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Feasibility Study 

Bayport TCE Groundwater Contamination 

 Prepared for City of Bayport, Minnesota 

 
1.0 TCE Contamination 

As discussed in the Hydrologic Evaluation (SEH, 2012), the levels of trichloroethylene (TCE) 
in the public water supply for the City of Bayport have been steadily increasing over the past 
five years. The Hydrologic Evaluation is included as Appendix A.  The source of contamination 
is assumed to be the Baytown Township Groundwater Contamination Superfund Site 
(Superfund Site) in Lake Elmo, Minnesota.  The Superfund Site consists of a groundwater 
plume contaminated primarily with TCE covering approximately seven square miles.  The 
plume extends eastward to the City of Bayport where it discharges to the St. Croix River. The 
City of Bayport obtains potable water from three municipal wells located within the plume. 

The United States Environmental Protection Agency (US EPA) Maximum Contaminant 
Level (MCL) for TCE in Public Water Supplies is 5 micrograms per liter (µg/L, equivalent to 
parts per billion).  The Minnesota Department of Health (MDH) Health Risk Limit (HRL) is 
also 5 µg/L. TCE concentrations at Bayport Well No. 2 are above 5 µg/L, so an air stripping 
treatment system is in place at this well to remove TCE to acceptable levels. TCE levels in 
the other two Bayport municipal wells (No. 3 and No. 4) are currently below 5 µg/L, 
although concentrations have been increasing over the past five years. From a regulatory 
standpoint, the HRL is not enforceable but the MCL is enforceable. 

Residential wells located in other aquifers at locations upgradient of the City of Bayport show 
fluctuating levels of TCE. This is evidence that the plume has not stabilized and that there is 
potential for TCE concentrations in Bayport municipal wells to continue to increase. In 
September 2011, the US EPA released the final Integrated Risk Information System risk 
assessment for TCE, which is expected to lead to a reduction in the MCL for TCE. MDH is 
also reviewing the toxicity level of TCE and expects to issue a revised TCE HRL in the near 
future (ahead of the US EPA). At this time the revised standards are not known. In a letter to 
the Bayport City Council in June 2012, MDH stated that Wells No. 3 and No. 4 would likely 
exceed the new HRL.  MDH recommended that Bayport use Wells No. 3 and No. 4 only as 
emergency backup sources of potable water, limit production of both wells to one million 
gallons per year each, and notify MDH if either well is used so that volatile organic 
contaminant (VOC) samples can be collected. 

With the pending revisions to the federal MCL and state HRL for TCE, Wells No. 3 and No. 
4 may require treatment sooner than anticipated.  The following table predicts when TCE 
levels in these wells may reach various concentrations. 
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Table 1 - Predicted Time to Reach Various TCE Concentrations 

Municipal 
Well 

3.0 µg/L 3.5 µg/L 4.0 µg/L 4.5 µg/L 5.0 µg/L 

No. 3 
Reached 

10/12/2011 
Midyear 2013 Midyear 2014 Midyear 2015 Midyear 2016

No. 4 Early 2014 Midyear 2015 Late 2016 Late 2017 Early 2019 
 

 
A graph showing the concentrations of TCE in the Bayport municipals wells, along with 
trend lines is included as Figure 1. 

2.0 Existing Water System 
The City of Bayport’s water system consists of three municipal wells, two reservoirs, an air 
stripping treatment system, a booster station, and approximately 17 miles of water main.  The 
water system is split into two pressure zones; a low zone in the area along the river, and a 
high zone on the west side of the City up on the bluff and in Baytown Township. 

2.1 Water Supply 

As previously indicated, Bayport gets its drinking water from three municipal groundwater 
wells (Wells No. 2, No. 3, and No. 4).  The well locations are identified on Figure 2.  Data on 
the wells is located in Table 2. 

Table 2 - Well Information 

 Well No. 2 Well No. 3 Well No. 4
Year Installed 1946 1952 1964 

Casing Depth (feet) 174 129 136 
Total Depth (feet) 315 296 260 

Size (inches) 20 12 24 
Capacity (gpm) 550 500 475 

Aquifer FIG FIG FIG 
 

As discussed in Section 1, all of the Bayport municipal wells are contaminated with 
trichloroethylene (TCE). 

Well No. 3 and the associated wellhouse are in need of upgrades and repairs.  The well pump 
and motor have not been pulled since 1995, the electrical and process piping needs 
upgrading, a generator receptacle and driveway should be added, and a gasoline engine 
previously used for backup power needs to be removed. 

2.2 Storage 

The City of Bayport has a 750,000 gallon ground storage reservoir located at the top of the 
bluff, northeast of the Inspiration Development, which serves the low pressure zone.  A 
300,000 gallon ground storage reservoir is located south of the City in Baytown Township 
and serves the high pressure zone. 

2.3 Air Stripper 

A low profile air stripper along with an associated building and high service pumps was 
constructed at Well No. 2 in 2007 to remove elevated concentrations of TCE from the 
drinking water.  As shown on Figure 1, the air stripper successfully removes all of the TCE 
from Well No. 2 (raw water concentrations of 5-9 ug/L). 
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The air stripper is a Carbonair Stat 720 Low Profile Airstripper.  According to Carbonair, 
the Stat 720 has a hydraulic capacity of 1,000 gallons per minute (gpm) which is 
equivalent to 1.4 million gallons per day (MGD).  Selected plan sheets for the air stripper 
are included in Appendix A. 

The high service pumps at the air stripping facility (two total) each have a capacity of 600 gpm 
for a total pumping capacity of 1,200 gpm.  The firm capacity of the high service pumps (the 
pumping capacity with the largest pump out of service) is 600 gpm. 

3.0 Water Demand 
The current average day water demand is approximately 350,000 gallons per day (equivalent 
to 243 gpm).  The current maximum day water demand is approximately 600,000 gallons per 
day (equivalent to 417 gpm).   

According to City of Bayport, Water Emergency and Conservation Plan (Bluestone, 2007), 
the projected 2016 average day water demand will be 485,000 gallons per day (337 gpm) 
with a maximum day demand of 1,260,000 gallons per day (875 gpm).  It should be noted 
that this assumed a population served of 3,700.  Bayport and Baytown Township have not 
seen the projected population growth and water usage has not seen significant growth since 
2007.  The current served population of Bayport is approximately 2,450. 

4.0 Water Treatment Alternatives 
Due to the TCE contamination extending to Wells No. 3 and 4, the City of Bayport will need 
to discontinue use of these wells, add treatment at these wells, or find a new water source.  
The following sections discuss the alternative being considered. 

4.1 Alternative No.1 - Rely Solely on Well No.2 

Since Well No. 2 is already being treated for TCE contamination, Bayport could rely solely 
on Well No. 2 and only use Well No. 3 or Well No. 4 as emergency backup wells.  No 
modifications or expenditures would be required. 

The risk with relying solely on Well No. 2 is that the capacity of the well is close to the maximum 
day water demand.  It is possible that on high demand days, the well could not keep up with water 
demand.  In addition, this alternative does not offer any redundancy.  If Well No. 2 or the air 
stripper fails, or they need to be serviced, there is no backup supply of potable water.  

Alternative 1 does not provide any redundancy and may not meet current or future water 
demands; therefore, this alternative is not being considered further. 

4.2 Alternative No.2 - New Air Stripper at Well No.4 

A new air stripper similar to the one at Well No. 2 could be constructed at Well No. 3 or 
Well No. 4.  Due to its location in a City park near a school, an air stripper at Well No. 3 is 
not being considered. 

An air stripper at Well No. 4 would provide redundancy for both the well and the air stripping 
equipment.  In addition, it would provide an additional 500 gpm of potable water capacity 
that is free of TCE. 

An air stripper at Well No. 4 would operate very similar to the one at Well No. 2.  The well 
would pump the water to the top of the air stripper where it would flow by gravity down 
through the trays of the air stripper.  While the water is flowing downward through the trays, 
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air is pumped up through the trays, stripping the volatiles (including TCE) from the water.  
Selected plan sheets from the air stripper at Well No. 2 are included in Appendix A.  An air 
stripper at Well No. 4 would likely be very similar in design and construction. 

MDH does not allow drinking water tanks to be constructed below floodplain level.  Because 
Well No. 4 is located on the floodplain of the St. Croix River (as is Well No. 3), the air 
stripping facility and pumping chamber would need to be constructed above grade. 

A report level estimated cost to construct an air stripping facility at Well No. 4 
is included in Table 3. 

Table 3 - Cost Estimate - Air Stripper at Well No.4 

Estimated Cost 
New Air Stripping Facility $1,000,000 
Modifications to Well 4 $50,000 

Subtotal $1,050,000 
 

10% Contingency $105,000 
Engineering/Administration $157,000 

Total $1,312,000 
 

Alternative 2 adds an additional 500 gpm of non-contaminated water, a redundant air 
stripping unit, and redundant high service pumps. 

4.3 Alternative No.3 - Connect Well No.3 to Existing Air Stripper 

To provide added capacity and some redundancy, Well No. 3 could be connected to the air 
stripper at Well No. 2 using a new 8” raw water line.  As discussed in Section 2.3, the air 
stripper has a hydraulic capacity of 1,000 gpm.  This capacity could accommodate both Well 
No. 2 and Well No. 3.  It is estimated that the combined capacity of Well No. 2 and Well No. 
3 should be sufficient to meet Bayport’s demand for the next 10 years.   

If possible, the water main could be directionally drilled to save money and reduce disruption 
to the local residents.  The proposed route would extend south along Fourth Street North to 
Third Avenue North; west along Third Avenue North to Sixth Street North; south along Sixth 
Street North to First Avenue South; west along First Avenue South to the existing air stripper.  
The total length of 8” water main required is approximately 3,200 feet.   

As discussed in Section 2.1, Well No. 3 and the associated wellhouse are in need of upgrades 
and repairs.  The well pump and motor have not been pulled since 1995, the electrical and 
process piping needs upgrading, a generator receptacle and driveway should be added, and a 
gasoline engine previously used for backup power needs to be removed. 

A report level estimated cost to connect Well No. 3 to the existing air stripper is included in 
Table 4.  The cost estimate assumes that the 8” water main is directionally drilled HDPE 
(actual OD is 10”).  A map showing the proposed water main route is included as Figure 3. 
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Table 4 - Cost Estimate - Connect Well No.3 to Existing Air Stripper 

Estimated Cost 
Water main $260,000 
Improvements to Well 3 $125,000 

Subtotal $385,000 
  
10% Contingency $39,000 
Engineering/Administration $58,000 

Total $482,000 
 

In addition to connecting Well No. 3 to the existing air stripper, Bayport should consider 
adding a pressure reducing valve which would allow water from the high pressure zone to 
supply water to the low pressure zone.  This would provide redundancy and could be 
included with any of the alternatives being considered.  A pressure reducing valve and 
associated structure would cost approximately $75,000. 

A sub-alternative to connecting Well 3 to the existing air stripper would be to drill a new well 
in the vicinity of Well 2 and connect it to the air stripper.  Even without a well house or 
acquiring land, a new well and meter vault would be more expensive than connecting Well 3 
to the air stripper.  A means for adding chemicals (fluoride and polyphosphate) would also 
need to be considered.  In addition, there are hydraulic restrictions with putting two wells in 
close proximity to each other.  Wells have to be located a certain distance apart (typically 
greater than 500 feet) to not cause hydraulic problems. This sub-alternative is not considered 
feasible because it would be more expensive than connecting Well 3 to the existing air 
stipper.   

Alternative 3 adds an additional 500 gpm of non-contaminated water and some redundancy.   
At times when the existing air stripper needs to be taken out of service for maintenance, a 
portable air stripper can be rented from Carbonair and temporarily piped to the existing facility. 

4.4 Alternative No.4 – Emergency Connection to MCF Stillwater Water System 

An option to provide an emergency backup source of water would be to connect to the 
Minnesota Correction Facility (MCF) Stillwater water system.  The MCF Stillwater facility is 
located within the Bayport City limits, but has a separate water system. 

The MCF Stillwater facility is in the planning stages of drilling a new well and constructing a 
water treatment plant.  The design of the new water infrastructure has not begun at the time 
this report was issued. 

It is assumed that a connection to MCF Stillwater would be for emergency purposes only and 
would not be a primary source of Bayport’s water.  If Bayport wanted to utilize MCF 
Stillwater as a primary source of potable water, Bayport would likely need to pay for the 
upsizing of the well and water treatment plant and buy the water from MCF Stillwater. It also 
assumes that MCF Stillwater would be willing to be a primary provider of Bayport’s potable 
water and that a cooperative agreement could be reached. 

Alternative 4 provides an emergency source of potable water, but does not add additional 
everyday capacity to supplement Well No. 2.  Alternative 4 is not recommended to resolve 
the current TCE issue, but it should be considered as an emergency backup measure 
independent of the TCE contamination. An emergency water interconnect with a neighboring 
community is recommended regardless of the outcome of the TCE issue. 
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4.5 Alternative No.5 - New Well 

Another option to provide an additional source of potable water would be to drill a new well 
outside of the TCE contamination or in a different aquifer. 

The two aquifers available to Bayport are the Franconia/Ironton/Galesville (FIG) and the Mt. 
Simon aquifers.  The FIG aquifer in the Bayport area is contaminated with TCE.  It is possible 
that areas could be found that are not currently contaminated with TCE; however, drawing water 
from the FIG aquifer would tend to pull the TCE contaminated water toward the new well. 

The other aquifer available to Bayport is the Mt. Simon aquifer.  The Mt. Simon aquifer is 
deeper than the FIG and hydraulically separated by a confining layer (Eau Claire Formation).  
The Mt. Simon aquifer commonly contains the naturally occurring radioactive element 
radium.  The federal MCL for radium 226/228 is 5 picocurries per liter (pCi/L).  It is likely 
that a Mt. Simon well drilled in the Bayport area would contain radium above the MCL and a 
water treatment plant would be necessary. 

Alternative 5 does not provide a reliable source of water that is not, or may not become 
contaminated with TCE or radium; therefore, this alternative is not being considered further. 

5.0 Alternatives Evaluation & Conclusions 
The five alternatives to deal with the TCE contamination in Bayport’s water are as follows: 

Alternative 1 - Rely Solely on Well No. 2 

Alternative 2 - New Air Stripper at Well No. 4 

Alternative 3 - Connect Well No. 3 to Existing Air Stripper 

Alternative 4 - Emergency Connection to MCF Stillwater System 

Alternative 5 - New Well  

Alternates 1, 4 and 5 are not preferred means of addressing the TCE issue. Alternative 1 does 
not provide any redundancy and may not meet current or future water demands. Alternative 4 
provides an emergency source of potable water, but does not add additional everyday 
capacity to supplement Well No. 2. Alternative 5 does not provide a reliable source of water 
that is not, or may not become contaminated with TCE or radium. 

Alternative 2 and Alternative 3 provide similar advantages.  Both alternatives add additional non-
contaminated water and both offer some redundancy.  However, the estimated cost of Alternative 
2 is $1,312,000 whereas Alternative 3 is $482,000.  Because Alternative 2 is significantly more 
expensive, Alternative 3, connecting Well No. 3 to the existing air stripper, is the recommended 
alternative to provide Bayport with additional clean drinking water.  Adding a pressure reducing 
valve to connect the high and low zone pressure systems should also be considered.  At times 
when the existing air stripper needs to be taken out of service for maintenance, a portable air 
stripper can be rented from Carbonair and temporarily piped to the existing facility. 

SEH can assist the City in identifying funding sources to remove the TCE from Bayport’s 
drinking water.   

amc 
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August 2, 2012 RE: Bayport TCE Groundwater Contamination 
Hydrogeologic Evaluation 
Bayport, Minnesota 
SEH No. BAYPO 120818 

 
 
 
Mr. Mitchell Berg, City Administrator 
City of Bayport 
294 N. 3rd Street 
Bayport, MN 55003 
 
Dear Mr. Berg: 
 
Please find enclosed two copies of the Hydrogeologic Evaluation of the City of Bayport’s TCE-impacted 
groundwater, as performed under the Minnesota Department of Health Source Water Protection Grant. I 
have also included the full document on CD. 
 
A Feasibility Study, work item number two under the grant, is forthcoming. 
 
If you have any questions, please contact me directly at 651.490.2135.   
 
Sincerely, 
 
 
 
Allen H. Sunderman, P.G. 
Professional Geologist 
 
KHB 
\\172.16.16.51\projects\ae\b\baypo\120818\3-env-stdy-regs\30 env documentation and analysis\hydrogeologic evaluation\bayport tce groundwater contamination_20120802.docx 

 
 
 
 
 
 
 
 

 
 



 

SEH is a registered trademark of Short Elliott Hendrickson Inc. 
Hydrogeologic Evaluation 120818 
      Page i 

Table  of Contents  

Letter of Transmittal 
Table of Contents 
 

  Page 

1.0 Background ............................................................................................................. 1 
2.0 Geology and Hydrogeology of the SWCA and City of Bayport ............................ 1 
3.0 Well Data .................................................................................................................. 2 

3.1 Municipal Wells ................................................................................................ 2 
3.2 Residential Wells .............................................................................................. 3 
3.3 Hydraulic Barrier System Wells and Monitoring Wells ...................................... 3 

4.0 Conclusions ............................................................................................................ 4 
5.0 References............................................................................................................... 6 

 

List of Tables 
Table 1  Predicted Time to Reach Various TCE Concentrations .......................... 4 

 

List of Figures 
Figure 1  TCE Concentrations in Bayport Municipal Wells 
Figure 2 TCE Concentrations in Residential and Municipal FIG Wells 
Figure 3 FIG Aquifer Residential and Municipal Well Locations 
Figure 4 TCE Concentrations in Selected Residential Quaternary Wells 
Figure 5 Quaternary Aquifer Residential Well Locations 
Figure 6 TCE Concentrations in Selected Residential Jordan Wells 
Figure 7 Jordan Aquifer Residential Well Locations 
Figure 8 TCE Concentrations in Selected Residential Prairie du Chien Wells 
Figure 9 Prairie du Chien Residential Well Locations 
 

 

List of Appendices 
Appendix A SWCA and TCE Plume Maps 
Appendix B Geologic Cross Section Figures 



 

Hydrogeologic Evaluation BAYPO 120818 
      Page 1 

Hydrogeologic Evaluation 

Bayport TCE Groundwater Contamination 

 Prepared for the City of Bayport, Minnesota      

 
1.0 Background 

The levels of trichloroethene, or trichloroethylene, (TCE) in the public water supply for the 
City of Bayport have been steadily increasing over the past five years. The source of 
contamination is assumed to be the Baytown Township Groundwater Contamination 
Superfund Site (Superfund Site), which is delineated by a Special Well Construction Area 
(SWCA) enacted by the Minnesota Department of Health (MDH) to regulate the construction 
of new wells. The Site consists of a groundwater plume contaminated primarily with TCE 
covering approximately seven square miles. The SWCA and the Superfund Site include 
portions of eastern Lake Elmo, the portion of Baytown Township at the east of the Lake Elmo 
Airport, northern West Lakeland Township, and the southern two-thirds of Bayport (MPCA, 
2007). The primary source area has been identified as the Hagberg Property at 11325 
Stillwater Boulevard North in Lake Elmo, Minnesota, which was the site of a metal working 
facility from 1940 to 1968. The plume extends from this property eastward to the City of 
Bayport where it discharges to the St. Croix River (MPCA Report, March 2012). The City of 
Bayport obtains water from three wells located within the plume. The plume area outside the 
City is served by private wells. Plume maps obtained from the Minnesota Pollution Control 
Agency, which show the extent of TCE contamination in local aquifers, are found in 
Appendix A (MPCA 2012, Terracon 2012). The boundary of the SWCA and location of the 
source of contamination are identified on one of the plume maps. 

The federal Maximum Contaminant Level (MCL) of TCE for public drinking water supplies 
is 5 µg/L, and the MDH Health Risk Limit (HRL) is also 5 micrograms per liter (µg/L). TCE 
concentrations at Municipal Well #2 are above 5 µg/L, so an air stripping treatment system is 
in place at this well to remove TCE to acceptable levels. TCE levels in the other two Bayport 
municipal wells (#3 and #4) are currently below 5 µg/L, although concentrations have been 
increasing over the past five years of sampling. As part of this hydrogeologic evaluation, 
TCE data from MDH and MPCA was collected upgradient from the Bayport wellhead 
protection area, along with geologic and hydrogeologic data from the Minnesota Geological 
Survey (MGS) and the Department of Natural Resources. Based on analysis of this data, SEH 
has estimated the amount of time left before TCE concentrations in Bayport Municipal Wells 
#3 and #4 will exceed the current MCL/HRL as well as a potential lower MCL/HRL to allow 
for adequate planning and installation of treatment systems.  

2.0 Geology and Hydrogeology of the SWCA and City of Bayport 
The general geology of the SWCA consists of 75 to 100 feet of unconsolidated glacial drift 
overlying bedrock. The water table generally is present at a depth of 35 to 65 feet. The glacial 
drift is directly underlain by 100 to 145 feet of the highly fractured Prairie du Chien 
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Domolite. Under this unit is the Jordan Sandstone with a thickness of 85 to 100 feet. The 
Prairie du Chien/Jordan Aquifer is the primary source for water supply in the local area. The 
Prairie du Chien Dolomite is not present at the source in Lake Elmo or in the City of Bayport 
where it has eroded away (MPCA, March 2012). The Franconia-Ironton-Galesville (FIG, also 
known as Tunnel City-Wonewoc) Aquifer, which is overlain by a confining layer, is located 
below the Prairie du Chien and Jordan Aquifers. A geologic cross section of the area, 
obtained from the Part I of the Bayport Wellhead Protection Plan, prepared by the MDH 
(Bayport Wellhead Protection Plan Part I, 2007), is found in Appendix B. 

The two prominent and distinct aquifers in the Bayport area are the FIG and the Mt. Simon 
bedrock aquifers. The Mt. Simon Aquifer is hydraulically separated from the overlying FIG 
Aquifer by the confining nature of the Eau Claire Formation. West of the city of Bayport and 
in Baytown Township, the Prairie du Chien-Jordan Aquifer overlies the FIG Aquifer, and the 
water table is typically present in the unconsolidated glacial deposits overlying bedrock. 
Typically, the St. Lawrence Formation hydraulically separates the Prairie du Chien-Jordan 
Aquifer from the FIG Aquifer. However, this is not the case in the Bayport area where the St. 
Lawrence Formation is eroded or absent. An unconfined water table aquifer is present in the 
lower terrace deposits, where the St. Lawrence Formation has been eroded. This aquifer 
receives groundwater from the Prairie du Chien-Jordan Aquifer. It likely receives 
groundwater from the underlying FIG Aquifer also, in areas where the St. Lawrence has not 
been completely eroded. Here the integrity of the St. Lawrence Formation in Bayport is 
questionable and may not effectively act as a hydrologic confining unit. Ultimately, 
groundwater from all bedrock aquifers discharges to the St. Croix River, a regional 
groundwater discharge zone (Bayport Wellhead Protection Plan Part I, 2007). 

Nearly all of Washington County is covered with sediment deposited during the Quaternary 
Period. Most Quaternary sediment in the county was deposited by continental glaciation 
during the Pleistocene (Ice Age); the uppermost glacial sediment across most of the county 
was deposited during the last glaciation, called the late Wisconsinan (about 35,000 to 10,000 
years ago). Much of the City of Bayport and the area immediately west of the city is 
comprised of terrace deposits, generally containing coarse sand and gravel, or sand, gravelly 
sand, and gravel (MGS County Atlas C-5, Surficial Geology, 1990).  

Groundwater in the SWCA flows to the east to the St. Croix River (MGS County Atlas C-5, 
Hydrogeology 1990). A comparison of TCE concentration plume maps shows that the TCE 
plume in the Jordan, Prairie du Chien, and FIG Aquifers is migrating to the east, although 
there appears to be preferential flow of the TCE plume to the east-northeast in each aquifer.  

MPCA sampling of FIG Aquifer wells indicates that there is minimal or no downward 
migration of shallow groundwater into the FIG Aquifer at the western portion of the SWCA 
and on the northern and southern edges of the TCE plume. At the eastern portion of the 
SWCA, however, downward migration of TCE-impacted groundwater is occurring, leading 
to increasing TCE concentrations in wells just west of and within Bayport (Terracon, 2012) 

3.0 Well Data 
Groundwater monitoring data of TCE in wells within the SWCA were obtained from the 
MPCA and MDH.  

3.1 Municipal Wells 
Groundwater monitoring data of TCE in Bayport municipal wells were obtained from the 
MDH.  The City of Bayport obtains water from three wells located within the FIG Aquifer. 
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TCE concentrations from these wells are sampled on a quarterly basis by the MDH. TCE 
concentrations at Municipal Well #2 are above the MCL and HRL of 5 µg/L for public 
drinking water supplies. An air stripping treatment system is in place at this well to remove 
TCE to acceptable levels from the water prior to distribution to the public. Currently, TCE 
levels in the other two Bayport municipal wells (#3 and #4) are below the MCL of 5.0 µg/L, 
although concentrations have been increasing over the past five years of sampling.  An 
analysis of the data shows that the rate of TCE contamination increase from 2009 to present 
is greater than the rate of increase from 2007 to present. Since 2009, TCE concentrations in 
Wells #3 and #4 have been trending upwards in a parallel manner, at rates of approximately 
0.5 and 0.3 µg/L per year, respectively. For a conservative estimate, it is assumed that TCE 
contamination in these wells will continue to increase at these rates into the near future. The 
trend lines for TCE in Municipal Wells #3 and #4, along with actual sampled concentrations, 
are presented in Figure 1. 

3.2 Residential Wells 
Groundwater monitoring of TCE in residential wells upgradient of the City of Bayport were 
obtained from MPCA. The MPCA samples private water supply wells within the Site on a 
regular basis dependent on TCE concentration. When TCE concentrations at an existing well 
exceed the MDH HRL or federal MCL of 5 µg/L, or when TCE and carbon tetrachloride 
(CCl4) cumulatively exceed the HRL equivalence, a granular activated carbon (GAC) 
filtration unit is installed. (Former grain silos near 13136 40th Street North are the suspected 
source of CCl4.). For homes platted before April 9, 2002, MPCA samples these private water 
supply wells and works with a state contractor to install, maintain, and remove GAC systems 
as needed. Samples on GAC-equipped wells are taken prior to and after the filtration system 
to measure system performance. 

Most of the existing private residential wells in the SWCA are within the Prairie du Chien-
Jordan Aquifer, although a few newer residential developments in eastern Baytown Township 
have wells drilled into the FIG Aquifer (Barr, 2005). Additionally, a number of private 
residential wills within the SWCA are drilled into the unconsolidated Quaternary Aquifer. 
Results show that TCE concentrations in residential wells in the Franconia Aquifer, at 
locations about 0.75 miles southwest of Bayport, are generally increasing. Similarly, TCE 
concentrations in residential wells in the Quaternary Aquifer, at locations about 1 mile south 
of Bayport, are also increasing.  Graphs of TCE concentrations over time in upgradient 
Franconia and Quaternary aquifers are shown in Figures 2 and 4, respectively. The locations 
of the Franconia wells are shown in Figure 3, and the locations of the Quaternary wells are 
shown in Figure 5. 

TCE concentrations in residential wells in the Jordan Aquifer, at locations about 2.5 miles 
SW of Bayport, are stable or decreasing. TCE concentrations in residential wells in the 
Prairie du Chien Aquifer, at locations about 1.5 miles west of Bayport, are varied. Graphs of 
TCE concentrations over time in upgradient Jordan and Prairie du Chien aquifers are shown 
in Figures 6 and 8, respectively. The locations of the Jordan wells are shown in Figure 7, and 
the locations of the Prairie du Chien wells are shown in Figure 9. 

3.3 Hydraulic Barrier System Wells and Monitoring Wells 
The MPCA samples a network of groundwater monitoring wells located in the Jordan and 
Prairie du Chien Aquifers near the source and in the proximity of Lake Elmo Airport. 
Sampling of these wells is conducted on a regular basis to determine the effectiveness of a 
hydraulic barrier system in place at the source of contamination. The hydraulic barrier system 
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is a pump-and-treat system consisting of an air stripper treatment unit, a carbon dioxide feed 
system, a water filtration system, and associated piping, controls, etc. The purpose of the 
hydraulic barrier system is to control and prevent the further migration of TCE-contaminated 
groundwater from the source. In this portion of the SWCA, groundwater travel time with 
natural attenuation of about 0.9 feet per day has been observed (Terracon, 2012). While the 
hydraulic barrier has been somewhat effective at promoting cleanup near the source of 
contamination, subsurface conditions and the distribution of TCE within the source area 
indicate that TCE present in the source area will continue to impact groundwater for many 
years (Terracon, 2012). 

4.0 Conclusions 
A review of available well sampling data within the SWCA shows that the TCE plume is 
moving eastward from the source, with a preferential flow to the east-northeast.  TCE 
concentrations in residential FIG Aquifer wells to the southwest of the City of Bayport have 
generally increased over the past nine years of sampling. TCE concentrations in Bayport 
Municipal Wells #3 and #4 have been increasing over the past three years at rates of 
approximately 0.5 and 0.3µg/L per year, respectively.  It is anticipated that this trend will 
continue into the future. Based on this trend, TCE in Bayport Municipal Well #3 is projected 
to reach the 5 µg/L MCL in the year 2016, and TEC in Bayport Municipal Well #4 may reach 
5 µg/L in 2019.    

Residential wells located in other aquifers at locations upgradient of the City of Bayport show 
fluctuating levels of TCE. This is evidence that the plume has not stabilized and that there is 
potential for TCE concentrations in Bayport municipal wells to continue to increase. In 
September 2011, the United States Environmental Protection Agency (US EPA) released the 
final Integrated Risk Information System (IRIS) risk assessment for TCE, which is expected 
to lead to a reduction in the MCL for TCE. The MDH is also reviewing the toxicity level of 
TCE and expects to issue a revised TCE HRL in the near future. At this time the revised 
standards are not known. In a letter to the Bayport City Council in June 2012, the MDH 
stated that Wells #3 and #4 would likely exceed the new HRL. The MDH recommended that 
Bayport use Wells #3 and #4 only as emergency backup sources of water supply, limit 
production of both wells to one million gallons per year each, and notify MDH if either well 
is used so that volatile organic contaminant (VOC) samples can be collected. 

With the pending revisions to the federal MCL and state HRL for TCE, Municipal Wells #3 
and #4 may require treatment sooner than anticipated.  The following table predicts when 
TCE levels in these wells may reach various concentrations. 

 
Table 1 

Predicted Time to Reach Various TCE Concentrations 
Municipal 

Well 3.0 µg/L 3.5 µg/L 4.0 µg/L 4.5 µg/L 5.0 µg/L 

#3 Reached 
10/12/2011 Midyear 2013 Midyear 2014 Midyear 2015 Midyear 2016 

#4 Early 2014 Midyear 2015 Late 2016 Late 2017 Early 2019 
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Based on the information presented here and the imminent changes to the federal MCL and 
state HRL, we recommend focusing the upcoming Feasibility Study on the design of an 
additional TCE water treatment system. Options such as implementing an overlay district or 
installing sentry monitoring wells will not necessarily meet the level of urgency required to 
for the City of Bayport to maintain its public water supply.   
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Appendix A 

SWCA and TCE Plume Maps  

A-1 – Figure Showing SWCA and TCE Source (with Extent of TCE Plume in Prairie du Chien and 
Surficial Aquifers as of 2004)  

(obtained from “Baytown Township Groundwater Contamination Site” MPCA webpage) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 

 

 

A-2 – Figure Showing Extent of TCE Plume in the FIG (Tunnel City) Aquifer as of 2010 
(obtained from “Baytown Township Groundwater Contamination Site” MPCA webpage) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 

 

 

A-3 – Figure Showing Extent of TCE Plume in the Jordan Aquifer as of 2010 
(obtained from “Baytown Township Groundwater Contamination Site” MPCA webpage) 
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Introduction
This map depicts the approximate distribution of 
trichloroethylene (TCE) in 2010 within the Jordan 
Aquifer underlying the Baytown Superfund Site.  The 
site generally includes the area between Lake Elmo
and Bayport in Washington County, Minnesota. This 
map was developed by Bay West, Inc (Bay West) in 
accordance with the Minnesota Pollution Control 
Agency (MPCA) under Task Order SFBW1102 dated
July 30, 2010.
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Map Development
TCE concentration contours were developed from
groundwater sampling data collected for the Baytown
Superfund Site.  Sampling locations include residential
wells and before treatment GAC systems. A list of the 
2010 data utilized for this map is provided on the 
attached table.  The data in the table is referenced by 
a database identification number which is shown next
to the sample locations on the map.  

Concentration contours are shown as solid lines in 
areas where there was sufficient density of data for 
interpretation.  The contours are dashed where the
interpretation is inferred.  The contours were left 
open ended where there was insufficient data for 
interpretation.  

For the majority of this map, the contour lines were left 
unchanged from the 2008 map (produced in 2009) as the 
contour lines on the 2008 map were based on the TCE 
results for samples collected in 2006 through 2008.  
However, contour line orientation and type have been
revised in some areas to reflect 2009 and 2010 data.    

Jordan Aquifer
The Jordan aquifer consists of water-saturated fractures
and intergranular pores within the Jordan Sandstone.  
The Jordan Sandstone is 60 to 100 feet thick; it is a 
high permeability, relatively uniform quartzose sandstone
(Kanivetsky and Cleland, 1990) and in the Baytown 
area is typically encountered at depths of 250 to 400 
feet (as stated on area drilling logs). The Jordan aquifer 
is overlain by the Prairie du Chien Dolostone, which is 
a water-bearing dolostone and is underlain by the St. 
Lawrence Formation, which is a regional aquitard 
(vertical flow barrier).  Although the Jordan Sandstone 
and Prairie du Chien Formations have different 
lithologies, there is no regional aquitard separating
them; therefore, they are hydraulically connected. In 
terms of the distribution and transport of TCE, the
primary differences in the two units are in depth (the 
Jordan aquifer is deeper) and permeability (the 
Jordan aquifer is more permeable). Groundwater flow 
in both units is directed easterly under a gradient of 
0.008 feet per foot towards the St Croix River.

Site History
Groundwater contamination in the Baytown Township 
was first identified in 1987 during sampling conducted
by the Minnesota Department of Health (MDH). 
Subsequent sampling found groundwater that 
contained chlorinated volatile organic constituents, 
primarily trichloroethylene (TCE), over an approximate
six-square-mile area between Lake Elmo, Minnesota 
and the St. Croix River (MDH, 2004). Investigations 
conducted between 2002 and 2004 identified multiple 
contaminant sources with the primary source likely 
emanating from a former metal working facility (Circa 
1940 to 1968).  This facility was located about 4,000 
feet west of the Lake Elmo Airport (MPCA, 2007) and
is now operated as Hagberg’s County Market.  A 
12.5-square-mile area was designated a State Super-
fund site in 1988, which was added to the National 
Priority List in 1995.  Three municipal wells in Bayport 
and hundreds of private wells in the area have reported 
TCE concentrations exceeding 1 ug/L. The Minnesota 
Department of Health (MDH) has adopted the U.S.
Environmental Protection Agency’s (USEPA’s) 
Maximum Contaminant Level (MCL) for TCE of 5 
micrograms per liter (μg/l).  Once the TCE concen-
tration in a water sample collected from a potable 
well exceeds 5.0 μg/l, the MPCA provides a 
whole-house granular activated carbon (GAC)
filtration system for the affected residence. 

Explanation
Sample Locations and TCE Concentrations

Sample Location TCE Concentration (ug/L)

1.0 to 4.99

Less than 1.0

!(

TCE Concentration Contour

Interpreted Inferred 

TCE
Concentration
(ug/L)

5.0

1.0

10.0

20.0

!(

!( 5.0 to 9.99



 

 

 

A-4 – Figure Showing Extent of TCE Plume in the Prairie du Chien as of 2011 
(obtained from Final 2011 Annual Report, prepared by Terracon for MPCA, 2012) 





 

 

Appendix B 

Geologic Cross Section Figures  
(obtained from Bayport Wellhead Protection Plan Part I, prepared by MDH for the City of Bayport, 

2007) 
 
 
 



������ ��

��

��

�� �� ��

����

��

��

��

����

��

��

��

��

��

��

��

��

��

��

�� �� ��� � � �� �� �� 	 	� �� 
� � �� � �� � �� � � 
� 	 � 
 �� � � � � � �� �

� 	 �� 
 �� � � � � 	

� � � 	� �

� �� 	� �

� � � � � �

�� � � � �� � � 
 � �

�� � 
 
 �

� � � � � �

� � � 	� �

�� 
� � �

�� 
� � �

� � � � � �

� � � � 	�

� � 
� � �

� � � � 
�

� � 
 � 	�

� � 
 � 
�

� � �  �� �� �� �� �

� � ��� � � ��  � �� �

�� �� � � � � �� ��

� � �  �� �� �� �� �

�� � �� � � ��  � �� �

 
 

 

!" #$ %& '( )

!" #$ %& '( *

!" #$ %& '( +

, -

. , - / 0 , 0 ,

, 021 3 1 - 0

4

5678 9 :; <8 = 9> 7 ?@ A AB

567 6 @ B

CD EFG H IJ D KFG J LM NM G O KP QRS PT

UVW XYZ [

\]Z ^ ^V _` ] ] Va b ] Vc d X X e

f ^hg \V ^V Y

\Y Z ` Y ` V ei j [ ` Vc b Y Xik

l XY eZ c
f ^hg mZ dY Vc W V a nYZ c W Xc `Z

o Y Xc ^ Xc a bZ ] Vp q` ] ] V

rZ i j ]Z ` Y V

s ^g f `t Xc

\ su j

v w v x y z v2{

x | | y { } v | { } v

~� ?@ A AB � B @ � 6� 5 > 9B B� �@� 7 6 9� B

� ��� ��
� ������� ������

� � �� �� �� �� �

�� �� �� � � � � �



�� �
�� �

� � �
� � �

� � �
�� �

�� �
� � �

� � �
� � �

�� �

� �� � � �

� �� � � �

� �� � 	 �

� �� � � �

� � � �� �


�
��

�

� �� � � �

��� ��� ��� �� �� � �

�� � �� � � �� �� � �� �� � � �

� � � !� "� �� # � $�� %� � �� �

$� �� #� � � � $�� %� � �� �

� � � � � � ��
��� � � �� � �

��� � �� �

�� �& � '

() )* +,- ./ 01* 2 / 34 1() )* +,- 5 + 016 07 +8 1 0* 79 :;* </ 9 1 + <= * /6 9 +6 7 /

� ' � # � � '> � �� � � ��

?
@ A

B @ A C D @ C ?

@ DE F E A D

GHI JHK LI JM NOQ
PR JHS I T JI O U J T V U W LI JX S Y U ZR T VK[ [ S I S T HK JHS V\

PR JHS I T JI O U J T V U W LI JX S Y U W ] Y JO U ZR T VK[ [ S I S T HK JHS V\

GH_^ `S HS I G J T V UHa TS

`I JK I K S V R b NK S T cI a R M

da I V J T G J T V UHa TS

GH_^ e Jf I S T ]S ga I h JHK a T

gI J T ]a TK J ga I h JHK a T

ijk l m jn op k q_r p st t r uk v w j sx yr yz

{|} ~�� � �� � �� � |} � ~�� � � ��



 

 

Appendix B 

Air Stripper Plan Sheets 
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