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southwest along the strike of the ore body”36 and the ore body is shown to extend under the river to the 
west side37

The compliance boundary marks the point where groundwater quality must be in compliance with the 
state’s groundwater protection law. In particular, drinking water standards established in Chapter NR 140 
of the Wisconsin Administrative Code cannot be exceeded at or beyond the boundary. These standards, 
known as Maximum Contaminant Levels (MCLs), were specifically listed in the 1991 Flambeau Mine 
Permit as the applicable groundwater enforcement standards for the mine’s compliance boundary, with 
the exception of manganese.

 although mining stopped just short of the river.   

Flambeau Mine Management 
Wisconsin law requires the establishment of two different boundaries at mine sites for enforcement of 
groundwater quality standards. The first, known as the compliance boundary, is located 1,200 feet from 
the outer perimeter of the mining waste facility (NR 182.075).  The term "compliance boundary" was 
changed to "design management zone" when the statute was amended in 1998; it is referred to in the 
present document as the "compliance boundary".  In the case of the Flambeau Mine, the unlined 
backfilled pit constitutes the mining waste facility. See Figure A for the location of the Flambeau Mine 
compliance boundary.   

38

Five different monitoring wells (MW-1000, 1002, 1004, 1005 and 1010) constitute the intervention 
boundary established for the Flambeau Mine site when permits were granted in January 1991 (Figure A). 
Per the terms of the permit, two different sets of enforcement standards for groundwater pollution apply to 
the wells: (1) MW-1002, 1004 and 1005 are subject to PAL standards; and (2) MW-1000 and 1010 are 
subject to the same, except in the case of copper, iron, manganese and sulfate, where enforcement 
standards are based upon water quality projections for the backfilled pit as set forth in Appendix L of the 
Mining Permit Application.

  Since baseline manganese levels at the mine site already exceeded the NR 
140 MCL of 50 µg/L, the Flambeau-specific enforcement standards were set at 90 µg/L (overburden), 360 
µg/L (shallow Precambrian) and 230 µg /L (deep Precambrian).  

In addition to the 1,200-foot compliance boundary, an intervention boundary was established for the 
Flambeau Mine between the mine pit and compliance boundary, as required by law (NR 182.075). 
Monitoring groundwater quality at the intervention boundary is designed to help identify emerging 
pollution problems before they have a chance to reach the compliance boundary. As such, the applicable 
groundwater enforcement standards, known as Preventive Action Limits (PALs) and listed in Chapter NR 
140 of the Wisconsin Administrative Code, are typically 10-20% of the corresponding MCLs, with some 
as high as 50%.  

Intervention Boundary Wells 

39

Intervention well MW-1002 in the northwest quadrant of the mine site is nested (16', 52'), as is MW-1004 
at the northwest edge of the pit (13', 30', 76') and MW-1005 east of the former high sulfide rock stockpile 
(19', 52', 92').  Pit water is not expected to move towards these wells.  Water sampling indicates these 
wells are stable with regards to redox, contain low concentrations of iron and manganese, and constituents 
do not exceed the baseline measurements.  However, monitoring well MW-1004, listed as an active well 
in the Wisconsin DNR Groundwater Environmental Monitoring System (GEMS) database, has not since 

   

                                                 
36 Draft Environmental Impact Statement, 1976, pg 35 http://digital.library.wisc.edu/1711.dl/EcoNatRes.DraftEnvImpSep89 
37 Schwenk 1977, Figure 14 
38 Decision, Findings of Fact, Conclusions of Law and Permits [for the Flambeau Mine], State of Wisconsin Division of 
Hearings and Appeals, 1991, pp. 87-93. 
39 Foth & Van Dyke 1989, pg L27-L31.  
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1989 had the yearly sampling that other intervention wells are subjected to for a wide range of elements 
(arsenic, barium, cadmium, chromium, lead, mercury, silver, selenium, and zinc).   

Pit water is expected to move to the southwestern end of the pit, near the slurry wall.  The monitoring 
well MW-1001 is located just south of the west end of the pit. It appears that water is not being collected 
from MW-1001 (nested at 33', 52', and 95'), although the wells are listed as "active" in the WDNR GEMS 
database.40

“within a weathered and highly fractured schist …. (and) pore water has begun migrating through 
this fracture zone from the backfill toward the Flambeau River and MW-1000PR”

  If possible, data should be collected from this nest in order to assist in characterizing 
groundwater quality and flow.   

Between the pit and the river is a slurry cutoff wall.  Intervention boundary wells MW-1000PR, MW-
1000R and MW-1010P sit about 125' from the Flambeau River, directly between the backfilled pit and 
river, on the west side of the slurry cutoff wall.  They are well-situated to indicate the quality of 
groundwater entering the river. 

It appears that water is not being collected from MW-1000R (24.5', not nested). It is noteworthy that this 
well has not had water testing since 1988 when baseline data was reported, although it appears to remain 
an active well. If the well is operational, water samples should be collected.  

Water samples are collected from MW-1010P (115', not nested).  Although this well is not generally 
exceeding mine permit water quality standards, redox is not stable, indicating that water chemistry has not 
stabilized, and it has exceeded the PAL for arsenic (5 ug/L) in 21 out of 28 samples taken between 1999 
and June 2008, with one of the highest concentrations detected in June 2008 (23 ug/L).  It also has not 
been tested for uranium, thorium, or other radioactive material. 

The intervention monitoring well MW-1000PR (57', not nested) may be a good indicator of the water 
quality entering the Flambeau River, in that it is located  

41

It is possible that pit water could be moving around the ends of the slurry wall.  Inspection of the 
projected groundwater flow directions in Figure A and the groundwater potentiometric surface lines in 
Figure B both support this hypothesis.  It appears that both MW-1000PR

  
Water quality at MW-1000PR consistently exceeds 1991 baseline measurements in sulfate, total dissolved 
solids (TDS), conductivity, manganese, zinc and calcium; baseline iron and copper levels have also been 
exceeded on occasion.    

There have been consistent and statistically significant exceedances of 1991 Flambeau mine permit 
standards at MW-1000PR for manganese, calcium, conductance and TDS; manganese exceeds standards 
by nearly an order of magnitude.  In addition, although the PAL standard of 2500 µg/L for zinc has not 
been exceeded in MW-1000PR, the well often contains 600-800 µg/L, significantly elevated above the 
<70 µg/L baseline.  Similarly sulfate has not exceeded the 1100 mg/L site-specific permit application 
standard, but has consistently been at or above  300 mg/L, greatly elevated above the baseline of <31 
µg/L, and would exceed the NR 140 PAL of 125 µg/L had that standard been specified in the mine permit 
(Table 7). 

42

                                                 
40 

 and MW-1010P are screened 
in bedrock.  Since it is apparent from the MW-1000PR data that groundwater contamination is exiting the 
pit toward the river, two nested wells should be placed at the northwest and southeast ends of the slurry 
wall separating the pit from the Flambeau River.  These wells would either confirm that no groundwater 

http://prodoasext.dnr.wi.gov/inter1/gemsfac$points.startup?P_LIC_NUMBER=3180&P_0=3180&Z_CHK=57753  
41 Foth & Van Dyke, 2000, p.13 
42 Foth & Van Dyke Memorandum to Jana Murphy, Flambeau Mining Company, October 12, 2000, p.13 
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leakage is going around the slurry wall, or would provide a means to measure the amount and water 
quality of this leakage.   

Recommendation:  Place nested wells at either end of the slurry wall; if MW-1000R (25' deep) is active, 
this could serve as one of the new monitoring wells; a deeper well should be 
constructed next to it.  In addition, samples should be taken from MW-1001 which, 
although not located at the slurry wall, is nested (33', 52', 95') and located just to the 
southeast of the wall and would aid in determining groundwater flow direction.  A 
monitoring well on the southern compliance boundary would ensure no 
contaminants are moving in that direction. 

Recommendation:  Site a monitoring well for "background" groundwater samples away from the mine 
site, Industrial Outlot, and roads. 

Compliance Boundary Well 
Only one well is currently sited at a compliance boundary.  This well, MW-1015A/B (64', 148') is located 
northwest of the former pit and about 320 feet from the Flambeau River. It was drilled in January 2001, 
three years after the mine pit was backfilled, so no pre-mine baseline water quality data exists.  
The company’s groundwater modeling suggests that MW-1015 is not likely to receive a substantial influx 
of groundwater from the backfilled pit.43  However, the well remains unstable with regards to redox, and 
MW-1015B has shown exceedances of the applicable groundwater enforcement standard for manganese 
(2002-2004) and had an exceedance of the 1991 permit standard for iron in at least one sample in every 
year from 2002-200744

                                                 
43 Final Environmental Impact Statement. 1990. Figure 3-7 
44 Flambeau Mining Company 2007 Annual Report, Appendix B, Attachment 1 "Historical Groundwater Results" 

 (Table 8). 

Given that exceedances have occurred in the one compliance well, and given the movement of 
contaminants out of the pit towards MW-1000PR, and since it is theoretically possible that contaminated 
groundwater could move under the Flambeau River toward the compliance boundary located west of the 
mine site, it would be prudent to provide a nested monitoring well at the compliance boundary to the west 
of the Flambeau River to ensure that any residential or agricultural well water quality is not being 
impacted, and to provide a point of measurement for ensuring groundwater meets Wisconsin drinking 
water standards. 

 Recommendation:  Place a nested well on the compliance boundary on the western side of the 
Flambeau River to determine if contaminated groundwater is moving under the 
River. 
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Table 7. Groundwater Quality in Intervention Boundary Well MW-1000PRa 

 Parameter  

Calcium 
(mg/L) 

Conductance, 
field  

(µmhos/cm) 
Copper 
(µg/L) 

Iron 
(µg/L) 

Manganese 
(µg/L) 

Sulfate 
(mg/L) 

Total Diss. 
Solids 
(mg/L) 

Zinc 
(µg/L) 

1987-88 EIS Baseline  (Prior to 
mining) b 

9-26 98-251 < 66 < 620 260-590 16-31 100-350 <110  

Flambeau Mine Permit 
Standard c 

25 over 
baseline 

200 over 
baseline 

14 320 550 1100 200 over 
baseline 

2500 

Jul 1991 (Repeat Baseline)  20d 225 <14 650 850 <10 190 Not Done 

Apr 96 (Prior to backfilling) 11d 150 31 18 64 16 130 Not Done 

Apr 97 (During backfilling) 12d 133 32 43 190 10 160 Not Done 

Jul 98  (After backfilling) 130d 1097 66 76 1800 350 250 42d 

Apr 99 Not Done 1319 55 1300 5300 340 1200 Not Done 

Jul 99 220 1310 97 3200 5600 350 1300 880 

Oct 99 210 1400 17 3600 5200 680 1100 730 

Oct 00 200d 1189 <2.6 6600 4200 460 1100 900 

Oct 01 160 1109 <13 2800 3300 450 940 440 

Jul 02 170 1093 <13 6200 3600 380 1000 640 

Jan 03 170 1080 <13 6700 3200 390 990 700 

Jul 03 170 1027 <6.7 6600 3200 360 810 730 

Apr 04 151 1025 <6.7 7000 2900 330 720 623 

Jul 04 150 998 28 2300 2800 310 690 830 

Jul 05 160 962 27 1500 2900 330 680 650 

Oct 05 Not Done 955 25 730 2900 330 730 Not Done 

Apr 06 150 926 30 460 2600 300 620 560 

Jul 06 130 928 21 620 2400 310 660 500 

Oct 06 Not Done 948 12 490 2700 290 600 Not Done 

Jan 07 Not Done 959 29 260 2600 290 570 Not Done 

Apr 07 Not Done 929 13 380 2600 300 630 Not Done 

Jul 07 140 887 12 660 2600 300 660 490 

Oct 07 Not Done 933 <2.7 4700 2800 300 650 Not Done 

Jan 08 Not Done 921 13 310 2400 310 690 Not Done 

Apr 08 Not Done 880 7.8 330 2500 280 710 Not Done 

Jun 08 140 932 21 460 2500 240 640 450 

a Unless otherwise indicated, data was obtained from: (1) Flambeau Mining Company, 2007 Annual Report, Appendix B – Groundwater Quality & 
Elevation/Surface Water Quality Trends; or (2) Flambeau Mining Company, 2008 Environmental Monitoring Results (Groundwater) First Quarter, Second 
Quarter, and Third Quarter reports 
b Data on file with Wisconsin Department of Natural Resources, Madison, WI 
c Decision, Findings of Fact, Conclusions of Law and Permits [for the Flambeau Mine], State of Wisconsin Division of Hearings and Appeals, 1991, pp. 87-93. 
d Since FMC did not report test results for the parameter in question, the indicated value is from split sample test results reported by the Wisconsin Department of 
Natural Resources and on file at Department headquarters in Madison, WI. 
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