.25 0.38 792
Ultimate 0.53 0.80 1667
Summary 5

1985 0.26 0.39 812

40yr 0.78 1.18 2458
Ultimate 0.18 1.78 3708



Anticipated Municipal Water Needs

;
In 1989, the Marathon County Planning Department released a report

entitled "Kronenwetter Community Pevelopment Plan Update". In
this report, they indicated that 97 wells were sampled by the
Marathon County Health Department and analyzed for bacterial and
nitrate/nitrogen contamination. Little sign of contamination was
found in these wells. The contaminated wells were found in
isolated areas and therefore not perceived as a regional problem.
It was their conclusion that localized contamination can be

corrected by individual homeowners.

In early 1987, Central Wisconsin Engineers, Inc. tested 12 wells
in the town Tor 31 hazardous chemicals {see Appendix A). These
tests were conducted because of the problems the surrounding
communities were having with contaminated groundwater sources.
The sampling program led to the following conclusion:
"The results of the testing indicated there is no
contamination of the groundwater at this time, However, this
may change over a period of time. All of the parameters were
found to be below the Enforcement Standard and Preventive
Action Limit of %the above stated standards set by the

Department of Natural Resources."”



Although these studies have indicated that the groundwater appears
relatively free of contaminants, this report identified drinking

water gquality as a growing concern in the residential.areas of fhe
town. In the 1988 Community Development Survey, one;th;td of the

respondents indicated that they rated their individual well water

as being of fair to poor quality.

As a general rule the residents of the Evergreen Neighborhood feel
that the Town should develop a utility district to begin planning
for future utility installations. In the Gardner Park area,
homeowners were not in favor of forming a utility digtrict. Most
homeowners perceive the need for a municipal water supply as 10 to

15 vears away.

This study indicates that generally homeowners have concerns about
whether they can continue to obtain safe drinking water from their
relatively shallow groundwater sources. Their responses to
gquestions on the survey can be interpreted to mean that a problem
exists or is anticipated to exist, but concerns over ¥uture costs
lead the homeowners to hope the expense of installation of the

system can be delavyed as long as possible.

Inter-municipal Agreements

Because that portion of Kronenwetter which at sometime in the near
future will be in need of a municipal water supply is adjacent to

the Weston municipal water system, the option of shared utilities



with the Town of Weston should be investigated. If Weston had the
excess capacity and if the sales and service agreements could be
completed, the purchasing of water from Weston may bé«aécost

. .
effective solution for the Town of Kronenwetter.

At this time, purchasing of water from Weston would not be a
viable solution to serving a portion of Kronenwetter for the
following reasons:

1. The Weston Water Utility has only one well with no
backup supply.

2. The existing Weston well had a design capacity of 750
gpm, however, due to dissolved metals this capacity hasg
been reduced.

3. Approximately one-half of today’s capacity is used by
Foremost Dairy.

4, The utility has only one storage tower with a capacity
of 100,000 gallons, which will soon be inadequate for
the expanded service area,

5. The industrial park has recently been added® to the
service area, therefore, Weston no longer has sufficient
capacity in their well to serve Kronenwetter.

Because Weston also understands the limitations upon their system,
i.e., the single tower and well, they are presently attempting to

iloccate a site for a second well.

To implement a joint utility, it would be necessary to have



additional pumping capacity as well as storage capacity. At this
time, neither of these conditions are met by the Weston Water
Utility. Therefore, the capital expense at start—up.wogld be
approximately the same regardless of whether a joint orrindividual
system were implemented. The primary saving would be in the
operation and maintenance aspect and whatever arrangements are
made fTor sharing capital costs. The savings available will be
dependent upon any agreement between the {twoe parties. However, if
the Weston Water Utility has expanded their system to upgrade and
provide mﬁre reliable service to their customers by the time

Kronenwetter is ready to install their system, a Joint system may

be cost effective.

The report prepared by Schneider Consultants indicated that in
1985 there would be only minor savings in capital costs if the
joint utility concept were implemented. However, it was estimated
that the operation and maintenance savings could be approximately

428,000 annually.

pre

If modificaticns have been made to the Weston System prior to the
time Kronenwetter needs the system, purchasing of water from the
Town of Weston for a limited time until Kronenwetiter develops a
customer base upon which to distribute capital cost may be an
option. Another advantage which is available from Weston is that
the Kronenweltter and Weston systems can be inter—connected,

thereby eliminating the need for duplicate wells for bachkup

10



supply. Another option is Tor Kronenwetter to develop its well
and sell water to Weston so that Weston does not have to develop a

backup well.

33:chapterZ
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CHAPTER 3

EVALUATION OF WATER SUPPLY ALTERNATIVES

This chapter summarizes our analysis of water supply
alternatives. The initial phase of our analysis involved
evaluating three sources of water supply; surface waters,
groundwater and water purchase from the Weston Water Utility.
Phe study will alsoc Ffocus upon potential groundwater sources
within the HEvergreen Neighborhood and Gardner Park vicinity.
Each alternative will be discussed in detail with respect to

feasibility, econemic considerations and environmental issues.

Alternative Sources

Municipalities have three general sources from which they may
obtain their municipal water supply; groundwater, surface water
or purchase from ancother supplier. In Wisconsin a majority of
the municipalities utilize the groundwater as a water supply
source. As a general rule, only the communities adjacent to Lake
Michigan obtain their water supply from a surface water source.
However, the option of obtaining a surface water supply is
available to any community having a large relatively clean water

body within a reasonable distance.

Surface Water Supply

The option of utilizing surface water as a supply source should

be investigated whenever a large body of reasonable guality water

12



is available. In this case the nearest surface water supply
source is the Wisconsin River. However, the use of surface water
presents some unigque challenges in terms of quality,]qugntity,
treatability and capital and operation costs. Because ;f the
gquestionable feasibility of this alternative, the preliminary
analysis was not conducted in sufficient detail to fully resolve
some of the issues that would need to be addressed if surface
water were ultimately developed as a supply source. Instead, the
analysis summarized here provides a relative indication of the

imsues, concerns and costs associated with developing a surface

water supply.

Feasibilify and Potential Impacts

An important issue that would need to be resolved in the early
stages of developing this alternative is that of obtaining
necessary approvals. This matter was investigated by contacting

various representatives of the Wisconsin Department of Natural

Resources., Concerns that would need to be addressed include:
1. Potential impacts on other surface water usks.
Z2. Potential environmental impacts during low river stage

conditions.
3. Potential restrictions on withdrawal volumes or intake

and discharge locations.

As with groundwater, surface water supplies represent a limited

resource. in this area, the Wisconsin River is used heavily. The

13



River is used as a discharge for numerous municipal and
industrial wastes.

"
Iin theory, if water is removed for drinking water purposes, it is
eventually replaced in the form of a discharge from the municipal
wastewater treatment plant. However, some of the water would be
consumed for a pumber of uses such as industrial applications,
sprinkling and fire protection. Also, the point of withdrawal
would not coincide with the point of discharge from the
wastewater treatment plant, which could impact surface water

flows in certain reaches of the river.

The use of the Wisconsin River for public drinking water purposes
could also pose some unique challenges. The Wisconsin River is
not used by any communities for public drinking water. Instead,
this river serves as an important discharge point for numerous
industrial and municipal wastes. When used for this purpose,
adeguate river volumes are important to allow for proper dilution
and dispersion of waste discharges without creating adverse

impacts on the natural resources.

If the Wisconsin River were used as a public drinking water
supply, the river would need to be reclassified as a potable
water supply and from a regulatory standpoint, more stringent
rules may need to be adopted regarding waste discharges and

maintenance of river water quality. These more stringent rules

14



could have a significant impact on local and regional industrial
operations, and it is likely there would be much opposition.
Even with present useg, the Wisconsin Department of Natural
Rescurces has found it necessary to restrict water uée ;n the

Wisconsin River during low flow conditions in order to maintain

river water guality.

As this discussion suggests, the use of the Wisconsin River as a
drinking water supply source raises important concerns regarding
feasibility, the reliability of the supply source under low flow
conditions, and susceptibility to contamination from waste

discharges.

Preliminary Analvsis

A preliminary analysis of the project was performed assuming
approvals could be obtained to use surface water as a supply
source for public drinking water purposes. For this alternative,
the primary issues affecting the project are related to water
quality considerations. Because of unigque water quality and
treatment problems, the use of river water for public drinking
water supplies in the State of Wisconsin has been discontinued.
In order to provide an adequate and safe supply of drinking water
from a river water source, treatment systems must accommodate
problems related to temperature variations, taste and odor
control, stringent turbidity requirements, orgénics control and

microbiolegical control.

15



Figure 2 illustrates a preliminary flow scheme of the principal
process components that are likely to be required for a river
water treatment system. A final flow scheme would be dzveloped
after extensive pilot treatment testing to confirm the need for
various process components and establish criteria for sizing and
design of permanent facilities. During pileot testing,
alternative systems and methodology would be tested to select the
most economical Tlow scheme. However, the preliminary flow
scheme is believed to provide a representative indication of the

processes that would be required.

Previous studies of providing a surface water supply and
treatment system from the Wisconsin River indicate that this
would be a costly alternative. Previous studies have placed the

capital cost at $4,800,000 for a 1.5 MGD plant.

To implement this alternative, it would be necessary to acquire
property adjacent to the river for a treatment site. § Because
this site would not be centrally located in the service area, it
would be necessary Lo extend service mains a considerable

distance to serve the Evergreen Neighborhood area as an example.

This alternative would also involve considerable operaticn and
maintenance expense. The treatment scheme regquires full time

supervision. Therefore, annual expenses would be considerable

16
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for this supply source,

Summary — Surface Water Supply

Use of surface water as a supply source would have the advantage

of not affecting the groundwater supply of residences in the
vicinity. However, with the installation of a municipal water
supply, residential wells would not be a primary source for
anyone. There are several ilssues which are far more important
that must be resclved prior toe pursuing this option. It is
believed that the disadvantages and costs associated with using
surface water for drinking water purposes more than off-set any
benefit. B8pecifically, use of surface water as a supply source
is not recommended Tor the following reasons:
1. Potential impact on the operations of other users of
the river through this load allocated reach.
2. Potential environmental impact of reduced river flows
during low flow conditions.
3. Potential difficulty in obtaining necessary approvals.
4. Concerns regarding the reliability of surfade water
supplies during low flow conditions.
5, Concerns about ftreatability year round.
6. Concerns about susceptibility to contamination from

waste discharges,

18



Well Water Supply

The alternative to using surface water for the municipal water
supply system is to utilize a groundwater source. Deep, high
¥

capacity wells are the most common source of municipal and

industrial waters in the State.

The municipalities and industries throughout this portion of
Marathon County have been able to locate adequate supplies of
groundwater. The physical feature most likely to influence
groundwater availability appears to be the Wisconsin River.
High production wells in this region are located along the
Wisconsin River or near a tributary stream. Wells capable of
producing in excess of 2 million gallons per day are not

uncommon.

Groundwater gquality in Marathon County is generally good,
although locally high levels of iron, hardness, and total
dissolved solids have been reported (Devaul and Green, 19713). In
sand and gravel deposits near the Wiéconsin River, gréundwater
tends to be soft and low in dissolved solids, thus making these
areas good sources of potable water (Devaul and Green, 1971).
Dissolved iron is a problem where sediments contain a high

percentage of ferromagnesian minerals.

Site Selection

The primary concern in utilizing groundwater as a source is to

19



find a site under which there is an aguifer capable of meeting
the water demand of the municipality.

The site should be a minimum of 10 acres. It should,bainear the
projected service area, yet have the recharge portion of its
aquifer free of development, including certain agricultural uses.
It should not have excavations extending into the groundwater.

In addition, the recharge area should be free of landfills and
dumps, industries and facilities handling hazardous products such
as petroleum products. Also of importance is that the property

be available for purchase or acquisition.

In our search to locate an acceptable gite for a well to serve
the Town of Kronenwetter’s Evergreen Neighborhood and Gardner
Park areas, we identified Sections 1-3, 9-12 of Township 27

North, Range 7 East and Sections 6 and 7 of Township 27 North,

Range 8 East as potential sites.

Within the above described area, in excess of a dozem potential
sites were initially identified. These sites were then reviewed

in relationship to the following parameters:

1. Depth to bedrock.

2. Location of existing and potential pollution sources.
3. Recharge area zoning and existing development.

4, Existing wells within the vicinity.

5, Water guality of area wells.

20



As a result of this review, the number of potential sites was
reduced to three sites (see Figure 3). BSites one and two,

, ¥
because of their proximity to each other, were rated as equal and

the third site was only slightly less desirable.

Site one consists of approximately 84 acres of vacant land owned
by a private party. Site two is owned by the D. C. Everest Joint
School District. This parcel contains approximately 68 acres.

This land is a pine plantation except for an elementary school

located in the southwest corner of the property. Site three is
owned by the Diocese of La Crosse. This parcel consists of
approximately 103 acres. The north 40 acres is a cemetery, and

remainder is vacant land and/or forested.

Because site three is down gradient from U.8. Highway 51 and

adjacent to the cemetery, it was rated as the least desirable of
the three sites. However, the objections to this site are not so
serious as to make the site unacceptable should sitesi one and two

not be available.

All three sites are at the confluence of Bull Junior Creek valley
and the Wisconsin River valley. These valleys contain deposits
of glacial outwash and recent alluvium that may be more than 100
feet thick in the Wisconsin River Valley. The groundwater

availability map prepared by the United States Geological Survey

21
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{DPevaul and Green, 1971) indicates that in the vicinity of the
three sites, anticipated well yields can vary from 500 to 1,000

gallons per minute (See Figure 4).

Residential wells in the vicinity encountered groundwater at
approximately fifteen feet. The majority of these wells were
drilled to a depth of between thirty and fifty feet, with a few
wells exceeding 60 feet. Well logs indicate that the thickness
of valley sediments is greater than 80 feet to the west (towards
the Wisconsin River), but becomes less than 50 feet thick to the
east (in Bull Junior Creek valley). B8ite two appears to be near

the deepest part of Bull Junior Creek valley.

The deepest known well in the vicinity of the proposzed sites is a
supply well at the Evergreen School. This well is about a 1/4
mile west of site two and between sites two and three. It was
installed in 1975 after a test well showed that sufficient
capacity existed for the construction of a school. The test well
was installed with a 2-inch screen 3 feet long at a depth of 60
feet and test pumped at 20 gpm. After 2 hours of pumping, the
drawdown was 8 feet. At the 75 foot depth, this same system had
a drawdown of 5 feet. As a result of this test well, a permanent
well was installed to 83 feet. A 12-inch casing was installed to
60 feet. A B-inch casing extending from the surface to 74 was
grouted inside the 1Z-inch casing. Ten feet of b feet 5 inch

diameter screen was placed below the 6-inch casing. A 100 gpm

23
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pump at 60 psi was placed in this well. We do not have any

performance data on this permanent well.

Summary - Well Water Supply

Based upon the estimated depth to bedrock, 100 to 120 feet, and
the corresponding aquifer depth, 85 to 105 feet, we feel that
sites one through three asre capable of producing in excess of 500

gallons per minute,
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Chapter 4

AQUIFER ANALYSIS

Site Selection N

Site two, owned by the D. C. Everest Joint School District, was
chosen as the location for a pumping test. The factors
influencing this decision included the site availability and that
a well already existed in the socutheast corner of the site near
Pine Road. The well (referred to hereafter as MW-1) is six
inches in diameter and is screened from 68 feet below the surface
to an unknown depth. Obstructions in the screened portiom of
this well prevented a determination of the well bottom. It is
assumed that because this well was not locked that the screened
portion was blocked with stones thrown in by children. However,
thig should not affect the suitability of the well to serve as a

monitoring point during a pumping test.

Well Installation

Two new wells were installed on the property near the;existing
well (MW-1) in December 1988 (see Figure 5). The bor;hole for a
second observation well (MW-2) was drilled to a depth of
approximately 100 feet, at which peoint clay containing granite
rock fragments was encountered. This is believed to represent
the weathered surface of the underlying granite bedrock. Two
two-inch monitoring wells were set im this hole with screens at
different depths: one between 8l and 891 feet (MW-2B) and one
between 51 and 61 feet (MW-2A). The borehole for the pump well
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waeg drilled to the same depth and a six—inch well was installed
with a sereen between B0 and 90 feet. MW-1 and the pump test
well were developed by pumping them at 20 gpm for one.-hour.

¥
The drilling logs for these two new wells appear in Appendix B.
These logs show that the valley sediments in this location are
mostly sand and gravel, although a zone of predominantly sand
occurs between 30 and 60 feet below the surface. This same
general sitratigraphy is also present in many of the residential
well logs available for this area. When a test well was drilled
for the Evergreen School (a 1/4 mile to the west), the driller’s
log reported sand and gravel to a depth of 25 feet, sand (with
some clay) between 25 and 55 feet, and sand and gravel to a depth

of 74 feet {(Appendix C).

FPumping Test

A punmping test was attempted at a constant rate of 190 gpm, but
produced no appreciable drawdown in MW-1 (190.8 feet from the
pump well) or MW-2A or MW-2B (91.7 feet from the pumpgwall).
Therefore, a second pumping test was conducted at a constant rate
of 290 gpm for a duration of 7,196.minutes (5 days). Drawdown
data from this pump test are shown in Appendix D. Note that the
static water level before pumping began ranged between 18.45 feet
(MW-1) and 20.58 feet (pump well) below the land surface, making
the average saturated aquifer thickness roughly 80 feet (assuming

100 feet to bedrock).
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Well water was discharged through a hose approximately 200 feet
west of the pumping well to prevent infiltration back-.into the |
cone of influence. Drawdown was measured in PW, MW-1, ;W—2A
(shallow screen) and MW-2B (deep screen) with decreasing
frequency as the pump test duration increased. Water level

recovery following the pumping test was also measured in these

wells {(see Appendix D).

Data Analvsis

Data analysis is complicated by the fact that the wells used were
open only to a small percentage of the aquifer (approximately
13%). This condition (known as partial well penetration) forces
groundwater moving towards the pumped well to have vertical flow
components because it can only enter the well through the
screened interval. Usually, partially penetrating wells cause
more drawdown to occur than if the test had been conducted with
fully penetrating wells (Driscoll, 1986, p. 249). The effect of
non—-horizontal flow becomes negligible in observationiwells
greater than 1.5 times the aquifer thickness away from the pumped
well. Tn this case, that threshold value is (1.5 x B0 feet) or
120 feet. Therefore, the data from MW-1 (190.8 feet from the
pump well) can be used in the relatively simple "Jacobs™ method
of aquifer analysis. Data from MW-2 (91.7 feet from the pump
well) require a mere complicated procedure to correct for the

effect of partial penetration.

29



Before the drawdown data is analyzed, it is important to account
for any other conditions which may have affected the aguifer’s |
response to pumping. Because this is an unconfined, orywater
table aquifer, the time-drawdown data will reflect three stages
of aquifer response (Fetter, 1988, p. 191.) These three stages
are a result of the lag time between applied pumping stress and
the corresponding drop in water table. The lag time occurs
because a decline in the water table requires slow gravity
drainage (Driscoll, 1986, p. 229). For the purposes of this
study, we are only interested in the data collected during the
third stage of aquifer response, when drawdown is not affected by
transient groundwater flow conditions. Therefore, in the
analysis to follow, only the late-stage drawdown data will be

used. Generally, the effect of slow gravity drainage only lasts

a few hours {(Driscoll, 1986, p. Z29).

In any pumping test analysis, it is important Lo recognize and
account for deviations of time~drawdown data from the®expected
overall trend. In the pumping test conducted for this study,
drawdown appears to have abruplly stabilized after 1520 minutes
of elapsed time (see Appendix D). There are several reasons why
such an unexpected stabilization might occur. Given the
conditions at site two, the most probable explanation is that
vertical groundwater flow due to partial well penetration has

balanced the drawdown caused by pumping. Therefore, all data
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collected after 1520 minutes must be ignored in the analysis.
The final problem to be considered is also a result of partial
well penetration. It has been recognized that two observation
wells the same distance from a pumping well but screénez in
different parts of Lhe agquifer may have different time-drawdown
responses (Fetter, 1988, p. 190). Therefore, the data collected

from MW-2A and MW-2B may vield different aguifer properties upecn

analysis.

MW-2 Analvsis

To utilize the data from MW-2A4 and MW~2B, log-log plots must be
constructed of drawdown versus time (see Figures 6 and 7). From
an inspection of these plots, it appears that the effect of
delayed gravity drainage lasted until about 200 minutes into the
pump test. Early time-drawdown data collected from MW-ZA are
somewhat erratic, perhaps reflecting heterogeneities in the

agquifer materials.

Data analysis involved the comparison of Figures 6 amd 7 to a
"type curve" prepared from tables pertaining to well hydraulics
in aguifers with partially penetrating wells (Figure 8). Using a
light table, each time-drawdown plot was superimposed on the type
curve plot so that its time~drawdown data fell on the type curve
with the two sets of graph axes kept parallel. In so deing, it
was important to use only the data points between 200 and 1520

minutes of elapsed time for reasons described above.
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When Figure 6 (with data from MW-ZA) was properly superimposed
over Figure 8, a "match point" was chosen from both Q%gﬁs to be
used in the appropriate well hydraulics equations. As grresult,
the transmissivity of this aquifer was calculated to be 415,425
gpd/ft and the storativity was determined to be 0.00844 (see
Appendix E). The same procedure using data from MW-2B yielded a
transﬁissivity of 410,300 gpd/ft and a storativity of 0.00136
{see Appendix E}. Definitions of the terms "transmissivity" and

Yatorativity" appear in Appendix E.

The transmissivity wvalues calculéted from MW-2A and MW-2B are in
close agreement. The average value (412,880 gpd/ft) divided by a
saturated thickness of B0 feet yields a hydraunlic conductivity of
5,160 gpd/ft2 for this aquifer. The value is typical of very
clean sands and gravels {(Walton, 1987, p. 163) and would indicate

a productive aquifer.

The two storativity values determined from these wellsg are quite
different, and neither value is typical of a water table aquifer
which usually has a storativity between 0.3 and 0.02 (Fetter,
1988, p. 107). These low values are more characteristic of
confined aquifers, which release water to a well primarily from
elastic compression. Therefore, it appears that the pump well is
receiving most of its water from aguifer compressibn rather than

gravity drainage due to the depth at which the well was screened.
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MW-1 Analvsis

Time—drawdown data from MW-1 has been plotted on semi-log paper-
to permit a "Jacobs"” straight-line analysis (Figure é).;'0nce
again, only the data collected between 200 and 1520 minutes of
elapsed time were used in the analysis. A straight line was
fitted to these points. The slope of this line (the change in
drawdown per one log cycle of time) and its intercept with the
zero drawdown axis are used in well hydraulics egquations to
determine transmissivity and storativity. From this analysis,
transmissivity was calculated as 402,850 gpd/ft and storativity

as 0.01890 (see Appendix E).

For this method to be valid, only drawdown data collected after a
certain minimum elapsed time into the pump test can be used.

This minimum elapsed time is calculated on the basgis of the
transmissivity and storativity values obtained. Appendix E shows
the minimum elapsed time to be 230 minutes, which means that the

data used in this analysis is acceptable. §

The transmissivity value determined from MW-1 drawdown data is
close to the values obtained previously form the analysis of MW-
2A and MW-2B drawdown data. Therefore, we feel confident that
the transmissivity of this aquifer is at least 400,000 gpd/ft.
The storativity value calculated from MW-1 drawdoﬁn data

approaches what is expected in a water table aquifer.
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Data Extrapolastion

If this site is developed for a municipal well, the gg}jcipated'
pumping rates would be much higher than was used in fh@ipumping
test, although the duration of pumping would probably be less.

To meet the projected long-term water demand for this community
(1 million gpd) a production well would need to deliver 1,500 gpm
for 12 hours pumping time. From the aquifer properties
determined in this study, it is possible to predict the cone of
depression caused by such a well. To make this prediction,
certain assumptions are necessary. We shall use a transmissivity
of 400,000 gpd/ft and a storativity of 0.25, which is =a
reasonable value for sand and gravel under water table conditions
(Fetter, 1988, p. 74). Based on the type of aguifer materials
present, the vertical-to~horizontal hydraulic conductivity ratio

is assumed to be 1:2 (Walton, 1987, p. 164).

A computer algorithm was used to predict the expected drawdown in
the aquifer from an 18-inch diameter production well pumping at a
rate of 1,500 gpm for 12 hours (see Appendix F). A large well
diameter was chosen to simulate "worst case conditions" in terms
of cone of depression expansion. This analysis shows that the
effect of the cone of depression is negligible (i.e. causes less
than 1 inch or 0.08 feet of drawdown) beyond a distance of 750

feet from the production well (see Figure 10).
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It should be noted that in order to achieve 1,500 gpm with an 18-
inch diameter well and keep the entrance velocity below the
recommended 0.1 ft/sec (Priscoll, 1986, p. 297), a wmigimum of 25
feet of continuous slot screen {(size 60) would ﬁe neées;ary (see
Appendix G). The slot size was estimated based on a visual
inspection of the boring samples. Because slot size affects the

length of screen required, a more accurate determination of the

aquifer grain size distribution would be needed for the final

well design.

Conclusions

1. Test wells drilled on Site two indicate that the potential
aquifer at this location is approximately 80 feet thick.
The aquifer is composed of relatively clean sands and
gravels from a depth of 65 to 90 feet below the surface. We
recommend that a production well at this site be screened in

this lower 25 feet to maximize the sustained yields.

2. Pumping test analyses reveal that this is a veryiproductive
aquifer, having a transmissgivity of about 400,000 gpd/ft.
Assuming that our preliminary well design is accurate, an

18-inch diameter well with at least 25 feet of screen could

vield up to 1,500 gpm.

3. A more detailed analysis could alsc consider a well field
(comprised of two or more wells pumping at lower rates) to
meet the same projected water demand of 1 million gpd.
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Chapter 5

WATER CHEMISTRY
Appendix H contains the chemical analyses of a water’s;;ple taken
from the pump well. The chemistry of this sample is consistent
with the natural groundwater quality of the central Wiscongin
River basin as summarized by Devaul and Green (1871).
Groundwaters in the sand and gravel aquifers of this region tend
to be "soft" (hardness less than 60 mg/l) and relatively low in
total disscolved solids (less than 120 mg/l), especially near the
Wisconsin River. This low mineralization of groundwater reflects
a lack carbonate minerals in the sand and gravel deposits, which
were derived primarily from Precambrian crystalline bedrock.
Thus, the general water quality (hardness, total dissoclved
solids, and total alkalinity) beneath the Evergreen School site

is acceptable for a drinking water supply.

An undesirable aspect to the groundwater sample analyzed in this
study is its relatively high levels of iron (2.82 mg/d) and
manganese {0.46 mg/1). Both of these values exceed recommended
drinking water standardé (0.30 mg/1 for iron; 0.05 mg/l for
manganese). Neither constituent is detrimental to health at the
concentrations measured, but each contributes objectionable taste
and staining characteristics to the water. A likely source of
iron and manganese in this groundwater is the ferfomagnesian

silicate minerals derived from Precambrian crystalline rocks. It
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might be possible to reduce iron and manganese levels by drawing
water from higher levels in the aguifer where the groundwater may
have dissolved less of these constituents due to a sharter

¥

residence time. Otherwise, some type of water treatment is

recormmended.

The value of color measured in this water sample (95 units) also
exceeds recommended drinking water standards (15 units). Coler
is usually a result of organic substances produced by the decay
of plant materials in swamps or bogs; however, that is not likely
to be the source in this case. Rather, high color is probably
reflecting the high iron concentrations. Therefore, the solution
to the iron and manganese problem should also take care of

excessive color values.

The Langelier Index calculated from the chemical analyses (-0.98)
indicates that this water is somewhat corrosive. This index is
defined as the difference between the measured pH and the pH
which would be expected if the water were saturated with respect
to calcium carbonate (CaC0z). A negative Langelier Index
indicates that the groundwater has the potential to digsolve
calcium carbonate and would probably be corrosive to steel if
oxygen is present. In this case, the aquifer apparently contains
fewer carbonate minerals than are needed teo bring the groundwater
to saturation. However, waters are not considered severely

corrosive until the Langelier Index falls below -2.0, and wvalues
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greater than -1.0 usually indicate that no treatment is
necessary. ILf calcium phosphate compounds were used to correct
the high iron levels found at this site, the added calecium ions

¥
would also tend to make the water less corrosive.

In summary, the groundwater beneath the Evergreen School site
shows no signs of degradation frowm its natural water quality.
Chemical analyzes have not detected any contaminants which can be
traced to human activities, such as V0OC®, heavy metels, or high
nitrate levels. However, naturally high concentrations of iron
and manganese would require‘some type of treatment to achieve
acceptable taste and prevent staining. The moderately corrosive
nature of this groundwater is probably not severe enough to

warrant special treatment, but further study may be needed. In

any case, the quality of this water should not pose any

insurmountable problems to its uvse as a drinking water supply.

ol
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- APPENDIX A

Water Sampling Results from
12 Private Wells
~in the Town of Kronenwetter
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WATER SAMPLING

TOWN OF KRONENWETTER

March 25, 1987

Prepared by:

CENTRAL WISCONSIN ENGINEERS
903 Grand Avenue
Rothschild, WI 54474
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ENVIRONMENT AL

TASK FORCE

P 220 College of Natural Resources
University of Wisconsin
Stevens Point, W1 54481

occupant [ onjnviws Lells T ¢ L J1rae-3200 a0 _Ce ntonl 6H8e Engsprers
WELL A—ddress #t ! | Address 11’2 Gueand Ao’
City._ Keonea e dtes i T i Owner Uﬂknawv\ { ' .City Rathge hild Ig‘:/'/?lf
Phone_{ ) | Address { FProne( |} Zp
Years of residence, City i _ | No. of wells at location,
Well Construction 1 Phonel__) Zip Sample Taken
Date ! Years of ownetship ! Date i
Well Dritler I Last Water Quslity Test i Time ‘
Address ¢ Date {  Treatment Systems Owned
Casing Diam inches | Lab { Softener? yes 3 no 03
Driven Dug Drifled for | Other
Depth i Well Location Tap Samples
of Casing foet | County .M ra th o ‘ Tap Location
to Water feet | Township i Before Treatment? yes [ no J
== of Well feat Legal Description {  Well Depth Changed? yes (1 no {1
Distance to | #) %ls ir IR ( Date of Change
Septic Tank feat WAl WM tsect)  ftown! faogel | Problems Observed
Tile Field feot | Water Source | Color [ Taste [3 Corrosion [
Secpage Pit feet | Private [0 Municipal {0 | Odor (1 Health [T None O3
~ Other ft Other , Other
. Detectmn Limits (ug/) are : - s g
| . Dotection Liita tagf). L T gl EPA Methods 601 & 602 HECD & PID
& ]
.0 007 Acrolein|50] s 0O 0O e e GC Col umn(s ) / ‘?” ‘3’9/‘00 b
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E Dc‘-";'md ete” wd ugﬁ
9’025 Benzene{l.0] L [ g ¥ 183 cis-1.3-Dichioropropene|2.5} 0o e e ¥
: 1 048 Hromobenzenel4.0) 0o w! 185 trans-1,3-Dichloropropene(2.5] ©O © ___ e __
"¢ 051 Bromedichioromethane{l.6] O & SRV - & 233 Ethylbenzene{1.0] 0o e : .
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L ;{055 Bromomethane{50) O & — 208 Isopropylbenzene]l.0] 0o o .
0 063 n-Buty . .o '
G esan Butylacetatef0.5] R R e 319 Methylethylketone IMEIKN12] O O e
1 o711 isulfide]5.
a 071 Carbon Disulfide[5.0) a0 e 393 Styrene(2.0} oo .
073 Cerbon Tetrachloride[1.5 e e s ¥ e
Eﬂ:’ rbon Tetrachloridel1.5) o v 396 1,1,1.2-Tetrachloroethane{3.0] O 0O .. . o ®
“¥ 083 Chlorobenzene[2.0 ] IR S :
; . 12.0) w L/ISE?T 1.1,2,2-Tetrachloroethane(3.0) ; OO 7 T R
: ,J’OBT Chlorcethanef20] 0 K — K
a‘ 399 Tetrachloroethylene|1.0] ) E{ sommermrn. snsine. srmrrss. ¥ mssarevan
# 093 2-Chloroethylvinyl Etherf40] O @& . -
: . Z 401 Tetrahydrofuran {THF}{200} O O o e %
Y 095 Chioroformi{l.0} o o s
e # 411 Toluenel1.0} 5 I S S
) 108 o-Chloroteluene{1.0] (W U
m‘w: 1.1, 1-Trichloroethane[1.0] [ T 7. (U S
. 1 110 p-Chlorotoluene{1.0} G o e emritn ¥ i @,
: 423 1,1,2-Trickloroethane][1.5 0 @@ e
Yod 147 Dibromochloromethane[2.0} 0O & T E/ (-1 Q{
ifi 425 ‘Trich! 2thylene(l1.0 0 S UL
41 148 1,2-Dibromo-3-Chloropropane O O [not quantified] richloroethylencl1.0}
i {1 428 Trichloretrifl L} 3.0 o 0 [ S
i 1153 o-Dichlorobenzene] 2.0} 0 & richlorotrifluorocthane(3.) o
- ' e - @ 434 Viny! Chlorid 0w {not quanhf:cdt
Mlss m-Dichlorobenzene]2.0] (] E{ . —— — fny? Lverice T
/;57' p-Dichlorobenzene(2.0) O E{ e e 437{ Xyieneslz.t}i o ———-—
w165 1,1-Dichloroethane]1.0) 0O !?3/ S S “ i };'! (o ‘ ‘;\_'.Q V', = - o o T e
\!.n"' [ \ .-.'. L ,-l.'l" .
‘{187 1.2-Bichloroethane[}.0} (] Q/ — 7 Lieleol A e L G E]«/ DU
168 1,1-Dichloroethylene{l.0) o g Comments ’SM—M——E—LD—-J—QMW & v
o . g , - S )
Y t.2-Dichloroethylene{1.0] o tu/ . mffﬁl’»k(—f'ﬁﬂ— 28 oot B o t
. . ’ t qunnti!‘icdl .
174 Dichloroiodomethane g 0 |_no i i {rate Neceived - /.— / by
M./ ‘/ end Sample No. d ) 5‘\57 # / 2,02
181 1.2-Dichiorepropancti.of O ¥ et mt '
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Phore { 3 P | Address | Phone( | ap
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Well Construction ! Phone( ) Zip Sample Taken
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Well Drilior i Last Water Quality Test | Time ) .
Address y Date ] {  Treatment Systems Own
Casing Diam inches Lab i Softener? yes 0 no O
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- . € 401 Tetrahydrofuran (THF)200} I Y S
- 7095 Chloroform{1.0) o & . S
: ?’411 Toluene(1.0] (I 7. S
{3 108 o-Chlorotoluene[1.0] O O v
& 421 1.1,1-Trichloroethanef1.0) [} IE!/ [
| 110 p-Chlorotoluene[}.0} O 0O e
. . [3/423 1.1.2-Trichloroethane{1.5] o W v
W' 147 Dibromochloromethane{2.0f 3 & . E/ @
HA 25 Trichl thylene{1.0 o [ SO
01 148 1.2-Dibromo-3-Chloropropane {3 3 ._ln..o.t. quunt:_——hedl — 125 Trichlorocthylencl1 0}
! G 428 Trichlorotrifl ot b 3.0 G ST SO
¥ 153 o-Dichlorobenzene|2,04 Lo e e retiorotrilaeracthanel3. o {not quantificd|
!\;(155 m-Dichlorobenzene}2.0} a o - A B 434 Vinyl Chloride cow
A e *
U "157 p-Dichlorobenzene(2.0) O @& ... C "&X” ""“""'32’\' oW
€ 165 1,1-Dichloroethanc(1.0| o . @ :“’ Solhage " P
r .‘ i " { -
((167 1.2-Dichioroethanc]l .o} 0 Q/ . . flet B . - -
L 169 1,3-Dichloroethylene[1.0] 0o o . Comments ...
o 1 1.2-Dichloroethylene{1.0} 0w - .
: . . t quantified
T 174 Dichioroiodomethane a o ot q l Date Received )
P (p/ and Sample No. 5:3 _? v_&z____ﬁ 7 .:5!2., ne.
%7181 1,2 Dichloropropanc1.0] ] s e e -
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\?,rcé::fa:;d .S pry | Lat7) g{isﬁg'jﬂ(z)g(g)ZBO Mail to Cc'f nta ) Wise tn'ﬂ Aeses
ress
: t Addiess 0N Gead Are
City -:('"D‘“';"‘ siedten i y | owner _Unknan Yoty _Radhge bild l-‘:f/'f?“e
Phone : Addtess { Phonet } ap
Yoars of residence City _ i No. of wells at location
Well Construction b Pronel_t o ' Sampte Token
Date { Years of ownesship ! Date
Wefl Driller | Last Water Quality Tesl { Time
Address i Date {  Treatment Systems Owned
) Casing Dism inches l Lab { Softener?  yes {1 npo OO
. Driven Dug Drilted for Other
Depth J Well Location ! Tap Samples
of Casing foet 1} County_M e rg Hh o, | Tap Location
to Water feet | Township i Before Troatment? yes [J no {1
of Well fest | Lagal Description | Well Depth Changed? yes O no O
Distance to | 3| %is I¥ {31 ( Date of Change
Septic Tank feat lal T ect]  townl  kange) . Problems Observed
Tile Field fest | Water Source | Color OO Taste [ Corrosion O
Seepage Pit Teet | Private O Municipal [ | Odor £ Health 1) None D
’ Other ft -1 Other , Other
5 BPretection Limits {ugfl} are :
| 1 Bection Limis tesm, R o EPA Methods 601 & 602 HECD & PID
e
0 007 Acrolein{s0] o o . GC Column(s) _ /¥, SP/0od
i1 009 Acrylonitrile[20} 0 O e
: o wcted o‘t::,mé ugll
VOZS Benzene(1.0] a — e ¥ 183 cis-1,3-Dichloropropens{2.5) O M e e
i} 04
6 Bromobenzene[4.0] B0 e &7 185 trans-1,3-Dichloropropene(2.5 G J O
| { propene(2.5]
‘05t B jcht
:;r/ v romodickloromethane|1.6] (1 { e e s @ e & 233 Ethylbenzene[1.0] a M o o e ¥
, 053 Bromof 5.0 .
; romoform{5.0} o T T e _.*/ 427 Fluorotrichloromethane(l.0) & E]/ P
| 055 Bromomethane50} 8] E( * —
i — 298 lsopropylbenzenefl.0] o Q __ .
i 063 n-Butylacetate[0.5] O o e e .
. — . 319 Methylethylketone (MEK12} O O __ = ____
. 071 Carbon Disulfide]5.0] QO 0 9 * e
[~ 393 Styrenc]2.0§ o o v
@ 073 Carbon Tetrachlorideft.5)] O & ____ e
_/ ] o 396 1,1.1.2-Tetrachloroethane{3 0] ©O O ____ _ o« .
083 Chlorobenzene([2.0] 0 IB/ e e e ¥ e :
L . 2/397 1,1,2,2-Tetrachloroethane]3.0) %01 [E/ e i ¥ o
7087 Chloroethane(20} o & e ‘
. Q‘ 399 Tetrachloroethylene(:,0) ;] “ e e s ¥
W 093 2-Chloroethylviny! Ether{4.0} O d — et e ¥ N :
’ . £© 401 Tetrahydrof THF)2 .
| " 095 Chlorofermil.0f 0 IV - Q/ etrahydrofuran { 1200) Y E:{
0 108 o-Chlorotoluenc(1.0] o o . 411 Toluenc(1.0] o - )
{ 110 p-Chiorotoluenel1.0) oo . & 421 1.1.}-Trichioroethane[1.0} £l (B/ e e e ®
e 147 Dibromochloromethane[2.0} 0 l!{ ‘ . &/423 l'l'2."1‘“&’“:0“ham[1'5] 0 [D/ e e e ¥
€1 148 1,2-Dibromo-3-Chloropropane U1 o inot quantified} ?/425 Trichloroethylene[1.0 g @/ .
: 153 o-Dichlorobenzene]2.0] 0 m/ . {1 428 Trichlorotrifluoroethone(d.0} I — .
. — e e e t
VIRSS m-Dichlorobenzene(2.0] L. v/ L B 434 Vinyl Chloride o Q/ trot quertfert
4 .
£ 157 p-Dichlorobenzene]2.0} ) N/ . 2/43} Xylenesi2.0] = E/ ——
v 165 1,1-Dichloroethane(1.0] o o . ¢ Chlacocdbone = G/ ——
PEY] Oy A
e 167 1.2-Dichloroethane|1.0} o & R 7 Poth ol iy, cale 3 u/ R S
€ 188 1LI-Dichdoroethylene(l.0] o o . Comments gzv‘:\;”'oﬁ'pe“l“-‘ Lo Q T
ﬂ’ 171 1.2-Dichloroethylene(1.0] G ﬂ/ et e ¥
C 174 Dichloroiocdomethane 0 a ‘m" qunntlhcdl Dn:e Received ) /?/8;7 3/2.0
’ ! .
& 181 1.2-Dichloropropane]1.0] L] fﬁ/ e wnd Sample No “‘M‘Q-% A L2
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WELL Address 7 1 Addess_ I 2 Greapd A
Cltv._Kz:ma_m_di:c.._m,me..._ | Unknown Gty _Rodhge b ld | EYY74
Phone | ! ‘ Address | Pone{ 1} do
Yaars of residence C‘W ; - | HNo. of wells at focation,
Well Construction 1 Phonel___1 Zip Sample Taken.
Date I Years of ownership ! Date Sads
Well Drifler | Last Water Quality Test 1 Time !
Addiress I Dats {  Treatment Systems Owned
Casing Diam inches : Lab, | Softenes?  yes () no 3
Driven Dug Dritted ‘ for : | Other
Depth 1 Well Location Tap Samples
of Casing feet | County Mearg Hnon | Tap Location
to Water feet | Township | Before Treatment? yes O no [
of Well feet Legal Description {  Well Depth Changed? yes 00 no 03
Distance to | | %ls IT [ ; Date of Change
Septic Tank foat 4 1 e hownl kangel  Protitems Observed
i Field test. | Water Source | Color J Taste O Corrosion ()
Saepage Pit feet | Private 0 Municipat [3 | Odor I Heatth {J None [
Other ft Other ) Other
© 17 Detection Limits {ug/l) are : ‘
o LA g ] ‘,M“D::zc‘“a (ag/h EPA Methods 601 & 602 HECD & PID
D 007 Acrolein{50] v a o S S GC Column ( s ) / ?o SPIDO 3]
| 1 009 Acrylonitrile[20 a o — -
a Y (20] e “3; " vgfl
M2a Benzene{1.0) odg .. ¥ 183 cis-1,3-Dichloropropene(2.5) 0O & _ -
! 046 Bromobenzene[4.0] O 0 et Qf 185 trons-1,3-Dichloropropene(2.5] O3 & o s ®
lys 051 Bromodichloromethaneft 5] 0O & _____ _  « & 233 Ethylbenzene(1.0] 0o & .
§M033 Bromoform{5.0} o9 e g 427 Fluorotricldoromethane{l.0] o I N I
-
. 05 .
L 055 Bromomethane{50] 0 & T 298 isopropylbenzene{l.0] o0
iJ 063 n-Butylacet . . :
o 063 n-Butylacetate(0.5] O s T 319 Methylethylketone (MEKII2] © O o s __
. 071 Carbon Disulfide[s. ’
l tbon Disuifide(5.0] 00— T 393 Styrene{2.0] 0 0 e
¥ 073 Carbon Tetrachloride|1.5 a . ____
f/ etrachlortd:{1.5] ¢ — T 896 1,1.0.2Tetrachloroethane(d.0] £ O ___ e ___
™ 083 Chlorobenzene|2.0} o @ .
: » - 2/397 1.1,2.2-Tetrachloroethanefd 0] 8] & . e ™ e
I 087 {hloroethane{20] o & —— :
¢ 399 Tetrachloroethylene[1.0] o oW
¥ 093 2-Chloroethylvinyl Ether{4.0] O & Y S : ‘ .
. {Z 401 Tetrahydrofuran (THF)200]) a W —_——
E 095 Chloroform|1.0] [0 S 7 S
Q/‘Hl Toluene|{1.0] QO @ e
D 108 o-Chlorototuene[1.0} a o0 , s ¥
& 421 1.1, 1-Trichioroethane|t.0} 0 &
{ 110 p-Chlorotoluene(1.0] O o U RS
i . [9/423 1.1,2-Trichloroethane[£.5) O & o v
ty- 147 Dibromochloromethane{2.0] 3 & __ . __ e
ifi ¥ 425 Trichloroethylene(1.0 O @ o e e
148 1,2-Dibromo-3-Chloropropane O 0 [not quantified]  Trichloroethylend1.0)
L 28 Trichlorotrift 3. .
!‘ 153 o-Dichlorobenzene(2.0] o e . {1 428 Trichlorotriftuorocthonefd.o) 0o 0 et e
2 434 Vinyl Chioride a [f not quant:!icdt
155 m-Dichlorobenzene{2.0 o o L T
[l :15?' p-Dichlorobenzenc{2.0] 0o & T g’dﬂ&Xyleuesi?.U] o @ *
Ly 165 1,1-Dichlorosthane{1.0] 0§ e . “ },"“’(" “‘".“,‘" . O & o e * e
. Coatng o - .
€ 167 1.2-Dichloroethane{1.0} 0 @ . 7 Lictralenciationde 0o e
€ 169 1,1-Dichloroethylene|1.0} o o L Commenta —‘F‘AJS ok [Onin PIO |2unmr
d’ 171 1.2-Dichloroethylenc)l.0} 0 @ e
. . ified )
C 174 Dichloroiodomethene o O Inot quanti l Date Reccived !
Lo and Sample No, _w:> M‘Z ,87 #f ? 3/2’ 017/
7181 1.2-Dichloropropanc].0} U J— :
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Occupant « ;;t | tag‘-fflsg-?sggggzao Mait to Ce ntoe | Lise é:nm n»e.rs
WELL Address { Add:ess AR Geogd Ave
ol 7’ | Owner Unkn t ity _Rathgehil'd 15YY7%
Phane{ . ) | Addess | Phonel | Zp
Years of residence City | — | No. of wells at focation
Well Construction ! Phonel __} Zip Sample Taken -
Date i Years of ownership l Date ___ ¥
Well Drilter | Last Water Quality Tesl { Time
Address I Date {  Treatment Systems Owned
Casing Dlam inches i Lab I Soltener? yes (3 no D2
Driven Dug Drilled tor | Other
Depth | Well Location Fap Samples
of Casing foet | County MeaeatH on ! Tap Location
to Water feet | Township i Belore Treatment? yes {1 no O
of Well feet Legal Description | Well Depth Changed? ves [J no O
Distance to | %[ uis i il i Date of Change
Tile Field fest | Water Source [ Colr Taste 0 Corrosion €]
Seepage Pit Yeet | Private 1 Municipal O | Odor 01 Health O Nene O
Other .1 Other : . Other
¢ : Detection Limits (ugfl) are
Indieated in, Dts ug 0 w‘-‘”aget::‘“ (ugh) EPA Methods GO1 & 602 HECD & PID
{1 007 Acrolein]50] oo GC Cal umn( s ) / ?n ;SP 10060 .
| 009 Acrylonitrile[20] (o I = [T
. e’-""""‘a e‘-“c ve/l
EMZS Benzene{1.0] 0 e e i i e & 183 cis-1,3-Dichloropropene{2.5] oro® s
] 046 Bromobenzene(4.0] a o i s s & 2 i85 trany-1,3-Dichloropropenel(2.5) O & ___ _ __  +___
Er 051 Bromodichloromethane{l.5] O & . ¢ & 233 Ethylbenzenef1.0) o & L
L : .
\ . 053 Bromoform[5.0} Ty e L/ 427 Fluorotrichloromethanef!.0} O ﬂ/ e ¥
i . .
" 055 Br th .
e omomethane{50] o . = 298 Isopropylbenzene(l.0] (s I = R S
063 n-Butyla te[0. . :
! n-Butylacetate(0.5] e —— T 319 Methylethylketone (IMEKI12] O O ___ ____ __+___
. 071 Carbon Disulfide(5.0 a o —— '
L idel5.0] " | o 393 styrencizof 00 e
f# 073 Carbon Tetrachloride[1,5) O W e e ® e -
c, G396 1,1,1,2-Tetrachlorcethane(3.0) O o . .+
{ 083 Chlorebenzene{2.0} 1 & —— o
P . & 397 1,1,2,2-Tetrachloroethanefd.o) 03 & ___ s
@087 Chloroethane{20} o @ . : :
¢ 399 Tetrachloroethylene{1.0) Q W o
* 693 2-Chlorcethylvinyl Ether{d. 0] 1 & . . .o : -
] ,095 Chloraf e . ’ L 401 Tetrahydrofuran {THF)[200} o o
! oroformil. O & .
. 9/411 Toluene][1.0] O @B s e * e
0 108 o-Chliorotoluene{1.0} o o e : '
ﬂ 110 p-Chlorotot ll. o g o @ 421 1.1.1-Trichioroethane| 1.0} o & e
-Chlorotoluene|l. : e e e ¥ C
q‘ 147 Dibromochloromethane(2.0] O @ . . @/423 1,1,2-:'] richloroethane[1.5] O B s e
t 148 1.2-Dibromo-3-Chloropropane 0 D {not quantified] 9/425 Trichloroethylene[1.0] 0o e J—
: . {3 428 Trichlorotrifiuoroethane]3.G] o9
¥, 153 o-Dichlorobens K — —_—
o-Dichlorobenzene} 2.0} , B — . @ 434 Vinyl Chiorid : O Er/inot quantified]
l‘E{lSS m-Dichlorobenzene{2.0] 5 S 1 T S vinyt Lhforide -
4 d " m’ -
157 p-Dichlorobenzenc{2.0 O @ e e @7 437 Xylenest2.0 o
G’ 165 1.1-Dichloroethinne{l.0} 0o & e ¥ CL ] RLES ‘"“‘Ku i ; O T *
€ 167 1.2-Dichloroethanc(1.0) 0 & . @ tett leael rlas e - g/*—* e e S
C1 169 1,1-Dichloroethylenel1.0} 0o o . e Comments ~'IQ k P(ﬁ / 0 oo o
¥ 171 1.2-Dichloroethylenef1.0] o o . .
€ 174 Dichloroiodomethane 0 a fnot qunntlflcdl Dn!-e Rccvivmé ";/ / O —
. ' 8 / 93(4 22,0
&7181 1 2. 1ich oottt - oo - and Sample No. 7. / (2,5
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, ~
Mail 10 Cfn*‘mi UM‘A tn:‘uwer;

Address

'-fc&w“&q,ﬂgémkil'y

.
iy K ol [ | =
- City 7= i Owner Unknnmv\ 1 ““?YM
Phone ) P [ Addisss | Phone (| ap
Yeats of tesidence L A— | - | No. of wells at location,
Well Construction i Phonel__1 Zip Sample Teken
Date i Years of ownership : l Date ;
Well Driller i Last Water Quality Test I - Time :
Address i Date i {  Treatment Systems Own
Casing Diam inches | Lab ; Softener?  yes O o 0
Driven Dug Drilled ‘ for | Other
Depth | ‘Well Location Tap Samples
of Casing feet | County. Mearathon | Tap Location
to Watet foet | Township : | Belore Treatment? yes [J no O
of Well fest | Legal Description {  Well Depth Changed? yes O no [J
~ Distance to | O3 TN LI , Date of Change
Septic Tank foat ) 114] 14 isect)  {town! tangel ,  Problems Observed .
Tite Field feet | Water Source | Color O Taste (1 Corrosion (J
Seepage Pit feet | Piivate {J Municipat [} | Odor [ Health 1] None (1
Other .1 - Other _ . Other _
} . Detection Limits {ug/l) are :
 indicated in brackets { | oo Ve (aght EPA Methods 601 & 602 HECD & PID
e
0 007 Acrolein|50) 09 e GC CO]U_T“T'(S) [ 7. SPthobd
‘ :} 003 Acrylonitrile{20] oo _ e WA gl
25 Be ] : "0 Y
025 Benzenell.0) = e e s ® i W 183 cis-1,3-Dichloropropene[2.5] 0O e . e__
} 046 Bromobenzene{4.0} o . s st ® e 185 trans-1,3-Dichloropropene(2.8] O & _ o __
‘" 051 Bromodichloromethane{l.5] [0 & ____ ___ __ _e___ & 233 Ethylbenzene(1.0] 0o e
§m/0°3 Bromofarmi{5.0] o ['21/ —— e ® e __‘/ 427 Fluorotrichloromethane] 1.0} 03 ﬁf e s e ¥ i
P~
; 055 Bromomethar_\e[{io’ B ﬁ/ — et ¥ e - 298 Isopropylbenzencil.0) I ] et
063 n-Butyla . . :
, a-Butylacetate(0.5] 00 ————*— | = 519 Methylethylketone (MEKI12Z] O O _ o
| 071 Carbon Disulfide]s. — '
: rbon Disulfide]5.0} 0 ° i 393 Styrene(2.0] o o e
& 073 Carbon Tetrachloride|1.5 o T S
ﬁ etrachloride(1.5) o * <396 1,1,1,2-Tetrachlorcethane[3.0) 3 ©O . e
77 083 Chlorobenzene{2.0 O &
’ . 2.9} 2" 397 1,1,2,2-Tetrachloroethaneld.0] 4101 = SR
.. F087 Chloroethane|20) 0 & Y S ) ”
a’399 Tetrachloroethylene}l.0] O &
& 093 2-Chloroethylviny! Ether{d.0] (3 ©&F ——— . '
- . £ 401 Tetrahydrofuran {THF}[200] 0 0 i ¥ im
095 Chloroform}1.0] oo e ‘
¥ , @’ 411 Toluene[1.0) o ® e
3 108 o-Chloroteluene(1.0] oo .
@ 421 1.1.10-Trichloroethane{1.0] o & s
110 p-Chiorotoluene(1.0} S S S O . S &/ :
. . 423 1,1,2-Frichloroett 1.5 O Y e
' 147 Dibromochloromethanej2.0} €1 (.l I 'a/ renell Sl
. ifi 25 Trichl thylend{l.0 a e e e ¥
. 148 1.2-Dibromo-3-Chloropropane {1 [} m{not quan_tnfwie:il — 425 “Trichlorocthylend(1.0] &
“' j353 o-Dichlorobenzene]2.0} o & - . 0O 428 Trichlorotrifluorocthane{3.0) a 0o . .":..,:.:d' -
; ' # 434 Vinyl Chloride o g [P0t uantitied]
1{155 m-Dichlorobenzene|2.0) O @ i ® e T
;o : _ - _ .
157" p-Dichlorobenzenc(2.0} 0 & e = 4&}("'2“%'2'8 0w — -
€r'165 1.1-Dichloroethane(1.0} o @ . '] Lo £* ! ;,” £ A oW
€167 1,2.Dichloroethane{1.0] oo . ¢ HethuleneCoalo e 0w ————
| 169 1,1-Dichloroethylene]l.0} g O . Cormments -
d 171 1,2-Dichlorcethylenc(1.0} (W} (ﬂ/ ——— I
: . . ified
T 174 Dichloroiodomethane a a {not quanti l Date Reccived )
' and Sample Na. _WMZQ _?_ M// 3 /2.04»
Wwis 1.2-Dichloropropane}1.0] I ﬁl/..,_.._. it e ¥ .
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.Occupant 77 tho; ’ ¢ 1.' 715/346-3209 Mail to C€ nfan] LY Se tﬂq LHese s
; /'&' Lab 1D #750040280
WELL Address # " Address_ G0 Grapd Aces .
o o 1 Owne Unknown 1" Cty_Rothgshild 152:3/5/7.
Phone (.} | Addess | t-Phone () P
Yoars of residence City L | No. of wells at location
Well Construction ! Phonel___.) Zp Sarple Taken
Date i Years of ownership ... | Date
Well Drifler 1 Last Water Quabity Test { Time st
Address | Date t  Treatment Systems E)waed
- Casing Diam inches | Lab | Softener?  yes 3 no
Driven Dug .. Dritied - tor ' Ciher
Depth i Well Location Tap Samples
of Casing feet | County Meacathon | Tap Location
to Water foet | Township ! Before Treatment? yes D no O
of Well feat Legal Description | Well Depth Changed? yes 0 no [}
Distance 10 | | %ls IT IR | Date of Change
Septic Tank feet 4y 14 fsect]  fownl Gangel ,  Problems Observed
Tile Field foot | Water Source | Color O Taste O Corrosion [
Seepage Pit feet | Private [T Municipat O | Gdor [J Health O None {1
Other ft Other , Other
. Detection Limits (ugl) are [
indicated in bracke(ﬁ (8 “g,c."‘& DR::“, tug/l) EPA MethOdS 601 & 602 HECD & PID
| 3 007 Acrolein(s0] “a o . GC Column(s) _ /%, SP/00b
?D 009 Acrylonitrile{20] [ N s s ® st e ‘,:2:’“& vgh
| : pt e
lV'025 Benzene{1.0] o & . - ¥ 183 cis-1.3-Dichloropropene{2.5§ O @ e e ® s
Q o046 B'“"“””“Q"‘"““” 00 & 185 trans-1.3-Dichloropropene(2.5] (3 ﬂ” cemem s mmsmes ¥
| f 051 Bromodichloromethane{l.5] 0O ﬂr . R & 233 Ethylbenzene(1.0] 0o & .
w053 Bromoform|5.0] o o e e e & ¥ 421 Fluorotrichloromethane{1.0] O & o ®
{n(oss Bromomethane(50] o E{ e et e ¥ e Z 298 lsopropylbenzenell.0f 0 o S
1 063 n-Buty . :
1} 063 n-Butylacetutel0.5] B0 ———*— = 319 Methylethylketone (MEKINZ) O O ___ ______+___
0 o071 b isulfide{5. - ] '
C Carbon Disulfide]5.0) a o . C 393 Styrenc(2.0] o o .
| I 973 Carbon Tetrachloridefl. . .
oy arbon Tetrachloride]1.5] 0 o 396 1,1.1.2-Tetrachloroethane(3.0) O O+
4”083 Chlorobenzene(2.0} O ¢ e
’ . B 2/39? 1,1,2.2-Tetrachioroethanel3.0) 01 & o %
¥ 087 Chloroethane{20} oW e
(,{399 Tetrachloroethylene{1.0} 4 0 L1 S
i .. 093 2-Chloroethylvinyl Ether{4.0] [ g e : “
‘ . C 401 Tetrahydrofuran {THF)[200] c o 9 s
I{Q'OSS Chioroform{1.0j o & e e e ¥
! 2 411 Toluene(1.0] o & e
. 108 o-Chlorotoluene({1.0] L B I
L : & 421 1,1,1-Trichloroethane]1.0] 0 N 1 T B
O 110 p-Chlorotoluene]1.0} (I s o s ¥ s :
. . E!/423 1,1,2-Trichloroethane|£.5] ot I I SR D
| 147 Dibromochloromethane|2.0] O . (S S E/
ifi 425 ‘Trichlorcethylene[t.0 O @ e ——
s (48 1,2-Dibromo-3-Chloropropane O £} _[In-o-t_q——_un—nt-_—‘lhedl — richloroethylenclt O
: 428 Trichloroteifl th 3.0 0 0 e ——
V1 153 o-Dichlorobenzene]2.0] O @ “ richlorotrifluoroethanel3.0} ' "
Ly ' 434 Viny! Chloride o @ Mot quantified]
i - 155 m-Dichlorobenzene]2.0] G @& U . y - -
(9/157' p-Dichlorobenzenci2.0) L I 7 S B @437 Xylenesi2} | 0o
* 165 L,1-Dichloroethane{}.0] 0 o . SRR ¢ LLJM&J&ML‘:—— 0o e
. ALY *
- & 167 1,2-Dichloroethane|1.0] o ¢ R S 7 fhetbuleac oo de o @ — .
£~ 169 1,1-Dichloroethylene{1.0] o o . Comments ..
171 1,2-Dichlorocthylene{1.0} 0 ¢ e
. " : ified
O 174 DichloroiodomeLhane g 0O inot quant { Date Reccived / / [:,-g . 2
and Sample No. 3 ? 87 /2" 3/7’ o
[ 181 1.2-Dichloropropene{1,0] a ﬂ/ et e ¥ 0t




NAMES A ND ADDRESSES




14.

11.

iz,

JON'S AUTO SALES
921 Happy Hollow Road
693-6621

AMERICAN ASPHALT OF WIS.
1116 Happy Hellow Road
842-2045

LESTER KRUEGER, JR.
2067 James Street
359-535¢

JOSEPH GOLEMBIEWSKI
23472 0ld Highway 51
359-3316

. KRONENWETTER CLINIC

1840 Hwy. XX
359-9467

. EVERGREEN ELEMENTARY SCHOOL

1610 Pine Road
3596591

- LEOGNARD BRADFISH

2409 Tower Road
359-5892

. RONALD SUTCH

1800 Sesville Road
359.-0749

. GREGORY L. ZURN

2033 Kimberly Road
359-8294

GUY FREDEL
2240 Ruby Drive
359-8239

GEORGE OBERLANDER
2132 Plum Road
359.8725

JAMES KLEISNER
1802 Jackie Road
359.3044



APPENDIX B

Boring Logs for Pump Well

and MW-2

R A



BOR!NG NO. _Pump Well ceﬂtrC\'wisconSin

ET €nglneers
SURFACE ELEV.  _1172.68  F1. P.0. BOX F « SCHOFIELD, Wi 54476 « (715) 359-9400

e BLOWS ON SZAMPLER e E 3., %
@l (140 Ibs. - 27 OD. o
§§ - FALLING 307) CLASSIFICATION AND REMARKS 1ESTS gg ggb g g ELEV.
=1 s 6" per B,
Coarse to fine sand, some " :
to little fine gravel SP 17 ]
1241157
Coarse to medium sand, B
some fine gravel S |
2013142
Coarse to fine sand, 8
pceasional trace of fine SP 1
gravel
62 1110
Coarse to fine sand, some
gravel Sid 70‘
1102
Coarse to fine sand 5P i
72 11097
Coarse to fine sand and -
coarse to fine gravel St |
20 4 0a2
£.0.8. i
KEY PROJECT
C = ROCK CORE : DATE(S) DRILLED
A = AUGER SAMPLE LOCATION
X = SPUT SPOON GROUNDWATER . FT. BELOW GS. AT ELEV. OF
S =  SHELBY TUBE DRILLERS JOB NO.
= DATE




BORING NO. Mg - 2

Central Wisconsin

FT €ngineers
SURFACE ELEV. SERVE TEE A ! P.0. BOX F » SCHOFIELD, W1 54478 » (715) 369-0400
wrec | BLOWS ON SAMPLER : g |8g..| &
a {140 1bs, - 2" GD. MARKS LAB pre - ELEV.
§§ EALLNG 30..? CLASSIFICATION AND RE TESTS g ggb g g
i 6" perfl,
Coarse to fine sand, some ‘ ]
te little fine gravel SP ”;
1241156
Coarse to fine sand, some ‘ .
fine gravel Sk
20 1141
Coarse to fine sand, y
occasional trace of fine SP
gravel ]
62 1106
Coarse fo fine sand, some J
gravel Sk |
4 1
/91 1092
Coarse to fine sand and St
coarse to fine gravel i
P8 | 1073
Sand, silt, clay and gravel 100 1071
£.0.B.
KEY PROJECT
C = ROCK CORE DATE(S) DRILLED
A =  AUGER SAMPLE LOCATION
X = SPLIT SPOON GROUNDWATER FT. BELOW GS. AT ELEV. OF
S = SHELBY TUBE DRILLERS JOB NO.
” DATE




HORNUNG WELL & PUMP CO,
NO52 HWY W

MERRILL, WI 54482
Jenuary 25, 1989

KRONENWETTER OBSERVATION WELL
SEZ NE3 SEC 2 T. 27N RVE

WELL LCG

12-156-88

O 45 Med. mand yellow brown

45--85 Fine ssnd gray brown

5585 Fine to med. sand some gravel brown
65~79 Med. sand gravel

79-95 Large gravel grey brown

295-8¢ Graval gray

899100 Clay & gravel

8" TEST WELL LOG

12-28.88

O db ¥ed. sand yellow brown

4562 Fine sand brown

62-85 Med. to fine sand some gravel

885~90 Med. gravel
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' JOB NO.

OBSERVATION WELL DETAIL (M2, mi-28)

N

1 ][ BRI REEEEE

::E\\\W”’f‘“

SN

LTt

s

T

.-

)
&/

a3
T oA [P
el W r e

,
R

LOCATION Kronenwetter

65988

-DEPTH OF BORE HOLE 90°'

. "DIAMETER OF BORE HOLE &"

| DATE DRILLED 12-15-88

DRILLER_Hornung Well and Pump

"TYPE OF RIG

DRILLING METHODCable Tool

TYPE OF SOLVENT ——

-WATER SOURCE ——

® ® O

©

DEPTH TO BOTTOM OF WELL POINT OR
SLOTTED PIPE 90' (51")

DEPTH CF BOTTOM OF SEAL (1f
installed B80' (41")

T
THICKNESS OF SEAL (if installed)
24" (24”)

A. TYPE OF SEAL Ffinesand (Finesand)

B. PHYSICAL CHARACTERISTICS OF SEAL

C. DATE SEALED

D. AMOUNT USED

LENGTH OF WELL SCREEN_10' (i1D')

A. SCHEDULE 40 (4D)

B. SLOT TYPE_.010 (.010)

C. % OPEN AREA-

D. TYPE OF BOTTOM Point (Point)
TOTAL LENGTH OF PIPE_ 92' (53')

A. PIPE TYPE PVC (PVC)

B. DIAMETER 2" (2M)

C. SCHEDULE 40 (43)‘

D. TYPE OF JOINTFlush Thread (Flush Thread)

TYPE OF FILTER MATERIALSilica Sand ‘S&ii§@

A. QUANTITY

B. .MANUFACTURE INFORMATION

C. DISTANCE ABOVE WELL SCREEN 2 (z")

CONCRETE PLUG
A. HEIGHT ABOVE GROUND O

B. WIDTH 6"

C. DEPTH BELOW GROUND 5'

Er
ki

HEIGHT OF WELL CASING ABOVE GROUND
1.5"

A. ELEVATION_1173.09

PROTECTIVE CASING HEIGHT 1.5' above ground

DATE INSTALLED

A. TYPE

B. DIAMETER 6"
C. LENGTH 2"
D.

E.

TYPE OF CAP & LOCKLock and Key

TYPE OF GROUT Bentonite Slurry

A. QUANTITY OF GROUT

B. RATIO OF MIXTURE (2 OR MORE MATERTALS

C. DATES GROUTED

CENTRALWISCONSIN
ENGINEERS,INC.

R



State of Wisconsin'

WELL/DRILLHOLE ABANDONMENT

Department of Natursl Resources Form 3300-5 Rev. 6-87
GENERAL INFORMATION ) FACILITY NAME
Well/Drillhole County Original Well Owner (If Known} o
Location YO Ca v on Foed A FT A e sy e S e
- e o _ — O E| PesentWellOwner & ey« ¥ 7
SE ot ME1otsee. 2o 27 NR _5:__31 il Centoal tys Fohe eoe
(If applicable} Street or Route -
eonmmmm—— OV £ LOE Grid Numnber ) A ; s B e (-!‘ o o
Civil Town Name & Clty, State, Zip Code . & .
K R o0e L et e o CooTHp b (b o’ sviry
Street Address of Well o~ Weli Numbcr andfor Name (If hcable) P
3 p Y ¥\ il \wj\(:\ ¢ T!”V" ’L f...n{, pr fs; i < f"’ f"’!ﬁf’d [arddl .f’; ’I (-"(//":'"
City, Village Reason For Abandonment
\\cﬁ-—,\\’\cf’f” Uro tec VL |
Diate of Abz m’nent Do ,\‘/#
- 24 KB
WELL/DRILLHOLE INFORMATION
) Origimal Well/Dnilhole Consmzctxo:l Completed on (4) Depth to Water (Feet) e
Date) [ 2 S Eg Pump & Piping Removed? M Yes [} No []Not Applicable
‘ Water Well Construction Report Available? Liner{s) Removed? Yes m No m Not Applicable
Drillhole O ves a&No . Screen Removed? Yes [] No 1 Not Applicable
o Casing Left in Place? E] Yes [El No
Construction Type: = 1f No, Explain ) :
[d-Dritled ] Driven (Sandpoingy [ Dug Qape o WMo lled e I
[T Other (Specity) ' T ‘ ’
: Was Casing Cut Off Below Surface? [ Yes [JNo
E Well Type: , Did Sealing Material Rise to Surface? Yes [ No
“\Unconso]idaxed Formation Well [C] Bedrock Well Did Material Settle After 24 Hours? {:] Yes [} No
e I Yes, Was Drilthole Retopped? [ Yes [ No

e e
Total Weil Depth (ft.} .?’ < Casing Diameter (ins.} 5

{4

Casing Depth (ft.}

(5) Reguired Method of Placing Sealing Material

Conductor Pipe-Gravity.  [.] Conductor Pipe-Pumped
Dump Bailer 7] Other (Explain)

I Was Well Annular Space Grouted? [ ] Yes ‘B\No [:] Unknown

(6) Acceplable Sealing Materzals

P

If Yes, To What Depth? Feet Neat Cement Grout; ( Conerete Groutw:?Concrete, Clay Slarry;
. Sodium Bentonite Slurfy“"“"‘"""‘““‘""‘
[¢)] . . . No. Yards or : : ;
Kind of Sealing Material From (Ft) | To{FL) | g, % Sealant Mix Ratio or Mud Weight
- J— o Surface & i . -
: ! 4 4 ; L Lo, -
(m NCxe Lo "?5 areneu b F dgrd £ b talx
N
i (8) Comments:
{9) Name of Person or Firm Domg Sealmg Work
7‘03//\’ g,/?? C/L/"{C/ “J ol f//f";/ (10) FOR DNR OR COUNTY USE ONLY
’ Sagnam.re/of Person Doing Work Date ngned e Date Received/specied District/County
y e //' e g / ﬁ ._--/’ 7
A :L/“f / s (A - ..-»
f’ Street ¢r Route Telephone Number Reviewes/Inspector
NG5 2 prewy 47 (FS ) 57p 7275
City, Stgtc, Zap Code ) . . Fallow-up Necessary
Mesv 18 e, b G S 2o

WELL/DRILLHOLE OWNER



APPENDIX €

Boring Logs for Evergreen School Well



LANG WELL DRILLING CO.

“LATEST AND BEST TYPE OF MACHINERY AND EQUIPMENT"

HU'BERT J . LANG _ . FREDERICK A. LANG
' Phone 443-2478 ' ‘ ' ’ Phone 848-1234
Marathon, Wis, 54448 ’ : 1708 W. Garfield Avenue

Wausau, Wis. 54401

July 28, 1975

Krueger, Schutter & Associates
4281 W, Beltline Hwy,
Madison, Wi, 53711

Dear Mf, Krﬁéger:
A log of our test well for the elementary school is enclosed,

We installed a 2" point 3' long #10 slot at a depth of 60",
We. took a water sample and sent it to the DNR at Madison for iren,
nardness and bacteria tests, This point pumped 20 GPM with an
8t BD.

At 72-75' wa used a 3' cheap screen and pumped 20 GPM with -
a 5' DD,

1 feel confident that you could get in excess of 70 GFM
with a good screen - Johnson or equal - setting it from 63 to 73',
If you want us to, we could forward the formation samples to
U. 0, P, Johnson Screen Company and have them analize them for
their recommendation for type of screen, slot number, lenghth
and possible yield for this type of formation,

Yours truly, 7
-qug?;;t4fgn44wé?/%?:657224;?////

Frederick A, Iang




]0

5 1 i (()N"\H{U( i()R \ IH l’()R{
o HHR HHU

CObY

SUYATE OF WISCONIIN
Hl F’I’\'HM[H! CHE MATIERAL IE
3w 4L

NOTE . "NJH(F&

CRVISION'S GOPY

N I avaitable subdivision name, ot & block ne.m 000

BATOING

S WHILE Y
ChEEnEhny DR LE RS Copv Mitizan, Wasconmn B0
YELLOW COPY - OWNE RS COPY
COUNTY. - 3 CHECK ON) NAMIL :
- I,a,rath(}n R : Joar i Xl Town f,l Village i ....... | City Krommettor
o7 LOCAT!O.N - . ¥ Section o0 Section . Township . Range 3. OWNER AT TIME OF DRILLING
S w2 2PN TR D, C, Everest School Systam
T OR& Geid or street no. - reet nami 3 CADDRESS

1461 Gramd Ave,
Trosiorrier

Sghofiald, wWis, 5&—#?6

'4; Di;;tance in feet from wall to ncarcst.: SANITATTY SEWERIGY Ca/HT DIRATN FOURNDATION THALN WASTI WALTEIC DRATN
.o } R 3 C. L TELI'; S UL THLE Sl-l\ﬁ‘!-:_n CONMECTEDENDEPENDENT .1, TILE
_ tReco:ci BASWEY in appranr a6 1;Iock} - - - - l» , - -
CCLEATC WATER DRAIN | SE l’ll(, IAN.K l'RiVY SEEPAGE PIT | ABSORPTION FIELD BARN SILO ARANDONKD WELL | SINK HOLE
C. ! TILE
e 2 LT - e T — - N
()l HER POLLUTHON SO l!(( I \ ({.:\u (!w nplzun LUTH FHTS dump Quarsy, dramge well, strenm, pomd, luke, ey}
Well is intended to supply water for: : o . ‘
L - L . Teat well for School .
6. DRILLHOLE , 9. FORMATIQONS
| Dia.lin) From {ft.} | To {ft} Dia, i) | From {ft.) | " To 1) Kind From {fr.) | 7o ift}
: 4 Surface iy Top soil Surface 1
ey —— —_ 'Sa.rr}& hrgéwugra“-l Mt e e e e e vt st i s o s b 1 [T 10 SN
; Medium sand & ooerse gmvel 10 15
', CASING, LINER, CURBING, AND SCREEN Sand & Gravel ' %’5 25
G, tp.) 1o Kinrl andd W“mh&e ________ | From U} | To (i) ‘Sﬂ'my any (M! - ) o X 5 39_
' 6 New hlaaok nl T - B SaMy alay & [ing’ gravel 39 b .
T40 19,854 Surfaca 72 Fine & ocoarse sand Lk 55 -
A ke B e | wfimasl e s b mem e JPRUR U SN, i L eemane . Sam & G O QMWI e e e 4 e 55 N .60. —
5% |Stainloss steel sorsen | ' 72 s Sand & gravel 60 75
: NSNS arpms o e e e e s st fesim e .. O mm ﬂ&m (Pulled ba.ok tO 7[;,0 - ?5 . 78____...

. GROUT OR OTHER SEALING MATERIAL -

|
|
i
|

10. TYPE OF DRILLING MACHINE USED

Kind From (f1.) o {f_'.:)' er~§ Cabie Tool - I tieser Rotary 7] Reverse Rotary--
None Surface {_:_] Antary =~ gir (-__—_I Hotiry - hummef {_f Jettineg with o
. . ) U DTNEDUPRR . il e withodledling tsel B adr Ii Aor [“"‘}W““-,’
- . Wull construction completad on July 2b 19 75
Vi, MISCELLANEGUS DATA o _ 1X1 above
eld test: 2 Hrs. at 20 Gpn | Wellis terminated inches 1 helow fma! grada
‘ ’ g o X -
Depth from surface 1o normal water level 16 . fr | Well disinfected upon cmnptc?niit—- &1 Yes [__,_} No
| Septh to water !eve( when pumping 21 ¢t | Well sealed watertight upon completion X1 Yes [] No

“‘Jater sample sent to

¥adison, Wis,

T

July 2% 19 75

{aboratory on:

‘our opinion concerning other poilution hazards, information concerning difficulties encountered, and data relating to nearby weils, screens, seals,

*type of casing joints, method of finishing the well, amount of cement used in grouting, blasting, sub-surtace pumprooms, access pits, ete.,

-ha given on reverse side,

should

IGNATURE

Txmp WQT[ Dﬂl] tng Ta

GBI T R

H e

A e e

T

o

REERTIYS

_Rayistered Wall Driller |

i’hnnsu do nr)t wnlr' in spﬁrﬂ hviuw
; (IAS

COMPLETE MALL ADDRESS

1?08 w. Gar!’iolr! Ava, Wauﬂa.u. n?in. 5’&#01

et [P -y

TUREMARKST
i

B LIRS, Ium IRV



"“LANG WELL DRILLING co.

A LA'I'EST AND BEST TYPE OF MACHIN'ERY AND EQUIPMENT"

HUBERTJ’LANG R S o FREDERICK A. LANG
“Phone 443-2478 "% . RV ! s f AT Phone B48-1234 L
Marathon wis. 54448 et July 25,0975 0 - ‘ ' 1708 W. Garfield Avenue . -

: , O TS D ST e Wausau, Wis. 54401

}

'-jf Wéll Log For Test Wbll For The Néw Elemantary School Town Of Kronenmetter
o By C**Everest School Systems | )

4 L

“‘Test well locatlon: 320'5West7& 310' north of secorner of Mb of Section 2 T27N R?E.
N R, 1 lable tools,;_ f | - ! -

L Sample #° Tc_-;p:"-fz_.F;'?l:..ﬂ_._....B:ot‘tom P, ?Formatlon

N A o B R top goil : ' '
2 - ER A A T fine %o. coarse sand to large gravel to 2"
3 5 S fine sand to large gravel
Lo 10 15 . - medium sand to coarse gravel -
5 A5 0. 20 1« fine to coarse sand and a little gravel -
| 6. 200 ;25 ¢ p . ~fine to coarse sand; fine to coarse gravel
7 w2500 b 29 0 0L fine sandy clay (dlrty)
8 2900 0 33 e sandy clay {(dirty)
9 33 . 0 .39 sandz clay & fine gravel (clean)
=10 390 Y L ‘ fine®coarse sand, mostly fine, 70% clean
1L ily : 50 - fine sand (too fine)
12 50 55 fine & a little coarse sand
13 55 fine & a little coarse sand; some gravel
(very little)
14 60 65 : fine & coarse sand & fine & coarse gravel
15 65 68- - fine & coarse sand+§%$ﬂ‘\g od formatlon i
' 16 68 72 good sand & fine & coarse gravel
17 72 75 - good sand & fine & coarse gravel
18 75 78 ' fine sand




- ~y g v e iwav gy )
Date 2 no:mn:on" : ol Ly . ~ a\ . \L. - Water
- Sl 2:: - Day <nﬁ
Hour oq Oc:ma:cz “D Aa)

Owner's Z&S.-m/..: .......... VMHLME mu an.ﬁN;\bl?
Adzress: \mnz.u M.Muff.hlhmfuh (2l ?\. f{\&%&;t&g

“Your Name and Aucross:

Wisconsin State Loboratory of Hyglene
Madison, ,..:woo:uua wuqoa . :

wQC

Foova,

U Hpuscen Srzarranst Aase) ©
oL L e . de. e
: Lll. ﬁm..l.h'\ i.nst%i..ﬂ, hﬂMN \ :\\rn \Jm?..\m L
? -
91.-.15‘@% O\&S\ﬁ : C T
e ZIP COLE - Y R
Lwscomsm L5, .a /1 o
Address of wall: ‘ I b
well ronm:o:.mmwmhﬁ.mﬁaﬁlrmli . Eo { Conztructor’s Nama and Address:
T oﬁ; b ity N .
g B e B
- L.Ila..{!.....a ..J.\o_. \Jm\;.,m..‘nﬁ.
Town - c Range . - L.,:o: A .
Excct Samule Poﬁ,}:g. IR .._... . Pump P Installer’s ?.mﬂ,a and >La»..o“.w"\l
\M_.ma:“,ﬁ-..- nﬁ)\d o .h .:l.w» - w wl...ﬁ.ﬂa . ....m...-..,.“uﬁl
{tiouse Tap; z.:wvo:‘.o Barn, Ete.) . . L
Tya of Supply: Manicipal (] Private 3 Gasing Dlameter - - 6 tncho
Insthiutlen 7). Schaol 17 mnamﬁ:\mu o Casing Dopth . 2w feot -
Licensed mmam_m ‘J,.. ml.. Depth-to Water wwlao" .
Type st ﬂ. well Depth WALERRT
Typs of Source: " Distance to Septic Tank == feet
Well () Swimmleg Sosch mu ﬂmmcm.ﬁ.a:% to Tile Fleld ~_fect
Lake or River mU WOQ mm.xm.ran PWAm mmw@m_%ﬁa to mmnnumw Pit e}
Nama UI. SEPA . Laberatory Results: .
Welt Data: ’ T Presumptive 24 howrs N\\\m\
Date of Well Oomﬂ?_nmw_as. o . Presumptive 40 hours - /5
z el ﬂ.m Conlirmed Test ol
ttonth Day Year Coliform G ‘-mi.\m
Type of Well: Drilied 34 Oriven [ onitorm froup
Bug M 052 o
Rerars; TL0.H7_ {70 (3224 4V [UNSAEE BACTERIOLOGICALLY
o SRnfTs fieso.  |SEE ENCLOSURE
r Date Reqeivagd afy M
S | s s 0F9WT
5. L. Inhorn, K. D., Direclor . .

Date Reported j{j| 2§ ﬁm 16

Um? n. 00.72 ou S o L xm

-.'

: moE. cf o%mm;.ﬂ...

[ Typool m...ﬂ.k. i
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hIo: 4 f.r

.Cncnn d Establis™

Type TR ST -;K)Hmﬁnx
Type of Scurce: 11 .

Well 5 Swimming teash (3

Late o Hiver mu Dol 3
Namm ) . ~.
Well Dota: o .
" Data of Well Comst=uttion:
T T 9y
Nonth S Bay Yeaw

Type of Well: Drifled 1 Criven 3
Dug {7} Cller L :
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APPENDIX D

Pumping Test Drawdown and Recovery Data




KRONENWETTER PUMP TEST DATA FOR PW-1

TIME: TIME IN HRS. MIN DEPTH TOTAL

DATE HOUR MIN DECIMAL START START TO HZ20 DRAWDOWN
1-11-~89 9 8 9.1333 ¢.00 G 20,58 0.00
9 9 9.1500 6.02 1 36.33 15.75

9 10 9.1667 0.03 2 46.58 26.00

9 il 9.1833 0.05 3 46,67 26.09

9 12 9.2000 0.07 4 47,00 26.42

9 13 5.2167 0.08 5 47.08 £6.50

9 14 9.2333 0.10 & 47.08 26.50

9 15 9.2300 0.12 7 47.08 26.50

9 16 9.2687 0.13 8. 47.13 26.55

9 17 9.2833 0.15 9 47.13 26.55

9 19 9.3187 .18 11 47.17 26.59

9 20 9,3333 0.20 12 47,47 25.5%8

9 22 9.3687 c.23 14 7,17 26.59

9 25 _9.4187 0.28 17 &7.17 26.59

9 28 9.4667 .33 206 47.17 26.59

9 31 9.5187 .38 23 47.21 26.63

9 34 8.56867 0.43 26 47.21 26.63

9 37 9.6167 0.48 29 47.21 26.63

9 41 9.5833 0.55 33 47.25 26.57

9 44 9.7333 0.60 36 47.25 26.57

9 55 9.9167 0.78 47 47.29 26.71

10 4 10.08667 0.93 56 47.29 26.71

10 21  1¢.3500 1.22 73 £7.33 26.75

10 39 10.8500 1.82 91 47.38 256.80

10 59 10.9833 1.85 111 47.472 26.84

13 26 13.4333 4.30 258 47.33 26.95

14 2 14,0333 4.90 294 47.51 26.93

14 48 14,8000 5.67 340 47.51 26.93

15 29 15.4833 6.35 381 47.77 27.19

15 49 15.8167 5.68 401 47.74 27.16

1-12-89 9 38 9.6500 24.52 1471 47.98 27.40
10 23 10.3833 25,25 1515 47.95 27.37

15 43 15.7167 30.58 1835 48.00 27 .42

1-13~88% 8 38 8.6333 47.50 2850 48.00 27.42
1-16~38% 8 56 8.92333 119.80 7188 48,190 27.52
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KRONENWETTER PUMP TEST DATA FOR MW-2A

TIME TIME IN HRS.. MIN DEPTH TOTAL

DATE HCUR MIN DECIMAL START START TO H20 DRAWDOWN
1-11-89 9 10 9.1667 0.00 0 19.27 0,00
9 11 9.1833 0.02 1 19.45 0.18

9 13 G.2167 0.05 3 19.46 0.19

9 15 9.2500 0.08 5 19.48 0.21

9 17 9.2833 0.12 7 19.49 0.22

9 19 9.3167 0.15 9 19.50 0.23

9 20 9,3333 0.17 10 15.50 0.23

9 22 9.3667 .20 12 15.50 0.23

9 23 9.3833 0.22 13 19.52 0.25

9 25 9.4167 0.25 15 19.50 0.23

9 27 9,4500 0.28 17 19.52 0.25

g 2 9.4833 0.32 19 19.53 0.26

9 31 9.5167 0.35 21 19.55 0.28

9 33 9.5500 0.38 23 19,55 0.28

9 35 9.5833 0.42 25 19.54 0.27

9 37 9.6167 0.45 27 19.55 0.28

9 38 9.6333 0.47 28 19.55 0.28

9 40 9.6667 0.50 30 19.56 0.29

9 42 9.7000 0.53 32 19.56 0.29

9 43 9.7167 0.55 33 19.56 0.29

9 45 9.7500 0.58 35 19.55 0.28

9 47 9.7833 0.62 37 19.56 0.29

9 52 9.8667 0.70 42 19.58 0.31

9 55 9.9167 0.75 45 19.59 0.32

10 3 10.0500 0.88 53 19.62 0.35

10 15 10.2500 1.08 65 19.63 .35

10 36  10.6000 1.43 86 1¢.64 0.37

10 56 10.9333 1.77 106 19.68 0.41

13 28  13.4667 4.30 258 19.78 0.51

14 8 14.1333 4,97 298 19.77 0.50

14 50 14.8333 5.67 340 19.78 0.51

i5 31 15.5167 §.35 381 19.83 0.56

15 51 15.8500 6.68 401 19.82 0.55

1-12-89 9 43 9.7167 24.55 1473 19.93 0.66
10 26 10.4333 25.27 1516 19.94 0.67

15 45 15.7500 30.58 1835 19.94 0.67

1-13-89 8 40 8.6667 47.50 2850 19.90 0.63
1-16~89 9 2 9.0333 119.87 7192 19.91 0.64
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KRONENWETTER PUMP TEST DATA FOR MW-Z2B

TIME: TIME IN HRS. MIN DEPTH TOTAL
DATE HOUR MIN DECIMAL START START TO H20 DRAWDOWN
1-11-89 9 10 9.18667 0.00 0 19.27 0.00
9 12 9.2000 0.03 2 19.62 0.35
9 14 9.2333 0.07 4 19.66 ¢.39
9 16 9.2667 0.10 6 19.68 C.41
9 18 9.3000 0.13 8 18.68 0.41
9 20 9.3333 0.17 10 19.68 0.41
9 21 9.3500 g.18 11 19.68 0.41
9 22 9.3887 0.20 12 19.68 ¢.41
9 24 9.4000 0.23 14 19.68 .41
9 26 9.4333 0.27 16 19.70 G.43
9 28 9.46567 0.30 18 19.70 0.43
9 30 9.5000 0.33 20 19.71 0.44
g 32 9.5333 0.37 22 1e.72 0.45
9 34 9.5667 0,40 24 18,72 0.45
9 36 9.6000 0.43 26 19.72 0.45
9 38 9.6333 0.47 28 19.73 0.46
9 39 9.6500 0.48 29 19.73 .46
9 41 9.6833 0.52 31 19.72 0.45
9 43 9.7167 0.55 33 19.73 G.46
9 44 9.7333 0.57 34 19.74 0.47
9 46 9.7667 0.60 36 19,73 0.46
9 48 9.8000 0.63 38 12.72 0.45
9 54 9.9000 0.73 44 18.75 0.48
9 58 9.986587 0.80 48 19.75 .48
10 5 1¢.0833 0.92 55 19.77 ¢.50
10 16 10.2687 1.10 66 19.78 0.51
10 36 10.6000 1.43 86 192.80 0.53
10 55 10.9167 1.75 105 19.82 0.35
13 29 3.4833 4.32 259 19.90 0.63
14 11 14.1833 5.02 301 19.92 0.65
14 51 14.8500 5.68 341 19.94 0.67
15 32 15.5333 6.37 382 192.986 0.69
15 52 15.8667 6.70 402 19.95 0.68
1-12-89 9 44 9.7333 24.57 1474 20.02 0.75
10 27 10.4500 25.28 1517 20.05 0.78
15 46 15.7667 30.60 1836 20.05 0.78
1-13-89 8 43 8.7167 47.55 2853 20.00 0.73
1~-16-~89 9 3 9.0500 119.88 7193 19.99 6.72
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KRONENWETTER PUMP TEST DATA FOR MW-1

TIME: TIME IN HRS. MIN DEPTH TOTAL

DATE HOUR MIN DECIMAL START START TO HZO DRAWDOWN
1-11-89 9 10 9.1667 .00 0 18.45 0.00
9 50 9.8333 0.87 40 18.64 0.19

10 20 10.3333 1.17 70 18.65 0.20

10 58 10.96687 1.80 168 18.68 0.23

13 36 13.5000 4.33 2560 18.71 0.26

14 12 14.2000 5.03 302 18.76 0.31

i4 52 14.8667 5.70 342 153.78 0.33

15 54 15.9000 6.73 104 . 18.77 0.32

1-12-89 9 45 9.7667 24.860 1476 iB.88 0.43
10 30 10.5000 25.33 1520 18.89 . 0.44

15 50 15.8333 30.67 1840 18.89 C.24

1-13-89 8 45 8.7500 47,58 2855 18.8¢9 0.44
1-16-89 9 6 9.1000 119.93 7196 18.87 0.42
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KRONENWETTER PUMP TEST DATA FOR PW-1

TIME: TIME IN HRS. MIN DEPTH TOTAL
DATE HOUR MIN DECIMAL START START TO H20 RECOVERY
1i-17-83 g 47.0 8.78 0.00 0.0 49,91 0.00
8 48.90 8.80 0.02 1.0 19.92 29.99
8 48.5 8.81 0.03 1.5 20.7% 29.12
8 49.0 8.82 0.03 2.0 20.83 29.08
8 49.5 8.83 0.04 2.5 20.85 29.06
8 50.0 8.83 0.05 3.0 20.88 29.03
8 50.5 8.84 0.06 3.5 20.88 29.03
8 51.0 8.85 .07 4.0 20.%0 29.01
8 51.5 8.86 0.07 4.5 26.90 29.01
g 52.0 8.87 0.08 5.0 20.92 '28.99
8 52.5 8.88 0.09 5.5 20.92 28.99
8 53.0 8.88 0.10 6.0 20.92 28.99
8 3.5 8.89 0.11 6.5 20.93 28.98
8 54.0 8.80 0.12 7.0 20.94 28.97
8 54.5 8.91 0.13 7.5 20.94 28.97
8 55.0 8.92 0.13 8.0 20.95 28.66
8 55.5 8.93 0.14 8.5 20.96 28.95
8 56.0 8.93 0.15 9.0 20.95 28.96
8 56.5 8.94 0.16 9.5 20.95 28.96
8 57.0 8.95 Q.17 10.0 20.95 28.96
& 57.5 8.96 0.18 10.5 20.95 28.96
8 58.0 8.97 £.18 11.0 20.96 28.95
8 58.5 8.98 0.19 11.5 20.96 28.95
8 59.0 8§.93 0.20 12.0 20.96 28.95
9 0.9 2.00 0.22 13.0 20.96 28.85
9 0.5 9.01 0.22 13.5 20.95 28.96
2 1.0 2.02 0.23 14.0 20.95 28.986
29 1.5 9.03 0.24 14.5 20.96 28.95
9 2.0 9.03 .25 i5.0 20.96 28.95
9 2.5 2.04 .26 15.5 20.9%¢6 28.95
9 3.0 9.05 0.27 16.0 20.95 28.96
9 3.5 9.06 0.28 16.5 20.95 28.96
g 4.0 9.07 0.28 17.0 20.95 28.96
9 4.5 9.08 0.29 17.5 20.95 28.9¢6
9 5.0 95.08 0.30 18.0 20.95 28.96
g 5.5 9.09 0,31 18.5 20,95 28.96
9 5.0 9.10 0.32 19.0 20.%4 28.97
9 6.5 9.11 0.32 19.5 20.94 28.97
g 7.0 9.12 0.33 20.0 20.94 28.97
g 7.5 9.13 0.34 20.5 20.94 28.97
9 8.0 9.3 0.35 21.0 20.94 28.97
9 8.5 g9.14 0.36 21.5 20.94 28,97
9 9.0 9.15 0.37 22.0 20.94 28.97
2 9.5 9.16 0.38 22.5 20.94 28.97
9 10.0 9.17 ¢.38 23.0 20.94 28.97
g 11.0 9.18 0.40 24.0 20.94 28.97
2 12.0 9.20 0.42 25.0 20.92 28.99
9 17.0 9.28 0.50 30.0 20.90 29.01



KRONENWETTER PUMP TEST DATA FOR PW-1

TIME:  TIME IN  HRS. MIN DEPTH TOTAL
DATE HOUR MIN DECIMAL START START TO H20 RECOVERY

T N O N N I L N N T e e L L L N D N D R E m R O R e e — S im0 D e ime s wmt viee et oont i sy s om o ot o i

9 22.0 9.37 0 .0 20.90 29.01

9 27.0 9.45 0.67 40.0 20.90 29.01

9 45.0 9.75 0.97 58.0 20.88 29.03

9 50.0 9.83 1.05 63.0 20.88 29.03

9 55.0 9.92 1.13 68.0 20.85 29.06
10 8.0 10.13 1.35 81.0 20.85 29.06
10 27.0 10.45 1.67 100.0 20.83 29.08
10 33.0 10.55 1.77 106.0 1.03 28.88
13 19.0 13.32 4.53 272.0 20.91 29.00
16 17.0 16.28 7.50 450.0 20.86 29.05
1~18-89 13 17.0 13.28 28.50 270.0 20.83 29.08
16 7.0 16.12 31.33 440.0 20.83 29,08
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KRONENWETTER PUMP TEST DATA FOR MW-2A

TIME: TIME IN HRS. MIN DEPTH TCTAL
DATE HOUR MIN DECIMAL START START TO H20 RECOVERY
1-17~89 8 L 8.68 .00 0 19.91 0.00
8 49 8.82 0.13 8 19.71 0.20
8 51 8.85 0.17 10 12.70 0.21
8 52 8.87 0.18 11 19.70 0.21
8 55 8.92 0.23 14 19.6%9 0.22
8 57 8.95 0.27 16 19.68 0.23
9 0 5.00 0.32 19 19.66 0.25
9 2 2.03 0.35 21 15.66 0.25
9 6 9.190 0.42 25 19.85 0.26
9 10 9.17 0.48 29 19.64 0.27
9 15 9.25 0.57 34 19.64 0.27
9 20 9.33 0.65 39 19.62 0.29
9 25 9.43 0.75 45 19.62 0.29
9 35 9.58 0.90 54 19.60 0.31
9 50 9.83 1.15 69 19.59 0.32
10 1 1¢.02 1.33 80 19.57 0.34
10 21 10.35 1.67 100 19.56 0.35
13 28 13.47 4.78 287 19.42 0.49
16 1 16.35 7.867 460 19.35 0.56
1-18-89 3 55 37.92 29.23 1754 19.2¢8 0.63
16 10 40.1 31.48 1888 19.28 0.63
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KRONENWETTER PUMP TEST DATA FOR MW-~ZB

TIME: TIME IN HRS. MIN DEPTH TOTAL
DATE  HOUR MIN DECIMAL START START TO H20 RECOVERY
1-17-89 8 42 8.70  ©.00 0 20.01 0.00
8 50 8.83 0.13 8 19.68 0.33

g8 52 8.87 0.17 10 19.65 0.36

8 53 8.88  0.18 11 19.63 0.38

g 56 8.93  0.23 14 19.62 0.39

g8 58  8.97 0.27 16 19.62 0.39

9 1 9.02 0.32 19 19.60 0.41

9 3 5.05 0.35 21 19.60 0.41

9 7 9.12  0.42 25 19.59 0.42

9 11 9.18  0.48 29 19.59 0.42

9 16 9.27  0.57 34 19.58 0.43

9 21 9.35  0.65 39 19.57 0.44

9 27 9.45 0.75 45 19.56 0.45

9 36 9.60 0.90 54 19.54 0.47

9 51 9.85 1.15 69 19.53 0.48

1 2 10.03  1.33 80 19.52 0.49

10 22 10.37  1.67 100 19.50 0.51

13 29 13.48  4.78 287 19.39 0.62

16 22 16.37  7.67 460 19.33 0.68

1-18-89 13 58 37.93 29.23 1754 19.2¢9 0.72
16 11 40.18 31.48 1889 19.29 0.72
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KRONENWETTER PUMP TEST DATA FOR MW-1

TIME: TIME IN HRS. MIN DEPTH TOTAL
DATE HOUR MIN DECIMAL START START TO H20 RECOVERY
1~17-89 8 45 8.75 0.00 0 18.87 0.00
8 54 8.90 ¢.15 9 18.76 0.11
8 59 8.98 0.23 14 18.75 0.12
9 4 9.07 0.32 19 18.75 0.12
9 13 9.22 0.47 28 18,75 0.12
9 24 9.40 0.65 35 18.73 C.14
9 £0 9.67 G.92 55 18.73 0.14
g 54 9.90 1,15 69 18,71 .16
10 5 10.08 1.33 80 18.869 0.18
10 24 10.40 1.865 99 18.69 0.18
13 33 13.55 4.80 288 18.59 G.28
16 25 16.42 7.67 460 18.53 0.32
1-18-89 13 59 13.98 29.23 1754 18.50 0.37
16 i3 16.22 31.47 1888 18.50 0.37
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APPENDIX E

Caleculations for Pumping Test Analysis




DEFINITIONS

Storativity: the volume of water that an aguifer will release
from or take into storage per unit of aquifer surface area per
unit of change in head (groundwater level). In a water table or
unconfined aguifer, storativity is primarily a function of the
amount of void space which can drain or be filled with
groundwater.

Transmissivity: the rate at which a volume of water can be
transmitted horizontally through a unit width of the full aquifer
thickness under a hydraulic gradient of 1.0. It is equivalent to
the hydraulic conductivity of an aquifer multiplied by the
aquifer thickness.

33:def



A. Analysis of Data

CALCULATIONS FOR PUMP TEST ANALYSIS

from MW-2A

1.

Match Point

From Figure 8: u = 0.0001, W(u) = 10
From Figure B: drawdown {(s) = 0.80 feet
time (t) = 4600 minutes =

Transmissivity

3.184 days

Transmissivity (7)) = 114.6 (Q) W(u) in gpd/ft
s

where: Q = pumping rate (290 gpm)
s and W(u) are from match point
415,425 gpd/ft

T = 114.6 (290 gpm) (10) =

0.8 feet

Storativity

Storativity (8) = uTt (dimensionleés

187 r2

r = distance to pump well (91.7 fe
u and t are from match peoint

where:

S = (0.0001)(415,425 gpd/ft)(3.194 days)

1.87 (91.7 feet)?

B. Analysis of Data from MW—Z2R

Match Point

u = 0.01, W(u) = 5.0
drawdown {s) = 0.405 feet
time (t) = 7.5 minutes =

From Figure 8:
from Figure 7:

Transmissivity

Transmissivity (T) = 114.6(Q) W{u) in gpd
)

)

et)

= 0.00844

0.0052 days

/Tt



where: Q = pumping rate (290 gpm)
s and W(u) are from match point

T = 114.6 (290 gpm) (5.0) = 410,300 gpd/ft
(0.405 feet)

3. Storativity

Storativity (8) = uTt (dimensionless)
1.87 r2

where r = distance to pump well (81.7 feet)
u and t are from match peoint

S = (0.01)(410,300 gpd/ft)(0,0052 days) = 0.00138
1.87 (91.7 feet)?

Analysis of Data from MW-1

1. Data from Figure 9

H
<

Change in drawdown per .19 feet

one log cycle of time (As)

B.2 minutes
0.0057 days

7Zero drawdown intercept {to)

Hou

2. Transmissivity

Transmissivity (T) = 264(Q) in gpd/ft
As

where: Q = pumping rate (290 gpm)
As is from Figure (0.19 feet)

T = 264 {290 gpm) = 402,950 gpd/ft
{0.19 feet)

3. Storativity

Storativity (8) = .3 T te (dimensional)
2

where: to is from Figure E (0.0057 days)
r = distance to pump well {(190.8 feet)

S = 0.3 (402,950 gpd/ft)(0.0057 days) = 0.0188
(190.8 feet)?




Validity of MW—-1 Data Analysis

A minimum elapsed time (ts:) is required for the "Jacobs”
straight-line method to be valid..

ts1 = 1.35 x 105 (r2) 8 in minutes
T
where: r = distance to pump well (190.8 feet)
$ = storativity (0.0189)
T = transmissivity (402,950 gpd/ft)

ts1 = 1.35 x 105 (190.8 feet)2 (0.0189) = 230 minutes
(402,950 gpd/ft)




:5; APPENDIX F

Predicted Drawdown Due to Production Well




e

FRODUCTION WELL

TIME-DRAWDOWN R WATER

TIM

TIME AFTER FUMPING

ECMIND

O 32
0.1
0,30
0.8
0. 76
1.21
.91
3.03
4., 80
7.61
12,08
19,11
30.29
48,01
T, 10
120,60
191.14
307 .94
480,13
TE0, 00

DIGCHARGE EATE

G.L75

P 1
3.30
3. 53
3.82
2. 0
. e
S S

S B

4.71
4.83
4. 94
5. Ot
5.13
5. 2

5.29
5. 58
5. 48
5. 59
5.7z

Z. 06

e,

CEPMI= 1500

LEVEL VaALUES (FT)

SELECTED

118.87

0. 00
O. 00
0,01
0, 03
Q.06
O. 12
0. 13
0,27

0.38

0. 44
0,52
0. E0
D.67
0.7
0.81
0.88
0,37
1,07
1.13

1.3

DISTANZES
298.58

0,00
0. 00
O, 00
Q.00
O, 00
0, 00
a, 01
0,01
0,03
0,0
0, 07
O.0%
0.1z
DL 16
0, 20
0.2
0,30
0. 328
O, 47
0. 57

STARTED(MINI=  720.00

DISTANCE~-DRAWDOWN OF WATER LEVEL VALUES AT

MODE EADIUS(FT)

M

G~ I A bk

ol T T L
B g B O

e
]

s B
~5

18

0

0.75
.19
1.88
T
4,73
780
11.99
18.84
29. 86
47 . 3
7EHLO0
118.87
188.3%
298,58
47322
750,00
1i88.67

DRAWDOWN OF WATER LEVEL

T 86
.33
Ha. 01
. 59
4,17
3.75
L e |

.33

Em e
AP

.11
1.71
1.31
0O.93
0.57
0. 28
0. 08
O.01

L 00

CFT2

TE0, 00

0,00
0,00
Q.00
0,00
0, 00
0,00
0. 00
0,00
0,00
0,00
0.00
0,00
0. 00
O, 00
Q.00
0.01
O, 01
0,03
.08
Q.08

188838, 21

0,00
0. 00
.00
€, 0HY
0, 00
Q. 00
Q.00
0. 00
000
O, O
0, 00
O, O
0. 00
0, 00
G, 00
0, O
0L 00
0,00
O, 00
.00

END OF FUMFING FERIOD

{FT

4732.18

O, 00
O, 00
O, OO0
Q00
O, 00
O, 00
0, 00
G, 00
O, 00
Q.00
0. 00
Gl 00
. 00
O, 00
0. OO0
0, 080
0. 00
0y, O
0. 00
0, 00



APPENDIX G

Preliminary Screen Length Calculations
For a Production Well




Preliminary Screen Length Calculations
For an 18-inch Well Pumped at 1,500 gpm

A. Required Slot Size

1. Average Grain Size
Based on the boring logs, an average grain size of
coarse to very coarse sand is assumed for the interval
of aquifer to be screened.
2. Slot Size
The slot size which would retain 40% of the aquifer
sediment is 60, or 0.06 inches (Driscoll, 1986, p.
438). ' -
B. Screen Length Hegquired
1. Screen Area
Area/ft of screen = (circumference){l foot)
Circumference = 7 {(diameter)
T (1.5 feet)
4.71 feet
Area/ft of screen = 4.7]1 feet2/ft
2. Open Area
Open Area = (Screen Area)}(% Open Area)
For a slot size of 60 and an 18-inch well, the open
screen area is 28% (Driscoll, 1986, p. 948).
Open Area = (4.71 ft2/foot) (0.28)
= 1.32 ft2/foot
3. Screen Length

The screen length required is determined from the
maximum entrance velocity (v = 0.1 ft/sec), the desired
pumping rate (Q = 1,500 gpm = 3.33 ft3/sec)}, and the
open screen area (1.32 ft2/foot).



Total Screen Area = Q/V
= (3.33 ft3/sec)/(0.1 ft/sec)
= 33.33 ft2

Total Screen Area = {Open Area)(Length)
33.33 ft2 = (1.32 ft2/foot) (Length)

Length = 25.25 feet



APPENDIX H

Chemical Analyses of Water Samples
Taken from Pump Well
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February 8, 1989

Central Wisconsin Engineers
903 Grand Avenue
Rothschild, WI 54474

Attn: Steve Braun

Re: Kronenwetter Well

Attached are the analytical results for the sample received
January 17, 1989. All analyses were done in accordance with EPA
Methods (EPA-600/4-79-020).

If you have any gquestions about the results, please call.

Sincerely,

ENVIROSCAN, INC.

James R. Salkowski
Manager of Inorganic Laboratories

JRS/1ls

303 West Mititary Road  Rothschild, W1 54474 (715) 359-7226
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FOR:
WISCONSIN LAR CERTIFICATION NO. 737053130
Central Wisconsin Engineers P.O. #: 65988
903 Grand Avenue SAMPLED BY: Client
Rothschild, WI 54474 DATE REC'D: 1-17-89
: REPORT DATE: 2iiiig
: : |
Attn: Steve Braun APPROVED BY 12
Detection
Limit Kronenwetter Well

T. Alkalinity, mg/l CaCO3 20. 68.
Calcium Hardness, mg/1 CaCO3 0.1 56.6
T. Disgsolved Solids, mg/1 10. 222.
Color, Co-Pt Units - 4. 95.
pH (Lab) - 7.28
Chloride, mg/1 1. 10.2
Fluoride, mg/1 0.2 X
Sulfate, mg/1l 3. 9.1
Nitrate, mg/l as N 0.1 3.7
Turbidity, NTU 0.5 2.0
Langelier Index o

(Calculated at Temp. = 20°C) - -0.98
Analytical No. 12433

. ¥ = Analyzed but not detected

All analyses have been conducted in accordance with the Enviroscan Analytical Services Quality Assurance Program.
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Central Wisconsin Engineers
903 Grand Avenue
Rothschild, WI 54474

Attn: Steve Braun

Metals, ug/1

Ag
As
Ba
Ca
cd
Cr
Cu
Fe
Hg
Mg
Mn
Na
Pb
Se
Zn

Analytical No.

X = Analyzed but not detected
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NTAL AND ANATYTIOAL SERVICES

WISCONSIN LAB CEATIFICATION NC. 737053130

P.O.# 65988
sampLep BY: _ Client
DATE REC'D: 1-17-89
REPORT DATE:__2-8-83  /
APPROVED BY: 74
Ak
Detection
Limit Kronenwetter Well
5. X
= :
2. 77.
30. 22600.
4. . X
9. X
5. X
3. 2820.
0.2 X -
30. 9260.
3. 460.
30. 6000,
2. 4.
5. X
3. 69.
12433

Al analyses have been conducted in accordance with the Enviroscan Analytical Services Quality Assurance Program.
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WISCONSIN LAB CERTIFICATION NO. 137053130

CNVIRONMEN

Central Wisconsin Engineers

903 Grand Avenue
Rothschild, WI 5H4474

Attn: Steve Braun

SAMPLED BY:
DATE REC'D:
REPORT DATE:
APPROVED BY:

VOC Analysis (ug/1)

Benzene

Bromoform

Bromomethane :
Carbon Tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl Ether
Chlorcform
Chloromethane
Dibromochloromethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4~-Dichlorobenzene
Dichlorobromomethane
1,1-pichlorcethane
1,2~-Dichloroethane
1,1-pDichloroethylene
1,2-Dichloroethylene
Dichloromethane
1l,2-Dichloropropane
cis~l,3-Dichloropropene
trans-1,3-Dichloroprdpene
Ethylbenzene
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,1,l-Trichlorcethane
1,1,2-Trichloroethane
Trichlorocethylene

vinyl Chloride
Trichlorofluoromethane
Dichlorodiflucromethane

Analytical No.

Detection Kronenwetter
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X = Analyzed but not detected

All analyses have been conducted in accordance with the Enviroscan Analytical Services Quality Assurance Program.
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L LOCATION INFORMATION

The municipal well site for the Kronenwetter Sanitary District No. 2 is located in the
SE 1/4 of the NW 1/4, Sectioh 12, T27N, R7E, Town of Kronenweiter, Marathon County,
Wisconsin (see Figures 1 and 2 for location). The site address is 1979 Lea Road. The follow-
ing legal description of the municipal well site describes the dhﬁensions of the site.

Commencing at the North 1/4 corner of said Section 12, thence S 00° 17° 08” W, al’ong
the East line of the NW 1/4 of said Section 12, 13 14.91 feet to the North line of said SE 1/4 of
the NW 1/4, thence N 89° 52’ 19”7 W, along said North line, 33.00 feet to the West Right-of-
Way of Lea Road, also being the SE corner of Lot 113 of Joe Swiderski’s Villas, also being
the point of beginning;

Thence S 00° 17° 08” W, along said West Right-of—Way, 430.00 feet to the NE corner
of Outlot 1 of Lea Road plat, thence N 89° 52’ 19” W, along the North line of said Qutlot 1,
186,00 feet to the NW corner of said Outlot 1, thence S 08° 17° 08” W, along the West line of
said plat, 885.03 feet to the South line of said SE 1/4 of the NW 1/4, ailso being the SW corner
of Lot 1 of said plat, thence N 89° 53° 38” W, along the South line of said SE 1/4 of the NW
1/4, thence N 00° 08° 34” E, along the West line of said SE 1/4 of the NW 1/4, 1065.42 feet,
thence S 89° 52 19” E, 370.00 feet, thence N 00° 08’ 34” B, 250.00 feet to the South line of
Joe Swiderski’s Villas, thence S 89° 52° 197 E, along said South line, 1286.17 feet to the West
Right-of-Way of Lea Road, also being the point of beginning; subject to easements, restrictions
and roadways of record.

Two wells (1 and 2) are proposed to be constructed, with a third well to be constructed

in the future (Well 3). Figure 3 presents the proposed well locations and the site contours

93069/report 1
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existing and proposed). The regional floodplain elevation, and location of wetlands are shown
on Figure 4. Local zoning is presented on Figure 3.
1L PROPOSED WELL INFORMATION

The two wells proposed for the Kronenwetter Sanitary District No. 2 are to be com-
pleted in the unconfined aquifer comprised of glacio-fluvial sediment deposited in the Wiscon-
sin River Valley. The wells are to consist of 24 inch diameter casing installed in a 36 inch di-
ameter drill hole. The well casing is to extend to a depth of 60 feet with the total depth of the
drill hole to reach 90 feet. The well screen diameter is to be 24 inch and shall be set from 60 to
00 feet below land surface. The wells are to be designed to achieve 1,000 gallons per minute
(gpm) capacity.

m. AQUIFER INFORMATION

- As stated above, the wells are to be completed in an unconfined aquifer composed of
glacio-fluvial sediment. This highly permeable unlithified sediment overlies less permeable ig-
neous and metamorphic bedrock. The formation thickness is approximately 90 feet in the vi-
cinity of the well site. Figure 6 presents an aquifer thickness map for the region.

Groundwater flow in the region generally conforms to topography in the study area and
shows the highest gradients along the lateral boundaries of the aquifer. The groundwater flow
direction is depicted on a water table map on Figure 7. Also shown on Figure 7 is the recharge
basin for the well field.

The anticipated cone of depression for the well site was calculated according to the
suggested guidelines specified in the WI-DNR “Public Water Supply Operations Handbook”,

Municipal Well Site Survey Section, Part 3. Specifically, the calculation was performed

93069/report ) 5




SAry L 3M

=O0LMES MY Y J00DTd THE

HOGLECD MY d 4007s wrad

¢ 'ON
1o1dLsia
ALV LINVS
d3L13IMNINO M

SNOILVOOT ANVILIM
aNV NIVIdGoO0oTd TVYNOID3H
¥ 2HNOId

m_

‘ON /13M
¥6/18/€ J -

00€=.1 ) ]

v3
//|
3/3\,
O
0
O
x
0.

‘ay

‘ad 32w

SNNOIE3YY3L

R=lg

g



A
;:0’0:
%!
K X X
255
5
XXX

¥ TS
X

30X
e

SRR
RERKRAR

AR
TR
.0.0.’.0‘0.0 >,
>
KRS
BLEKE
KL

X X2
KL
0.0.0

26%?

¢

%
XX

%

KRS
.:’:..’
%

LR KL
XK
KX
0. %
X

(>

XS

<

e e’

- |

/
&L
//
1"=1000’
1/20/94
-

LEGEND

SINGLE FAMILY RESIDENCE
MULTI~FAMILY RESIDENCE

AGRICULTURE & ESTATE

FIGURE 5
Zoning

R2

B2

B3

TWO FAMILY RESIDENCE

COMMUNITY SERVICE

GENERAL COMMERCIAL

WELL SITE LOCATION

Kronenwetter Sanitary District No. 2




dYW SSIANMOIHL ¥34IN0Y — 9 ERIANIE

,0061=,131v0S

e 2

gz G g
(307 VAYALNI WNOLNOD)
~SUNOLNOD SSANMOIHINYIAINOY

{

ST R

(earrassnenon iy
7

et

AW\,y
e
7

>
¢

R

e

(9861 ‘AQNIM)
AdVANNOE ¥34INOV

NNog 101dlsl
AHVLIINYS

e E B BN



!

5

—

—Approximate*' -
Recharge Basin
Boundary

EXPLANATION

Sl

Pt Boundary of the Wausau aquifer

o

A

e Contour interval is 10 feet.

Datum is mean sea level.

= Ground Water Flow Direction

—_ e - — o
i
2
s
l 2z 25 Z
|
l =TT AT
\ - - -
] i
i
Ji i
| ! |
! :
! - A
. i

Scale 1:62,500

FIGURE 7
Recharge Basin for Kronenwetter
Sanitary District No.2
(from Kendy, 1986)




l |
=
%
»
,
o
@
5
8
&
g
g
4
#

assuming 30 days of continuous pumping at the proposed well pumping capacity of 1,000 gpm
with no recharge. Although two wells are proposed at the site only one will be in operation at
any given time. Therefore, the calculation is performed for one well and the cone of depres-
sion is overlain for each well location.

The Theis method was used for the actual calculation. The Theis method is an analyti-
cal method used to determine the extent of the cone of depression for specified pumping rates
and time intervals.

The drawdown can be calculated through the use of the eqﬁation:

S = 114.60 W(u)
T
Where:
s = drawdown at any point in the vicinity of the well discharging at a
constant rate.
Q = pumping rate, in gpm
T = coefficient of transmissivity of the aquifer, in gpd/ft.
W) = the well function of u, and represents an exponential integral

In the W(u) function u is equal to:

u = 2.693(r")S
T*t
Where:
r = distance in feet
S = coefficient of storage
t = time since pumping started (minutes)
93069/report 10




The corresponding value of u for the W(u) value is found in a well function table. The
radius of the cone of depression can then be calculated for a given time. The choice for draw-
down and time to use in the Theis equation are not immediately evident. Recharge is not con-
sidered in the Theis equation therefore as time of pumping the well increases, the radius of the
cone of depression and drawdown within the cone will continue to expand indefinitely.
Therefore, a decision must be made as to the duration of the pumﬁing (t) and drawdown (s) to
use in determining an appropriate cone of depression. The suggested pumping duration of 30
days was used and the radius at which drawdown is equal to 0.1 foot was used to define the
extent of the cone of depression. The resultant cone of depression for the well site is approxi-
mately 1,919.3 feet from a pumping well (see Figure 8). It is important to point out that the
calculated value is believed to represent a conservative estimate of the cone of depression.
Based on the projected water needs of the Sanitary District, it is unlikely that the wells will be

in operation more than 12 hours on any given day.

YEAR
Water Consumption (GPD/GPM) 2005 2015 2035

Maximum Day @ 120 GPCD 445,680 | 533,040 | 710,400
310 gpm | 370 gpm | 494 gpm

Previous subsurface investigations were performed at four potential well sites in the
Sanitary District in June, 1992. In summary, the present well site was found to be capable of
yielding a good supply of high quality water. More information regarding this investigation
can be found in the report‘for this work in Appendix A. In August of 1992 a test weil was in-
stalled at the present well site, as well as appropriately spaced monitoring wells, to perform a
five-day pump test. The results of this work are presented in Appendix B. Appendix C con-

tains lab analysis of groundwater sampling performed at the end of the five day pump test.

93069/report i1
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V. INVENTORY OF POTENTIAL CONTAMINATION SOURCES

Potential contamination sources are defined as current contamination sites identified by
the DNR or EPA as well as present business or land use practices that involve the handling or
use of hazardous substances that if improperly handled or disposed of could result in a con-
tamination problem (i.e. petroleum -products, pesticides, hazardous waste, etc.). To accom-
plish the inventory of potential contamination sites a variety of information sources were relied
upon. The Department of Natural Resources (DNR) documenté, (Spills list, L.U.S.T. list and
Environmental Data Retrieval) information from the Department of Industry, Labor and Hu-
man Relations (DILHR) and Environmental Protection Agency (Resource Conservation and
Recovery Act, 1976 and Comprehensive Environmental Response, Compensation and Liability
Act, 1980 documents), and a field check.

The location of the following potential contamination sources were identified if present
within 1/2 mile of the well site. Also listed with each source is the method used to determine
its presence.

1 Abandoned Wells (1) 26 Wastewater Lagoons (3)

2 Above Ground Storage Tank (3,4) 27 Coal Storage (3)

3 Agricultural Fertilizer Use (3) 28 Municipal Sewer (3)

4 Agricultural Pesticide Use (3) 29 Mining Operation (Gravel Pit, ‘
Quarry) (1,3) ,

5 Airport (3) 30 Oil or Gas Pipeline (3)

6 Animal Feedlot, Barnyard Waste Storage Pit (3) 31 Photo Processors (3)

7 Auto Repair, Body Shop, Salvage, Car Wash (3) 32 Plastics Manufacturing (3)

8 Cemetery (3) 33 Printers (3)

0 Chemical Production or Storage (2,3) 34 Private Wells (1

10 Electroplaters, Metal Refinishing (3) 35 Production or Other Wells (1)

11 Fertilizer/Pesticide Storage, Mixing, 36 Road Salt Storage (usage) (1)
Production or Loading (1,3)

12 Golf Course (3) 37 Septic Systems (1)
13 Grain Storage Site (3) . 38 Service or Gas Stations (3)
14 Hazardous Waste Site (2) 39 Sewage Treatment Plant (3)

93069/report 13




15 Hazardous Waste Generators, Transporters, 40DILHR Registered Underground

Storage
Disposal, Treatment and Storage Facilities (2) Tank (4)

16 Holding Pond/Lagoon (3) 41 Utban Fertilizer and Pesticide Use (3)

17 Infiltration Pond (3) 42 Waste Tailing Piles (3)

18 Injection, Drainage Well (1,3) 43 Wood Preserving Facility (3)

19 Irrigation System 44 Environmental Repair Sites (1)

20 Landfill (active or abandoned) (1) 45 Leaking Underground Storage Tank
- Sites (1)

21 Laundromat or Dry Cleaner (3) 46 Septage Spreading Sites e

22 Machine Shop (3) 47 Sludge Spreading Sites (1)

23 Manure Spreading Storage (3) 48 Spills Cases (1)

24 T.akes, Rivers, Creeks (3) 49 Superfund Sites (1,2)

25 Railroad Lines (3) 50 Storm Sewer (3)

51 Lift Station (3)

Method of Determinations: (1) DNR Info. (2) EPA Info. (3) Site Inspection 4)
DILHR Info.

The well site is located adjacent to a residential neighborhood to the north and sparsely
populated land to the east, west and south. No commercial properties are within 1/2 mile of
the site eliminating ﬁlany business related practices that would involve the use or handling of
hazardous chemicals. Figure 9 presents an inventory of potential contamination sources. The
only potential source that is of concern is residential septic systems in the Kronenwetter Sani-
tary District No. 2 to the north of the well site. Each residence shown on Figure 9 has a pri-
vate sewage disposal system. Figure 9 also portrays residences with non-conventional sewage
disposal systems (i.e. mound systems, holding tank). There are some residences to the south
and east of the well site that are within 1/2 mile of the well site and are not included in the

District.
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V. MISCELLANEOUS INFORMATION
Reasons for Site Selection

As stated above, the proposed well site was chosen based on information obtained from
previous subsurface investigations at the site. The results of these investigations (included in
Appendix A and B) indicated the well site was found to be capable of yielding an adequate
supply of high quality water.

Associated Water Supply Improvements Intended for On-Site Construction
Installation of two 1,000 gpm capacity wells, pumps, chlorine and fluoride feeders,

buildings and standby power facilities is contemplated. Construction of an office building in-

cluding laboratory and garage at well site is also anticipated. There is the potential for a third

well to be installed on-site.

Distance to Nearest Private/Municipal Wells
The distance to the nearest private well from Well No. 1 is 300 feet to the south. The
distance to Well No. 2 is approximately 600 feet to the east-southeast. The nearest municipal

well belongs to the Town of Weston and is approximately 11,000 feet to the NW of the well

site.
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Water Quality Study for Municipal Well,
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4 Northern Environmental 214 st Vs Cour

Hydrologists « Engineers « Geologists Mequon, W1 53092
Fax 1-414-241-8222

1-414-241-3133
1-800-776-7140

July 14, 1992
(KNR140805)

Mr. Jim Schulz, P.E.

330 Fourth Street

P.O. Box 8000

Wausau, Wisconsin 54402-8000

RE: Water Quality Study for Municipal Well, Town of Kronenwetter, Marathon County,
Wisconsin

Dear Mr. Schulz:

Between May 11 and 14, and June 15 and 24, 1992, Northern Environmental Technologies,
Incorporated (Northern Environmental) conducted a water quality study for the Town of
Kronenwetter Sanitary District, under the direction of Becher-Hoppe. The purpose of the study
was to locate an area within the boundary of the sanitary district, where the concentration of
iron, manganese, and nitrates in the aquifer was at or below potable water standards. This

report presents the results of the study.

SITE DESCRIPTION

The location of the study area is in part of Section 1 and Section 2, and 12 of Township 27
North, Range 7 East, Marathon County, Wisconsin (Figure 1). The topography of the study area
is predominantly flat. Most of the land is either wooded or residential lots.

The geology of the study area is characterized by unconsolidated Pleistocene deposits overlying
Precambrian bedrock. The Pleistocene deposits of the study area range from fine to coarse
brown sand, with layers of silty sand, gravel and cobbles. These deposits are typical of glacial
outwash environments. The geologic maps of the study area indicate that the Pleistocene
deposits are underlain by igneous and metamorphic rocks ranging in composition from granite,
syenite, and diorite to gneiss. The bedrock in the study area is relatively impermeable, and is
not a suitable aquifer. However, the permeable sand and gravel overlying the bedrock can yield

a large quantity of water and is an excellent aquifer.

WATER QUALITY OF THE STUDY AREA

In 1988, an eight-inch test well was drilled to 90 feet in Section 2 Township 27 North, Range 7
East, north of Pine Road, on property owned by the Town of Kronenwetter. The concentration

1

Northern Environmental is a subsidiary of Bonestroo, Rosene, Anderlik and Associates, Inc.,
Engineers and Architects, St. Paul, Minnesota.




itrates in the water was 2.8, .46, and 3.7 ppm, respectively. The iron
and manganese concentrations both exceed the recommended drinking water standards, which
are .30 and .05 ppm, respectively, whereas the nitrate concentration is below the standard of
10 ppm. High iron and manganese concentrations do not pose a serious health concern, but
are bothersome because of bad taste and staining problems. Nitrate concentrations of 10 ppm
can pose a health threat, especially to small children. Treatment to reduce the concentration
of iron, and manganese to a level that meets the drinking water standard is possible. Many
communities in Wisconsin treat for iron and manganese, and the costs associated with
treatment is expensive, with a cost range of approximately $500,000.00 to over $1 ,000,000.00,
not including operating costs. Generally, it is not feasible to treat nitrate contaminated water.
In cases of high nitrate contamination, the usual remedy is to replace the well. '

of iron, manganese, and n

wells and borings in the study area indicate that the

concentrations of iron, manganese and nitrates varies throughout the aquifer. This trend is a
natural phenomena based on the geochemistry that occurs in the aquifer and the residence time
of the water in the aquifer. The relative concentration of iron and manganese is controlled by
the geochemistry associated with oxidizing and reducing zones in the aquifer. Areas of the
aquifer that have elevated dissolved oxygen levels, tend to be oxidizing environments, which
results in iron and manganese precipitating out of solution and prevents dissolution of iron and
manganese from the aquifer material. High concentrations of iron and manganese in ground
water are caused by reducing conditions associated with bogs and-swamps of dissolution of
iron and manganese from minerals in crystalline rock in contact with reducing ground water.
Nitrates enter the ground water from fertilizers and septic tanks. The concentration of nitrates
in a particular area of the aquifer is a result of the distance from the original nitrate source and
the infiltration rate of the soil in that area. Once nitrates enter the ground water they are very
mobile, and decay very slowly. The possibility exists that nitrates levels will increase with time
in a pumping well due to the downward gradients created around the well. Based on the above
information, it appears that the existing test well is in an unfavorable location. Due to the
variability of conditions in the aquifer, it should be practical and feasible to find an area that has
concentrations of all three of these parameters that meet the drinking water standard.

Water samples obtained from private

ESCRIPTION OF METHODS

DESCRIPTION OF MEIHLLYS

Northern Environmental proposed to conduct a three dimensional water quality sampling
program for the Kronenwetter Sanitary District to locate a suitable well site with favorable water
quality. The initial plans involved collecting water samples from 30 feet, 60 feet, and
immediately above bedrock. The samples were to be analyzed in the field for pH, iron,
manganese, and nitrates, and then preserved with nitric acid for later laboratory analysis. Field
analysis provides the most representative data for iron and manganese, due to rapid oxidation
of these ions when exposed to air. Samples preserved with nitric acid are prone to erroneously
high readings due to dissolution of iron and manganese from silt or grains in the sample caused
by the nitric acid preservative. In addition, field analysis aids in directing the sampling program.
The resultant water quality data was to be used to construct cross-sections and maps which
would illustrate the lateral and vertical distribution of iron, manganese, and nitrates. The pH
data would be used as an indicator of any zones of natural oxidation or reduction which could

explain the occurrence of low iron and manganese zones.
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To achieve these goals, Northern Environmental tried a cone penetrometer rig to obtain water
samples at various depths within the Kronenwetter Sanitary District. A cone penetrometer rig
hydraulically drives a steel sampling point down into the subsurface and is able to draw a water
sample from discrete intervals in the subsurface. By recording the tip resistance and side
friction ratio of the cone, the stratigraphy of the subsurface can be determined. In favorable
conditions, a cone penetrometer is a much faster and more efficient method to obtain water
samples and determine subsurface stratigraphy than conventional drilling methods, thereby
reducing project costs. However, the cone penetrometer is limited by the fact that it can not
push through gravelly, dense soil. A review of existing subsurface information of the area,
including well logs and geologic maps, indicated that there was a good chance that-a cone
penetrometer would be successful at collecting water samples at various depths. Based on
available information, it was decided that the cone penetrometer rig was the most effective

alternative.

Between May 12 and 14, 1992, a cone penetrometer rig, provided by STS Consultants Ltd.,
Northbrook, lllinois, was used to obtain water samples within the Kronenwetter Sanitary District
boundary. Initially; Northern Environmental had hoped to recover samples from 3 depths at 12
sites, but problems were encountered with thin silt layers plugging the sampling cone and with
dense gravel layers limiting penetration depths. Cone penetrometer tests were attempted at
seven locations with the Kronenwetter Sanitary District (Figure 2). At five of the locations, water
samples were collected with a vacuum pump, at depths ranging from 54 to 69 feet. Each
sample was analyzed in the field for iron, manganese, and nitrates using a Hach Colorimetric
Kits, and the remaining portion of each sample was preserved with nitric acid for laboratory

analysis.

Cone penetrometer refusal was encountered at two of the locations, CPT-2 and CPT-7. Two
separate tests were tried at CPT-2, but both encountered refusal between 2 and 4 feet. CPT-7
also encountered refusal between nine and 12 feet. A second test at CPT-7 resulted in the rod
snapping off at a depth of 9.2 feet below the ground. At this point, a decision was made to
discontinue further water sampling with the cone penetrometer due to the inability of the cone

penetrometer to penetrate deeper than 70 feet.

A decision was made to try and obtain water samples by conventional drilling techniques.
Between June 15 and June 24, 1992, a drill rig, provided by Twin City Testing, Wausau,
Wisconsin, was used to obtain water samples. An initial attempt was made at the approximate
location of CPT-6 to drill down to approximately 70 to 80 feet with hollow stem augers, drive a

'1.25 inch steel sand point ahead of the bottom of the borehole, and pump a water sample for

analysis. However, the high water table (10 to 15 feet below the ground surface), and the
cohesive nature of the fine to medium sand resulted in difficult drilling, placing strong torque on
the augers which caused the augers to break at a depth of about 85 feet, resulting in the loss
of approximately 60 feet of hollow stem auger flites down hole in the first hole.

Due to the difficult augering conditions, a decision was made to switch to mud rotary drilling.
The initial intention was to drill down to approximately 50 feet, push the well point three feet
ahead of the bottom of the borehole, surge water into the formation to push the fine material
away from the screen, and then continue pumping until all the water that was added during
development was removed and a clear water sample could be taken. The initial intent was to
collect a water sample at a depth of 50 feet and then drill down to within five feet of bedrock

3




and repeat the process. During the field operation, it was decided to only sample right above
bedrock to save time and to concentrate the sampling program on the interval in the aquifer that
was most likely to have the highest concentrations of iron and manganese.

Eight borings were drilled within the Kronenwetter Sanitary District (Figure 2). Five water
samples were collected at depths ranging from 52 to 77.5 feet. In addition, a water sample was
collected from a private residence for control purposes. The samples were analyzed in the field
for iron, manganese and nitrate concentration using a Hach DR\2000 Spectrophotometer and
tested for pH with a pH ep test meter. In addition, a portion of each sample was preserved with
nitric acid for later laboratory analysis of iron and manganese. The boring at HB-1 was
abandoned due to loss of hollow stem auger flites, and close proximity of the Evergreen Grade
School septic beds. The boring at HB-6 was abandoned without collecting a water sample due
to the presence of a 10 foot thick clay layer above bedrock. The formation at this interval was
impermeable, so it was not considered as a possible well site due to insufficient formation
thickness. Boring TB-1 was drilled and sampled by split spoon. Samples were collected every
10 feet down to 40 feet, and every 5 feet from 45 to 90 feet to obtain representative formation
samples. An attempt was made to collect a water sample at 90 feet from TB-1, but the well
point could only be driven down to 91.4 feet, where refusal was encountered. Because the
point could not be advanced beyond the boring, the well screen became clogged with bentonite
drilling mud and fine sand, and a water sample could not be drawn.

DISCUSSION OF RESULTS

Table 1 shows the results of the cone penetrometer sampling ‘program. The depth of the
sample, pH, iron, manganese and nitrate concentrations are listed for each sample collected.
For samples CPT-3 and CPT-4, no nitrate analysis was performed because the available sample
volume was to small. Table 2 shows the results of the mud rotary sampling program. Note that
the Bradfish sample was from a private residence located east of Tower Road (Figure 2). The
parameters listed are similar to the cone penetrometer sampling program. In addition, pump
discharge was measured for HB-3, HB-4, HB-5, and HB-7. This parameter is a relative indicator
of formation permeability, but it is significantly affected by other factors, such as static water

level and the physical integrity of the well point and piping.

Tables 1 and 2 present both the field analysis and lab analysis results. While laboratory
analytical techniques have an obvious advantage in precision, the difficulty in obtaining a
representative sample for iron and manganese seriously reduces the reliability of the results.
From Tables 1 and 2 it can be seen that the lab analysis results are almost always higher than
the field results. This suggests that the nitric acid preservative has dissolved iron and
manganese from the small amount of silt present in the sample, causing the lab results to be
less representative of actual water quality. For this reason, we have chosen to use the field
results for further analysis. Please note that the field and laboratory analysis from the Bradfish
well sample are very close, suggesting very little silt was present in the sample due to prolonged

pumpage of this domestic well.

Figures 3 and 4 are plots of iron and manganese concentrations vs. depth for all of the samples
collected, including the analysis done on the existing test well in 1988. The plots do not
indicate any clear trend of increasing concentration of iron and manganese vs. depth. The




scattering of the data points seem to indicate that the iron and manganese concentrations are
controlled more by geographic location in the aquifer and not by depth.

Figures 5 and 6 are plots of iron and manganese concentrations vs. pH of all of the samples
collected. The plots indicate that there are two populations of data for each plot, one population
between pH values 6.9 and 7.7, and the second population between pH values 8.2 and 8.7.
The iron concentrations in the first data set range from .01 to greater than 3.3 ppm, while the
manganese concentration ranges from .02 to .46 ppm. The range of concentrations for both
iron and manganese in the second set is much lower than the first set. The range of iron
concentrations for the second set is .02 to .06 ppm, while the manganese concentratian range
is .014 to .08 ppm. The data indicates that there is a relationship between high pH and low
concentrations. of iron and manganese in the aquifer. This indicates that some type of
geochemical processes are oceurring in the aquifer that results in areas of reducing or oxidizing
conditions. In areas of low pH, the aquifer conditions are probably reducing and concentrations
of iron and manganese are high. Areas of the aquifer which have a pH above 7.7 appear to be
under oxidizing conditions for which iron and manganese are essentially insoluble, causing the
concentrations of these ions to be low.

Figures 7, 8, and 9 are maps of the study area which show the concentrations of iron,
manganese, and nitrates for all the samples collected, including the Bradfish sample and the
test well. Figure 10 is a map that breaks down the entire study area into four separate water
quality areas labelled area 1 through 4. The results of the water quality of each area is as

follows:

AREA 1:

The area contains water quality data from CPT-4, CPT-5, CPT-6, HB-2, the Bradfish
sample, and the test well. The iron concentration range of the area is from .01 to 2.8
ppm, and the manganese concentration range is from 01 to .46 ppm. The nitrate
concentration ranges from 3.0 to 7.0 ppm. The possibility exists that a well site could be
found in the area that has initial iron and manganese concentrations below the drinking
water standard. However, the concentrations of these ions is quite high in many places
in this area, suggesting that iron and manganese levels are likely to increase after
prolonged pumpage. The nitrate concentrations are currently below the standard.
However, historical evidence indicates that in the past area 1 was farmland. The field
north of area 1 is presently agricultural land. The possibility exists that fertilizers and
animal manure may have be spread extensively over the entire area. The movement of
nitrates from the fertilizers and manure from the unsaturated zone to the water table is a
slow process. Although the present nitrate concentrations are below the health standard,
it is very possible that continued pumpage in the aquifer could result in increasing nitrate
levels which could exceed the health standard in the future. Therefore, from a long term
water quality standpoint, area 1 is not a good choice for a municipal well.

AREA 2:
Area 2 is outlined on the basis of water quality data from CPT-1 and HB-3. The iron

concentration ranges from 1.0 to greater than 3.3 ppm, while the manganese
concentration ranges from .3 to .32 ppm. The nitrate concentration ranges from non-
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detection to 1.2 ppm. The nitrate concentrations are low, and do not pose a long term
health concern as in area 1. However, both the iron and manganese concentrations
exceed the drinking water standard, and it is unlikely that a test well can be developed
with low iron and manganese concentrations in this area.

AREA 3:

Area 3 is defined on the basis of water quality data from HB-4. The iron concentration
is .02 ppm, whereas the manganese concentration is less than .03 ppm. The nitrate
concentration is 5.0 ppm. All three chemical parameters are below the drinking water
standard. The area north of area 3 is currently being used for agricultural purposes and
it is possible that the nitrate level could surpass the health standard in the future. The
sanitary district may wish to consider this area as a secondary prospect. A possibility
exists that placing a well to the south of HB-4 in the wooded area, and establishing a well
head protection plan, could prevent nitrate levels from rising and provide a good long

term water supply.

AREA 4:

Area 4 is defined on the basis of water quality data from HB-6 and HB-7. The iron
concentration ranges from .02 to .06 ppm, whereas the manganese concentration ranges
from .014 to .019 ppm. The nitrate concentration ranges from 2.9 to 3.7 ppm. All three
of the chemical parameters are well below the drinking water standard. The land use
surrounding Area 4 is mostly residential and wooded lots. In the past, a turkey farm
occupied the site. The threat of nitrate contamination associated with this farm does not
seem to be a problem, based on the low nitrate levels from the chemical analysis. In
addition, turkey farming does not involve spreading of fertilizer and manure on the land,
as is done with dairy farming. Therefore, surrounding land use does not appear to pose
a threat to long term water quality of this site. Formation samples and sieve analysis
(Attachment B) from TB-1, which is located between HB-5 and HB-7, indicated that the
formation is permeable and the aquifer may be capable of yielding a good supply. of high

quality water.

RECOMMENDATIONS

Northern Environmental recommends installing an eight-inch test well in Area 4 at location TB-1.
The test well should by drilled by a cable tool rig, and formation samples should be collected
every five feet. The well screen should be set between 60 to 90 feet, but the final depth will
depend on sieve analysis of the cable tool samples. After installation, the test well should be
surged and pumped to remove the fine material from around the screen, and development
should continue until the water is pumped clear. A well completion test should be run on the
well in order to determine capacity and efficiency of the well. If the capacity of the well is lower
than 500 gpm and the data indicates poor well efficiency, then more time should be spent on

development of the test well.

Once the desired well capacity is achieved, three temporary observation wells should be
installed to approximately 70 feet, at 120" azimuths from the test well, at distances of 50, 100,
and 150 feet. An aquifer test should then be conducted for approximately five days, or until

6




water levels and water quality stabilize. In addition, draw down in some nearby domestic wells
should be measured. Water samples from the test well should be collected three times the first

day of the test, and once a day until the end of the tost. The samples should be analyzed for

iron, manganese, nitrogen-nitrate, pH, and temperature. Preferably, the analysis should be done
in the field with a portable spectrophotometer. Additional samples should be properly preserved
and analyzed in the lab. Temperature and pH must be measured in the field. Before the pump
is shut off, a sample should be collected and analyzed in a laboratory for inorganics, VOCs, and
pesticides. Once the pump is shut off, recovery measurements should be made for at least the
first 24 hours or until the original static water level is reached. The data should then be
analyzed to determine the zone of contribution for the well, and to estimate time of travel

contours for the well head protection plan.

Northern Environmental is very optimistic that a suitable well site with sufficient capacity and
water quality can be developed at Area 4. However, the success of the well is dependent on
proper installation and development of the test well, and running a thorough completion and
aquifer test. While we cannot guarantee that iron, manganese, or nitrate levels will not increase
with time, past experience suggests that it is reasonable to assume that satisfactory water
quality will be maintained if water quality results remain low during the aquifer test. We trust this .
information meets your needs. Please feel free to contact us if you have any questions or

comments.

Sincerely,
Northern Environmental
Technologies, Incorporated

4

Patrick J. Jurcek
Geophysi}cist/Hydro ologist Hl

John R. Jansen, C.P.G., R.Gp. '
Director of Geosciences

PJJigjw

©1992 Northern Environmental Technologles, Inc.




! G.M.B. ENGINEERING 581424

= ~ R v A . N .
& o \; >, T S~ . (.' b § B i " : ¥ -
£ al & - /'\j’ N . \ it el L sl o P
@ HOne sa| Sirivin T ’ " ’ ""./—)5—[':—?" !§ 3k - - - v -Er
; . : . . , L S - s — £ e T VR
. i . — A . TERE T S netl 0
. I TRy L s e e
= 1_,‘»;;‘____ MEKLANBIAS a s H ) L 7 = 3 ‘i -
i H aee= S
° ! o : = 5
hy ETR 7;5 - s is==Ea ] I
a5 107 3 - 3 T\ T i, k -y oo i
54 t
7 P\ TG vne By promene 2
i o Wamerm Dimctten 2 12 H
A L3 ! -
TSRS A
N S S st
% s T I
: INLE [N
P g
LETT

N STATE FARR  ° L—bere—d §
~. R R Tea

GQuynes 3. MAWTAS Lt A

|

— T s % i Ao
. TR S ! } } 2 enstenso,
\ o —— : PR = st B
/8 .3 H PR -
s . o - L =\ E A
VA joug : £ own
o=
g

S e
= -
: : LTI SR

)
_ Auntfo

i

|«

b
”

“aine sagafs
¢

T . .
v R CN BN YETTER
e ) I‘Tv?ﬁi?.‘? T e

Reon Ll

'3
-
2

L e -1
v 15
T B
.
a 1 LA -
M ‘ Omman oy e .
-8y . S ; . -5 - ’
s 87 H HEAA Byl 63 et . : i TR e -
¥ . - ER a 1 . & ticy 3
. by === £
voos Wy -3 L. R ) A R
/ i H l 2y ! T maustest dasre Aot
- i Do .
P — ‘:V _'fE' ) ——— — —A\ — . —_— — e LT

14y Lt ang Re

[ 3

i
Tt

]

Hoca

o8

i

=

I . "";L:: 4 “.:' °
o
Ay Pao “Bercon L senmtane

Pak | B V= -G .ru__._.-" =
- BN mtagaring gl =l
s E

B
tmigiaut an

P

\¢ / | :
™ BIG EAU PLEINE] [T PR G-
! Eset FSERVOIR g H

Peint \\ l . = N 2 !

) \
=, ,/\ S| e
G L] RE
. M U S AT IR PRSI ,
\ . . 3 , J’ i 2 L.
ﬁo LToH o AU e

"“1

ELEV 1148 1
M.

% 3 . K
E2 \ 2, 5 i
. ‘3 P SRR .. I 8 VL g;,-__ '
N 34, i ’ 2, /S ) 3
l\ s RoHjon N 2 /‘ ; ' v
U My ul! ) =/ 2
2 2 sandpn

= Approximate

= . ®HLOMETERS 1 0 ' 2 3 ] k) 3 H [] 3 3
‘ e T " boundary of study
! area

=
WILES  f [ 1 7 3 + 3

REV . DATE:
PROJECT: KRN140806 |DATE: 07/14/92 KRONENWETTER SANITARY DISTRICT

THIS DRAWING AND ALL INFORMATION CONTAINED THEREON IS THE
PROPERTY OF NORTHERN ENVIRONMENTAL INCORPORATED AND SHALL

NOT BE COPIED OR USED EXCEPT FOR THE PURPOSE FOR WHICH IT
'S EXPRESSLY FURNISHED THE DRANING AND ANY COPIES THEREOF
SHALL BE RETURNED TO THE OWNER ON DEMAND

A Northern Environmental

Hydrologists © Enginaars © Geologlsts

i
|




a.M.B. ENGINEERING 581424

£ 5
0 HB-4
WX, HLO
e
HB-6
[11]
: Z =
e Z
> o eTB-1
'E ®
5 Ha-7
cPT-14
cPi- .
ay H3MmO04L
e 70 TEST HB-3
srap FisH Bl CFTT0 wE .
HB-2
CPT-6
]
HB-1
®
CPT-4 CPT-5
LS, A
o = Water eampla or boring location
SCALE Fest
800 1000 1300 2000
REV
PROJECT: 0805 |DATE: 07 ,
KRN14 /14/92 KRONENWETTER SANITARY DISTRICT
THIS DRAWING AND ALL INFORMATION CONTAINED THEREON IS THE
PROPERTY OF NORTHERN ENVIRONMENTAL INCORPORATED AND SHALL
NOT 8E COPIED OR USED EXCEPT FOR THE PURPOSE FOR WHICH 1T
1S EXPRESSLY FURNISHED THE DRANING AND ANY COPIES THEREOF :
SHALL BE RETURNED TO THE OWNER ON DEMAND %?ER SM&PL’E A{ND BOR
A Northern Environmental
Hydrologists ° Engingers ¢ Geologists




£ Junsid

HLd34 "SA
(VIVG 7314 NOLLVHINZONOD NOHI 40 101d

5151501089 o Ss92UIBUT » S15160104PAH

[BlUSWIUOHAUT UIBYIION T

1OMLSIA AHVLINYS YALLFMNINOEA

ONVINSQ NO H3INMO 3HL OL ganyNizy 38 TIVHS
403HIHL SIAOD ANV ONV ONWAYHC 3HIL 03IHSINBNE AISSTYIX3 St

11 HOIHAM HO4 3SOdtNd 3H1 BOL Ld30X3 a3sN 8O 031800 8 1ON
TIYHS ONY 031VHOJBOON! TVINSWNOYIANI NEHIHIGON 3O Ald3dOdd
3HL St NO3Y3IHL GINIVANOD NOUYWZOANI 17v NV DNIMVHEQ SiHL

¢6/v1/.0 VA

080V L N 1103r0dd

00} 06

]

08 0L

|

199} Ul Yide(
09 0S 07

AZY

| | \ ol 1 | | ]
: : SRR X : :
ke 5 ox |

(wdd)e

vIviss ONIYIINIONT gWO




A0

HLd3A "SA (Viva aT13id)

$151601089) © sugsuibulg o sy5160104PAH

[eIUBWIUOIAUT UIBYLION T

NOLIVHINIONOD JSINVONVA 40 1O1d

10/1SIQ AYVLINYS HIL LAMNINOEA

Z6/¥i /L0 AVA

00} 06

| | |

1o} Ul Uideq
09 ov

|

N

.......................

.........................

(wdd)uiy

...........

................................................................................

............

vZv166 ONIYIINIONI FWD




< 3HNOI

‘ 5151501099 o St88UIBUT © s1s1601CIpAH
Hd “SA JBJUSWIUOIIAUT UIBYIION T
(viva T NOLIVHLINIONOO NOHl 40 10d

ANYWIQ NO HINMO 3H1 O1 g3NEN.I3Y 39 TIVHS
JO3UIHL STIA0D ANV ONY ONMvHa 31 QARSINBNS A1SS3BdX3 SI

LI HOTHAM HO4 3SOJHNd 3H1 HOd 14303 a3sn B8O Q3100 38 ION
TIVHS ANV O3IYHOSHOON! TYANIWNOYIANT NHIHLIBON 30 AlH3d0ud

1RSI AHVLINYS mw.r“_.m.;zwz Ot S0 1 NOZUML OINIVINOO NOLIYWEO:NI 11V ONY DRIMVE] SiHU
S 26/¥1/20 3lva} SOBOWE NEDA 1103rodd

Hd
6 88 98 ¥v8 ¢8 8 81 9L v.L L L

A3Y

89 99 ¥9 <9

(wdd)e

yZyiss ONIYIINIONT W




9 JHAD

$15160j099) » 193UIBUT o 515160]04pAH
Hd "SA (viva 13D [RlUBWIUOIIAUT UJBYIION ¥
NOLIVHINZONOD ISINVONVIN SO 101d

TIVHS ONY G3LYHOdHOON! TYINIWNOLIANT NYFHIEON 20 AlY340ud

A—lcﬁn—-m—o >m<.—|—z<w mm.—l—-m;zmzomx J41 St NOTHBHL A3NIVLNOD NOLYWHOHANL 7Y ONV DNIMYHEQ STHL
Z68/¥1/20 :31VQ| S080%L Nebi :103roud

:
O
5
%
5
@\
7
w
g
w
@
7Zv163 ONIYIINIDOND B8'WD

AZd

Hd
6 88 98 ¥8 ¢8 8 g/, 9L ¥v.L ¢l L 89 @.,o ﬁ@ m._© W

wm " _

x

eerennas amenreern e reeeneessesdersasmnresaranesanspasananasaneansinass

(wdd)uin

..................................




B

G.M.B. EHGINEERING 551 424

‘a4 Y3MOL

0 00

8CALE Feet

e

1000 1800 2000

KOWALSK! RD.

é = \Water samplo of poring location
*pdL GGNGENTRA‘IW ARE B UNITS
OF PARTS PER MILLION (ppr)

REV

DATE: 07/14/92

PROJECT: KRN 140806

THIS DRAWING AND ALL INFORMATION CONTAINED THEREON IS THE
OPERTY OF NORTHERN ENVIRONMENTAL INCORPORATED AND SHALL
NOT BE COPIED OR USED EXCEPT FOR THE E FOR WHICH IT

1S EXPRESSLY FURNISHED THE DRANING AND ANY COPIES THEREOF
SHALL BE RETURNED TO THE OWNER ON DEMAND

KRONENWETTER SANITARY DISTRICT

A Northern Environmental

Hydrologists © Engineers © Geologists

JAON CONCENTRATION MAP
FROM FIELD DATA

FIGURE 7




a.M.B. ENGINEERING 551424

o

1000

o 800

gy

1500 2000

e = Water sample of poring tocation

REV

PROJECT: KRN 140806 |DATE: 07/14/92
ED THEREON 13 THE

THIS DRAWING AND ALL INFORMATION CONTAIN

ERTY OF NORTHERN ENVIRONMENTAL INCORPORATED AND SHALL

NOT BE COPIED OR USED EXCERT FOR THE PURPOSE FOR WHICH 1T
ANY COPIES THEREOF

S EXPRESSLY FURNISHED THE DRANING AND
TO THE OWNER ON DEMAND

KRONENWETTER SANITARY DISTRICT

A Northern Environmental

Hydrologists © Engingers ° Geologlsts

CONCENTRATION MAP
FIELD DATA




G.M.B. ENGINEERING 551424

WX.. H1O

PINE RD.

: @
-]
z 29
(%)
N/D
R N/A o "ay YIMOL
4.1 62® 37 o .
) 1.2 Q
250 %
© ‘ &
M/A 2.9 G ¥4
3 }/D = NON-DETECTION
} /A 2 NOTENOUGH SANELE
e = Water sample or boring location
° ALL CONCENTRATIONS ARE 1 URNITS
3cALE Feotl OF PARTS PER MILLION (ppm)
0 800 1000 1500 2000
REV . .
PROJECT: KRN140805 |DATE: 07/14/92 KRONENWETTER SANITARY DISTRICT

THIS DRAWING AND ALL INFORMATION CONTAINED THEREON IS THE
PROPERTY OF NORTHERN ENVIRONMENTAL INCORPORATED AND SHALL
NOT BE COPIED OR USED EXCEPT FOR THE PURPOSE FOR WHICH IT,

1S EXPRESSLY FURNISHED THE DRANING AND ANY COPIES THEREOF
SHALL BE RETURNED TO THE OWNER ON DEMAND

‘ T OGEN ~ NITRATE CONCENTRATION MAF
A Northern Environmental FROM FIELD DATA

Hydrologists @ Engineers °© Geologlsts

FIQURE

e

|




G.M.B. ENGINEERING 551 424
e

WX, H1O

o
e 4
Ww

i Z

% > o

'e;_ ®

%)

L It
_ABEAZ .
' I} @ ‘ay HBM‘OL .
} ° o 4
3 e«
" b
. ) AEEA 1 @ <o
a S, A
i
| o = Waler sample of poring location
E; gcaLE Feet
800 1000 1500 2000
Rev PROJECT: KRN140806 |DATE: 07 /14792
THIS DRAWING AND ALL INFORMATION CONTAINED THEREON 1S THE
ERTY OF NORTHERN ENVIRONMENTAL INCORPORATED AND SHALL

O
NOT BE COPIED OR USED EXCEPT FOR THE E WHICH 1T
1S EXPRESSLY FURNISHED THE DRAWING AND ANY COPIES THEREOF
SHALL BE RETURNED TO THE OWNER ON DEMAND

A Northern Environmental

Hydrologists ¢ Engineors © Geologlsts

FIGURE 10__



P

?!
'
g
¢
;
4
i

CPT-1

Sample depth=
pH=

fron=
Manganese=
Nitrogen-Nitrate=

CPT-3

Sample depth=
pH= .
Iron=
Manganese=
Nitrogen-Nitrate=

CPT-5

Sample depth=
pH=

lron=
Manganese=
Nitrogen-Nitrate=

CPT-7

- Lost sample cone 9.2 feet b

N/S

*N/A= Not enough water sample
N/S= No sample
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CONE PENETROMETER TESTI

TABLE 1
NG DATA FROM KRONENWETTER SANITARY DISTRICT

WATER QUALITY STUDY

FIELD LAB

54.0 feet N/S
7.2

1.0 ppm

.30 ppm

No detection

60 feet N/S
7.0

.33 ppm

0-.1 ppm

*N/A

55 feet

7.2

15 ppm 4 ppm
<.1 ppm .2 ppm
2.9 ppm

elow ground surface

-Refusal 4 feet down N/S N/S
-Tried another test
100 north, refusal _

4 feet down

CPT-4
Sample depth= 69 feet N/S
pH= 7.5
fron= ‘ 1.6 ppm
Manganese= .2-3 ppm

Nitrogen-Nitrate= *N/A

CPT-6
* Sample depth= 68-69 feet
pH= 8.5
fron= .16 ppm .8 ppm
Manganese= <.1 ppm 08 ppm

Nitrogen-Nitrate= 5.0 ppm

available for Nitrogen-Nitrate analysis
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TABLE 2

MUD ROTARY DRILLING DATA FROM KRONENWETTER SANITARY DISTRICT
WATER QUALITY STUDY

HB-1 FIELD LAB

- Drilled rod snapped, N/S N/S
abandoned hole

Bradfish Sample

Well depth= 52 feet

pH= 6.9

lron= .10 ppm 1 ppm
Manganese= .06 ppm <.08 ppm
Nitrogen-Nitrate= 4.1 ppm

HB-4

Sample depth= 75.3 feet

pH= 8.7 -

fron= .02 ppm <.1 ppm
Manganese= .02 ppm <.03 ppm
Nitrogen-Nitrate= 5.0 ppm

Discharge= 16.5 gpm

HB-6

- Abandoned due to clay layer
from 70-80 feet, could not get a water

sample
N/S

N/S = No sample

HB-2

Sample depth=
pH=

lron=
Manganese=
Nitrogen-Nitrate=

HB-3

Sample depth=
pH=

fron=
Manganese=
Nitrogen-Nitrate=
Discharge=

HB-5

Sample depth=
pH=

Iron=
Manganese=
Nitrogen-Nitrate =
Discharge=

HB-7

Sample depth=
pH=

lron=
Manganese=
Nitrogen-Nitrate=
Discharge=

FIELD LAB

52 feet

7.7

.01 ppm 80 ppm

.009 ppm :13 ppm

73.3 feet

7.4

>3.3 ppm 14 ppm
322 ppm 35 ppm
1.2 ppm

14.2 gpm

73.3 feet

8.3

.02 ppm <1 pom
.02 ppm  <.03 ppm
3.7 ppm

10.6 gpm

77.5 feet

8.2

.06 ppm 2 ppm
.01 ppm  <.03 ppm
2.9 ppm

9.5 gpm
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ATTACHMENT A

TB-1 BORING LOG




TB-1
SAMPLE DESCRIPTION LOG

Depth (feet) Description

9.0 Sand, Fine to coarse, some gravel, some silt
25-26.5 Sand, fine to medium, trace silt and clay
30-31.5 Sand, fine to medium, trace silt

40-41.5 Sand, silty, fine to medium, trace clay
50-51.5 Sand, fine to coarse, some silt

55-56.5 Sand, fine to medium, some silt

60-85.5 Sand, fine to medium, some silt

90-91.4 Sand, silty, fine to medium

91.4 ~ Sand point refusal, Bedrock ?7
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ATTACHMENT B

" SIEVE ANALYSIS OF SAMPLES FROM TB-1




| W TESTING LARORATORIES

Testing and inspection of:
Soils
Concrete
) Asphalt
Geotechnical Reports
Soll Borings
Rock Coring

July 1, 1992

Mr. Pat Jurcek
Northern Environmental Technologies, Inc.

1214 West Venture Court
Mequon, Wisconsin 53092

Re: Grain Size Analyses
Kronen Wetter
Project No. KNR 140805
(WTL L-9263)

Dear Mr. Jurcek:
We are submitting herewith the results of grain size

analyses performed on seven (7) soil samples from the referenced
roject. These samples were delivered to our laboratory on June

26, 1992.

Tf there are any questions regarding these data, please
call. We appreciate the opportunity to be of service to you.

Very truly yours,

= 4

Jeffrey G. Smith, P.E.
Geotechnical Engineer

JGS/bh

Copies (2) Client

N53 W14176 Kaul Avenue/Msenomonee Falls, W1 53051/ (414) 252-3300
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A Northern Environmental 1214 West Venture Court

Hydrologists « Engineers « Geologists Mequon, WI 53092
Fax 1-414-241-8222

1-414-241-3133

1-800-776-7140

September 10, 1992
(KNR140805)

Mr. James Schulz P.E.
Becher-Hoppe Engineers

330 Fourth Street

P.O. Box 8000

Wausau, Wisconsin 54402-8000

RE:  Aquifer Performance Test at the Lea Road Test Well Site for Kronenwetter Sanitary District
Number 2

Dear Mr. Schulz:

In August of 1992, an extended pumping test was performed on a test well at the Lea Road site
for Kronenwetter Sanitary District Number 2. The purpose of the test was to determine the safe
continuous yield of a final well at this location, determine the water quality present at the site and
to determine if any change in water quality could occur after extended pumpage. This report
presents the results of the aquifer test and water quality sampling.

DESCRIPTION OF TEST

The test well is located approximately 375 feet south of Jackie Road and 210 feet west of Lea
Road on a parcel of approximately 4 acres within the boundaries of Kronenwetter Sanitary
District Number 2. Figure 1 shows the location of the test well. The test well was drilled in June
of 1991 by Layne Northwest Company to a depth of 91.5 feet. The well was completed with 8
inch 10 slot telescoping screen from 70 to 90 feet, with 8 inch casing to the surface. The screen

was completed with a natural formation gravel pack.

Capacity tests were run on the well on July 30 at 261 gpm for one hour with 48 feet of draw
down and on July 31st at 242 gpm for 1.5 hours with 42 feet of draw down. On both tests,
approximately 90% of the draw down occurred in the first 30 seconds of pumping with 90% of
the recovery occurring within 30 seconds of shut down. Based on these results, it was
determined that the efficiency of the test well was probably relatively low and that most of the
draw down in the casing was due 10 well loss, not draw down in the formation. It is likely that
the formation would be capable of supplying substantially more water to a more efficient well.

Based on the small slot opening, it was considered unlikely that the efficiency of the test well

could be significantly improved by further development. A final well with a gravel pack could be
constructed with a larger slot size thereby increasing well efficiency and over all well efficiency.

1

ﬁ\%\k WM Q N\é

Ndrthern Environmental is a subsidiary of Bonestroo, Rosene, Anderlik and Associates, Inc.,
Engineers and Architects, St. Paul, Minnesota.




Based on the initial completion test, it appeared that the aquifer had a sufficient capacity for a
satisfactory well. The safe continuous yield and long term water quality could not be
determined from the initial completion test. To determine these values, a five day extended
aquifer test was proposed. Prior to starting the extended aquifer test, three observation wells
were drilled to a depth of 70 feet and completed with 5 feet of PVC screen and a two inch PVC
riser. Monitoring well M-1 was installed 101 feet north-northeast of the test well. M-2 was
located 49 feet south-southeast of the test well. M-3 was 148.5 feet to the west-southwest of the
test well, and M-4 was 2.5 feet southeast. The location of the test wells are shown on Figure 2.
All four observation well were instrumented with down hole pressure transducers and Telog

digital data loggers.

On August 6 at 8:00 am, an extended aquifer test was begun. The well was pumped
continuously at 224 gpm for 7345 minutes (approximately 5 days). The change in water levels
versus time was measured regularly in all four monitoring wells using the data loggers. The
draw down in the test well casing was measured periodically using an airline. The draw down
at three nearby domestic wells was measured four times on August 6th, and daily until August
12th. Figure 2 shows the location of the domestic wells monitored. Domestic well H-1 is
especially significant in that this well was not yet in service and was not affected by pumpage
from the well. The exact construction of these wells is not known, but it is reasonably certain
that these wells are completed as open casing in the sand and gravel deposits.

Water samples were taken from the discharge line near the pump discharge three times on
August 6th, and then daily on August 8th, 9th, 10th, and 11th. Unpreserved samples were taken
directly to Enviroscan and analyzed within one hour of collection on August 6th, 7th, 10th, and
11th. Preserved samples were taken to Becher-Hoppe's lab and analyzed on all five days.
Temperature and pH were measured in the field immediately after sampling. On August 11 at
10:25 am, the pump was shut off. Recovery readings were taken in each well until 15:00 on

August 13.

DISCUSSION OF RESULTS

During the first two minutes of the test, a total of 37.5 feet of draw down was observed in the test
well casing. Over the next 5 days, only 2.5 feet of additional draw down was observed. The
rapid initial draw down is consistent with the results of the initial completion test and probably
indicates draw down due to well loss. The rapid initial draw down, combined with the small
subsequent draw down and the limited precision of airline measurements, make it difficult to
analyze the draw down data from the test well beyond estimating the efficiency of the well.
Better results were obtained from the monitoring wells.

Figures 3, 4, 5 and 6 are semi-log plots of the draw down data from M-1 through M-4. The plots
show a linear trend in the draw down curve between about 1 to 10 minutes. After approximately
10 minutes of pumping, the increase in draw down in each well slowed significantly.
Approximately 60 minutes into the test, the draw down ceased to increase with time and the
aquifer was at or near steady state pumping conditions. The water level in the aquifer remained
relatively stable for the remainder of the test, with minor fluctuations of a few tenths of a foot,
probably due to pumpage at the domestic wells. These fluctuations were strongest at M-1, the
monitoring well closest to a row of homes with private wells.




At approximately 1410 minutes, the aquifer recovered approximately 4.6 feet at M-4 and lesser
amounts at M-1, M-2, and M-3. The response of the aquifer suggests that the pump shut off
briefly at 1410 minutes and the aquifer began to recover. However, the interruption appears to
have been very brief and should not compromise the analysis of the data.

The transmissivity of the aquifer was calculated from the linear portion of the draw down plots
between 1 to 10 minutes Using the Cooper-~Jacob method. This portion of the draw down plot
indicates the response of the aquifer without any boundary conditions. The value of the well
function, u, was calculated for each well for the time interval for the linear section of the draw
down plots. The Cooper-Jacob method was found to be strictly valid (u < 0.01) for M-4 only.
The transmissivity values calculated for M-4 by the Cooper-Jacob method was 26,880 gpdy/ft.
This value is probably a reasonable estimate of the true value. The transmissivity values
calculated by the Cooper-Jacob method for M-1, M-2, and M-3 are substantially higher and
probably are not valid due to the early occurrence of the recharge boundary.

The storage values calculated by the Cooper-Jacob method were indicative of highly confined
conditions, which contrasts sharply to the geology of the aquifer and the rapid recharge
observed during the test. It appears that casing storage and delayed yield significantly affected
the storage calculations and that the values obtained do not reflect true aquifer conditions.
Table 1 presents the results of the transmissivity and storage analysis by the Cooper Jacob-

Method.

It was not possible to apply the Cooper-Jacob method to the later portion of the draw down plots
of M-1, M-2, and M-3, the portion for which the Cooper-Jacob method is valid, due to the
occurrence of a recharge boundary after approximately 10 minutes of pumpage. Log-log plots
of the draw down data at all four monitoring wells were constructed (Figures 7, 8, 9, and 10) and
analyzed using the Staliman method which considers the effects of a recharge boundary and
does not have the same limitations as the Cooper-Jacob method.

The transmissivity values calculated by the Stallman method are listed on Table 2. The
calculated values for M-1, M-2, and M-3 are very similar to the transmissivity value calculated for
M-4 by the Cooper-Jacob method. This suggests that the Staliman analysis successfully
accounted for the early occurrence of the recharge boundary and that these values are probably
more representative of actual aquifer conditions. The transmissivity calculated by the Staliman
method for M-4 is anomalously low, suggesting that the turbulent flow immediately around the
well is interfering with the analysis. The storage values calculated by the Stallman analysis are
similar to the Cooper-Jacob results, indicating that the storage analysis by the Stallman method
also suffered from the effects of delayed yield and casing storage.

Figures 11, 12, and 13 are semi-log plots of the recovery data at monitoring wells M-1, M-2, and
M-3. The recovery at M-4 was too rapid for reasonable analysis. The recovery plots show a very
similar trend to the draw down plots. Transmissivity and storage values were computed from
the semi-log plots of the recovery data using the Cooper-Jacob method. Table 1 presents the
results. The calculated transmissivity and storage values from the recovery data are very similar
to the values calculated from the draw down data. The same limitations apply to the recovery
data as to the draw down data, suggesting that the storage values are erroneously low and the

transmissivity values are erroneously high.
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Figures 14, 15, and 16 are log-log plots of the recovery data. Transmissivity and storage
calculations were made using the Stallman method. The results are presented on Table 2. The
transmissivity values were similar to the values calculated by the Stallman method from the draw
down values. However, the storage values are unrealistically high, probably suggesting
interference from back flow from the pump column. :

The Cooper-Jacob analysis was successful at estimating a reasonable transmissivity value at M-
4. The Stallman analysis was successful at estimating the transmissivity values at M-1, M-2, and
M-3. Neither method was able to make a reasonable estimate of storage. This is not uncommon
in pumping tests in unconfined aquifers due to delayed yield in the aquifer, casing storage, and
partial penetration effects.

Figure 17 is a distance draw down plot from the last readings taken at M-1, M-2, M-3, M-4, and
domestic wells H-1, H-2, and H-3. The plot shows a linear trend for all wells except M-4. This
is probably due to turbulent flow immediately around the test well causing greater draw down
at M. The transmissivity and storage values of the aquifer were calculated using the distance
draw down method. The calculated transmissivity, 29,568 is slightly higher than the values
calculated by the Stallman method for the monitoring well, but the difference is relatively small
considering the complexity of the data set. The storage value was calculated to be 0.3,
assuming that steady state conditions were reached in about one day. This is a reasonable
value for an unconfined fine to medium sand aquifer. The distance draw down plot indicates that
the radius of influence of the well at 224 gpm is about 450 feet. '

DISCUSSION OF SAFE CONTINUOUS YIELD

The specific capacity of the test well during the pumping test was approximately 5.7 gpm/ft. This
value is probably artificially depressed due to turbulent flow around the well. From Figure 17,
it can be seen that the draw down at a radius of 0.33 ft (8 inch well diameter) should be

approximately 11 feet when pumping at 224 gpm.

Assuming a draw down of 11 feet at 224 gpm, the test well should have a maximum specific
capacity of about 20.3 gpm/ft, suggesting that the test well is only about 28% efficient. This is
typical of a test well with a 10 slot screen, but this efficiency value would be unacceptable for
a permanent well. It is likely that the efficiency of a larger diameter well with a thick gravel pack
and coarser screen will be over 85%. Assuming a 36 inch diameter for the well and gravel pack
and an efficiency of 85%, the expected specific capacity of a permanent well at this location
should be

approximately 21 gpm/ft.

Assuming the permanent well is constructed with 30 feet of screen between 60 to 90 feet and
has a static water level of 10 feet, the well could support a maximum draw down of
approximately 50 feet. Assuming a specific capacity of 21 gpm/it, the maximum capacity this
well could be pumped at would be approximately 1,050 gpm. before drawing the pumping level

into the screen.

Considering the radius of influence observed after steady state conditions were achieved at 224
gpm, the well was able to intercept enough surface recharge to replace the pumped water in an
area of about 636,000 square feet. Assuming the aquifer is generally homogeneous over a large

4




area, the area needed to replace a pumping rate of 1,000 gpm is approximately 2,840,000
square feet. Under these conditions, the radius of influence of the well at steady sate should be
approximately 950 feet. Considering the extent of the sand and gravel deposits in this area, this
radius of influence is not unreasonable. Therefore, it is likely that this well can support a safe
continuous yield of approximately 1,000 gpm (1.44 mgd), if properly drilled and developed.

Figure 18 is a theoretical distance draw down plot constructed for a permanent well pumping
at 1,000 gpm continuously, assuming a radius of influence of 950 feet and a transmissivity of
29,568 gpd/ft. it can be seen from the plot that the draw down at a distance of 250 feet caused
by the well should be approximately 10 feet. This is the approximate amount of interference that
would be caused in a second well at this location. The draw down in a second well at a
distance of 500 feet would be approximately 5 feet. Pumping the second well would create
similar interference effects on the initial well. Assuming a specific capacity of 21 gpm/ft,
operating two well simultaneously would result in a decrease in yield of approximately 210 gpm
in each well if they were spaced at a distance of 250 feet, or 110 gpm for a separation of 500
feet. Considering the rapid recharge of the aquifer, pumping two wells in this area is probably
quite possible. However, if water quality begins to change with time, operating two wells might

hasten the change.

These calculations are estimates only. It is possible that an aquifer boundary will be
encountered before steady sate conditions are reached. In this event, the amount of draw down
will increase faster than predicted and the safe continuous yield will be decreased. The actual
safe continuous yield can only be determined by a extended test at a higher rate on a more
efficient well. However, based on the geology of the aquifer and the rapid recharge observed
during the test, we believe that the predicted safe continuous yield of 1.44 mgd from one well
is reasonable, and a total yield of approximately 2.56 mgd for two wells spaced 500 feet apart

is also reasonable.

DISCUSSION OF WATER QUALITY

The results of the water samples taken during the five day test are presented on Table 3. The
data indicates that the water is exceptionally low in iron and manganese, and that no trend
toward increasing iron and manganese levels occurred with time. The pH values measured were
consistently around 8.3, which is well into the basic range and suggests that the oxidation state
of the water is unlikely to support dissolve iron or manganese. The correlation between low iron
and manganese levels and pH values above 8 was demonstrated during the water quality study
performed by Northern in May and June of 1992. Unless the draw down cone of the permanent
well intercept areas of the aquifer with groundwater with lower pH and a reducing oxidation state,
it is unlikely that the iron and manganese levels will change with time.

The nitrate levels during early pumpage were approximately 4 ppm, but dropped steadily during
the test to approximately 3 ppm. This suggests that the groundwater around the well has slightly
elevated nitrate levels, possibly from the turkey farm formerly on this site. The decrease in nitrate
levels with continued pumpage suggests that the water recharging the well is lower in nitrates
and that nitrate levels are unlikely to increase and may continue to drop with continued pumping.
It should be noted that nitrate levels of 7 ppm were measured in portions of the aquifer during
the water sampling study, indicating that areas of nitrate contamination do exist in the aquifer

and could be drawn into the well by continued pumpage.

5




The water quality produced from the test well is generally excellent. The water quality is
significantly better than the water produced from the original test well near Pine Street. For
comparison, the Pine Street well had an iron concentration of 2.8 ppm and Manganese
concentration of 0.46. This water would require substantial treatment. The pH of from the Pine
Street well is 7.3, which is within the high iron and manganese pH range determined by the
water sampling study. The dramatic difference in water quality and pH values suggests the
oxidation state of the groundwater in the aquifer around the Lea Road site is significantly different
than the Pine Street site. While it is impossible to predict with certainty, it is likely that the
superior water quality in the Lea Road well is caused by shorter residence time in the aquifer due
to more rapid recharge and/or biological or chemical processes producing oxidizing conditions
within the aquifer. In any event, it seems likely that the water quality will be maintained, barring
significant change in the flow system (i.e. extended draught or over pumping).

CONCLUSIONS

The results of the extended pumping test are sufficient to draw the following conclusions
regarding a permanent well at the Lea Road site.

1) The transmissivity of the aquifer is approximately 25,000 to 30,000 gpd/ft which is lower
than at the Pine Road test well, but still a relatively high transmissivity.

2) The storage coefficient (specific yield) of the aquifer is approximately 0.3, indicating high
' porosity and unconfined conditions.

3) The test well reached steady state quickly, suggesting that the aquifer receives strong
surface recharge.

4) The efficiency of the test well was low, which is not surprising considering the small slot
size.

5) The efficiency of the final well can be significantly improved by using a larger diameter

screen (24 inch) in a thick gravel pack (36 inch diameter borehole)

6) The safe sustainable yield of a permanent well should be about 1.44 mgd (1,000 gpm,
continuous).

7) At 1,000 gpm, the radius of influence of the well should be about 950 feet.

8) The aquifer may be able to support a second well, but the yield of each well will be
reduced from mutual interference which is dependent on the separation between the
wells.

9) The water quality at this site is excellent and presently will not require iron or manganese
removal.

10)  The water quality may remain good indefinitely, providing the flow system does not
change.




11)

12)

The permeable soils and rapid recharge make wellhead protection critically important for
this well. The information obtained from this test is sufficient to design an effective

wellhead protection plan with further analysis.

The duration and pumping rate of this test were limited by the efficiency of the test well
and the practical limits of the budget. Unforseen boundaries in the aquifer could be
present which would reduce the safe continuous yield of the aquifer. Water quality could
also deteriorate with extended pumping. However, due to the hydrogeology of the
aquifer, it is unlikely that a barrier boundary will be encountered within the projected
radius of influence. Based on experience with other wells in the Wisconsin River Valley
Aquifer, the water quality could stay good indefinitely.

SUMMARY

The results of the test indicate that the Lea Road site has superior water quality to the Pine Road
site. The capacity of the Pine Road site is higher, but the cost savings from the higher water
quality at the Lea Road site will more than offset any advantages from a higher pumping rate at
the Pine Road site. We recommend that the Lea Road site be developed into a permanent well
site. We also recommend that surrounding land be explored for future well sites. An effective
well head protection program is essential to protect this aquifer.

Sincerely,
Northern Environmental
Technologies, Incorporated

JoHn R. Jansert, C.P.G., R.Gp.
Director of Geosciences

JRJ/gjw

©1992 Northern Environmental Technalogies, Inc.
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Well
M-1

M-2
M-3

M-4
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Transmissivity gpd/ft

TABLE 1: RESULTS OF COOPER-JACOB ANALYSIS

DRAW DOWN DATA

Storage Comments

42,239
31,124
46,564

26,880

.0004

.0004

.0003

.016

Transmissivity gpd/ft

43,804

39,424

46,472

.0003

.0009

.0004

Method not valid

Method not valid

Method not valid

Transmissivity valid

Storage too low

RECOVERY DATA

Storage Comments

Method not valid

Method not valid

Method not valid

Recovery too rapid for analysis
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TABLE 2: STALLMAN ANALYSIS

DRAW DOWN DATA

Well Transmissivi d/fft Storage Comments

M-1 29,1983 .0004  Storage too low

M-2 23,111 .0006  Storage too low

M-3 25,212 .0003  Storage too low

M-4 1,834 .016 Turbulent flow

RECOVERY DATA

Well Transmissivity gpd/ft Storage  Comments
M-1 21,392 .0004  Storage too low

M-2 25,670 .0009  Storage too low

M-3 23,337 .0003  Storage too low

M-4 Recovery too rapid for analysis

Average transmissivity from Stallman analysis = 24,257 gpd/ft

DISTANCE DRAW DOWN ANALYSIS
Transmissivity = 29,568 gpd/ft
Storage = 0.3
Radius of Influence at 224 gpm = 450 feet

Radius of influence at 1,000 gpm = 950 feet
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Analytical Results from Kronenwetter
Sanitary District No. 2 Test Well




Becher Hoppe Inc.

CUST NUMBER:

92052

330 4th Street SAMPLED BY: Client
P.0O. Box 8000 DATE REC’D: 08/11/92
Wwausau, WI 54401 REPORT DATE: 08/31/92
PREPARED BY: JCHWSL
REVIEWED BY: \{
Attn: Jim Schultz
Detection KSD2
Units Limit 08/11/92

Benzene ug/1 0.2 X
Bromobenzene ug/1 0.5 X
Bromodichloromethane ug/1 0.5 X
Bromoform , ooug/1 2.0 X

) Bromomethane ug/1 4.0 X
Carbon Tetrachloride vg/1 0.5 X
Chlorobenzene pg/1 2.0 X
Chloroethane ug/1 2.0 X
Chloroform ug/1 0.5 X
Chloromethane ug/L © 2.0 X
o-Chlorotoluene ug/1 1.0 X
p—Chlorotocluene ug/1 1.0 X
Dibromomethane ug/1 0.5 X
Chlorodibromomethane ug/1 0.5 X
1,2-Dibromo-3-chloropropane ug/1 13.3 X
1,2-Dichlorobenzene ug/l 1.0 X
1,3-Dichlorobenzene ug/1 1.0 X
1,4-pDichlorobenzene ug/1 0.5 X
1,1-Dichloroethane ' ug/1 0.5 X
1,2-bichloroethane Lvg/1 0.5 X
1,1-Dichloroethylene ug/1 0.4 X
cis-1,2-Dichlorocethylene ug/l 0.5 X
trans-1,2-Dichloroethylene upg/1 0.5 X
Methylene Chloride Hg/1 2.5 "X
1,2-Dichloropropane ug/1 0.5 X
1,3-Dichloropropane ug/1 0.5 X
1,1-Dichloropropene vg/1 1.0 X
2,2-Dichloropropane ug/1 2.0 X
1,3-Dichloropropene ug/1 0.5 X
Ethylbenzene ug/1 1.0 X
1,2~-Dibromoethane ug/Ll - 1.0 X
Styrene ©g/1 5.0 X
1,1,1,2-Tetrachloroethane ug/1 0.5 X
Analytical No.: 70911

X = Analyzed but not detected.

All analyses conducted in accordance with Enviroscan Quality Assurance Program.
L armaaa 1ROA3R.SCAN  Wisconsin Lab Certification No. 737053130



Becher Hoppe Inc. CUST NUMBER: 92052

330 4th Street SAMPLED BY: Client
P.0. Box 8000 DATE REC’D: 08/11/92
Wwausau, WI 54401 REPORT DATE: O9/O§/ 2

PREPARED BY: JCH?&:'

REVIEWED BY:
Attn: Jim Schultz ,

Detection KSD2
Units Limit 08/11/92

l,l,2,2—Tetrachloroethane ug/L 1.0 X
Tetrachloroethylene - pg/1 0.5 X
Toluene ug/L 0.5 X
l,l,l—Trichloroethane vg/1 0.5 X
l,l,2—Trichloroethane ug/1 0.5 X
Trichloroethylene 419/l 0.2 X
" 1,2,3-Trichloropropane ug/1 0.5 X
vinyl Chloride ug/1 0.2 X
o—Xylene vg/1 1.0 X
m & p-Xylene pg/1 1.0 X

Aanalytical No.: 70911

X = Analyzed but not detected.

All analyses conducted in accordance with Enviroscan Quality Assurance Program.
saty
o B o 1iannAR e AN Wisconsin Lab Certification No. 737053130




Becher Hoppe Inc. . . CUST NUMBER: 92052

330 4th Street SAMPLED BY: Client
P.0O. Box 8000 DATE REC’D: 08/11/92
Wausau, WI 54401 _ REPORT DATE: 08/31/92

PREPARED BY: BMSpM/

REVIEWED BY: |
Attn: Jim Schultz 1

Detection KSD2
Units Limit 08/11/92

Arsenic ©9/1 1.4 1.72
Cadmium ug/1 0.23 X
Lead _ ©owpg/l 2.0 X
Selenium ug/1 5.0 X
Barium ng/1 0.002 0.014
Calcium ng/1 0.019 18.7
Chromium ng/1 0.005 X
Hardness as CaCO3 mg/1 0.29 81.9
Iron mg/1 0.002 0.004
Magnesium mg/1. 0.058 8.56
Manganese ng/1 0.002 X
Silver mg/1 0.004 X
Sodium mg/1 0.042 3.05
Alkalinity as CaCoO3 mg/1 20.0 61.2
pH - 8.29
Total Solids ng/1 10.0 120.
Sol. Chloride mg/1 1.0 4.67
Sol. Fluoride mg /1 0.2 X
sol. Sulfate ng/1 3.0 10.0
Nitrate N _ ng/1 0.5 2.93
Nitrite N mg/1 0.5 X
Analytical No.: 70911

X = Analyzed but not detected.

: ‘ All analyses conducted in accordance with Enviroscan Quality Assurance Program.
- e o po st W 54474 1/800/338-SCAN Wisconsin Lab Certification No. 737053130
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LABORATORY REPORT

Client: Enviroscan Report#: 40057-58
Attn: Jim Salkowski »
303 W. Military Road Priority: Standard Written
- Rothschild, Wi 54474 '
Status: Final
Project/Site: #71203
Samples Submitted: Two drinking water samples
Copies to: None
Collected: 08-17-92 By: Client Received: 08-20-92

REPORT SUMMARY
Two drinking water samples were submitted for multiple parafneter analysis.
Herbicides: 2,4-D and 2,4,5-TP were not detected in the sample submitted for analysis.

pesticides: None of the pesticides listed in the detailed parameter list were detected in the
water sample submitted for analysis.

Toxaphene: Toxaphene was not detected in the sample submitted for analysis.

Results of all associated quality control samples were within acceptance limits. No project
specific quality control was requested.

Detailed quantitative results are presented on the following pages.

We appreciate the opportunity to provide you with this analysis. If you have any questions
concerning this report, please do not hesitate to call us at (21 9) 233-4777.

APPROVED BY: /%uﬂ Z%Wm DaTE: 692

Quality Assurance Manager

! 4 P Q- .
1R Vil S jjﬂ;i L DATE: __ F-lo= T2

b
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Client: Enviroscan Report#: 40057-58

HERBICIDES--Drinking Water

Site: #71203 Lab#: 40058

Parameter MCL PQL Results
2,4-D 70 0.5 < 0.5 pg/L
2,4,5-TP (Silvex) 50 0.5 < - 05 pg/lL

if dilutions were required for quantitation of specific parameters, they are indicated by a ()

preceeding the result.
% Recovery

Surrogate Standards Limits (%) Undil
2,4-Dichlorophenylacetic acid ~ 70-130 70
Analyzed: 09-09-92 Analyst: RSD Method: EPA Method 515.1

PESTICIDES--Drinking Water

Site: #71203 Lab #: 40057

Parameter MCL PQL Results
Endrin 2 0.1 < 0.1 pug/L
Lindane 0.2 0.1 < 0.1 ug/L
Methoxychlor 40 0.1 < 0.1 ug/L

It dilutions were required for quantitation of specific parameters, they are indicated by a (V)
preceeding the result.
% Recovery
Surrogate Standards Limits (%) Undil
2.4,5,6-Tetrachloro-m-xylene 70-130 . 89

Pentachloronitrobenzene 70-130 101
4,4'-Dichlorobiphenyl 70-130 87
Triphenylphosphate 70-130 121
Analyzed: 09-08-92 Analyst: RSD Method: EPA Method 525.1

I



Client: Enviroscan Report#: 40057-58

SEMI-VOLATILE ORGANIC CHEMICALS-Drinking Water

Site: #71203 Lab #: 40057

Parameter MCL PQL Results
Toxaphene 3 1.0 < 1.0 pg/L

If dilutions were required for quantitation of specific parameters, they are indicated by a ()
preceeding the result.

Analyzed: 09-15-92 Analyst: JV Method: EPA 505







92052

KRONENWETTER SANITARY DISTRICT NO. 2
TOWN OF KRONENWETTER
MARATHON COUNTY, WISCONSIN

TEST WELL PUMPING
[220 GPM for Five Days]

August 6 - 11, 1992

WATER LEVELS IN PRIVATE AND OBSERVATION WELLS
DURING TEST PUMPING

AND

RESULTS OF LABORATORY ANALYSES
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LEGGETTE, BRASHEARS & GRAHAM, INC.

PROFESSIONAL GROUNDWATER AND
ENVIRONMENTAL ENGINEERING SERVICES

8 Pine Tree Drive, Suite 250
St. Paul, MN 55112
651-490-1405
FAX 651-490-1006

www.lbgweb.com

November 3, 2017

Mr. Richard Downey
Administrator
Village of Kronenwetter

1582 Kronenwetter Drive
Kronenwetter W1 54455

RE: Phase 2 Test Boring Results and Recommendations
TB-5 through TB-10
Village of Kronenwetter, Wisconsin

Dear Mr. Downey:

Executive Summary

A total of six test borings (TB-5 through TB-10) were completed as part of the Phase 2 test
boring activities. Temporary test wells were installed in test borings TB-5 and TB-9 to
facilitate collection of aquifer chemistry and hydraulic data. Groundwater analytical data
collected during test pumping at TB-5 and TB-9 indicate that with the exception of manganese
and iron in TB-5 and manganese in TB-9, the water quality from the sand and gravel aquifer in
this area is generally of good quality. Based on the evaluation of the estimated aquifer
hydraulic data it appears that test boring TB-5 may be a potential candidate for construction of
a larger diameter test well. The data suggests that a yield of up to 250 gpm is possible.
Completion of a larger diameter test well at TB-5 is necessary to more accurately determine the
capacity and water quality of the aquifer. TB-9 does not appear favorable for conversion to a
test well.

Based on the data collected as part of these well siting activities, we have presented two options
to move forward with acquiring additional capacity for the Village’s water system.

Option 1: Conduct additional geophysical testing and test borings at other locations to identify
sites that may have higher yield and better water quality. Two potential areas of interest are the
Evergreen Elementary School Site on Pine Street west of Tower Road, and the Lutheran School
property on the northwest corner of Tower and Kowalski Road.

Option 2: Construct a larger diameter test well at TB-5, with the well screened deeper to
maximize drawdown and intersect a zone of coarser formation.

CONNECTICUT e FLORIDA o ILLINOIS « MICHIGAN ¢ MINNESOTA ¢ MISSOURI « NEW JERSEY
NEW YORK ¢ SOUTH DAKOTA e TEXAS ¢ WISCONSIN



Mr. Richard Downey
Administrator
Village of Kronenwetter

November 3, 2017
Page 2

Introduction

Leggette, Brashears & Graham, Inc. (LBG) is pleased to provide you with the results of the
recently completed sand and gravel test boring and aquifer pumping test activities, referred to
herein as Phase 2. The Phase 2 test borings were conducted at select locations in the Village of
Kronenwetter (the Village) and were a continuation of the Village’s program to site a new high
capacity well that will provide additional capacity to the water system. The borings were
completed based on the findings of the Phase 1 test boring activities and subsequent
geophysical surveys completed by LBG. The results and recommendations of the Phase 1 test
borings were submitted to the Village in LBG’s draft Phase 1 Test Boring letter report dated
March 30, 2016. The results and recommendations of the geophysical surveys were presented
to the Village in a July 28, 2016 email from John Jansen, Senior Associate at LBG, to former
Director of Public Works, Duane Gau (Attachment A). Based on our recommendations the
Village secured access to select test drilling sites as necessary in several areas deemed
favorable for locating saturated sand and gravel aquifer material. The Phase 2 field activities
were completed between November 15, 2016 and July 17, 2017. A brief description of the
methodologies, results and options for moving forward follows.

Test Boring Activities

Five test borings (TB-5 through TB-9) were initially completed as part of the Phase 2
test boring activities (between November 15 and December 20, 2016). A tenth test
boring (TB-10) was drilled on July 17, 2017 as an add-on to the Phase 2 activities. Two
of the test borings (TB-5 and TB-9) were completed as test boring temporary wells for
the purpose of collecting water samples and performing aquifer pumping tests. The test
boring locations are shown on Figure 1. Consistent with the Phase 1 drilling activities,
Badger Well Drilling (Badger) of Fond Du Lac, Wisconsin was retained by the Village
to complete the test borings activities, which included providing the required pumping
equipment, and performing the pumping test activities. The borings were advanced
using the casing hammer drilling technique. Six-inch diameter steel casing was
advanced ahead of the bit through the upper unconsolidated material into the bedrock.
Composite soil samples were collected at five-foot intervals while advancing the boring.
Each boring was advanced through the upper unconsolidated material, to bedrock. An
LBG hydrogeologist performed oversight duties during the majority of drilling
activities. The bagged drilling samples were stored in the well house for further use as
needed (i.e., visual observations and/or submittal to a geotechnical lab for sieve
analysis). The completed soil boring logs are presented in Attachment B. A summary
of the test boring and temporary well construction details are presented in Table 1. The
test boring locations are shown on Figure 1.

All six borings encountered sand and gravel formation above bedrock. Competent
bedrock was encountered at depths of between 80 and 141 feet below ground surface (ft
bgs). Most of the borings encountered low permeability intervals of clay and

LEGGETTE, BRASHEARS & GRAHAM, INC.



Mr. Richard Downey
Administrator
Village of Kronenwetter

November 3, 2017

Page 3

broken/weathered rock below the upper sand units and above competent bedrock. The
sandy deposits encountered in TB-5 and TB-9 contained intervals that appeared to be
permeable enough to support a high capacity well. The intervals considered to be most
favorable with respect to potential water production were selected to be screened as
small diameter (approximately 6-inch diameter) temporary test wells. The sand deposits
in TB-6, TB-7, TB-8 and TB-10 were deemed to be too fine-grained and/or contain too
much silt to support a high capacity well and were abandoned by Badger per DNR
requirements. The well abandonment forms for TB-6, TB-7, TB-8 and TB-10 are
included in Attachment B.

Temporary Test Well Installation

To facilitate collection of initial aquifer hydraulic parameters and water chemistry data
at the two most promising test boring locations, temporary well screens were installed
into test borings TB-5 and TB-9 between the depths of 60 to 80 ft bgs and 61 to 73 ft
bgs, respectively. Temporary wells were not constructed at TB-6, TB-7, TB-8 or TB-10
due to unfavorable (low permeability) conditions observed during drilling activities.
The temporary well screen at TB-5 and TB-9 consisted of 0.015-inch slot, 6-inch
nominal diameter, telescoping steel screen. The temporary wells were developed prior
to pumping by surging the screened interval with compressed air until the water was as
clear and free of sediment as could be attained.

Test Boring Temporary Well Pumping Tests

Following construction and development activities at temporary well locations TB-5
and TB-9, limited duration step-drawdown pumping tests (step tests) were conducted to
estimate the hydraulic parameters of the aquifer immediately adjacent to the well screen
and to collect groundwater samples for laboratory chemical analysis of select organic
and inorganic parameters. Each step test consisted of three different discharge rates, or
steps, with the discharge rate of each step maintained relatively constant for the duration
of the step. The step tests were conducted on December 19 and 20, 2016 at TB-9 and
TB-5, respectively.

A 7.5 horsepower submersible well pump, supplied and installed by Badger, was
utilized to evacuate water from the wells during the step tests. Power to the pump was
supplied by a portable generator, which was also supplied by Badger. During step
testing activities, the discharge rate was measured by periodically measuring the amount
of time to fill a container of known volume (55-gallon plastic drum). The pumped
water from each well was discharged directly to the ground surface, approximately 50
feet away from the pumping well. Recharge to the aquifer through infiltration of the
discharge water is not considered to have impacted the test results due to the short
duration of pumping and frozen ground conditions.

LEGGETTE, BRASHEARS & GRAHAM, INC.
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Administrator
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Throughout the step testing activities, water level measurements were obtained by
manually gauging each well using an electric water level indicator. The static water
level was measured prior to starting each step test so that the amount of drawdown in
the well casing owing to pumping could be determined. Measurements of the well
water level were obtained as quickly as possible for the first 5 to 10 minutes of each
step and at approximately 10 to 15-minute intervals thereafter.

As an initial check of the aquifer water quality, water samples were collected near the
end of the final step at each temporary well and submitted for laboratory analysis of
volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHSs), and
select inorganic and general water quality parameters. All of the samples were
collected in laboratory supplied bottles, placed on ice and delivered to NLS, a
Wisconsin Department of Natural Resources (WDNR) certified laboratory in
Waukesha, Wisconsin.

Water level recovery data was collected following the cessation of pumping at each
well. Water level measurements were taken until approximately 90 percent recovery
had occurred, which enabled the collection of data sufficient to calculate an estimated
transmissivity (T) value for the aquifer material adjacent to the well screen. The step
test data was analyzed for relative drawdown only. The water level recovery data from
both wells were analyzed using semi-log graphical analysis and the Eden-Hazel method.
Water level changes due to barometric influences, diurnal fluctuations, or long-term
background water-level trends were not accounted for.

On December 19 and 20, 2016 during the step testing activities, Village personnel
monitored the pumping rates and levels in both Village Wells 1 and 2, and the Village
water tower. Village Well 2 was shut off during the day and did not pump during either
of the step tests.

Investigation Results

Data collected during the step tests enabled a T value, which is the measure of water
flow through a 1-foot wide vertical section of the saturated aquifer, to be estimated.
The estimated T value calculated using the Eden-Hazel method was approximately
51,970 and 11,690 gallons per day per foot (gpd/ft) at TB-5 and TB-9, respectively.
The T value at TB-5 and TB-9 was also estimated utilizing the theoretical modified
nonequilibrium equation (Jacob Equation), which utilizes the specific capacity
multiplied by a constant of 1,500 for an unconfined aquifer. The estimated T value at
TB-5 and TB-9 based on the Jacob Equation was approximately 10,575 and 4,980
gpd/ft, respectively. Based on the results of these two methods, the average T for TB-5
is approximately 31,300 gpd/ft (4,200 feet squared per day [ft?/d]) and the average T for
TB-9 is approximately 8,300 gpd/ft (1,100 ft?/d). Typically, a shallow sand and gravel
well will need a T of greater than 10,000 gpd/ft to sustain pumping at a higher rate for
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longer periods of time. Graphical analysis of the pumping data is presented in
Attachment C. A summary of the pumping test results is presented in Table 2.

Specific capacity represents the relationship between drawdown in a pumping well and
the yield of the well, and is measured in units of gallons per minute per foot of
drawdown (gpm/ft). The calculated specific capacity at the end of the third step was
approximately 7.1 gpm/ft at TB-5 and 3.3 gpm/ft at TB-9.

The estimated aquifer thickness at TB-5 and TB-9 as determined by the thickness of
saturated sand and gravel formation that was penetrated during drilling was 100 and 75
feet, respectively. Hydraulic conductivity, which is a measure of the rate of flow
through the aquifer, was calculated for TB-5 and TB-9 by dividing the average
estimated T values calculated above by the assumed aquifer thickness values. The
estimated hydraulic conductivity calculated from the average T values was 42 ft/day at
TB-5 and 15 ft/day at TB-9.

Based on the calculated specific capacities obtained from the step test data, an estimate
of the efficiency of the test boring temporary wells were calculated as part of our test
analysis. The estimated efficiency of the temporary wells allows for a better
understanding of the potential yield of the aquifer from a properly constructed test and
production well. The efficiency of a well takes into account the drawdown in the well
due to turbulent flow within the well and laminar flow within the aquifer. The observed
and theoretical drawdown in the well can be compared, and an estimate of the
drawdown attributable to turbulent well loss can be calculated. Turbulent well loss is
strongly influenced by factors such as a plugged formation, filter pack (if applicable), or
well screen and is primarily the result of insufficient development activities. The
efficiency of the test boring temporary wells, as calculated from the final drawdown
measured during the third step of each step test (using the methodology of Kawecki,
1995, and others) ranged from approximately 85 percent at TB-5 to approximately 94
percent at TB-9.

The step test analysis method of Eden and Hazel was also utilized to obtain a general
relative estimate of the efficiency of the temporary wells by comparing the amount of
well loss attributable laminar flow within the aquifer to total predicted drawdown at
much higher pumping rates. Using the predicted drawdown at various higher pumping
rates provides an estimate of the maximum pumping rate, while not exceeding over
seventy percent of the maximum available drawdown in a hypothetical well completed
at each of the temporary wells. This assumes the efficiency of a production well
constructed at any of these test boring locations remains consistent with the test boring
temporary well construction. Using this relationship, a production well constructed and
developed properly should be capable of pumping approximately 250 gpm at TB-5 and
130 gpm at TB-9. If a new production well can be screened at a deeper interval at the
TB-5 location, this will allow for more available drawdown and a higher pumping rate;
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however, this cannot be determined until the soil boring formation samples are sieved
and a grain size analysis is completed. The calculated well efficiency estimates and
predicted yield for TB-5 and TB-9 are presented in Attachment C.

Review of the groundwater analytical data collected near the end of pumping during the
step tests conducted at TB-5 and TB-9 indicate that with the exception of manganese
and iron in TB-5, and manganese in TB-9, the water quality from the sand and gravel
aquifer adjacent to the well screens in these temporary wells was of generally good
quality. It should be noted that manganese was detected in TB-5 and TB-9 at
concentrations of 250 and 98 micrograms per liter (ug/L), respectively, which exceed
the Federal Secondary Drinking Water Standard (Secondary Standard) of 50 ug/L.
Secondary Standards are non-enforceable guidelines regulating contaminants that may
cause cosmetic or aesthetic effects in drinking water such as color, taste, odor or
turbidity. The United States Environmental Protection Agency (EPA) recommends
Secondary Standards to water systems but the EPA does not require the systems to
comply with the standards.

Additionally, iron was detected at a concentration of 5.2 milligrams per liter (mg/L) in
TB-5, which exceeds the Secondary Standard of 0.3 mg/L. In the sample collected
from TB-9, iron was not detected at a concentration exceeding the method detection
limit (MDL) of 0.05 mg/L. None of the other constituents that were analyzed for were
detected at a concentration that exceeded their respective Primary or Secondary
Standards.

As was discussed in LBG’s Phase 1 Test Boring Report, high concentrations of
manganese and iron can be the result of very turbid water (“dirty” with clay and silt
entrained in the water) and are not representative of actual groundwater conditions.
However, in the sample collected from TB-5 near the end of the step test, manganese
was detected at a concentration of 98 ug/L, which exceeds the Secondary Standard, and
iron was detected at 5.2 mg/L, which greatly exceeds the Secondary Standard of 0.3
mg/L. Based on our observation in the field, the water samples appeared clear and free
of sediment. This, indicates that the elevated iron and manganese concentrations in
TB-5 may reflect actual groundwater conditions and not a result of a turbid sample.
However, until a properly designed, constructed and developed well at this location is
pumped at a higher rate for a much longer period of time we will not know for sure if
the concentrations detected during the test pumping are representative of the actual
aquifer concentrations.

The detected concentrations of other constituents of interest are as follow: Chloride
was detected at a concentration of 11 mg/L and 5.9 mg/L in TB-5 and TB-9,
respectively. Total dissolved solids (TDS) were detected at concentrations of 150 mg/L
in TB-5 and 97 mg/L in TB-9. Sulfate was detected at a concentration of 3.6 mg/L and
6.7 mg/L in TB-5 and TB-9, respectively. Hardness was detected at a concentration of
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68 mg/L in TB-5 and 130 mg/L in TB-9. Arsenic was not detected at a concentration
greater than the limit of quantification in either temporary well.

No VOCs or PAHs were detected at a concentration exceeding their respective MDL.
The laboratory analytical reports are included in Attachment D. A summary of the
groundwater quality data is presented in Table 3.

Review of the water level data obtained at Village Well 1 and Well 2 indicate that
pumping from the two temporary test wells during the step testing activities appeared to
cause measureable drawdown (interference) in the Village Wells. The pumping rate at
Well 1 was set at approximately 400 gpm early in the morning on December 19 and 20,
2016, and Well 2 was not pumping. Based on the December 19 airline data obtained by
the Village staff during the step test activities at TB-9, it appears that approximately 1.5
feet of drawdown at Well 1 and 4 feet at drawdown at Well 2 was attributable to
pumping TB-9 at a rate of 120 gpm. During the step test activities at TB-5, which was
conducted on December 20, the drawdown attributable to pumping TB-5 at 136 gpm
was approximately 3 feet at Well 1 and 1 foot at Well 2.

It should be noted that during the step test the pumping rate at Well 1 was not steady
and was observed to gradually fall throughout the day as the head rose in the water
tower due to more water being pumped in the tank than was evacuated to the
distribution system. On December 19, during the step test at TB-9, the pumping rate at
Well 1 dropped from 400 gpm in the morning to 314 gpm at the end of the day
(approximately 5 PM). On December 20, the pumping rate at Well 1 dropped from 400
gpm prior to beginning the step test to 380 gpm at the end of the step test. If the
pumping rate in Well 1 would have remained steady, more drawdown would likely have
been observed in the Village wells.

Conclusions and Recommendations

Based on the evaluation of the estimated aquifer hydraulic parameters, in conjunction
with the review of the test boring formation samples and findings of the previous well
siting activities, it appears that test boring TB-5 may be a potential candidate for
construction of a larger-diameter test well. Completion of a larger diameter test well at
TB-5 is necessary to more accurately determine the capacity and water quality of the
aquifer, and the additional interference on Village Wells 1 and 2. The results from this
Phase 2 investigation suggests that a yield of up to 250 gpm is possible. It appears that
test boring TB-9 is not hydraulically favorable for conversion to a test well.

As was demonstrated during the Phase 2 step test activities, it appears that TB-5 is
located closer to the existing Village wells than is preferred and imparts extra
drawdown at the Village Wells when pumping. The current location is likely more
suitable for a backup well when either Well 1 or Well 2 is out of service, but may cause
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too much interference if pumping concurrently with the existing Village wells. For this
reason, it may be worthwhile to find a new well site several hundred feet or more away
from the existing wells.

The water quality data obtained from the groundwater samples during the step tests
indicate the water quality with regard to manganese and iron is of concern. The iron
and magnesium concentrations exhibited in TB-5, and in most all of the other samples
collected as part of the Phase 1 and Phase 2 test boring activities are very high and as
such will likely require the implementation of a treatment system to make the water
quality acceptable to the Villages’ customers. With this in mind, locating a new well in
the existing well field has the advantage of allowing one plant to treat all three wells,
which avoids the expense of a second treatment plant and reduces the cost of
transmission main between the wells and the plant. It also reduces the portion of the
Village that needs to be controlled or monitored under a wellhead protection plan.

Based on our analysis of the data collected as part of these well siting activities, two
options are provided for the Village to consider if moving forward with acquiring
additional capacity for the Village’s water system. The options are listed based on our
inferred ranking with option 1 being the preferred option.

Option 1:

Conduct additional geophysical testing and test borings in other locations to
identify sites with higher potential well yield and better water quality. Two
potential areas of interest are the Evergreen Elementary School Site on Pine
Street west of Tower Road, and the Lutheran School property on the northwest
corner of Tower and Kowalski Road. These sites are far enough from Wells 1
and 2 that interference is not a concern. Both sites appear to have limited but
sufficient open land, but it may be worthwhile to investigate both of these sites
with regards to access and setbacks as we move forward. A pumping test was
conducted at the Evergreen School site in 1988. The aquifer at the site was
found to be very productive. The test well was pumped at 290 gpm for 5 days
and the data indicated a production well could support significantly higher
pumping rates. The water samples collected during test pumping detected iron
at 2.8 ppm and manganese at 0.46 ppm, indicating treatment would likely be
necessary. Additionally, it may be worthwhile to investigate some of the open
area that is in the flood plain or wetlands. It is possible to permit a well in these
areas, although it costs more due to permitting issues and building up the land
surface elevation by filling, and replacing lost wetland and flood plain in
different areas. However, if we can target parcels that are not that far off a main
road it would reduce the costs. It is likely that any well site in a flood plain may
have elevated iron or manganese that requires treatment to meet secondary
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drinking water standards. These issues will need to be evaluated at a later date
after the Village decides how they would like to proceed.

Option 2:

Construct a larger test well at TB-5. The analysis completed on data collected
from the step test at TB-5 suggest that a yield of approximately 250 gpm is
possible with a properly designed and constructed production well. We
understand that 250 gpm may be on the low side for the Village. One way that
we may be able to maximize the capacity at a test and production well at TB-5 is
to determine if there is a better formation interval to screen. If the test and
production well can be screened at a deeper interval the drawdown could be
maximized and the well pumped at a higher rate. Review of the formation
samples obtained from TB-5 showed a zone of sand and gravel located from
approximately 105 to 109 ft bgs. This interval was not initially screened
because it was only four feet thick and the sand above this zone appeared much
finer. If a sieve analysis indicates that we can effectively screen both the coarser
interval and the fine material above, we will design a test well to straddle the
interval from about 85 to 108 ft bgs. To evaluate this potential option, the
following activities are recommended:

e Perform a sieve analysis and based on our analysis of the data, design
a test and production well based on the formation grain size
distribution. A properly designed well will allow us to maximize the
capacity.

e Construct a lager diameter test well and conduct test pumping
activities, including a step test, sample collection, a 1 to 3-day
constant-rate pumping test and sample collection.

e Prepare a Well Site Investigation Report. If the test well proves
favorable, the Village will need to prepare and submit a Well Site
Investigation Report to DNR. This report is required by DNR and is
typically prepared and submitted prior to constructing a test well.
However, in this case we are unsure if the Village would choose to
proceed with the production well until additional hydraulic and water
chemistry data is collected. Therefore, it is advisable to hold off on
the preparation and submittal until the Village has decided to move
forward. There is a risk that the DNR may not approve a production
well at the chosen location. Based on our review of the potential site,
LBG does not foresee any permitting problems with the site, but the
DNR has final authority over such decisions and the Village would
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have to submit a Well Site Investigation Report to ensure the site
would be approved.

e Construct a production well, including hydraulic testing and
collection of water chemistry data after approval of the Well Site
Investigation report.

We trust this information meets your needs. If you have any questions or comments, please do
not hesitate to call.

Very truly yours,
LEGGETTE, BRASHEARS & GRAHAM, INC

Ted Powell, P.G.
Senior Hydrogeologist

John Jansen, PhD., P.G.
Associate Hydrogeologist/Geophysicist

Reviewed by:

=

Dav_e Hume _
Senior Associate

Enclosures

CC: File
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TABLE 1

TEST BORING AND TEMPORARY WELL CONSTRUCTION DETAILS
PHASE 2 TEST BORINGS
VILLAGE OF KRONENWETTER, WISCONSIN

Borehole Depth to Total Temporary Static
Test Boring & Casing Completion Competent Denth Well Screen Depth to
Number Diameter Date Bedrock (ft bp ) Interval Water
(in) (ft bgs) 9 (ft bgs) (ft bl TOC)
TB-5 6 11/14/2016 141 142 60-80 12.7
TB-6 6 11/15/2016 120 124 -- --
TB-7 6 11/15/2016 80 84 -- --
TB-8 6 11/16/2016 120 125 -- --
TB-9 6 11/18/2016 105 105 61-73 7.95
TB-10 6 7/17/2017 132 140 -- --

ft bgs - Feet below ground surface
ft bl TOC - Feet below top of casing

-- - Not Applicable

in - Inches

Table 1 Test boring construction details.xls
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SUMMARY OF PUMPING TEST RESULTS

TABLE 2

PHASE 2 TEST BORINGS
VILLAGE OF KRONENWETTER, WISCONSIN

Aquifer Hydraulic Specific
Test Bore | (gpd/fty* | (gpd/ft)® | (gpd/ft)© (ft¥/d)° Thickness [ Conductivity Capacity®
(ft) (ft/d) (gpml/ft)
TB-5 51,970 10,575 31,300 4,200 100 42 7.1
TB-9 11,690 4,980 8,300 1,100 75 15 33

gpd/ft - gallons per day per foot

ft/d - feet squared per day

ft/d - feet per day

gpm/ft - gallons per minute per foot

o 0O W >

Transmissivity calculated using step test drawdown data (Eden - Hazel, 1973).
Transmissivity calculated using theoretical modified nonequilibrium equation (Jacob Equation)
Average Transmissivity

Specific capacity calculated at the end of the third step in each test, when drawdown was still increasing somewhat.

Table 2 Summarry of Pumping Test Results.xlsx
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TABLE 3
SUMMARY OF GROUNDWATER QUALITY
PHASE 1 AND PHASE 2 TEST BORING ACTIVITIES
VILLAGE OF KRONENWETTER, WISCONSIN

Phase 2 Phase 1

Temporary Well No. TB-5 TB-9 TB-4 TB-4 TB-4 TB-4 MW-4S TB-4 Drinking
Sample Depth (ft bgs) 60-80 61-73 80 95 115 135 20 113-126 Water
Sample Date 12/20/2016| [12/19/2016| |2/19/2016| | 2/19/2016| |2/19/2016 | 2/19/2016| | 3/1/2016 | | 3/1/2016 | | Standard
Laboratory Analysis

Arsenic (ug/L) | @y || ps J] po [[ 28 [[ ps [[ ~no [[ ~no [[ no [] 10
Calcium (mg/L) [ 16 [l 30 T[] NA JT NaA [T NA T NA [T NA J] 290 ] -
Chloride (mg/L) [ 12 [] 59 || 1. [| 1 || @9 || 52 [| s |[ 52 |] 250°
Iron (mg/L) | 52 || ~no || s [| 3¢ |[ 123 || 24 || 13 || o012 []| o03°
Magnesium (mg/L) [ 69 || 14 [] Na J] Na ] Na ] NA ] NA || 12 ] -
Manganese (ug/L) [ 250 []| 98 || 120 [| 980 || 410 || 440 [| 73 || 400 []| 50°
Sodium (mg/L) [ 33 ] 45 [ nNa J] NA J] NaA T[] Na [ Na [] 40 [] -
Total Dissolved Solids mg/L) | 150 [ 97 || nNa |[ nNa || n~Na [] Na [] nNa | 120 [] 500°
Sulfate (mg/L) [ 36 [] 67 ] ~Na ] nNa [] ~Na ] nNa [] ~Na [] n~Np [] 250°
Hardness (mg/L) [ 68 [ 130 [] NA JT NA [T NA T NA [T NA J] NA J] -
Nitrate + Nitrite, as N | 00477 [| w~No || 67 []| 031 || 00233 || ~No [| 17 |[ [0028 || 10

Abbreviations:
mg/L - Milligrams per Liter (equivalent to parts per million)
ND - Not detected above the method detection limit
Hg/L - Micrograms per liter (equivalent to parts per billion)
NA - Not Analyzed
A - Federal Primary Standard
B - Federal Secondary Standard
-- - No Applicable Standard
- Exceeds the applicable Federal Drinking Water Standard
[X.xx] - Detected at a concentration greater than the LOD but less than the LOQ, and are therefore "less-certain”
ft bgs - Feet below ground surface

Table 3- PH 2 Summary of Ground Water Quality - TB5 and TB9> Sheet: Table 2

11/3/2017
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Ted Powell

From: John Jansen

Sent: Thursday, July 28, 2016 2:34 PM

To: Duane Gau

Cc: Ted Powell

Subject: Mini Report on Geophysical Survey

Attachments: Geophysics summary.pdf; Kronenwetter Change Order 7-28-2016.pdf
Dear Duane,

As per your request we have prepared a “mini Report” to share the results of our geophysical exploration work to site a
new well. This e mail summarizes the results and describes the attached figures that illustrate our findings.

We conducted six electrical resistivity lines to map the distribution of permeable sand and gravel deposits suitable for a
new well, and to screen out areas where the formation is likely to be silty or clay rich making it unsuitable for a well. We
also collected seismic refraction data at five of the resistivity line locations as a means to independently estimate the
depth to bedrock to help us pick the best test drilling locations on the resistivity lines. We could not collect seismic data
at resistivity line R4 due to high noise from strong winds and rain.

As shown on the first figure, the data were collected at three locations. The first location is a new subdivision east of
Lee Road and south of Austin Road. Resistivity and seismic lines 1 were run on the south end of the site to avoid conflict
with required offsets between a municipal well and a new storm water pond. Three resistivity lines (R2, R3, and R4) and
two seismic lines (S2 and S3) were run on the parcel of land that Wells 1 and 2 are located on. Resistivity and seismic
lines 5 and 6 were run on a private parcel west of Tower Road. As per our discussions, we placed more emphasis on the
existing well field site and the subdivision site due to the easier site access for test borings.

The next six figures shows the interpreted resistivity and seismic profiles. The profiles are generally oriented with the
west end on the left side of the plots and the east end of the lines on the right side. The horizontal axis on the
resistivity and seismic profiles correspond to distance along the line labeled in feet. The vertical scales refer to depth
below the surface, also in feet. The colors on the resistivity profiles corresponds to the measured resistivity of the
subsurface material with the color scale legend on the right. Resistivity is the inverse of electrical conductivity and can
be used to distinguish saturated soils from unsaturated, sand from clay or silt, and unconsolidated material from
bedrock. On most of the plots the red band on top indicates unsaturated sand above the water table. The blue to green
and yellow band in the middle of the profiles corresponds to saturated sand to clay deposits above the bedrock, which is
the primary aquifer zone. Bedrock is indicated by the red band on the bottom of the profiles.

Seismic refraction uses sound waves from a small explosive charge detonated a few feet below the ground surface to
propagate soundwaves through the ground. The velocity of the sound waves through the ground is measured by a line
of geophones planted on the surface. Changes in the velocity of sound waves in the subsurface correlates to the
thickness and composition of the layers. The seismic profiles found three distinct layers. The upper layer is generally 5
to 10 feet thick and has a low seismic velocity, consistent with unsaturated soil. The middle layer ranges from a few feet
to over 100 feet thick and has a velocity consistent with saturated sand and clay. The bottom layer has a high velocity
and indicates bedrock.

The estimated bedrock surface was interpreted from the resistivity and seismic data and is shown on the resistivity
sections. This forms the base of the aquifer. The upper layer of the resistivity profiles is dry and will not produce
water. Itis the middle layer where the potential aquifer deposits are located. The resistivity of the middle layer, as
indicated by the color, distinguishes sand and gravel material, which will be green to yellow or occasionally red, from
silty or clay rich material, which will be blue to lighter green. We selected three primary test boring locations and three
secondary boring locations based on the resistivity and thickness of the middle layer. The results can be summarized as
follows:



e We estimate the depth to bedrock to be about 80 to 95 feet on line 1, which is deep enough for a well. We
recommend a primary test boring at station 750 (750 feet east of the west end of the line) and a secondary
boring location at station 260.

e The depth to bedrock is about 100 to 120 feet at line 2. We did not recommend and test borings on this line
because the most promising locations were close to the existing wells. Drilling too close to the existing wells
reduces the production capacity of the well field due to interference between the wells. Several zones of clay
rich soils in the aquifer zone were detected as shown by the blue colored areas.

o We estimate the depth to bedrock to be about 100 to 120 feet on line 3. We recommend a primary test boring
at station 500 in sandy formation between some apparent clay zones.

e Bedrock ranges from about 60 feet on the west end of line 4, to over 100 feet on the east end. The bedrock is
too shallow to site a well on the west end of the line but there appears to be a sandy zone (green) between
apparent clay zones (blue) in the middle layer near the middle of the line where bedrock is deeper. We
recommend a primary test boring at station 425.

e Bedrock is not as deep at line 5, ranging from about 80 to 90 feet over most of the line, and about 100 feet on
the southeastern end. We recommend a secondary boring at station 800, just east of an apparent small pocket
of clay.

e Bedrock slopes to the east on line 6. Rock is within 30 to 40 feet of the surface on the west end and reaches
over 100 feet on the eastern end of the line. We recommend a secondary test boring at station 620.

We recommend that three to six test borings be drilled to confirm the results of the geophysical survey and select the
best location for a new well. The primary test borings should be drilled first, starting with R4, then R3 and R1. If
favorable formation is found, we recommend installing a 6 inch telescoping test screen and conducting a short duration
pumping test in the most favorable wells in the manner discussed in our original proposal. This will provide a good
estimate of the permeability of the sand and a sample of the water quality. The test drilling program can be terminated
on the first or second boring if a suitable site has been found. We suggest you consider drilling all three primary borings
to be sure the best site is selected and to bank any other favorable sites for future wells. The exploration program to
date has illustrated the limited number of areas suitable for municipal wells that are left in the Village. Access to these
sites will be much more difficult in the future. If no suitable well sites are found after drilling the primary sites we
recommend drilling the secondary boring locations.

LBG will provide an experienced Professional Geologist in the field to coordinate the drilling work and evaluate the
formation samples. He will determine which borings are suitable for conversion to temporary test wells and conduct
short duration pumping tests and collect water samples. The work will be conducted as described in our original test
drilling support proposal. We are assuming a maximum of six borings and two test pumping events so our estimated
costs are lower than the initial estimates as shown on the attached change order request. The initial scope assumed
eight borings and four test pumping events. Last Spring Badger Drilling indicated a willingness to honor their existing bid
for the additional test drilling work. We are in the process of confirming that this is still the case and estimating the
expected drilling costs for three to six borings and two test pumping events.

| trust this “mini report” was adequate to explain work completed to date and describe the next steps. Please let me
know if you need any more details top make your decision on continuing the well siting project.

JohnJansen, P.G., R.Gp., Ph.D.
Senior Associate

Leggette, Brashears & Graham, Inc.

5939 Wausaukee Rd, West Bend, WI 53095
Cell: (239) 896-0576

Email:  john.jansen@Ibgmn.com
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Resistivity Line R3

Proposed Primary Boring
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Attachment B

Well Construction Reports
and
Well Abandonment Forms
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Attachment C

Graphical Analysis of Pumping Data

LEGGETTE, BRASHEARS & GRAHAM, INC.







































Attachment D

Laboratory Analytical Report
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