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January 11, 1999

Assessing and Communicating Risk: A Partnership to Evaluate a
Superfund Site on Leech Lake Tribal Lands

Groundwater Panel Report

Background:

Groundwater was contaminated by the operation of a wood preserving business located
on the Leech Lake Chippewa Tribal Lands in the city of Cass Lake in the Chippewa
National Forest.  It is bounded on the north by Burlington Northern and Soo Line
Railroads, and on the west by Minnesota Highway 371 (Fig. 1).  The surface waters
drain to Pike Bay and the channel that flows from Pike Bay to Cass Lake.  These waters
then empty into the headwater area of the Mississippi River.  Groundwater flow in the
area is generally from west to east.

Beginning in 1957, the St. Regis Company operated a wood preserving business at the
site on land leased from the Great Northern Railroad (subsequently becoming part of
BN Railroad).  The site was later expanded to the south.  Creosote use began in 1957,
and pentachlorophenol (PCP) in 1960.  Both chemicals were in use until the facility
closed in 1985.  PCP was generally combined with #2 fuel oil, and this mixture tends to
float on groundwater.  In later years of operation a water-dispersible PCP concentrate
(PCP and ketone mixture) was used; this mixture is more dense than water and sinks in
groundwater.  From 1969 until 1973 a water-soluble copper-chromium-arsenate salt
solution was also used for wood treating. 

Champion International Corporation assumed responsibility for the site when it acquired
and merged with St. Regis Company in January 1985.  The wood preserving operation
ceased in September of 1985, and in 1986 Champion dismantled facilities on the site.

Champion installed a groundwater containment/extraction system for the contaminants
on the site using a series of extraction wells, and subsequent treatment with granular
activated charcoal, prior to discharge to Pike Bay/channel.  Unfortunately, a plume of
contaminated groundwater has migrated generally to the east, off-site.  In this area, there
appears to be two aquifers separated by till. There are two types of contaminant
plumes that have been detected, a sinking dense non-aqueous phase liquid, DNAPL, and
a light, floating non-aqueous phase liquid, LNAPL, which move at the bottom and top
of the aquifers, respectively.

(The above background is taken from Minnesota Pollution Control Agency 1995, five
year review report, St. Regis Company site, Cass Lake, Minnesota.)

The glacial geology of this area is complex.  There are areas where there appear to be
two aquifers separated by till.  In other areas, there is evidence that the confining till
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layers are absent between the upper and lower aquifers.  There are numerous monitoring
wells east of the treatment facility site.  In recent years, contaminated groundwater has
been detected in some of these wells off the site to the east, indicating a possible
migration of the original plume away from the extraction system.  It is not known how
the migration occurred, but this makes a good geologic characterization of the aquifer
critical to effective remediation.

Groundwater Panel of Experts:

To assess the availability, quality, and interpretation of the existing groundwater data,
the University of Minnesota Sea Grant Program and the Leech Lake Tribal Council
convened a national panel of groundwater experts.  The panel was made up of the
following members:

Dr. Michael E. McDonald, UM Sea Grant, Chair
Dr. Rob Striegl, US Geological Survey
Dr. Howard Mooers, UM Duluth Geology Dept.
Ms. Mary Manydeeds, Bureau of Indian Affairs
Dr. Joseph D’Lugosz, US EPA
Mr. Richard Soule, MN Dept. Health*

Mr. Don Rosenberry, USGS*

* Panel members providing written comments

For a list of all attendees of the Groundwater Panel meeting, see Table 1.

Panel Findings:

The groundwater panel has identified a number of problems based on analysis of data in
the consultant's reports.  We feel that these problems are due to an inadequate geological
assessment (poor conceptual model) of the site and surrounding area.  This causes
subsequent problems with the computer simulations of groundwater flow and its
interpretation.  The problems are identified below, but are not necessarily in order of
importance.

Geology and Sampling

1. It was noted in reports (Remedial Investigation/Alternatives Report Cass Lake Sites,
April 1985, prepared for Champion International by Barr Engineering) that pumping
of city well #3 caused fluctuation in deep well 302 but not deep well 306.  It was
suggested that well 306 was beyond the influence of pumping.  The two deep wells
are roughly the same distance from the city well, and the extent of a cone of
influence in coarse sandy material is large.  The suggestion that well 306 is beyond
the influence is unfounded.  An alternative is that city well #3 and well 302 are in the
same unit, and well 306 lies in a different sand and gravel unit that is isolated from
the effects of city well #3 (i.e., different aquifers).  Thus pumping from the city well
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could have changed the groundwater flow direction and pulled contaminants from the
site back into the city’s well field.  This could have subsequently contaminated the
city’s water supply (see also Panel Finding #6, page 4).  However, well #3 was sold
to Champion and is currently being used as a monitoring well (MW3).  City wells #1
and #2 were abandoned around 1990 when city well #5 was installed.  Cass Lake
city well #5 is currently non-detect for PAHs, VOCs, and PCP (MPCA personal
communication).

2. In the reports (e.g., Remedial Investigation/Alternatives Report, 1985, figures 23, 24,
26, 27) hydraulic heads and contaminant concentrations suggest that groundwater
flow is west to east.  Such a flow direction explains high contaminant concentrations
in wells 118 (very high concentration) and 104.  However, the analytic modeling
suggests the flow is to the southeast from the treating facility site.  That is about a
30o to 45o difference in flow direction as calculated by the model, relative to that
determined from actual well head and contaminant data.  The model’s predicted
direction is contradicted by Champion’s own extraction well locations, which were
apparently based on a hydraulic gradient determined from contaminant concentration
and well head data.  Also, a southeast flow component does not account for the high
contaminant concentrations in wells 118 and 104.  Therefore, either the
interpretation of the subsurface geology or the model is in error.  There are no wells
to the south and southeast of the treating facility to verify contaminant levels or the
depth to groundwater that might help determine the correct interpretation.

3. The erratic sampling schedule is a cause of concern.  Numerous modifications have
been made to sampling intervals, protocol, and detection limits without written
agreement of all the parties.  For example, well 118 was sampled annually through
1991 and PAH levels were rather erratic (Table 2).  The well was not sampled again
until 1997 and contaminant levels had dropped below detection limits.  Although a
drop to non-detect may be possible, it seems rather unlikely, especially since
detection limits for PCP and PAHs have increased 10-fold and >50-fold,
respectively in 1996 and 1997.  The absence of sample analyses for several years
adds to the skepticism. There are numerous other examples of nonconformity with
the mandated sampling protocols.  There is also a lack of documentation regarding
quality assurance procedures used for the samples.

4. High PCPs at wells 215 and 220 (Table 3) suggest that contaminants may be moving
to the east and east-southeast from the treating facility.  Well 220 was only installed
recently, but data from it suggest that the extraction wells are not containing the
contaminants.  There are no other wells available in this area to confirm this finding.
The southern extent of the contaminant plume from the treating facility site is
unknown and needs to be determined.

5. PAHs across the channel at well 219 (Table 2) suggest the potential for flow from
west to east under the channel, but the source of the PAHs are unknown.  If these
PAHs are from the site, the groundwater flow simulation model cannot account for
these levels.  A possible scenario for this is that in building the railroad grade all the



1/11/1999

                                                                                                    Page 4 of 7

organic material was removed and replaced with coarse ballast.  The grade then
would act like a pipeline for movement of groundwater and contaminants.  Further
investigation of the area around well 219 is required.

6. The Leech Lake Tribal Division of Resource Management (DRM) fish hatchery is
located to the west of all identified contaminated sites, although it is near the
containment vault.  DRM wells pump 300-500 gpm from February through June. 
Contaminants are detected during the active pumping season, even though the wells
are screened in the lower aquifer.  This indicates that there is interaction between the
deep aquifer and the more shallow aquifer.  Well logs from the hatchery and other
locations suggest there is not a continuous confining layer between the two aquifers.
 It is possible that pumping the DRM wells at 300-500 gpm is drawing the
contaminants from the east and into the water pumped from the well. It is unknown
whether this condition has existed elsewhere, such as city well #3, because of poor
geological understanding of the area, including the extent and continuity of the
confining till layer.

7. Are there available data for As, Cu, and Cr?  We understand that other contaminants
have been deemed more useful for determining transport.  However, we also believe
it is essential to document the fate of chemicals associated with the copper-
chromium-arsenate wood preservation operation, especially since they were in a
water-soluble solution.

Panel Comments: 

After 14 years of study and remediation at this site, its geological and geochemical
characterization is still remarkably poor.  Without a better, more comprehensive
conceptual model of this site, the quality of future decisions may be flawed and
unsupportable. 

Problems Associated with the Groundwater Modeling Efforts

Assumptions

1. The reports are contradictory when referring to the nature of the confining layer
between the surficial aquifer (upper aquifer in contact with the soil and air) and the
upper confined aquifer (deeper aquifer, isolated from the surficial aquifer by a
“confining layer.”)  There are numerous references to the “continuous confining
layer” but also numerous instances where gaps in the confining till are noted (e.g.,
the DRM fish hatchery and near the city dump site).  It is the nature of melt-out
tills to have interspersed discontinuous layers of sands and gravels (interstratified
glaciofluvial sediments) within, and contacting, aquifers.  The model assumes a
continuous confining layer between aquifers, which has been shown to be inaccurate.
 The three-dimensional complexities of the till deposits in this area are not accounted
for in the conceptual or analytic model.
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2. In the analytic model the hydrogeologic boundaries for the site are specified heads
(or fixed head - the head in a well is fixed at a certain level in the model) at Fox
Creek, Pike Bay, and the channel.  The specified head at the channel precludes
modeled transport of contaminants to the east of the channel.  However, well 219
located to the east of the channel has PAHs.  The origin of these PAHs remains
unknown, but they have been consistently present.  The specified head at Fox Creek
results in essentially southerly flow from the city dump site to the creek.  Yet on
some report figures, there is a sense that the plume at the dump site is moving to the
east.  This suggests that specified (fixed) heads at the boundaries are not good
assumptions for the model.

Predictions

3. The model predicts a northwest - southeast flow, approximately 30°- 45o southward
from a due east - west line.  This is not supported by well head data in pumping
wells prior to extraction.  We do not know where the plumes are, particularly to the
south of the treating facility.  New test wells in this area could add credibility to the
model.

4. The current model does not explain contaminants in DRM wells. The fish
hatchery’s deep wells pump at 300-500 gpm from February - June.  This is not
accounted for.  If the fish hatchery wells can change the flow gradient, did city wells
influence the gradient enough to become contaminated prior to their removal from
service?  We know the influence of pumping at deep monitoring well 302 is
substantial and is within the capture zone of the city wells.

Panel Recommendations:

1. There needs to be a better interpretation of existing data and better use of all
available data. 

2. There needs to be a more complete geologic site characterization.  This becomes
especially important for understanding and modeling the transport of DNAPLs by
gravity flow.

Options

q Possibly use Ground Penetrating Radar (GPR) or seismic investigations to
improve geologic site characterization.

q Drill additional test holes for geologic characterization and additional sampling
wells (particularly to the south of the treating facility) for better contaminant
plume definition.  If high concentrations are found in the initial wells, we suggest
using an exploratory Geoprobe to determine locations for subsequent permanent
wells.  Because of the current poor plume definition, the simulated capture zones
for the extraction wells are based on inadequate information. 
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q We recommend screening additional private wells in the area for contaminants. 

q The source of contaminants in the DRM fish hatchery’s well needs to be
determined.  The contaminants may be coming from the containment vault, and,
if so, then the containment vault is leaking.  Alternatives include: 1) the draw
down of groundwater during peak pumping may be pulling contaminants in from
a greater distance (this has possible implications for the city wells) or 2) the bore
hole for the hatchery’s well may be improperly sealed. 

q Locations for any additional wells (but especially deep wells) need to be agreed
upon and approved by all parties.

q There is a need for better hydraulic conductivity values (how fast water moves
through the glacial deposits).  Also a better understanding of the three
dimensional complexity of the glacial deposits is needed in order for modeled
predictions to more accurately depict actual field conditions.  Stratigraphy could
be better understood by geophysical investigations.

3. Based on additional well and geologic information, the conceptual model and,
subsequently the analytical model, should be re-evaluated.

q For the analytical model, at a minimum we suggest a change from specified
(fixed) heads at the boundaries to a fluctuating head at the boundaries that is
based on flow measurements, especially for Fox Creek.  Possibly one specified
head at Cass Lake or some other downstream location could be used, and then
Fox Creek, Pike Bay, and the channel could be included in the model’s
calibration. This would allow a more realistic modeling assessment of whether
the contaminants could migrate into Fox Creek and the channel, rather than just
assuming they will not, and setting a specified (fixed) head at these sites.

q The complexity of this geological environment is greater than has been realized,
and more realistic 3-D modeling is required.

4. The model must be calibrated to agree with existing data on well head and
contaminant concentration levels.

q The model should then be tested on an independent data set, not used in
calibration. Levels of contaminants in new wells could be used as a possible
check on the recalibrated model.

5. Finally, all sampling and well drilling activities should follow standardized and
technically acceptable protocols for contaminant investigations.  All parties,
including the Tribe, governmental agencies, and an independent expert as determined
by the Tribe should approve these.
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q Because there are two types of contaminant plumes (sinking DNAPLs and
floating LNAPLs), there is obvious concern about the potential for cross-
contamination of wells, especially in the construction of new wells.  Extreme
care should be taken in drilling new wells and in sampling all wells.  We
recommend that dedicated sampling equipment be established for each individual
well (if this is not currently occurring) to prevent sample cross-contamination.

q All parties must agree upon any changes in the well contaminant sampling
scheme. (Well 118 was sampled for PAHs in 1991 and then never sampled again.
Values in 1991 were 1500 µg l-1 /45000 µg l-1 for list 1/and list 2 PAHs. Well 118
was sampled for PCP in 1991 (60,000 µg l-1) and again in 1996 (<50µg l-1)).

q All affected parties must agree upon any changes in analytical laboratories or
detection limits.
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Leech Lake Reservation Tribal Council
Rte. 3, Box 100
Cass Lake, MN  56633
Tel:  (218) 335-7412
Fax:  (218) 335-7412
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Leech Lake Reservation Tribal Council
Rte. 3, Box 100
Cass Lake, MN  56633
Tel:  (218) 335-7400
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Leech Lake Division of Resource
Management
Rte. 3, Box 100
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Carl Richards
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Natural Resources Research Institute
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Mike McDonald
email: mmcdonal@d.umn.edu
MN Sea Grant College Program
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Duluth, MN  55812-1445
Tel:  (218) 726-8710
Fax:  (218) 726-6556

Cindy Hagley
email: chagley@extension.umn.edu
MN Sea Grant College Program
2305 East Fifth Street
Duluth, MN  55812-1445
Tel:  (218) 726-8713
Fax:  (218) 726-6556

Dr. Robert Striegl (Chair)*
email:  rstriegl@swampgas.cr.usgs.gov
Geological Survey, Water Resources Div.
Box 25046 M.S. 413, Denver Federal Center
Denver, Colorado  80225
Tel: (303) 236-4993



Dr. Howard Mooers*
email:  hmooers@d.umn.edu
Geology Department
University of MN
10 University Drive
Duluth, MN  55812
Tel:  (218) 726-7239

Dr. Joseph D’Lugosz*
email: dlugosz.joseph@epamail.gov
EPA
6201 Congdon Boulevard
Duluth, MN  55804
Tel:  (218) 529-5215

Mary Manydeeds*
email: mary_manydeeds@mail.bia.gov
Bureau of Indian Affairs
331 South 2nd Street
Minneapolis, MN  55401
Tel:  (612) 373-1000 Ext.1068

John Persell
Minnesota Chippewa Tribe
Box 217
Cass Lake, MN  56633-0217
Tel:  (218) 335-6303

John Morrow
Leech Lake Reservation Tribal Council
Rte. 3, Box 100
Cass Lake, MN  56633
Tel:  (218) 335-7400 
Fax:  (218) 722-5764

George Garklavs
email:  garklavs@usgs.gov
District Chief
U.S. Geological Survey
2280 Woodale Drive
Mounds View, MN 55112
Tel: (612) 783-3106
Fax:  (612) 783-3103

Linda Kern
U. S.Environmental Protection Agency
Mail Code SR6J
77 West Jackson Blvd
Chicago, IL 60604
Tel:  (312) 886-7341
Fax:  (312) 886-4071

Miriam Horneff, Project Manager
Minnesota Pollution Control Agency
Response Unit II
Site Response Section
Ground Water and Solid Waste Division
520 Lafayette Road N.
St. Paul, MN  55155-4194
Tel:  (612) 296-7228

Jim Seaberg
Minnesota Pollution Control Agency
520 Lafayette Road N.
St. Paul, MN  55155-4194
Tel:  (612) 296-7823

Shirley Nordrum
Division of Resources Management
Leech Lake Tribal Council
RR 3, Box 100
Cass Lake, MN  56633
Tel:  (218) 335-7430

DID NOT ATTEND MEETING

Dr. Richard Soule*
email: souler@mdh-
envh.health.state.mn.us
Minnesota Department of Health
121 East Seventh Place
Box 64975
St. Paul, MN  55164-0975

Dr. Don Rosenberrry*
email: rosenber@usgs.gov
Geological Survey, Water Resources Div.
Box 25046 M.S. 413, Denver Federal Center
Denver, Colorado  80225

*Panel Members
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