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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. 



405.63

THIS MAP IS NOT TO BE USED FOR NAVIGATION

Feet0 Notes

Legend

DISCLAIMER: The information and depictions herein are for informational purposes and Marathon County-City of Wausau specifically
disclaims accuracy in this reproduction and specifically admonishes and advises that if specific and precise accuracy is required, the

same should be determined by procurement of certified maps, surveys, plats, Flood Insurance Studies, or other official means.
Marathon County-City of Wausau will not be responsible for any damages which result from third party use of the information and

depictions herein or for use which ignores this warning.NAD_1983_HARN_WISCRS_Marathon_County_Feet

405.63

Road Names

Parcels

Parcel Lot Lines

Land Hooks

Section Lines/Numbers

Right Of Ways

Named Places

Municipalities

2020 Orthos Countywide
Red:    Band_1

Green: Band_2

Blue:   Band_3

Figure 1. Parcel Map

Proposed
Well Location



168.93

THIS MAP IS NOT TO BE USED FOR NAVIGATION

Feet0 Notes

Legend

DISCLAIMER: The information and depictions herein are for informational purposes and Marathon County-City of Wausau specifically
disclaims accuracy in this reproduction and specifically admonishes and advises that if specific and precise accuracy is required, the

same should be determined by procurement of certified maps, surveys, plats, Flood Insurance Studies, or other official means.
Marathon County-City of Wausau will not be responsible for any damages which result from third party use of the information and

depictions herein or for use which ignores this warning.NAD_1983_HARN_WISCRS_Marathon_County_Feet

168.93

Road Names

Parcels

Parcel Lot Lines

Land Hooks

Section Lines/Numbers

Right Of Ways

Named Places

Municipalities

2ft Contour Labels

County-wide 2ft Contours 
(2012)

Index

Intermediate

Figure 2. Topographic Map

Proposed Well
Location



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. 
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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 
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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).  
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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 - 
Lang Equipment 

CTH XX 1575 office interiors           
motor sports 

low                                  
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 
Freightline 

CTH XX 1660 freight terminal low 

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 
Florist 

CTH XX 1750 greenhouse & distribution low 

18 Wausua Homes Village Way 
Dr 

 home building low 

19 St. Therese Gate of 
Heaven 

1399 cemetery low 

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
n 

Distance 

Contamination Sources Sites Sources nearby 

50 feet Sanitary or Storm sewer not 
constructed of water main 

materials 

None Tower Rd. 
Approx 250 ft 

    

200 feet 1 or 2 family heating oil tanks 
or POWTS system tanks 

None POWTS Approx. 
300 ft 

    

300 feet Farm Storage tanks None  

    

400 feet POWTS dispersal systems < 
12,000 gpd, cemetery, storm 

water basins 

POWTS 
Approx. 
300 ft 

Cemetery 
Approx 3,000 ft 

    

600 feet  Farm storage tanks None  

    

1,000 feet Land spreading wastewater, 
wastewater lagoons 

None  

    

1,200 feet Solid waste handling facilities, 
landfills, groundwater 

contamination sites, coal 
storage 

None Coal Storage 
Approx. 5,000 

ft 

 



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. 
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Figure 9. Groundwater Contours
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Figure 10. Wellhead Five Year Travel Time



Figure 11. Cone of Depression

Approximate 750 ft Radius



 

     

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



Figure 13. Previous Site Considerations - BHA 1994



Figure 14. Previous Site Considerations - LBG 2017
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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 2nd, 2022, I 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 
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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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Figure 2 – Village of Kronenwetter, Existing Wellhead Protection Area   
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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 

 

CONNECTICUT  FLORIDA  ILLINOIS  MICHIGAN  MINNESOTA  MISSOURI  NEW JERSEY 
NEW YORK   SOUTH DAKOTA  TEXAS  WISCONSIN 

November 3, 2017 
 
 
Mr. Richard Downey 
Administrator 
Village of Kronenwetter 
1582 Kronenwetter Drive 
Kronenwetter WI 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.   
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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 
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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.  
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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 (PAHs), 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 [ft2/d]) and the average T for 
TB-9 is approximately 8,300 gpd/ft (1,100 ft2/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: 

 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.  

 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.  

 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. 

 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: 
 
 
 
 
Dave Hume 
Senior Associate 

 
Enclosures 
 
cc: File 
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KRONENWETTER, WISCONSIN
MARATHON COUNTY

VILLAGE OF KRONENWETTER

Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community. Village of Kronenwetter. CONUS National Wetland Inventory. Marathon County. Hydrogeology of the 
Wisconsin Rivery Valley in Marathon County, Wisconsin - Kendry and Bradbury, 1988.
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Borehole Depth to Temporary Static 
& Casing Competent Well Screen Depth to
Diameter Bedrock Interval Water

(in) (ft bgs) (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 AND TEMPORARY WELL CONSTRUCTION DETAILS
PHASE 2 TEST BORINGS

VILLAGE OF KRONENWETTER, WISCONSIN

Test Boring 
Number

Completion 
Date

Total
Depth

(ft bgs)

Table 1 Test boring construction details.xls Page 1 LEGGETTE, BRASHEARS & GRAHAM, INC.



 

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 3.3

gpd/ft - gallons per day per foot
ft2/d - feet squared per day
ft/d - feet per day
gpm/ft - gallons per minute per foot

A  Transmissivity calculated using step test drawdown data (Eden - Hazel, 1973).
B   Transmissivity calculated using theoretical modified nonequilibrium equation (Jacob Equation)
C   Average Transmissivity 
D  Specific capacity calculated at the end of the third step in each test, when drawdown was still increasing somewhat.

TABLE 2

SUMMARY OF PUMPING TEST RESULTS
PHASE 2 TEST BORINGS

VILLAGE OF KRONENWETTER, WISCONSIN

(gpd/ft)A (gpd/ft)B (gpd/ft)C (ft2/d)C

Specific

CapacityD

(gpm/ft)

Aquifer
Thickness

(ft)

Hydraulic
Conductivity

(ft/d)
Test Bore

Table 2 Summarry of Pumping Test Results.xlsx Page 1 LEGGETTE, BRASHEARS & GRAHAM, INC.



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 (µg/L) [1.1] [1.3] [1.0] 2.8 [1.5] ND ND ND 10A

Calcium (mg/L) 16 30 NA NA NA NA NA 29 --

Chloride (mg/L) 11 5.9 16 1 [4.9] 5.2 54 5.2 250B

Iron (mg/L) 5.2 ND 5 34 13 1.4 1.3 0.12 0.3B

Magnesium (mg/L) 6.9 14 NA NA NA NA NA 12 --

Manganese (µg/L) 250 98 120 980 410 440 73 400 50B

Sodium (mg/L) 3.3 4.5 NA NA NA NA NA 4.0 --

Total Dissolved Solids (mg/L) 150 97 NA NA NA NA NA 120 500B

Sulfate (mg/L) 3.6 6.7 NA NA NA NA NA ND 250B

Hardness (mg/L) 68 130 NA NA NA NA NA NA --

Nitrate + Nitrite, as N [0.047] ND 6.7 0.31 [0.023] ND 1.7 [0.028] 10A

Abbreviations:
mg/L - Milligrams per Liter (equivalent to parts per million)
ND - Not detected above the method detection limit
µg/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
SUMMARY OF GROUNDWATER QUALITY

VILLAGE OF KRONENWETTER, WISCONSIN
PHASE 1 AND PHASE 2 TEST BORING ACTIVITIES

Phase 2 Phase 1

Table 3- PH 2 Summary of Ground Water Quality - TB5 and TB9> Sheet:Table 2
11/3/2017 Page 1 LEGGETTE, BRASHEARS & GRAHAM, INC.
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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.  It is 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: 
 



2

 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.  

  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.  

 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.   

 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. 

 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.   

 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. 
 
I 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. 
 
John Jansen, 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@lbgmn.com 
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Attachment C 
 

Graphical Analysis of Pumping Data 
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Attachment D 
 

Laboratory Analytical Report 
 






















