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Wisconsin Senate Select Committee on Mining     October 22, 2012 
State Capitol 
Madison, Wisconsin 53707 
 
Dear Committee Members: 

The Wisconsin Senate Select Committee on Mining (“Committee”) recently heard testimony from Mr. 
Stephen Donohue on behalf of the Wisconsin Mining Association.  During his testimony, Mr. Donohue 
discussed the Flambeau Mine, a partially-reclaimed metallic mine in Ladysmith, Wisconsin that operated from 
1993-97.  Unfortunately, Mr. Donohue provided a one-sided view of the history of that mine as well as a recent 
federal lawsuit aimed at abating water pollution from the unreclaimed portion of the mine property.  As 
plaintiffs to that suit, we write to you to provide a balanced view of the issues and have one basic point to make: 

 

 
 

Groundwater Pollution at the Flambeau Mine Site 

Mr. Donahue stated in his testimony before the Committee that the Flambeau Mine was “an engineering 
achievement and should be celebrated by the state by rescinding the moratorium [on metallic sulfide mining].” 
He proceeded, however, to talk mostly about surface water issues at the mine site (Stream C and the Flambeau 
River) and failed to provide the Committee with any information about how the groundwater at the Flambeau 
Mine site has fared under Wisconsin’s present regulatory framework for metallic mining. Indeed, the only 
comment Mr. Donahue made about groundwater in his testimony was the following, and we believe the second 
sentence to be inaccurate: “Before and during mining the company made a guarantee to citizens in the 
Local Agreement that wells would be safe. Testing on groundwater around the Flambeau Mine site 
continues to show that groundwater is being protected at this project.” 

 
Protecting groundwater quality deserves just as much, if not more, attention from the Wisconsin 

Legislature as protecting Wisconsin’s lakes, rivers, wetlands and streams from mining impacts. As former 
Governor and DNR Secretary Tony Earl said in October, 1980:  “I have learned that we ought to have a 
policy of non-degradation [of groundwater], and I take strong issues with the idea of assimilating wastes 
into groundwater. Groundwater is in many ways more significant to us than surface water. It supports 
our daily lives, and we can clean up surface waters, but there is no way to clean up groundwater.”1 
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1�AgriͲView,�October�1980�

Groundwater and surface water contamination problems at the Flambeau Mine site 
confirm the necessity of keeping Wisconsin’s Mining Moratorium Law on the books. 
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Groundwater at the Flambeau Mine site has not been protected from mining impacts. Monitoring data 
submitted by Flambeau Mining Company (FMC) itself to the Wisconsin DNR shows significant pollution in the 
groundwater within the backfilled pit and in two Intervention Boundary wells located directly between the 
backfilled pit and the Flambeau River. Mr. Donahue did not present this information to the Committee. Yet, this 
very information makes the strongest case for why Wisconsin’s Mining Moratorium Law must be maintained.  

 
Please note that groundwater pollution problems at the Flambeau Mine site were not addressed in 

our recent Clean Water Act lawsuit heard by Judge Barbara Crabb in U.S. District Court, simply 
because the federal Clean Water Act is specific to surface water quality issues, not groundwater. 
Therefore, any comments made by Judge Crabb regarding whether or not she believed FMC to be a “good 
neighbor” or could be considered “exemplary” in actions taken to protect the environment were based on her 
assessment of surface water related issues and had nothing to do with what has happened to groundwater quality 
at the Flambeau Mine site. Simply put, Judge Crabb was provided with absolutely no information regarding the 
condition of the groundwater at the Flambeau Mine site.  

 
Nor was the Wisconsin Senate Select Committee on Mining given any information from Mr. Donahue 

regarding groundwater impacts from the Flambeau Mine. This report is our attempt to set the record straight on 
this issue for the Committee.   

 
An assessment of the extent of groundwater contamination (and, by the way, surface water 

contamination as well) at the Flambeau Mine site can be found in a report prepared for the Wisconsin Resources 
Protection Council (WRPC) by Dr. David Chambers and Dr. Kendra Zamzow (Center for Science in Public 
Participation, Bozeman, MT). The document, entitled Report on Groundwater and Surface Water 
Contamination at the Flambeau Mine (June 2009) evaluates FMC’s own data from monitoring wells within the 
backfilled pit, wells along the mine’s Intervention Boundary, and the single nest of wells along the mine’s 
compliance boundary. A copy of the report is attached for your review (Appendix A).  

 
Numbers don’t lie, and there is no reason to doubt the accuracy of FMC’s groundwater data. As 

Chambers and Zamzow noted in their report: 
 
1. Pit Water:  “Ten years after backfilling, manganese concentrations in pit pore water remain 

underestimated by more than an order of magnitude in four of the eight pit monitoring wells (MW-
1013, 1013B, 1013C, and 1014B), and fluctuate strongly in three of the remaining four (MW-
1013A, 1014, 1014A).”   
 
Please see the graph for MW-1013B on the following page. Mr. Donahue’s firm (Foth) predicted 
that manganese levels within the backfilled pit would top off at about 550 mcg/l (as compared to a 
pre-mine baseline of 230 mcg/l) and that it would take over 4000 years for the level to drop from 
550 mcg/l to baseline. In reality, levels in MW-1013B have, to date, gone as high as 42,000 mcg/l. 
In other words, Foth underestimated the manganese level by a factor of 75, and the 4000 year time-
line for the pollution to dissipate has likely been grossly underestimated as well. This is no small 
matter, as the medical literature reports that consuming water with a manganese level of about 
14,000 mcg/l (a third of that found in MW-1013B) is associated with causing the kind of nerve 
damage seen in Parkinson’s Disease. 
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2. Intervention Boundary:  As noted by Chambers and Zamzow: “There have been consistent and 
statistically significant exceedances of 1991 Flambeau Mine permit standards at MW-1000PR [located 
about 125´ from the Flambeau River, directly between the backfilled pit and the river] for manganese, 
calcium, conductance and TDS [Total Dissolved Solids]. … It is apparent from the MW-1000PR data 
that groundwater contamination is exiting the pit toward the river …”  
 
Indeed, FMC’s own monitoring data shows that manganese levels in MW-1000PR have exceeded the 
Flambeau Mine Permit standard of 550 mcg/l by up to 10 times, with the latest reported reading (Feb 
2012) at 4 times the permit standard.  
 
In addition, Intervention Boundary Well-1000R (dry until water levels rebounded in 2010) is showing 
even higher levels of manganese than those found in Intervention Boundary Well-1000PR and, thus far, 
have exceeded the Flambeau Mine Permit standard by up to 25 times, with the latest reported reading 
(Feb 2012) at 10 times the permit standard. 

 
 

 While the above data is specific to three particular wells at the Flambeau Mine site, it is indicative of 
what is happening in other wells at the mine site as well. For example, 6 of the 8 wells within the backfilled pit 
at the Flambeau Mine site significantly exceed Foth’s prediction for manganese (by up to 75 times), 3 of the pit 
wells significantly exceed Foth’s prediction for iron (by up to 40 times; see graph on page 5), and 2 of the pit 
wells significantly exceed Foth’s prediction for copper (by up to 58 times).  
 
 It is noteworthy that Mr. Donahue suggested in his testimony that a defendable time period for accuracy 
in computer modeling for groundwater contamination at mine sites is 250 years. Yet, the computer modeling 
utilized by Mr. Donahue’s firm (Foth) for the Flambeau Mine project did not accurately predict the levels of 
groundwater contaminants in the above-cited wells even one year after the pit was backfilled, and the 
inaccuracies in modeling persist to this day.  
 
 As FMC’s own data proves, the Flambeau Mine was no success in terms of protecting groundwater 
quality. Still, the mine is held up by the Industry as the best it has to offer in terms of environmental protection. 
The question the Wisconsin Legislature therefore needs to ask is this: 
 
If the mining industry was not able to keep the water clean and prevent long-term pollution problems at 
Wisconsin’s Flambeau Mine (“the newest and smallest copper mine in the world”2), what can we do to 
protect Lake Superior, the Bad River and other public waters at the far larger new mines on the horizon?  
 
 For starters, Wisconsin’s Mining Moratorium Law must be kept in place. It makes no sense to alter 
existing mining regulations to invite investment and declare Wisconsin “Open for Business” when the business 
being courted has no record of being able to protect Wisconsin’s pure drinking water reserves for our children 
and generations to come.  
 
 
 

������������������������������������������������������������
2�Excerpt�from�plaque�on�display�at�Flambeau�Mine�site�(2009).�
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Surface Water Pollution at the Flambeau Mine Site 
 
 As mentioned earlier, Mr. Donahue claimed in his testimony before the Committee that the Flambeau 
Mine was “an engineering achievement and should be celebrated by the state by rescinding the moratorium [on 
metallic sulfide mining].” However, he failed to tell the Committee that the Wisconsin Department of Natural 
Resources (DNR) had recently (April 2012) completed an investigation of water quality at the Flambeau Mine 
site and, as a result, proposed to include Stream C at the Flambeau Mine site on its list of “impaired waters” for 
2012 for “acute aquatic toxicity” caused by copper and zinc.3  This recommendation came from the Department 
after we filed our lawsuit against Flambeau Mining Company for violations of the Clean Water Act and 
confirms that our concern over FMC’s illegal discharge of pollutants to Stream C was indeed legitimate.  

 Stream C will be the first surface water in Wisconsin to be listed as impaired specifically for acute 
copper toxicity and only the fifth to be listed for acute zinc toxicity, and the toxicity is directly linked to the 
Flambeau Mine.  

 Second, Mr. Donohue implied in his testimony that the results of our lawsuit were ambiguous.  The 
result is actually quite clear: FMC was found to have violated the Clean Water Act by discharging toxic 
amounts of copper into Stream C without a permit on a number of occasions since mining operations ceased in 
1997. As Judge Barbara Crabb stated on page 31 of her decision:   

Plaintiffs have shown by a preponderance of the credible evidence that defendant violated 33 U.S.C. § 
1311(a) by discharging a pollutant into a water of the United States.  

We filed suit because years of water quality data from the Flambeau Mine showed that toxic 
concentrations of copper were being carried by stormwater runoff from the Flambeau Mine site into Stream C 
and from there into the Flambeau River.  In fact, every water sample collected by either the Wisconsin DNR or 
FMC since 1999 showed concentrations of copper in the mine’s stormwater discharges exceeded the Acute 
Toxicity Criterion for copper established by the DNR to protect fish and other aquatic life.4  

Our concerns were echoed in the report alluded to earlier prepared by the Wisconsin Department of 
Natural Resources and entitled Surface Water Quality Assessment of the Flambeau Mine Site (April 2012) 
(“Stream C Report”).  We have attached a copy of that report for your reference (Appendix B), but we would 
like to highlight a few of the Report’s more compelling points for your convenience.  

¾ In 2010-2011, the DNR conducted surface water sampling at a number of locations on Flambeau Mine 
property, in Stream C, and in the Flambeau River.  DNR concluded that “Surface water copper and zinc 
concentrations at multiple sites in the Stream C watershed exceed the acute toxicity criteria on a 
frequent basis.”  (Stream C Report, page 20).  Nearby streams unaffected by past copper mining did not 
show any copper toxicity. 
 

������������������������������������������������������������
3�http://dnr.wi.gov/water/impairedDetail.aspx?key=3924686.��

4�According to DNR regulations, the “acute toxicity criterion” or “ATC” is the “maximum daily concentration of a 
substance with ensures adequate protection of sensitive species of aquatic life from the acute toxicity of the substance and 
will adequately protect the designated fish and aquatic life use of the surface water if not exceeded more than once every 3 
years.”  NR 105.03(2), Wis. Admin. Code.�
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¾ DNR found a strong correlation between elevated copper in soils impacted by historic mining activities 
and elevated copper in stormwater runoff: “The southeast corner of the mine site that drains to Stream C 
was not fully reclaimed and soil sampling by FMC in this area found multiple locations with elevated 
copper concentrations.  Areas with high soil copper concentrations were generally correlated with high 
runoff water copper concentrations.”  (Stream C Report, page 3). 
 

¾ DNR concluded that even though active mining ceased more than 15 years ago, the runoff from the site 
into the stream from the mine area still exhibits elevated copper concentrations.  (Stream C Report, page 
10).  This includes all monitoring points along Stream C, from the nearby Highway 27 all the way to the 
mouth of the stream where it enters the Flambeau River.  At the mouth of the stream, DNR found that 
even though the copper is diluted by cleaner water from other sources, it still exceeds the copper 
standard in 90% of the samples collected.  (Stream C Report, page 10) 
 

¾ DNR also found that the “Flambeau River below the mouth of Stream C . . . had a slightly higher mean 
copper concentration (2.7 ug/l) than the Flambeau River above the mouth of Stream C (1.5 ug/l 
copper).” (Stream C Report, page 10).  On one of DNR’s sampling dates (April 25, 2008), the copper 
concentration in the Flambeau River immediately below Stream C exceeded the copper Acute Toxicity 
Criterion whereas the Flambeau River above Stream C did not.  This suggests that, even given the 
Flambeau River’s large volume and capacity for dilution, the copper input from Stream C was enough 
to cause an increase in copper concentration in the Flambeau River. 
 

¾ Although DNR conducted a single toxicity analysis and found “no significant acute or chronic toxicity” 
on aquatic species, it provides a caveat that “only two to three organisms were tested using water from a 
single point in time. ATC’s are based on a broader and varied group of aquatic organisms and are meant 
to be protective of a full range of aquatic life throughout their life cycles” and that while “fish species 
are present in Stream C, it is unknown if they can successfully reproduce.”  (Stream C Report, pages 16-
17).  FMC has not conducted its own toxicity tests; thus it cannot be concluded that the waters of Stream 
C are toxic-free to all species. 
 

¾ According to the DNR, the likely causes of the high concentration of copper discharged from the 
Flambeau Mine site to Stream C include deposition of windblown dust from the mine’s high-sulfide 
waste rock stockpile, runoff from a former vehicle washing station, runoff from mine site soil carried 
offsite by vehicles, and losses of fine particulate ore and ore oxidation products from rail cars on the 
site. (Stream C Report, pages 12-14).   

 
As mentioned earlier, as a result of its recent investigation of water quality at the Flambeau Mine site, the DNR 
has proposed to include Stream C on its list of “impaired waters” for 2012 for “acute aquatic toxicity” caused by 
copper and zinc.5  Stream C will be the first surface water in Wisconsin to be listed as impaired specifically for 
acute copper toxicity and only the fifth to be listed for acute zinc toxicity, and the toxicity is directly linked to 
the Flambeau Mine.  
 
 
 

������������������������������������������������������������
5�http://dnr.wi.gov/water/impairedDetail.aspx?key=3924686.��
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CENTER for SCIENCE in PUBLIC PARTICIPATION 
224 North Church Avenue, Bozeman, MT  59715      

Phone (406) 585-9854 / Fax (406) 585-2260 / web: www.csp2.org / e-mail: csp2@csp2.org  
 “Technical Support for Grassroots Public Interest Groups” 

  
 

Report on  
Groundwater and Surface Water Contamination  

at the Flambeau Mine 
David M Chambers, Ph.D. 

Kendra Zamzow, Ph.D. 

Center for Science in Public Participation 

June 5, 2009 

  
The Center for Science in Public Participation provides technical advice to public interest groups, non-
governmental organizations, regulatory agencies, mining companies, and indigenous communities on the 
environmental impacts of mining.  CSP2 specializes in mining, especially with those issues related to 
water quality impacts and reclamation bonding.   

SURFACE WATER 
The Flambeau Mine, an open-pit copper-gold-silver mine located near Ladysmith, Wisconsin was 
permitted in January 1991 and began production in 1993.  The ore body, characterized as a “Precambrian 
supergene enriched massive sulfide deposit,” 1 yielded 181,000 tons of copper, 334,000 ounces of gold 
and 3.3 million ounces of silver over the mine’s brief four-year lifespan.2  Approximately 4.5 million tons 
of waste rock characterized as “high sulfur” and 4 million tons of “low sulfur” waste were generated and 
stockpiled on site for eventual return to the pit.3

When mine operations ceased in 1997, the open pit was 220 feet deep, a half mile long and 32 acres in 
size.  Backfill operations commenced promptly, and over 30,000 tons of limestone was blended into the 
sulfide-bearing waste rock on relocation.

    

4

A partial Certificate of Completion for reclamation activities was granted in May 2007 subsequent to an 
agreement negotiated between opposing parties at a contested case hearing.  Groundwater contamination 
within the backfilled pit, exceedances of applicable groundwater standards at the mine’s legally-

  In addition, a layer of non-acid generating waste was placed on 
top of the acid-generating waste backfilled into the pit.  Although groundwater has infiltrated the 
backfilled pit, the combination of neutralizing limestone and submergence of the acid-generating material 
in water, which limits the availability of oxygen, is meant to slow the generation of acid and dissolution 
of metals in this material to an acceptable amount. 

Backfill operations were completed by early 1998, at which time surface reclamation began.  This 
entailed recontouring the surface, spreading topsoil and establishing plant communities.  In late 2001 a 
Notice of Completion for reclamation activities was submitted to the state regulatory agency, followed by 
a mandatory four-year monitoring period.   

                                                 
1 “Flambeau – A Precambrian Supergene Enriched Massive Sulfide Deposit,” Geoscience Wisconsin, July 1977 
2 Flambeau Mining Company, 2007 Annual Report, January 2008, pg 3 
3 Flambeau Mining Company, 1997 Backfilling Plan for Stockpiled Type II Material, March 1997, pg ii-iii 
4 Flambeau Mining Company, 2007 Annual Report, January 2008, pg 3 

http://www.csp2.org/
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established intervention boundary, and data related to potential impacts of the mine on 
macroinvertebrates, sediment, crayfish, and walleye in the Flambeau River were not assessed as part 
of the certification process and therefore did not factor into the decision.  Rather, partial certification for 
the site was based upon completion of backfill operations according to plan and successful revegetation of 
the surface.  Due to ongoing problems with surface water pollution in a small creek that receives runoff 
from the mine site, certification was withheld for a 32-acre section of the mine site known as the 
Industrial Outlot.  The Industrial Outlot includes the area where the mine’s rail spur, runoff and surge 
ponds, water treatment plant and administrative building were located during the mining years, as well as 
a portion of the high sulfur waste rock stockpile.   
During mining, water was pumped from the pit to keep it relatively dry.  This pumping caused a 
groundwater cone of depression to form around the pit, directing all groundwater flow during mining 
toward the pit.  At mine closure the pumping ceased and natural groundwater flow patterns were restored.  
The southwestern edge of the pit is 140 feet from the Flambeau River.  The pit is separated from the 
Flambeau River by a slurry cutoff wall designed to limit groundwater flow to/from the river both during 
and after mining.  The post-mining groundwater hydrology is described as flow from the pit towards the 
Flambeau River (see Figure A and Figure B). 

Ore from the mine received only minimal processing at the mine site. An ore crusher was positioned close 
to a mine site rail terminal, and from there the ore was shipped to Canada for further processing.  During 
mining, water pumped from the pit that came in contact with acid-generating rock and contaminated water 
from the mine’s high sulfur waste rock stockpile was routed to a surge pond and from there to an onsite 
water treatment plant.  After mining ceased, the reclamation plan was modified to allow the surge pond to 
stay in place, and the pond was modified to facilitate its use as a biofilter for treating water collected from 
the southeast corner of the mine site where the Industrial Outlot is located (see Figure C). This wetland, 
the “Outlot (0.9 acre) Biofilter,” now discharges into Stream C, which flows into the Flambeau River (See 
Figure D). 

There are presently two areas of concern with regard to contamination of water coming from the 
reclaimed mine site.   

First:   Water discharged from the Outlot Biofilter wetland into Stream C does not meet Wisconsin 
surface water quality standards.  This water flows into the Flambeau River.   

Second:  Groundwater in a monitoring well between the pit and the Flambeau River (on the Flambeau 
River side of the slurry wall separating the pit from the river) does not meet Wisconsin 
groundwater quality standards. 

Stream C 
Stream C originates in an area just northeast of where the rail spur was located during mining, and then 
flows through the eastern portion of the Industrial Outlot where the discharge from the Outlot Biofilter 
joins it.  Stream C flows southwest for approximately one half mile and discharges directly into the 
Flambeau River.  Today the stream is relatively small and has little aquatic life.  The pre-mining data is 
insufficient to document the flow or extent of aquatic life.   

Stream C is classified as “navigable” and “intermittent.”  Presence of aquatic life in Stream C has been 
documented when it is flowing, and observation of unimpacted streams in the vicinity suggests that 
aquatic life was probably present before mining.  Flow in Stream C is not likely to have been increased by 
mining activity and reclamation, since the backfilled pit constitutes a preferential flow path away from 
Stream C, and the industrial activities at the present site (roads, parking lots, buildings, etc.) would 
enhance stormwater runoff and lessen stream base flow related to groundwater recharge. 
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Stream C Water Quality 
There appears to be no quantitative or qualitative pre-mining water quality data for Stream C, but there is 
nothing to indicate that the pre-mining background levels of copper in Stream C were at the levels 
measured post-mining.  All indications appear to be that Stream C was much like other streams in this 
area – relatively clean water with low copper content.  It is interesting to note that the discharge from the 
wetland/biofilter is a direct point discharge into a water of the State/US, hence could or should be 
governed by the discharge permit requirements of the Clean Water Act.   

Water quality data for Stream C has been recorded only sporadically.  In 2004-2005 Foth & Van Dyke of 
Green Bay, Wisconsin, recorded data from multiple Stream C locations on four different days.  Although 
this may not be a true synoptic sample, it is probably as close as can be had to synoptic data for this site.  
Of the analytes recorded in the data for Stream C it appears that copper is a contaminant of significant 
concern.  This is potentially significant since aquatic organisms are not only very sensitive to copper,5 but 
also sensitive to changes in copper over background levels.6

 

 

At the present time the levels of copper in the discharge from the wetland/biofilter, and from Stream C 
into the Flambeau River, both exceed Wisconsin water quality standards.   

The data in Table 1 is taken from the report “Stream C - 2005 Analysis of Collected Data,” Foth & Van 
Dyke, October 10, 2005, Figure 2; and, “2008 Monitoring Results and Copper Park Lane Work Plan,” 
Foth Infrastructure & Environment, Table 1 – 2008 Monitoring Results.  The full Foth & Van Dyke 
Figure 2, which contains most of the reported surface water data from Stream C, is attached as Figure E.  
The data for two of these sites is presented in Table 1 – station BFSW-C2, the outlet from the 
wetland/biofilter, and station SW-C6, Stream C just before it flows into the Flambeau River.   

 
Table 1: Stream C Water Quality Data 

Date 
*from  WAC NR 105.06 (Nov08) 15Sep04 23Oct04 26Apr05 09Jun05 25Apr08 8Jun08 27Oct08 

Biofilter Outlet BFSW-C2        

Copper (Cu)  (µg/L) 67 28 27 46 22 8.8 16 
Hardness (mg/L) 24 24 29 32 27 19 17 

pH, Lab (s.u.) 6.37 6.64 6.82 6.85 7.63 7.31 6.83 
Chronic Copper Water Quality 

Standard based on Hardness (µg/L)* 3.1 3.1 3.6 3.9  3.4 2.5 2.3 

Acute Copper Water Quality 
Standard based on Hardness (µg/L)* 4.0 4.0 4.8 5.3 4.5 3.2 2.9 

Stream C Outlet SW-C6        

Copper (Cu)  (µg/L) 34 15 14 36 no data no data no data 
Hardness (mg/L) 35 82 39 31 no data no data no data 

pH, Lab (s.u.) 6.20 6.52 7.19 6.67 no data no data no data 
Chronic Copper Water Quality 

Standard based on Hardness (µg/L)* 4.2 8.7 4.6 3.8 no data no data no data 

Acute Copper Water Quality 
Standard based on Hardness (µg/L)* 5.8 12.9 6.4 5.1 no data no data no data 

                                                 
5 Hall et al. 1988, Eisler 2000, Baldwin et al. 2003 
6 Baldwin et al. 2003 
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It can be seen that the copper level in the water entering Stream C from the wetland/biofilter is 
approximately a factor of two higher than the copper level in the discharge from Stream C as it entered 
the Flambeau River.  It would be expected that some dilution would occur as water in Stream C gets 
closer to the Flambeau River because of the diluting effect of the unnamed stream that enters Stream C 
approximately half way between the wetland/biofilter discharge point to Stream C and where Stream C 
enters the Flambeau River.  It is also probable that there is some groundwater recharge to Stream C.   

It should be noted that copper in Stream C, as shown in Table 1, exceeds Wisconsin water quality 
standards both at the discharge from the wetland/biofilter and from Stream C as it flows into the 
Flambeau River.   

The water quality standard for copper is a function of the hardness of the water.  Since hardness data was 
available, the calculated hardness-dependent values for the chronic and acute copper standard are also 
listed in Table 1.  As can be seen from this table, both the chronic and acute standard for copper was 
exceeded on each day for which data was recorded.    

In the 2008 Foth report a proposal to remove and replace soil from the Copper Park Lane drainage ditch is 
discussed.  It is clear from the monitoring data that copper is coming from the drainage ditch and is 
loading Stream C downstream of the biofilter.  The removal of the surface material in the Copper Park 
Lane drainage ditch should help lower the level of copper in Stream C.  However, it is also clear that the 
level of copper coming from the biofilter itself is still enough to cause an exceedance of Wisconsin water 
quality standards at Stream C at the mine boundary. 

It was noted in the Foth & Van Dyke report: 

“The stream appears to be very limited in biota in all aspects including aquatic vegetation, 
macroinvertebrate populations, and fish.”7

A slight increase in the level of copper can form a barrier to the migration of fish.

  
8

Surface water data from 2008 shows that at SW-C5 (below the biofilter discharge to Stream C, but above 
the contribution from the Copper Park Lane ditch) the copper level is approximately 10 times the 
hardness-based acute water quality standard, and the zinc level is approximately twice the hardness-based 
acute water quality standard.

  Stream C flows into 
the Flambeau River immediately upstream of Meadowbrook Creek.  Copper could potentially impact the 
migration of fish into and out of Meadowbrook Creek. 

With copper levels significantly exceeding both chronic and acute water quality criteria, it is likely that 
these high metal levels are contributing to the lack of aquatic life in Stream C.  These levels also suggest 
that better monitoring of Stream C and the Flambeau River below Stream C should be done.   

The discharge from the outlet of the wetland treatment system should meet Wisconsin water quality 
standards at that point.  There is not enough dilution in Stream C to effectively dilute contaminants, so 
any contaminant will impact aquatic organisms along most or all of the length of Stream C.  Because of 
this fact, Stream C is being presently used as a conduit for contaminated water from the mine site to the 
Flambeau River, where dilution by the large volume of water in the river occurs.  

9

                                                 
7 Foth & Van Dyke, 2005, p.4 
8 Baldwin et al. 2003, van Aardt et al. 2007 
9 Foth Infrastructure & Environment, 2008, Table 1 – 2008 Monitoring Results 

  Copper and zinc are synergistic metals, so their combined impact on 
aquatic organisms is greater than that of either by itself. 
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Surface water data has been simultaneously sampled only three times at SW-2 (Flambeau River below the 
mine site) and SW-3 (Flambeau River just below Stream C, and below SW-2).  On all three sampling 
dates the copper level is greater at SW-3, below the outlet of Stream C, than at SW-2.  On April 25, 2008, 
the sample data for SW-3 show the copper level is approximately double the Wisconsin chronic water 
quality standard, while the copper level at SW-2 is below the standard.10

 

  The measured level for copper 
at SW-3 in the Flambeau River was 5.6 ug/L, while the hardness-based copper water quality standard is 
3.2 µg/L for chronic effects, and 4.2 µg/L for acute effects.  The copper level measured exceeds both the 
chronic and acute standards.  If the copper is coming from Stream C, as would be likely, then it is 
probably being diluted to below the water quality standard as it enters the Flambeau River just above SW-
3.  Dilution of water from Stream C would constitute a “mixing zone” under a discharge permit which 
would extend below SW-3.  At present no permit or authorized mixing zone exist. 

Table 2: Flambeau River Water Quality Data 
Date 

*from  WAC NR 105.06 (Nov08) 21Sep07 25Apr08 27Oct08 
SW-2  (Flambeau River at Mine Boundary)    

Copper (Cu)  (µg/L) <1.3 2.8 1.8 
Hardness (mg/L) 60 27 57 

pH, Lab (s.u.) 7.94 7.54 8.26 
Chronic Copper Water Quality Standard based on Hardness (µg/L)* 6.7 3.4 6.4 

Acute Copper Water Quality Standard based on Hardness (µg/L)* 9.6 4.5 9.1 
SW-3  (Flambeau River below Stream C)    

Copper (Cu)  (µg/L) 4.2 5.6 2.7 
Hardness (mg/L) 53 25 56 

pH, Lab (s.u.) 7.83 7.46 8.25 
Chronic Copper Water Quality Standard based on Hardness (µg/L)* 6.0 3.2 6.3 

Acute Copper Water Quality Standard based on Hardness (µg/L)* 8.5 4.2 9.0 
 

In order to address the question of whether the increase in copper at SW-3 is coming from Stream C, 
water quality samples should be taken in Stream C just prior to its discharge point into the Flambeau 
River. This could be easily accomplished by reactivating sampling station SW-C6, which was sampled 
from September, 2004 to June, 2005. 

At the present time the levels of copper in the discharge from the wetland/biofilter, and from Stream C 
into the Flambeau River, both exceed Wisconsin water quality standards.  This discharge of copper 
appears to be impacting the water in the Flambeau River, as measured at SW-3 just downstream of the 
junction of Stream C with the river. 

Recommendation:  In order to address the question of the amount of copper contamination entering 
the Flambeau River from Stream C, and the increase in copper at SW-3, water 
quality samples should be taken in Stream C just prior to its discharge point into the 
Flambeau River.  This should be done by reactivating sampling station SW-C6, 
which was sampled from September, 2004 to June, 2005.   

  

                                                 
10 Foth Infrastructure & Environment, 2008, Table 1 – 2008 Monitoring Results 



June 5, 2009 
Page #6 
 
An increase in monitoring frequency would better establish the risk presently being posed to aquatic 
organisms in the Flambeau River.  Presently surface water sampling is being done twice per year.   

Recommendation:  Until it can be demonstrated that the water quality in Stream C, and in the 
Flambeau River below Stream C, is not being impacted by mine-related 
contamination, sampling in Stream C and at SW-3 in the Flambeau River, and at 
SW-1 and SW-2 in order to provide background water quality information, should be 
done at least quarterly.  This frequency should be maintained for at least 5 years 
after water quality exceedances cease. 

Copper is demonstrably the contaminant of concern.  The monitoring recommendation above is the 
minimum necessary to adequately monitor water quality to determine the presence/absence of copper 
contamination.  A more thorough monitoring program would also look for the presence of other potential 
contaminants, since it is rare that only one metal is present at elevated levels. 

Recommendation:  It is also recommended that once per year, in the spring sampling event, a full suite 
of metals and their associated indicator parameters be sampled, until water quality 
exceedances cease.  These parameters should include Conductivity (field), pH (field), 
Total Suspended Solids, Total Dissolved Solids, Aluminum, Arsenic, Cadmium, 
Chromium, Cobalt, Copper, Lead, Mercury, Nickel, Selenium, Silver, 
Uranium/Radioactivity, Zinc, Hardness, Iron, Manganese, and Sulfate. 

Potential Mitigation Measures for Stream C 
In reviewing the Foth & Van Dyke data for Stream C it is also evident that the portion of Stream C above 
the junction with the wetland/biofilter also carries significant copper, and possibly some zinc 
contamination (See Figure E, station SW-C8).  In general the data also indicates the pH is normal, with 
some fluctuations, and the sulfate level is low.  These would all suggest that metals are being sequestered 
in the wetland/biofilter, but that copper may be attached to suspended sediment or organic particles 
flowing from the wetland/biofilter.  It could also be that there is just too much copper to be effectively 
filtered by the existing wetland.  There is little data available on total suspended solids to correlate with 
the available water quality data. 

In either case an expanded wetland/biofilter could be constructed to give more residence/treatment time to 
remove copper not only from the mine site drainage, but also to include water from the upper portion of 
Stream C above the Lot, which also shows indications of contamination. 
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GROUNDWATER 
The long term closure plans of the Flambeau Mining Company included backfilling the open pit with 
waste rock, sludge, and limestone and allowing the pit to fill with groundwater.  This will submerge the 
rock to limit oxygen and oxidative reactions.  However, this placement of reactive rock surfaces in contact 
with water will result in long term reactions within the pit that are unlikely to stabilize in the near future.  
Rock surfaces are reactive in terms of redox chemistry and solubility, resulting in localized reactions that 
form acid, dissolved metals, and secondary mineral oxides.  To date it appears that backfilling has not 
resulted in additional acid production, but metal leaching is occurring and complex pit chemistry is 
difficult to predict over the long term.  Some current and future issues include 

x Solubility/precipitation reactions within the pit 
x Depletion/passivation of limestone 
x Dissolution and flushing of material out of the pit 

Reactions within pit 
To monitor pit chemistry, two pit monitoring well nests (MW-1013 and MW-1014) were constructed in 
September 1998 after the backfill had roughly a year to settle (see Figure F for well positions in pit). 
Wells were nested in order to sample water at different depths (24', 47', 86', 202' for MW-1013; 34', 64', 
105', and 157' for MW-1014).  

Groundwater only fully rebounded in pit wells (MW-1013, MW-1013A, MW-1014) in 2005, therefore 
some wells have only three years worth of water quality data.  It has been recognized by FMC that pit 
reactions have not stabilized,11 and that reactions (dissolution and precipitation of metals and ions) are 
controlled by pH and redox.12  The long term stable condition of the pit will not be determined until redox 
and pH are stable.  Redox continues to fluctuate in pit wells, particularly in the more shallow screens.13  
The pH is controlled by dissolution of limestone intentionally mixed with waste rock to control acid.  It 
may take hundreds of years for the limestone to completely dissolve as FMC states,14

x Increase of copper in MW-1013B 

  but limestone could 
become ineffective much sooner if secondary minerals (hydroxides and carbonates) precipitate and coat 
limestone.  If/when limestone stops going into solution, pH may drop and significantly affect the 
concentrations of minerals in solution. 

Pit Chemistry 
Sampling has indicated and continues to indicate that pit chemistry reactions have not stabilized. 
Manganese, copper, iron, zinc and redox remain in flux within the pit wells.  This is likely due in part to 
localized oxidation reactions between waste rock and sludge:  ferric iron (Fe3+) that precipitated during 
mine-water treatment remains in sludge, and is available to oxidize the pyrite present in waste rock.  This 
results in the release of ferrous iron (Fe2+) and acid in localized pockets even under anoxic conditions:   

  FeS2 + 8 H2O + 14 Fe3+ Æ  15 Fe2+ + 2 SO4
2- + 16 H+ 

Where acid (H+) is generated, dissolution of minerals – particularly of copper and manganese from 
sulfidic waste rock – will occur.  To date, reactions continue to occur within the pit, as demonstrated by  

x Increases in manganese and iron in MW-1013C 

                                                 
11 Flambeau Mining Company. 2007 Annual Report. 
12 Foth and Van Dyke/SRK Consulting memorandum. Oct 12 2000. In Flambeau Mining Company 2000 Annual Report. 
13 SRK Consulting memorandum Jan 25 2008 in Flambeau Mining Company 2007 Annual Report, Figures 14-15. 
14 Flambeau Mining Company 2000 Annual Report 
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x Manganese decreases in MW-1014A and MW-1014B 
x Iron decreases and loss of gypsum in MW-1014C 
x Increasing redox in MW-1014A and decreasing redox in MW-1013A 

Because the mixture within the pit is not homogenous, different reactions can be expected to occur and at 
different rates, making it quite difficult to develop accurate models.15 Models for the Flambeau mine pit 
groundwater were generated in 1989, when the Mining Permit Application was submitted to the state 
regulatory agency for review.  Specifically, the application included a data table entitled “Predicted 
Parameter Concentrations of Contact Groundwater Leaving the Backfilled Pit”16 that is reproduced here 
for review (see Table 3). The table has utility from two viewpoints: (1) it summarizes projected water 
quality for pit water; and (2) per the terms of the Flambeau Mine Permit, it defines the applicable 
groundwater enforcement standards for monitoring wells MW-1000 and MW-1010 located between the 
backfilled pit and the Flambeau River.17

Table 3: Predicted Concentrations of Groundwater Contaminants

 

 
18

 
  

 

                                                 
15 Kuipers et al 2006 
16 Foth and Van Dyke, 1989 
17 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. 
18 Table 2-5 from Appendix L of Flambeau Mine Permit Application, 1989 
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Column testing by the Flambeau Mining Company in 1997 was not able to produce the manganese 
concentrations predicted, but it was thought that “with an extended time manganese levels would decrease 
to those predicted in Table 4-23”19; i.e. 2 mg/L (2,000 µg/L) at 1% carbon dioxide.20

x flush in the dissolved form 

  However, ten years 
after backfilling, manganese concentrations in pit pore water remain underestimated by more than an 
order of magnitude in four of the eight pit monitoring wells (MW-1013, 1013B, 1013C, and 1014B), and 
fluctuate strongly in three of the remaining four (MW-1013A, 1014, 1014A) (Table 4 and Figure G).    

Gypsum and metal hydroxides present in buried water treatment sludge can be expected to dissolve over 
time and flush down-gradient, making their way into or under the Flambeau River.  Metals and mineral 
oxides that dissolve as a result of localized oxidation reactions within backfill can also be expected to 
flush down-gradient. Flushing will remain a concern for decades to come.   

The most likely fate of manganese will be to flush out of the pit.  It is unlikely to precipitate at neutral pH 
in the presence of iron.  Dissolution reactions, in addition to influx of groundwater high in manganese, 
have likely contributed to the high manganese concentrations observed in the pit that were not predicted 
by modeling.  
The fate of copper in the pore water within the backfilled mine pit depends on ion concentrations, pH, and 
redox conditions.   

Copper may   

x precipitate as an oxide/carbonate 
x sorb to surfaces  

To date copper concentrations in pit pore water have generally reached concentrations expected from 
company modeling, but exceed expected concentrations by more than an order of magnitude at pit wells 
MW-1013B (86') and MW-1014B (105'), with no apparent trends (Table 5).  
Similarly, iron levels reached expected concentrations in pit pore water measured at MW-1013A, 1013B, 
1014, 1014A and 1014B, but were underestimated by more than an order of magnitude in pit wells MW-
1013, 1013C, and 1014C (Table 6).  No trends in iron are evident; while MW-1014C has generally 
declined in iron concentrations, MW-1013 and MW-1013C fluctuate.  

The unpredictability observed in copper, iron, and manganese concentrations indicates that important 
assumptions were missing in original modeling or that more time is needed for complex dissolution and 
precipitation reactions to stabilize.   

Limestone performance 
Limestone is being relied on to neutralize acidity present at the time of backfill as well as any acidity 
produced after backfilling by reactions between ferric iron and waste rock.  Ferric iron oxidation reactions 
may continue for some time, and until they stop, limestone will be required to neutralize acidity and 
precipitate resulting metal dissolution.  Precipitation products such as aluminum hydroxide can be 
expected to settle on the limestone surface, and may render it less effective.  It is not known how 
limestone will perform over the long term.  If the limestone loses effectiveness, intervention wells along 
with pit wells will be important in tracking potential changes in pit water quality.    

  

                                                 
19 Flambeau Mining Company, 1997, pg 68 
20 Flambeau Mining Company, 1997, Table 4-23 and Table 4-24 
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Unexamined Contaminants 
Consideration should also be given to expanding the groundwater monitoring program at the Flambeau 
mine site to include more parameters. The geology of the area and of ore samples suggests nickel,21 
cobalt, aluminum,22 and uranium23

Monitoring wells MW-1014B, MW-1014C, and MW-1013C in the pit all had significant levels of nickel 
for the one reported nickel measurement taken in 2005, with MW-1014B as high as 440 ug/L.  MW-
1000PR was also sampled for nickel in 2005 and a level of 94 µg/L recorded.  Effluent limits for nickel 
were set in the WPDES permit at a maximum discharge of 3100 ug/L daily.

 could be elevated.  Although testing was conducted for all in 1987-
1988, no groundwater analysis for these elements have been conducted since then, with the exception that 
samples were analyzed for nickel in July 2005.  Shallow wells not recovered from groundwater drawdown 
did not yet have water and were therefore not sampled for nickel.   

24 The most stringent standard 
listed in 1992 was 38 ug/L.25

Other parameters that should be added to the list include cobalt and aluminum, since both were identified 
in measurable quantities in pore water obtained from leach extraction tests performed by the company on 
waste rock samples in 1997.

  The EPA water quality standard for nickel is hardness-dependant.  A typical 
hardness for the Flambeau River is 60 mg/L (2007).  At a hardness of 60 mg/L, the water quality limit for 
nickel would be 34 µg/L.  Therefore, if well water from MW-1000PR was entering the Flambeau River at 
the measured level of 94 µg/L, it is possible that the water quality standard is being violated. 

26 It is also recommended that groundwater and stream sediment be tested for 
radioactivity, since Rusk County has been identified by the United States Department of Energy in 1980 
as “favorable for uranium deposits”27

Monitoring of pit wells and downgradient intervention wells should be continued until the pit chemistry 
has stabilized.  Original modeling predicted concentrations of manganese, iron, and copper exiting the pit 
would be near background concentrations early on.

 and enforcement standards specific to radioactivity were included in 
the Flambeau Mine Permit. Adding nickel, cobalt, aluminum, uranium and radioactivity to the list of 
parameters will not have a significant impact to the collection or analytical monitoring costs.  

 Pit Monitoring Wells 

28

Recommendation:  Monitoring should be continued in the pit until redox stabilizes. 

  In the case of manganese, and occasionally iron and 
copper, this has not proved to be the case (Table 4 to 7).  In addition, sulfate was expected to be, and is, 
high in concentration in the pit.  

Since chemistry in pit wells, intervention wells, and at the compliance well has not stabilized, and since it 
is not known how limestone will perform over the long term, monitoring should continue.  Also, a 
measure of confidence would be added if samples collected by FMC were available for independent 
analysis, if this is not already being done.  

                                                 
21 2005 data for monitoring wells MW-1014B, MW-1014C, and MW-1013C 
22 Cobalt and aluminum identified in waste rock, Flambeau Mining Company 1997 
23 Cannon, WF and LG Woodruff. 2003. The Geochemical Landscape of Northwestern Wisconsin and adjacent parts of 
Northern Michigan and Minnesota (Geochemical Data Files). US Geological Survey Open File Report 03-259  
http://pubs.usgs.gov/of/2003/of03-259/ 
24 WDNR. 1992.  An evaluation of endangered resources in the Flambeau River and a supplement to the Environmental Impact 
Statement for the Flambeau Mine project.  Table 8. 
25 ibid  Table 14.   
26 Flambeau Mining Company 1997 
27 Cannon, WF and LG Woodruff. 2003. The Geochemical Landscape of Northwestern Wisconsin and adjacent parts of 
Northern Michigan and Minnesota (Geochemical Data Files). US Geological Survey Open File Report 03-259  
http://pubs.usgs.gov/of/2003/of03-259/ 
28 Foth and Van Dyke, 1989,  Appendix L  
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Recommendation:  Add nickel, cobalt, aluminum, and uranium/radioactivity to parameters being 

measured. 
Recommendation:  Split groundwater samples with WDNR or the public, if requested. 

Migration of Contaminants 
Pit contaminants are moving out of the pit, as evidenced by concentrations of elements in the intervention 
boundary well MW1000PR, located on the Flambeau River side of the pit slurry wall.  It is possible that 
contaminants may be moving around the ends of the slurry wall and/or under the bed of the Flambeau 
River.  In addition, elevated copper has been consistently found in surface water near the Industrial 
Outlot, but there are no intervention or compliance wells between the Outlot and the western or southern 
compliance boundaries.  Currently there is only one monitoring well (MW-1015) on the compliance 
boundary, which surrounds approximately 180 acres of the mine footprint.   
If bedrock is permeable, then what occurs within the pit is relevant in that constituents move out of the 
pit.  The bedrock forming the wall between the pit and the Flambeau River has been described as a 
“natural impermeable barrier”29 but other statements referred to the river pillar of this area as “relatively 
highly permeable”,30 "fractured",31 and that blasting during mining had the potential to increase 
fractures.32

The fractured bedrock forms a conduit from the pit to the River, allowing water movement in both 
directions. During operations, “water from the Flambeau River was drawn into the dewatered pit through 
fractured Precambrian bedrock that formed the western wall”.

  

33

“groundwater flowing through the….pit will exit….through the Precambrian rock in the river 
pillar and flow directly into the bed of the Flambeau river…..Since there will be no dispersion, 
dilution or retardation in the river pillar, the concentrations of these constituents in the 
groundwater leaving the pit will be the same as the concentrations entering the river bed”

  After closure, modeling in 1989 
indicated that 

34

Between the pit and the River, a bentonite slurry cutoff wall was built to limit water exiting from the pit.  
Whether pit water is moving around, under or through the slurry cutoff wall is not known.  It is presumed 
that groundwater moves from the pit into the Flambeau River (see Figure A in this paper), but potentially 
groundwater could move under the river.  MW-1000PR, which appears to be receiving groundwater from 
the pit, is located west of the slurry wall and below the bed of the Flambeau River.

  

Some of these constituents, as observed at MW-1000PR, fail to comply with Flambeau Mine groundwater 
enforcement standards. 

35

                                                 
29 Preliminary Environmental Report, 1975, pg 29 and Figure 16 

 It is not evident 
whether the bedrock itself under the river is impermeable, or contains fractures that could carry pit 
constituents to the west side of the river.  The draft EIS refers to “groundwater movement to the 

http://digital.library.wisc.edu/1711.dl/EcoNatRes.PreEnvRepAug75 
30 Foth and Van Dyke, 1989,  Appendix L pg L4 
31 Foth and Van Dyke, 1989,  Appendix L pg L32 says "…all of the groundwater flowing through the …reclaimed pit will exit 
through the Precambrian rock in the river pillar and flow directly into the bed of the Flambeau River….Since this flow path is 
very short and occurs entirely within fractured crystalline rock….".  Also see Environmental Impact Report for the Kennecott 
Flambeau Project (Report Narrative), 1989, pg. 3.6-33 and  Foth & Van Dyke Memorandum to Jana Murphy, Flambeau 
Mining Company, October 12, 2000, p.13-14 
32 Final Environmental Impact Statement 1990, pg 76 http://digital.library.wisc.edu/1711.dl/EcoNatRes.FinEnvImpMar90 
33 Foth & Van Dyke, 2000, p.13-14 
34 Foth and Van Dyke, 1989,  Appendix L pg L29 
35 Well begins at land elevation 1100.5' and ends 57' down at 1043.5'.  The river bed is at 1080' elevation.  

http://digital.library.wisc.edu/1711.dl/EcoNatRes.PreEnvRepAug75
http://digital.library.wisc.edu/1711.dl/EcoNatRes.FinEnvImpMar90
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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.  

http://digital.library.wisc.edu/1711.dl/EcoNatRes.DraftEnvImpSep89
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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 

http://prodoasext.dnr.wi.gov/inter1/gemsfac$points.startup?P_LIC_NUMBER=3180&P_0=3180&Z_CHK=57753
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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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Monitoring Mine Management Wells 
Long term monitoring will determine whether permit violations continue to occur at the Flambeau Mine 
intervention boundary (MW-1000PR and MW-1010) and compliance boundary (MW-1015). Since 1999, 
measured concentrations of manganese and iron in MW-1000PR (125' from the Flambeau River) have 
repeatedly been greater than the enforcement standards cited in the 1991 mine permit, and manganese 
significantly greater. MW-1015, 320' from the Flambeau River exceeded 1991 groundwater enforcement 
standards for iron at least once every year between 2002 and 2007, and remains unstable in redox, 
warranting continued monitoring. 

A measure of confidence would be added if samples collected by FMC were available for independent 
analysis.  

Recommendation:  Monitoring should be continued at intervention and compliance wells until metal 
concentrations consistently remain below Wisconsin water quality standards and 
redox stabilizes. 

Recommendation:  Split groundwater samples with WDNR or the public, if requested. 
 

MONITORING FLAMBEAU RIVER BIOTA 
In 1991, Flambeau Mining Company initiated monitoring programs in the Flambeau River to assess 
potential accumulation of heavy metals in crayfish, walleye and sediment downstream from the mine site. 
Macroinvertebrate studies were also initiated to assess potential impacts of the mine on river health. 
Studies were performed on an annual basis through 1998 (macroinvertebrates), 2000 (walleye and 
sediment) and 2001 (crayfish). Additional studies were conducted in 2004 (crayfish and 
macroinvertebrates), 2005 (walleye), 2006 (crayfish, walleye, sediment and macroinvertebrates) and 2007 
- 2008 (crayfish, walleye, and sediment). Additional crayfish and walleye studies are scheduled to be 
conducted on an annual basis through 2011. 

Despite the assemblage of data, it is unclear how the monitoring programs for crayfish and walleye will 
provide statistically significant data regarding mine impacts to the Flambeau River and biota, or lack 
thereof.  As discussed below, flaws may exist in the study design, methods, and/or presentation of 
information.  This makes it difficult for the public to ascertain whether contaminants are moving into 
biota and sediment, or whether natural macroinvertebrate populations have been impacted downstream 
from the mine site.  

Crayfish and Walleye 
The current monitoring program for crayfish does not outline a determinate number of specimens to be 
collected at each sample site to ensure consistency, nor how a determination would provide statistically 
relevant information. Moreover, even though the walleye monitoring plan calls for sampling a set number 
of fish at each of two sampling sites in the river, the sample sizes are quite small – one to three fish each 
of 5 different sizes.  The plan does not explain how the collected data of such a small sample set will be 
statistically relevant.   

Monitoring plans do not provide information regarding the natural ranging and foraging habits of crayfish 
and walleye to determine if these species are likely to provide information on contaminant movement 
specifically from the mine site.  Possibly shellfish located near mine site discharges would be better 
indicators, if shellfish are present.  The choice of species lies primarily in what question is being 
answered.  Is the question "Are bioavailable contaminants moving out of the mine area?" or is the 
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question "Is aquatic life safe to eat?"  It would be helpful for the Stipulation Monitoring Plan to state the 
question they want answered. 

Macroinvertebrates 
A common method for assessing stream health is bioassessment using macroinvertebrates. 
Bioassessments were conducted 1991-1998, 2004 and 2006.  Although the full data is presented, it is not 
clear what the data indicates.  Abundance of taxa, which is presented, does not necessarily imply stream 
health.  Rather, it is the ratio of taxa that are sensitive to pollution (generally species within 
Ephemeroptera, Plecoptera, Trichoptera, or EPT) and those that are tolerant to pollution (such as Diptera) 
that provides information. Presentation of ratios and trends in ratios over time would allow the public to 
better understand impacts to aquatic life in the Flambeau River.    

While it is essential and useful to provide raw numbers of species in order to allow independent experts 
the ability to analyze the data, the utility of the macroinvertebrate data would be enhanced by reporting 
summary information such as percent EPT of total abundance; richness of each of Ephemeroptera, 
Plecoptera, Trichoptera, and Diptera; percent taxa intolerant to pollution and percent taxa tolerant to 
pollution in a manner that allows the general public to understand trends. 

 
CONCLUSIONS 
Copper contamination in excess of Wisconsin water quality standards is reaching the Flambeau River 
from the Flambeau mine site and the Flambeau pit is leaching contaminants that exceed Wisconsin 
groundwater quality standards to beyond the slurry wall designed to separate pit water from the Flambeau 
River. It appears that the state is allowing these unpermitted discharges to continue under the assumptions 
that (1) dilution in the Flambeau River is such that no impact is occurring, and that (2) no contaminated 
groundwater from the pit is flowing under the Flambeau River toward the groundwater compliance 
boundary.   

If all, or part of the groundwater contamination is not entering the Flambeau River, as is presently 
assumed, then it is going under the river towards the 1200 foot compliance boundary.  There appears to be 
insufficient monitoring to determine either the quantity of groundwater movement, the quantity of 
contamination entering the Flambeau River, and/or the groundwater contamination migrating toward the 
southwest groundwater compliance boundary. 

As discussed in this report, it is not clear from the monitoring data that there is no impact from the surface 
water discharge both into Stream C, and from Stream C into the Flambeau River, as it crosses 
Meadowbrook Creek.  Since this is an ongoing discharge from an industrial facility, the discharge should 
be more carefully monitored, and should either be cleaned up before it leaves the mine site, or the 
discharge should be regulated under a Clean Water Act discharge permit which would place limits on the 
amount of contamination discharged, and the “mixing zone” which is currently being utilized in the 
Flambeau River. 

##### 
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Figure A: Plan View Groundwater Flow 
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 Figure B: Groundwater Potentiometric Surface  
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Figure C: Outlot Biofilter Drainage Area  
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Figure D: Active Surface Water Monitoring Locations  
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Figure E: Stream C Water Quality Data  
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Figure F: Location of pit monitoring wells (Flambeau Mine Company Annual Report 2007)  
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Figure G:  Manganese Levels in Monitoring Well 1013-B at Reclaimed Flambeau Mine Site 
(1999-2007)  (raw data obtained from Flambeau Mining Company, 2007 Annual Report, Appendix B 
– Groundwater Quality & Elevation/Surface Water Quality Trend and Flambeau Mining Company, 
Environmental Monitoring Results (Groundwater), First Quarter 2008, Second Quarter 2008, and 
Third Quarter 2008 reports) 
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Table 4. Manganese Levels in Pore Water within Backfilled Flambeau Mine Pit Reported by 
Flambeau Mining Company (FMC) to the Wisconsin Department of Natural Resources (Pg/L)45

 
 

MW  
1013 

MW 
1013A 

MW 
1013B 

MW 
1013C 

MW 
1014 

MW 
1014A 

MW 
1014B 

MW 
1014C 

Depth 24' 47' 86' 202' 34' 64' 105' 157' 

FMC 
Prediction 46 550  550 550 550 550 550 550 550 

Feb 99 Dry Dry 25,000 7,200 Dry Dry 23,000 4,300 

Apr 99 Dry Dry 30,000 7,700 Dry Dry 23,000 4,500 

Jul 99 Dry Dry 29,000 7,300 Dry Dry 23,000 4,000 

Apr 00 Dry Dry 32,000 7,800 Dry 7,200 22,000 3,600 

Oct 00 Dry Dry 35,000 8,200 Dry 6,700 21,000 3,200 

Jul 01 Dry Dry 40,000 9,000 Dry 6,500 20,000 3,000 

Oct 01 Dry Dry 34,000 8,500 Dry 6,000 18,000 2,900 

Jul 02 Dry Dry 39,000 10,000 Dry 6,100 19,000 2,700 

Jan 03 Dry Dry 33,000 9,500 Dry 5,300 17,000 2,400 

Jul 03 Dry Dry 38,000 9,600 Dry 4,200 16,000 2,500 

Oct 03 Dry Dry 37,000 9,800 Dry 3,000 19,000 2,400 

Jan 04 Dry Dry 40,000 9,100 Dry 3,100 17,000 2,300 

Apr 04 Dry Dry 32,000 9,700 Dry 3,100 14,000 2,300 

Oct 04 Dry Dry 34,000 9,800 Dry 2,000 17,000 2,100 

Jan 05 Dry Dry 24,000 9,500 Dry 2,000 16,000 2,000 

Apr 05 Dry Dry 42,000 10,000 Dry 2,000 16,000 2,300 

Jul 05 Dry Dry 39,000 11,000 Dry 1,400 17,000 2,200 

Oct 05 25,000 4,500 30,000 11,000 1,300 1,500 15,000 2,200 

Apr 06 21,000 3,900 25,000 11,000 1,200 2,100 14,000 2,100 

Jul 06 20,000 1,700 36,000 9,800 940 1,400 12,000 1,900 

Oct 06 24,000 2,400 23,000 11,000 880 820 13,000 2,000 

Jan 07 24,000 1,700 24,000 11,000 1,300 780 15,000 1,900 

Apr 07 24,000 1,700 23,000 11,000 610 920 14,000 2,000 

Oct 07 24,000 2,600 38,000 11,000 580 890 13,000 2,000 

Jan 08 24,000 2,100 31,000 10,000 800 940 14,000 1,800 

Apr 08 23,000 2,800 40,000 11,000 260 1,100 14,000 1,900 

Jun 08 22,000 3,500 21,000 10,000 830 410 14,000 1,800 

                                                 
45 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, Environmental Monitoring 
Results (Groundwater), First Quarter 2008, Second Quarter 2008, and Third Quarter 2008 reports. 
46 Foth & Van Dyke, 1989,  pg L27-L31. 
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Table 5. Copper Levels in Pore Water within Backfilled Flambeau Mine Pit Reported by Flambeau 
Mining Company (FMC) to Wisconsin Department of Natural Resources (µg/l)a 
 MW 

1013 

MW 

1013A 

MW 

1013B 

MW 

1013C 

MW 

1014 

MW 

1014A 

MW 

1014B 

MW 

1014C 

Depth 24' 47' 86' 202' 34' 64' 105' 157' 

FMC 
Predictionb 

14 14 14 14 14 14 14 14 

Feb 99 Dry Dry 36 100 Dry Dry 810 <4.7 

Jul 99 Dry Dry 33 50 Dry Dry 520 16 

Oct 00 Dry Dry <12 <12 Dry <12 430 <12 

Oct 01 Dry Dry 69 <13 Dry <13 490 <13 

Jul 02 Dry Dry 150 <13 Dry <13 550 <13 

Jan 03 Dry Dry 92 <13 Dry <13 590 <13 

Jul 03 Dry Dry 120 <13 Dry <13 500 <13 

Oct 03 Dry Dry 110 <13 Dry <13 640 <1.3 

Apr 04 Dry Dry 230 <13 Dry <13 440 <13 

Oct 04 Dry Dry 380 <13 Dry <13 550 <13 

Jan 05 Dry Dry 180 <13 Dry <13 520 <13 

Apr 05 Dry Dry 450 <13 Dry <13 460 <13 

Jul 05 Dry Dry 400 <13 Dry <13 560 <13 

Oct 05 <13 <13 230 <13 <13 <13 400 <13 

Apr 06 23 17 280 <13 36 22 530 <13 

Jul 06 24 16 470 14 26 31 510 16 

Oct 06 <13 <13 200 <13 <13 <13 460 <13 

Jan 07 <13 <13 290 <13 39 <13 600 <13 

Apr 07 <13 <13 230 <13 17 <13 470 <13 

Jun 07 <13 <13 240 <13 <13 <13 600 <13 

Oct 07 <13 <13 500 <13 33 <13 490 <13 

Jan 08 <13 <13 400 <13 <13 <13 500 <13 

Apr 08 <13 <13 530 <13 <13 <13 570 <13 

June 08 [22] <13 270 <13 22 <13 580 <13 
a Unless otherwise indicated, data was obtained from: (1) Flambeau Mining Company, 2007 Annual Report, Appendix B – 
Groundwater Quality & Elevation/Surface Water Quality Trends; (2) Flambeau Mining Company, Environmental Monitoring 
Results (Groundwater), First Quarter 2008, Second Quarter 2008, and Third Quarter 2008 reports. 
b Foth & Van Dyke, 1989, pg L27-L31. 
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Table 6. Iron Levels in Pore Water within Backfilled Flambeau Mine Pit Reported by Flambeau 
Mining Company (FMC) to Wisconsin Department of Natural Resources (µg/l)a 

 MW 

1013 

MW 

1013A 

MW 

1013B 

MW 

1013C 

MW 

1014 

MW 

1014A 

MW 

1014B 

MW 

1014C 

Depth 24' 47' 86' 202' 34' 64' 105' 157' 

FMC 
Predictionb 320 320 320 320 320 320 320 320 

Feb 99 Dry Dry 45 920 Dry Dry 62 14,000 

Jul 99 Dry Dry 760 1,300 Dry Dry 72 14,000 

Oct 00 Dry Dry 840 1,600 Dry 960 <360 12,000 

Oct 01 Dry Dry 660 2,700 Dry 1,500 <150 9,600 

Jul 02 Dry Dry 700 4,100 Dry 380 <150 9,400 

Jan 03 Dry Dry 150 5,400 Dry 540 <150 8,300 

Jul 03 Dry Dry 610 4,200 Dry 320 <290 8,200 

Oct 03 Dry Dry <290 6,200 Dry 1,000 <290 7,800 

Apr 04 Dry Dry <330 7,800 Dry 130 <330 7,500 

Oct 04 Dry Dry <330 7,000 Dry <330 <330 6,600 

Jan 05 Dry Dry <330 7,200 Dry <330 <330 6,400 

Apr 05 Dry Dry <330 8,200 Dry <330 <330 7,000 

Jul 05 Dry Dry <330 8,500 Dry <330 <330 6,900 

Oct 05 22,000 <330 <330 8,300 <330 <330 <330 7,000 

Apr 06 2,200 <330 <220 8,900 <330 <330 <330 6,400 

Jul 06 3,200 <330 <330 7,000 <330 <330 <330 5,900 

Oct 06 11,000 <330 <330 9,100 <330 <660 <330 6,100 

Jan 07 12,000 <330 <330 9,500 <330 <330 <330 6,000 

Apr 07 3,300 <330 <330 9,300 <33 530 <330 6,100 

Jun 07 9,600 <330 <330 11,000 <330 <330 <330 5,800 

Oct 07 15,000 <330 <330 9,700 <330 <330 <330 5,800 

Jan 08 14,000 <330 <330 9,100 <330 <330 <330 5,400 

Apr 08 4,100 <330 <330 9,600 <330 <330 <330 5,600 

Jun 08 3,600 <330 <330 10,000 <330 <330 <330 5,400 
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) (2) Flambeau Mining Company, Environmental 
Monitoring Results (Groundwater), First Quarter 2008, Second Quarter 2008, and Third Quarter 2008 reports. 
b Foth & Van Dyke, 1989, pg L27-L31. 



June 5, 2009 
Page #28 
 
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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Table 8. Iron and Manganese Concentrations in Compliance Boundary Well MW-1015B a 

 Parameter 
Iron  
(µg/L) 

Manganese  
(µg/L) 

Pre-Mine  
Baselineb 

Not Done Not Done 
 

Flambeau Mine 
Enforcement  
Standardc  

300 230 

Apr 01 69 140 
Jul 01 <5 19 
Oct 01 <5 8.6 
Jan 02 <5 25 
Apr 02 <5 73 
Jul 02 69 53 
Oct 02 420 380 
Jan 03 120 440 
Apr 03 210 250 
Jul 03 450 170 
Oct 03 670 290 
Jan 04 440 240 
Apr 04 380 120 
Jul 04 450 190 
Oct 04 300 140 
Jan 05 220 120 
Apr 05 290 130 
Jul 05 400 140 
Oct 05 300 140 
Jan 06 320 110 
Apr 06 440 100 
Jul 06 52 97 
Oct 06 320 110 
Jan 07 350 120 
Apr 07 160 81 
Jul 07 340 100 
Oct 07 330 100 
Jan 08 290 94 
Apr 08 300 86 
Jun 08 200 89 
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 The MW-1015 nest was not drilled until January 2001. Since the mine operated from 1993-1997 and the pit was backfilled in 1997, this means there are no pre-
mine baseline measurements. The MW-1015 nest was first sampled in April 2001. 
 
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. 
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EXECUTIVE SUMMARY 
 
The Flambeau mine was an open pit copper sulfide mine located just south of Ladysmith in Rusk 
County, Wisconsin.  The mine was actively operated between 1993 and 1997 by the Flambeau 
Mining Company (FMC).  1.8 million tons of ore containing 181,000 tons of copper and 900 tons 
of zinc were extracted from the mine and passed through the southeast corner of the mine site 
where Steam C, an intermittent tributary of the Flambeau River, is located.  The pit was 
backfilled by 1998 and surface reclamation took place between 1998 and 2001.  Water quality 
monitoring done at the site between 2002 and 2011 showed that Stream C and its contributing 
drainageways contained copper and zinc concentrations that frequently exceeded acute toxicity 
criteria (ATC).  On average, copper exceeded ATC’s in 92% of samples, and zinc exceeded 
ATC’s in 46% of samples.    Results of a bioassay test and the presence of a fish and 
macroinvertebrate community in Stream C suggest that any potential toxicity is not severe. 
 
Stream C was not monitored prior to mining so a pre and post mining comparison is not possible.  
Monitoring of the Flambeau River did not show any significant changes in copper and zinc 
concentrations in response to mining activities.  Copper and zinc concentrations in the two 
intermittent streams in the fully reclaimed areas of the Flambeau mine site were low.  A nearby 
intermittent stream also had low concentrations of copper and zinc.  Monitoring results from 
these three streams indicates that local background concentrations of copper and zinc are 
generally low. 
 
The southeast corner of the mine site that drains to Stream C was not fully reclaimed and soil 
sampling by FMC in this area found multiple locations with elevated copper concentrations.  
Areas with high soil copper concentrations were generally correlated with high runoff water 
copper concentrations.  Past remedial actions taken by FMC to remove or cap soil with high 
copper concentrations resulted in reduced copper concentrations in runoff water.  FMC is 
currently pursuing additional remedial actions that are likely to result in reductions in copper and 
zinc concentrations in Stream C. 
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SURFACE WATER QUALITY ASSESSMENT 
OF THE FLAMBEAU MINE SITE 

 
 
INTRODUCTION 
 
The Flambeau mine site comprises 181 acres located in Section 9, T34N, R6W, Rusk County, 
Wisconsin approximately two miles south of the City of Ladysmith (Figure 1 inset).  The 
Flambeau Mining Company (FMC), a wholly owned subsidiary of the Kennecott Corporation, 
operated a 32 acre open pit copper sulfide mine at the site between 1993 and 1997.  The pit was 
completely backfilled with waste rock amended with limestone by 1998 and surface reclamation 
activities continued until 2001. 
 
Surface water monitoring conducted by FMC between 2002 and 2009 showed that Stream C and 
its contributing drainageways contained copper and zinc concentrations that frequently exceeded 
acute toxicity criteria (ATC).  Stream C is an intermittent stream that drains the southeast corner 
of the Flambeau mine site including the area known as the Industrial Outlot.  This area contained 
the ore storage, ore crushing, and transport facilities as well as the wastewater treatment and 
administrative buildings during the period of active mine operation. 
 
The Wisconsin Department of Natural Resources (DNR) conducted water quality monitoring of 
Stream C and other nearby waters during 2010 and 2011 to better assess these water quality 
concerns.  The monitoring effort included surface water, sediment, and macroinvertebrate 
sampling, and fish surveys.  Surface water, soil, and sediment data collected by FMC was also 
reviewed and assessed.  Potential sources of copper and zinc were examined based on sampling 
data evaluation, site observations, FMC reports, and other references. 
 
The monitoring was intended to provide additional data to help determine whether Stream C 
should be added to DNR’s 303d list of impaired waters.  Impaired waters do not meet 
Wisconsin’s water quality standards and are subsequently targeted for corrective actions.  
Specific conclusions and recommendations for corrective actions are not included as part of this 
assessment, but will be developed elsewhere.  This assessment will also be used as a basis for 
developing future monitoring plans at the site.    
 
METHODS 
 

 
SURFACE WATER MONITORING 

There were sixteen sites in the monitoring program (Figures 1 and 2), including:   
 

x Nine sites on Stream C and its contributing drainageways. (BO-1, C8-2, MC3-3, CP-4,    
C1- 5, EB-6, SC-7, SEB-11, ED-14)   

x Two sites on the Flambeau River, one above and one immediately below the mouth of 
stream C. (FA-8, FB-9)  

x Two sites on other intermittent streams draining the Flambeau mine site (Streams A and 
B).(SA-13, SB-12) 

x One site on an intermittent reference stream 2 ½ miles southwest of the Flambeau mine 
site. (RS-10)  

x One site at a Highway 27 ditch not draining to Stream C. (ND-15), and 
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x One site at the mouth of Meadow Brook, a perennial stream just south of the Flambeau 
mine site. (MB-16) 

 
Most sites were monitored on 3 separate dates when surface runoff was occurring.  Sites at the 
mouths of Stream C and the reference stream were also monitored twice during baseflow 
conditions (no recent runoff).  Some sites that were added part way through the monitoring period 
were monitored on less than 3 dates. 
 
Monitoring included the following field and laboratory tests:   
 
Field tests: temperature, dissolved oxygen, conductivity, and pH 
 
Laboratory tests (first 2 sampling dates): arsenic, cadmium, calcium, chromium, copper, iron, 
lead, magnesium, manganese, mercury, nickel, zinc, hardness, and sulfate. 
 
Laboratory tests (remaining sampling dates): copper, zinc, iron, manganese, hardness, and sulfate. 
 
Metals were tested for total recoverable concentrations.  Metals samples were preserved with 
nitric acid in the field.  All samples were kept iced and shipped to the Wisconsin State Lab of 
Hygiene for analysis. 
 
Samples from Stream C and the reference stream collected on June 19, 2011 were also tested for 
acute and chronic toxicity and dissolved organic carbon.  
 
Surface water and soil monitoring data collected by FMC was reviewed and evaluated.  
 
Drainage area boundaries for surface water monitoring sites were estimated using USGS quad 
maps (10 feet contour intervals) as well as 2 feet contour interval topographic maps provided in 
FMC reports for many areas.  Observations of culvert locations and direction of flow during 
runoff events were also used, and occasionally altered boundaries substantially. 
 

 
SEDIMENT MONITORING 

Sediment samples were collected from the biofilter pond (2 sites), Stream C (4 sites) and the 
reference stream (2 sites)(Figures 4 and 2).  Samples from the biofilter pond were collected with a 
stainless steel Eckmann dredge.  Samples from the streams were collected with a stainless steel 
trowel.  Samples were kept iced and shipped to the Wisconsin State Lab of Hygiene for analysis.  
Sediment samples were tested for arsenic, cadmium, chromium, copper, iron, lead, manganese, 
mercury, nickel, zinc, % solids, % volatile solids, % clay, % silt, and % sand. 
 
Sediment monitoring data collected by FMC was reviewed and compared to data collected by 
DNR. 
 

 
FISH SURVEYS 

Fish surveys were conducted at Stream C and the reference stream in the fall of 2010 and the 
spring of 2011.  A backpack shocker was used and collection of all fish and crayfish observed 
was attempted.  Fish and crayfish were identified to species, counted, and released.  Stream C was 
surveyed from its mouth to Copper Park Lane.  The reference stream was surveyed from its 
mouth to a point at which a defined channel ended and a grassy swale began.   
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The biofilter pond was also checked for the presence of fish.  A 200 feet length of shoreline was 
shocked with a backpack shocker. 
 

 
MACROINVERTEBRATE SAMPLING 

Kick net samples of macroinvertebrates were collected in October of 2010 from the lower ends of 
Stream C and the reference stream, and from the Flambeau River (Figures 5 and 2).  For the 
Flambeau River, two samples were collected upstream of the mouths of both Stream C and the 
reference stream.  Two samples were also collected downstream of the mouths of both Stream C 
and the reference stream.  Samples from Stream C and the reference stream were collected in 
riffle areas with mostly gravel substrate.  Samples from the Flambeau River were collected in run 
areas with mixed cobble and gravel substrate.   
 
Samples from the lower ends of Stream C and the reference stream were also collected in May of 
2011 in riffle areas with mostly cobble substrate.  All samples were preserved in 85% ethanol and 
were analyzed by the Aquatic Entomology Laboratory at the University of Wisconsin, Stevens 
Point. 
 
RESULTS AND DISCUSSION 
 

 
WATERSHED AND MONITORING SITE CHARACTERISTICS 

 
Stream C Watershed Area Characteristics and Surface Water Sampling Sites 

The Stream C watershed is shown in Figure 1.  The total watershed is the composite of the areas 
enclosed by yellow lines.  Drainage areas for individual DNR sampling sites contributing to 
Stream C are also enclosed by yellow lines.  Drainage areas for two DNR sampling sites (C1-5 
and SC-7) are composites of all upstream drainage areas.   
 
The largest drainage areas upstream of the Flambeau mine site are those for sites ED-14 and 
MC3-3 (52.5 acres and 42.9 acres respectively).  The two areas are generally separated by the rail 
spur (Figure 4) for the mine, although a small area of drainage on the north side of the rail spur 
drains to MC3-3.  These two areas are mostly undeveloped woods and wetlands, with some 
influence from the rail spur, one residence, Highway 27 (Figure 4) runoff, Jensen Road runoff, 
and a graveled access road between Jensen Road and the rail spur. 
 
The next downstream site contributing drainage to Stream C is C8-2, which drains an area of 9.7 
acres.  The area is mix of woods, grassland, and wetland.  It is also influenced by Highway 27 
runoff and includes an area that was once disturbed by mining activities.  
 
Sampling site BO-1 is the outflow of the biofilter pond.  It receives drainage from the Industrial 
Outlot area (Figure 4) west of Stream C, an area of 23.1 acres.  The area contains three buildings, 
a water storage structure, a large paved parking area, the equestrian trailhead and parking area, 
the biofilter pond, and grassland areas.  A number of actions have been taken by FMC in this area 
to reduce copper and zinc concentrations in runoff entering the biofilter pond.  Past actions 
include removal of soil from previously unpaved parking areas, capping of these areas with 
asphalt, replacement of drainage ditch soils, removal of rail spur ballast, and capping of the rail 
spur with topsoil (further described in results and discussion section).  
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Sampling site CP-4 drains a 1.5 acre area which is mostly grassland, and is influenced by Copper 
Park Lane (Figure 4) runoff and a very short section of Highway 27 runoff. 
 
Sampling site C1-5 is located on Stream C shortly below Copper Park Lane.  It receives drainage 
from all the upstream drainage areas as well as runoff from the north side of Copper Park Lane, 
west of Stream C, and runoff from the south side of Copper Park Lane, east of Stream C.  
 
Sampling site SEB-11 drains a small wooded area of about 2.1 acres and appears to be influenced 
by residential wastewater. 
 
Sampling site EB-6’s drainage area (38.3 acres) straddles Highway 27 and is a mix of woods, 
wetlands, residential areas, and business areas.  It is also influenced by runoff from Highway 27 
and Jensen Road.    
 
Sampling site SC-7 is at the mouth of Stream C and is influenced by all upstream land uses.  The 
total area of the Stream C watershed is 220 acres. 
 

 
Other Surface Water Sampling Sites and Their Drainage Areas 

Sampling site FA-8 is along the east bank of the Flambeau River shortly above the mouth of 
Stream C. 
 
Sampling site FB-9 is along the east bank of the Flambeau River just below the mouth of Stream 
C and is within the mixing zone of Stream C water with Flambeau River water. 
 
Sampling site RS-10 is located near the mouth of an unnamed intermittent stream located 2 ½ 
miles southwest of the Flambeau Mine site (Figure 2).  This unnamed stream also discharges to 
the Flambeau River and has been used as a reference stream for comparison to Stream C.  The 
stream has a watershed of 250 acres, which is just slightly larger than the Stream C watershed.  
Land use is a mix of woods, pasture, cropland, wetland, and a farm residence with a barn. 
 
Sampling site SB-12 is located near the mouth of Stream B that drains the central area of the 
reclaimed mine site including most of the area underlain by the former mine pit.  The 95.7 acre 
drainage area (Figure 3) is mostly grassland with some wetland.   
 
Sampling site SA-13 is located near the mouth of Stream A that drains the north side of the 
reclaimed mine site, as well as an area east of Highway 27.  The 152 acre drainage area (Figure 3) 
is a mixture of woodland, wetland, and grassland.  It receives some runoff from Highway 27.  
 
Sampling site ND-15 drains a 4.4 acre area on the west side of Highway 27.  Drainage from the 
area flows northward to the Flambeau River.  The area is mostly residential and receives runoff 
from Highway 27. 
 
Sampling site MB-16 is located near the mouth of Meadow Brook, which is a perennial stream.  
It has a watershed of 7.7 mi2 that contains a mix of agricultural land, woodland, and wetland.  
Some residential and industrial areas are also present. 
 

 
FMC Surface Water Sampling Sites 

Primary surface water sites monitored by FMC between 2002 and 2011 are shown in Figure 3.  
FMC sites that are comparable to DNR sites are indicated in the Figure.  Appendix 2 contains 
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data collected by FMC from the sites shown in Figure 3.  FMC also collected samples from a 
variety of other surface water monitoring sites between 2002 and 2011.  Data from these sites was 
reviewed and is mentioned in later discussion, but is not otherwise presented in this report.  
 

 
SURFACE WATER QUALITY  

 
General Water Quality Conditions 

Surface water quality data collected by DNR and much of the data collected by FMC is contained 
in Appendices 1 and 2.  Table 1 lists mean concentrations for various water quality parameters.  
Mean pH values for monitoring sites within the Stream C watershed ranged from 5.4 to 6.95, with 
a combined mean of 6.4.  Dissolved oxygen (D.O.) concentrations were > 5 mg/l at all sites on 
most dates (Appendix 1).  June 19, 2011 monitoring showed D.O. concentrations < 5 mg/l at six 
of the eight sites measured in the Stream C watershed.  D.O. concentrations were as low as 1.3 
mg/l.  Highway 27 ditch samples had the lowest D.O. concentrations.  Warmer temperatures in 
June would increase rates of organic matter decomposition in wetland areas, resulting in lower 
D.O. concentrations.    
 
For the DNR samples (Appendix 1) metal concentrations other than copper and zinc did not 
approach acute or chronic toxicity criteria at any of the monitoring sites, except for a single 
sample from the west ditch of Highway 27 (site C8-2) that had a lead concentration of 5.3 ug/l.  
The hardness for that sample was too low to allow determination of the chronic or acute toxicity 
criteria.  
 

 
Acute Toxicity Criteria for Copper and Zinc 

Acute toxicity criteria (ATC) are protective standards for Wisconsin surface waters.  They are 
based on laboratory testing of a variety of diverse aquatic organisms.  Copper and zinc ATC’s are 
the maximum daily concentrations which ensure adequate protection of sensitive species of 
aquatic life from acute toxicity and will adequately protect the designated fish and aquatic life 
uses of the surface water if not exceeded more than once every three years (Wisconsin 
Administrative Code 2000).  Copper and zinc ATC’s are influenced by water hardness, since 
these metals are more toxic in soft water than in hard water.  Formulas are applied to determine 
copper and zinc ATC’s based on the hardness measured in the water sample. 
 
Water hardness in the Flambeau mine area is very low and generally ranges from 10 – 50 mg/l (as 
CaCO3).  This results in very low values for copper and zinc ATC’s.  Copper ATC’s can be as 
low as 3 ug/l and zinc ATC’s can be as low as 18 ug/l.  
 
ATC’s for copper and zinc are based on total recoverable concentrations.  Total recoverable metal 
concentrations include both dissolved forms and most forms attached to particulate matter.  
Thirty-three surface water samples collected by FMC during 2008 were tested for both total 
recoverable and dissolved copper (Foth 2008).  On average, total recoverable and dissolved 
copper concentrations were very similar.  Runoff water at most sites is relatively clear, indicating 
suspended solids (particulate) concentrations are low.  Much of the copper may be attached to 
dissolved organic matter which would keep it in a dissolved form. 
 
ATC’s for copper and zinc were frequently exceeded in many surface water samples from the 
Stream C watershed (Appendix 2).  For sampling site C1-5 (FMC SW-C1), located on Stream C 
just below Copper Park Lane, zinc ATC’s were exceeded on all 13 sampling dates between 2002 
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and 2011.  Copper ATC’s were exceeded on 12 of the 13 dates, with the sample from one date 
having a hardness level too low to allow determination of the copper ATC.  
 

 
Copper 

 
Mining Activities as a Copper Source  

The Flambeau Mine was the first copper sulfide mine to be permitted under Wisconsin’s current 
mining statures.  Ore shipment began in spring of 1993 and continued until August 1997.  During 
the life of the mine, over 1.8 million tons of ore were shipped off site producing 181,000 tons of 
copper, 334,000 ounces of gold and 3.3 million ounces of silver (NRPC 2005). 
 
A review of FMC reports to DNR, and other Flambeau mine related documents, suggests several 
mining activities that could have resulted in the dispersal of copper-bearing ore throughout 
adjacent areas during the period the mine was in operation.  Mining activities such as blasting, 
bulldozing, truck loading and unloading, ore crushing (up to 250 tons per hour) and rail car 
loading (State of Wisconsin 1991) could have generated quantities of fine dust that could have 
been transported by the wind and deposited on nearby areas.  Some losses of fine particulate ore 
and ore oxidation products from rail car spillage on the rail spur (FMC 2004) are also likely.  
Although the Industrial Outlot included a truck washing station, inadvertent tracking of copper 
rich soil by vehicles onto roadways is another way copper could have been transported to nearby 
areas.     
 
During reclamation of the mine site most of the disturbed areas, including the pit and soil 
stockpiles, were re-capped with native topsoil.  However, the 32 acre Iindustrial Outlot at the 
southeast corner of the mine site (Figure 4) was not re-capped with topsoil to allow the buildings 
and infrastructure to be put to other uses.  The Industrial Outlot contained, or was adjacent to an 
ore crusher, an ore stockpile area, a rail spur where ore was loaded into rail cars, a vehicle 
washing area, and runoff ponds.  The rail spur (Figure 4) extended east of Highway 27, so ore-
laden rail cars were also present there at times.  
 

 
Surface Water Copper Concentrations 

Table 2 compares copper and zinc concentrations found at 22 surface water monitoring sites.  The 
sites have been arranged by increasing mean copper concentrations.  The lowest mean copper 
concentrations (<5 ug/l) were found in: 
 

x the Flambeau River above Stream C, 
x the Flambeau River below Stream C, 
x a reference stream located 2 ½ miles southwest of Stream C, 
x Stream A and Stream B which drain portions of the former mine site, and 
x Meadow Brook, a perennial stream located just south of the mine site. 

 
Mean copper concentrations < 5 ug/l appear to be representative of local background conditions 
for streams not significantly influenced by localized copper sources.  Nearly all of Stream B’s 
watershed and portions of Stream A’s watershed are underlain by areas of formerly active mining 
activities, including the former mine pit.  These areas were re-capped with native topsoil 
following mine closure, which appears to have been effective at minimizing copper 
concentrations in runoff from those watersheds.   
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Pre-mining copper concentrations were measured for the Flambeau River and the data does not 
indicate any significant change in copper concentrations in the Flambeau River due to mining 
activities (FMC 2012).  The dilutional capacity of the Flambeau River would make it difficult to 
detect copper additions that are not relatively substantial.  The river has a mean flow of 1,834 
ft3/second (cfs) and a mean copper concentration of 1.5 ug/l.  An inflow of 1 cfs with a copper 
concentration of 500 ug/l, for example, would only raise the River’s copper concentration by 0.3 
ug/l, which would probably not be a discernable increase.      
 
Most remaining surface water monitoring sites with mean copper concentrations > 5 ug/l are 
influenced by former mining activities or by runoff from Highway 27.  The biofilter inlet site 
(BFSW-C1) had the highest mean copper concentration (651 ug/l).  This site receives drainage 
from much of the Industrial Outlot area, where several locations were found to have high soil 
copper concentrations.  Remedial actions have greatly reduced copper concentrations at this site 
(see discussion below). 
 
The two ditch sites on the north side of Copper Park Lane (SW-CP-02 and CP-4) had the second 
and third highest mean copper concentrations (162 and 144 ug/l).  High soil copper 
concentrations were found in the drainage area for site SW-CP-02 and remedial actions were 
taken which reduced surface water copper concentrations there (see discussion below).  No soil 
sampling or remedial actions have occurred in the drainage area for site CP-4.  The high copper 
concentrations in surface water there suggests high soil copper concentrations may also be 
present. 
 
Site SW-C8 / C8-2 along the west side of Highway 27 had the fourth highest mean copper 
concentration (92.8 ug/l).  Drainage area characteristics and potential copper sources for the site 
are discussed in the “Trends in Copper Concentrations” section below. 
 
Site SW-C1 / C1-5 on Stream C below Copper Park Lane had a mean copper concentration of 
27.5 ug/l.  This reflects a mix of drainage received from mine impacted areas and Highway 27, 
and natural background copper concentrations.  Copper concentrations at this site regularly 
exceeded the acute toxicity criteria (ATC).  Pre-mining copper concentrations were not 
determined for Stream C, so a direct comparison of pre-mining and post-mining copper 
concentrations in the stream is not possible. 
 
Site SW-C6 / SC-7 at the mouth of Stream C had a mean copper concentration of 19.1 ug/l.  The 
decline in Stream C copper concentration between Copper Park Lane and the mouth is due to 
dilution by inflowing water with lower copper concentrations in the lower section of the Stream C 
watershed.  Copper concentrations still exceed ATC’s in 90% of the samples collected at this site. 
 
The Flambeau River below the mouth of Stream C (SW-3 / FB-9) had a slightly higher mean 
copper concentration (2.7 ug/l) than the Flambeau River above the mouth of Stream C (SW-2 / 
FA-8)(1.5 ug/l copper).  The difference may not be statistically significant, but mixing Stream C 
water with a mean copper concentration of 19.1 ug/l and Flambeau River water with a mean 
copper concentration of 1.5 ug/l would be expected to produce a somewhat elevated copper 
concentration in a very small area of the Flambeau River.  The copper concentrations in the 
Flambeau River below the mouth of Stream C are still quite low and did not exceed ATC’s with 
the exception of an April 25, 2008 sample that had a copper concentration of 5.6 ug/l and an ATC 
of 5.1 ug/l (Appendix 2).  Variability in sampling and lab testing probably makes this difference 
insignificant.  
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Soil Copper Concentrations 

Soil samples collected in the Stream A and B watersheds by FMC in 2008 after mine reclamation 
were found to mostly have low copper concentrations.  Five samples had copper concentrations 
ranging from 8 to 13 mg/kg (Foth 2008).  Two samples which appear to be associated with trails 
had copper concentrations of 43 and 94 ug/l.  Four samples from the general mine area that are 
unlikely to be influenced by mining activities had copper concentrations ranging from 12 to 17 
mg/kg (S-RR-08, S-RR-09, S-L-01, S-GP-01) (Foth 2008).  It appears that copper concentrations 
< 20 mg/kg are representative of local background conditions for soil.  
 
Soil sampling by FMC in 2005 identified numerous areas with elevated soil copper 
concentrations in the Industrial Outlot area (Foth and Van Dyke 2006).  The highest soil copper 
concentration reported was 2,900 mg/kg and was located at a former vehicle washing station.  
The high soil concentration reported at this location, suggests that vehicles at the mine site may 
have accumulated significant amounts of copper-laden dust or soil while the mine was in 
operation.  Unwashed or incompletely washed vehicles leaving the mine site may have carried 
such material onto nearby roadways.  Fourteen of the eighteen soil sample results reported from 
the Industrial Outlot in May, 2006 had copper concentrations > 100 mg/kg.  
 
High soil copper concentrations were found in the ditch on the north side of Copper Park Lane, 
west of Stream C in 2008.  Six samples had copper concentrations ranging from 82 to 890 mg/kg, 
with a mean of 239 mg/kg.  Two samples collected on the south side of Copper Park Lane had 
copper concentrations of 79 and 83 mg/kg (Foth 2008).  Soil samples results were not reported 
for the area east of Stream C along Copper Park Lane.  Runoff water samples collected by DNR 
from the north ditch in that area had high copper concentrations (mean = 144 ug/l), suggesting 
soils in that area may also be high in copper. 
 
High soil copper concentrations were also found in the finer soils (sand sized and finer) above 
and below the ballast material in the rail spur within the Industrial Outlot area (Foth 2003).  
Copper concentrations in those samples ranged from 40 to 3,400 mg/kg, with a mean of 386 
mg/kg.    
 
Soil sampling by FMC has also identified areas with elevated soil copper concentrations outside 
of the Industrial Outlot area.  Five samples collected near the H and H building, a storage 
building for mine-related equipment, (Figure 4) had a mean copper concentration of 112 mg/kg 
(Foth 2008).  Sampling locations were reportedly “placed where impacts due to vehicle traffic 
may be the largest.”  Samples collected along the first 200 feet of the rail spur east of Highway 27 
had copper concentrations ranging from 28 to 120 mg/kg, with a mean of 59 mg/kg (FMC 2004).  
Samples were taken in the fine gravel underlying the coarse ballast, after the ballast was removed.  
Finer soil materials (silts and clays) will tend to hold more copper, so fine gravel samples may not 
reflect maximum copper concentrations in the rail spur bed there. 
 
Surficial soil pH’s at most sampling sites were slightly acidic, thereby potentially contributing to 
increased copper mobility in local surface water.  Soils sampled along Highway 27 had a mean 
pH of 5.8 (Foth 2008).  Soils sampled near the H and H building had a mean pH of 5.6.  Soil 
sampled along the rail spur east of Highway 27 had a mean pH of 5.8 (FMC 2004).  Soils 
sampled in the reclaimed mine area had a mean pH of 6.0.  Two soil samples collected on the 
south side of Copper Park Lane had a mean pH of only 4.6 (Foth 2008), possibly due to sulfide 
deposition in this area.    The finer soils (sand sized and finer) above and below the ballast 
material in the rail spur within the Industrial Outlot area had pH’s as low as 2.5 (Foth 2003), 
almost certainly due to the oxidation of spilled sulfide ore.  The pH range in those samples was 
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2.5 to 5.9, with a mean of 4.2.  Only two soil samples collected on the north side of Copper Park 
Lane had pH’s > 7, with a mean of 7.6 (Foth 2008). 
 
Organic soil materials tend to contain more copper than mineral soil materials.  At eight sites 
sampled along Highway 27 organic materials contained 59 to 783% (mean = 234%) of the copper 
in adjoining mineral material (Foth 2008).   
 

 
Reductions in Runoff Water Copper Concentrations in Response to Remedial Actions  

High soil copper concentrations are generally associated with high copper concentrations in 
runoff water.  Remedial actions have been taken by FMC which removed or capped areas of high 
soil copper concentrations in the Industrial Outlot area.  The surface water testing results indicate 
that these actions have been successful in reducing copper concentrations in runoff water.   
 
In 2006, graveled parking areas in the Industrial Outlot identified by FMC as having elevated 
levels of copper were partially excavated and then overlain with geotextile fabric, four inches of 
crushed limestone, and three inches of asphalt pavement.  The perimeter ditch around the parking 
area was also modified by removing existing surface soil, installing a geotextile fabric, and 
covering the surface with four to six inches of crushed limestone (Foth and Van Dyke 2006). 
 
Copper concentrations in runoff from the remediated area, as represented by the biofilter pond 
inflow site (BFSW-C1) declined from a mean of 1,035 ug/l prior to the remedial actions to a 
mean of 48 ug/l after removal of the impacted soils.  Biofilter pond outflow site (BFSW-C2) 
copper concentrations declined from a mean of 50 ug/l to a mean of 13 ug/l (Appendix 2).  The 
biofilter pond appears to have generally provided good levels of copper capture, both before and 
after remedial actions in the drainage area.  Prior to these remedial actions, inflowing copper 
concentrations were reduced from 88 to 97% (mean = 93)(1-(outflow conc./ inflow conc.) x 100).  
After the remedial actions, inflowing copper concentrations were reduced from 0 to 83% (mean = 
60%).  However, copper reduction estimates are based on one inflow sample and one outflow 
sample per sampling event.  For some sampling events, inflow and outflow samples were 
collected on the same date.  For others, outflow samples were collected one day later than inflow 
samples.  Since inflowing water will pass slowly through the biofilter pond to the outlet, single 
inflow and outflow samples may not accurately reflect biofilter pond copper removal.  Shortly 
after a rainfall, a portion of the outflow will probably be rain water that has fallen directly on the 
pond surface.  
 
The biofilter pond has an impermeable geomembrane liner that does not allow water to infiltrate 
into the ground.  The geomembrane liner and the overlying sediment in the pond are scheduled to 
be removed and the pond converted to an infiltration basin in spring of 2012 (Foth 2011).  
Drainage modifications were made and another infiltration pond was constructed at the west end 
of the Industrial Outlot in 2011 to better manage stormwater.  These actions should further reduce 
copper inputs to Stream C from the biofilter pond’s former drainage area.     
 
In November 2008 the ditch on the north side of Copper Park Lane had six inches of soil removed 
and replaced due to elevated copper concentrations (FMC 2009).  Subsequently, copper 
concentrations in runoff from the ditch declined from a mean of 255 ug/l to a mean of 68 ug/l 
(based on two pre-treatment and two post-treatment samples)(Appendix 2). 
 
In an earlier remedial action, rails and ties were removed from the rail spur west of Highway 27 
and 200 feet east of Highway 27 in 2003.  Ballast material and some gravel found to contain 
elevated levels of copper were also removed from the rail spur prior to capping with six to twelve 
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inches of topsoil and seeding in 2004 (FMC 2004).  There is no suitable surface water monitoring 
point to allow assessment of impacts from this remedial action.   
   

 
Highway 27 as a Copper Source      

Highway runoff is known to be a source of copper (Bannerman et al

 

. 1993).  Car brake pads and 
other components contain copper which can be shed on highway surfaces.   

Seventeen soil samples collected along Highway 27 had copper concentrations ranging from 10 
to 85 mg/kg (mean = 28 mg/kg) (Foth 2008).  Six surface water samples collected from Highway 
27 drainage ditches at sites where the highway and roadside area runoff appears to be the primary 
water source had copper concentrations ranging from 20 to 35 ug/l (mean = 28 ug/l)(Foth and 
Van Dyke 2006).  All but one sampling site in Ladysmith were within 1 mile of the mine site.  
Samples collected along County Trunk Highway G/P at Doughty Road (about 1 mile northeast of 
the mine site) had a soil copper concentration of 12 mg/kg and a surface water copper 
concentration of 8.9 ug/l (Foth 2008). 
 
It is uncertain how much of the copper present along Highway 27 near the mine site is due to 
normal traffic sources and how much may be due to past mining activities.  Deposition of dust 
generated during active mining is a potential source.  Some tracking of mine site soil onto 
Highway 27 by vehicles is also likely to have occurred.  Copper from tracked soil could then be 
washed onto the shoulders and into the ditches by rainfall runoff. 
   

 
Other Potential Copper Sources: Wastewater  

Household wastewater can contain significant copper concentrations, primarily due to corrosion 
of copper pipes and brass plumbing fixtures.  There are several residential homes along Highway 
27.  One of the homes is located in the drainage area of site SEB-11 (Figure 1).  Site SEB-11 had 
copper concentrations ranging from 6 to 15 ug/l which exceeded ATC values.  This site appears 
to be influenced by household wastewater.   The site had high conductivity (257 umhos/cm) on 
one date when all other sites did not.  It had a high chloride concentration (67 mg/l) and a high 
fecal coliform concentration (550 per 100ml).  It also sustained surface flows when similar small 
drainage areas were dry.  A holding tank for wastewater is reportedly present at the rented 
residence (Murphy 2011), but the evidence strongly indicates that some of the wastewater is 
being discharged to surface drainage.  The holding tank is probably leaking.  Wastewater 
discharges to surface drainage from other residences in the area are also possible.  
  

 
Trends in Copper Concentrations 

Copper concentrations have declined over time at several monitoring sites (Appendix 2).  
Declines in copper concentrations at some of the surface water monitoring sites in the Stream C 
watershed are probably a response to remedial actions that reduced copper sources.   
 
Declines in copper concentrations may also be occurring as copper in soil is gradually mobilized 
and transported through the surface water drainage system.  Two surface water monitoring sites 
are located upgradient of any remedial actions and show significant trends of declining copper 
concentrations (SW-C8 (DNR C8-2), R2 = 0.59, p = 0.0005; and SW-C3, R2 = 0.62, p = 
0.001)(Figure 6).  This indicates that a past source, quite possibly mining activities, deposited 
copper in the drainage areas of these sites.  It also suggests higher copper concentrations may 
have been present prior to 2004 when monitoring began at these sites.  If the copper 
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concentrations at these sites were due solely to naturally occurring background sources, one 
would expect the concentrations to remain fairly stable over time.   
 
Site SW-C8 (DNR C8-2) has had surface water copper concentrations ranging from 9 to390 ug/l 
(Appendix 2).  The site is located in the west ditch of Highway 27 (Figure 1).  It drains an area of 
9.7 acres that is a mix of woods, grassland, and wetland.  It is also receives runoff from Highway 
27 and includes an area that had exposed soil during mining activities (Type II stockpile).  The 
potential for having received direct runoff from the former sulfide stockpile area is low since the 
area was lined with a geomembrane and all contact water was routed to the wastewater treatment 
facility.  Deposition of windblown dust from the former stockpile, as well as vehicle tracked mine 
site soil washed from the highway by rainfall, are more likely potential sources.  The H and H 
building (Figure 4) where elevated soil copper concentrations have been found, is at the north 
edge of the drainage area.  Soil sample copper concentrations in the Highway 27 ditch in this area 
ranged from 14 to 180 mg/kg (Foth 2008).  FMC has scheduled construction of an infiltration 
basin in spring 2012 that will capture and infiltrate the runoff from the SW-C8 drainage area 
(Foth 2011).  This is likely to help reduce copper concentrations in Stream C.  
 
Site SW-C3 (Figure 1) has had surface water copper concentrations ranging from 6 to18 ug/l 
(Appendix 2).  The site is located on the north side of the rail spur (Figure 4), upgradient of the 
segment where ballast was removed.  Losses of fine particulate ore and ore oxidation products 
from rail cars in this area could have been a potential copper source.  Deposition of dust 
generated during active mining is a second potential source.   
 

 
Zinc 

   
Potential Sources of Zinc 

Zinc content of the supergene enriched ore body was generally less than 0.05% and lead was 
rarely detectable (May and Dinkowitz 1996).  Based on the removal of 1.8 million tons or ore, no 
more than approximately 900 tons of zinc were extracted during the life of the mine.  Like 
copper, some of the zinc present may have been redistributed during mining activities by 
windblown dust, vehicle tracking of mine site soil, and losses of fine particulate ore and ore 
oxidation products from rail cars.  The low zinc concentrations in the ore suggest such 
contributions would have been relatively minor. 
 
There are also other potential sources of zinc in surface waters.  Zinc is used to galvanize steel 
surfaces.  Galvanized building materials, especially roofing materials are known to contribute 
zinc to stormwater runoff (Bannerman et al. 1993).  Galvanized steel drainage culverts can also 
contribute zinc to surface waters.  Most power line post hardware and support cables are 
galvanized.  Some highway sign posts and most sign post hardware is galvanized.  Chain link 
fences and fence posts are galvanized.  White paint and some lubricants contain zinc.  Car tires 
and some other vehicle parts contain zinc which is shed onto road surfaces, and can then be 
carried by runoff.  
 

 
Stream Background Zinc Concentrations 

Surface water zinc concentrations for all monitoring sites are shown in Appendix 2.  Mean zinc 
concentrations are listed in Table 2.   
  
Zinc concentrations in most area streams sampled are fairly low.   Intermittent streams A and B, 
the intermittent reference stream, and two sites on the Flambeau River had mean zinc 
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concentrations < 8 ug/l, which appear to be representative of local background conditions for 
streams not significantly influenced by localized zinc sources.  Two samples collected from 
Meadow Brook had zinc concentrations of 12 and 67 ug/l, so some additional zinc sources may 
be present in that stream’s watershed. 
 

 
Soil Zinc Concentrations 

Results of most soil tests made by FMC provided copper concentrations, but not zinc 
concentrations.  Eight soil samples collected along Highway 27 were tested for zinc.  They had 
higher zinc concentrations (mean = 171 mg/kg) than copper concentrations (mean = 28 mg/kg) 
(Foth and Van Dyke 2006).  These sites may be influenced by highway pavement runoff, runoff 
from residential structures, and galvanized surfaces on culverts, power poles, and road signs.  No 
soil samples collected by FMC were found that might be representative of background soil zinc 
concentrations.  
 

 
Stream C Watershed Zinc Concentrations  

Zinc concentrations in Stream C just below Copper Park Lane (SW-C1 / C1-5) (37 – 78 ug/l) 
exceeded ATC’s on all 13 dates sampled between 2002 and 2011 (Appendix 2).  The frequency 
of ATC exceedences from zinc are less than those from copper in the Stream C watershed.  
Monitoring sites in the Stream C watershed had zinc concentrations exceeding ATC’s 46% of the 
time, on average.  Copper concentrations exceeded ATC’s 92% of the time, on average.   
 
The severity of ATC exceedences from zinc are also less than those from copper in the Stream C 
watershed.  At the site just below Copper Park Lane (SW-C1 /C1-5) zinc concentrations as a 
percent of ATC’s ranged from 105 to 241% (mean = 183%).  Copper concentrations as a percent 
of ATC’s ranged from 264 to 1,516% (mean = 670%).   
 
The monitoring site in the Stream C watershed with the highest mean zinc concentration (233 
ug/l) is SW-C7 (Figure 3) is located on Stream C upstream of the biofilter pond outlet.  One 
sample had a zinc concentration of 600 ug/l.  Even without this sample, the mean zinc 
concentration is 111 ug/l.  Corrosion of zinc in culverts might be contributing to the high 
concentrations at this site.  The site is located shortly below two galvanized steel culverts that 
conduct Stream C under the rail spur.  The two culverts are four feet in diameter and 165 feet 
long.  The culvert surfaces below the waterline are rusted, indicating the zinc coating has been 
completely lost.  Stream C is pooled below and into the lower ends of the culverts, creating a 
depositional area where corroded zinc might accumulate during low flows, and then be 
resuspended during high flows.  The culverts are scheduled for removal in 2012 as part of the 
FMC’s current stormwater management work plan (Foth 2011).  Losses of ore material from rail 
cars on the rail spur may also have influenced this site, although the low zinc content of the ore 
suggests that the zinc contribution from spillage would be relatively minor.   
 
Site SW-C5, which is shortly below site SW-C7 and below the biofilter pond outlet, had a mean 
zinc concentration of 57 ug/l.  The biofilter pond outlet (BFSW-C2 / BO-1) had a mean zinc 
concentration of 10 ug/l.  Dilution of Stream C water with biofilter pond outlet water contributes 
to zinc concentration declines between SW-C7 and SW-C5.  The Stream C course between these 
sites is wide and contains a dense stand of reed canary grass.  Adsorption of zinc by organic 
matter in the channel, uptake by live grass, or entrapment of particulate bound zinc might also 
have an influence.  
 



 16 

The biofilter pond inlet (BFSW-C1) had the second highest mean zinc concentration (99 ug/l) in 
the Stream C watershed.  This mean is based on all samples collected, both before and after 
upgradient remedial actions were taken.  Before remedial actions, zinc concentrations in biofilter 
pond inlet samples averaged 149 ug/l.  After remedial actions, zinc concentrations averaged 28 
ug/l.  Zinc concentrations in biofilter pond inlet samples were 14 to 15% of copper 
concentrations, both before and after remedial actions. 
 
Site CP-4 (Copper Park Lane north ditch, east of Stream C) had the third highest mean zinc 
concentration (95.3 ug/l) in the Stream C watershed.  Tracking of mine site soil onto Copper Park 
Lane and deposition of dust during mining operations are possible sources for this zinc, but again, 
the low zinc content of the ore suggests it was a minor potential source.  There is also one small 
galvanized steel culvert in the ditch and a galvanized chain link fence in the drainage area. 
 
Correlation of mean copper and zinc concentrations at sites in the Stream C watershed is fairly 
low, with an R2 of 0.27.  This suggests copper and zinc sources are not uniform at the monitoring 
sites.  Zinc sources unrelated to mining activities are probably more significant than copper 
sources unrelated to mining activities.  Actions taken to reduce copper concentrations are likely to 
also reduce zinc concentrations in some, but possibly not all locations.  Remedial actions taken 
upgradient of the biofilter pond did reduce both copper and zinc concentrations.  Remedial 
actions there reduced copper concentrations by 95% and zinc concentrations by 81%.  
 

 
Trends in Zinc Concentrations 

Like copper, declines in zinc concentrations over time at some of the surface water monitoring 
sites in the Stream C watershed are probably a response to remedial actions that reduced zinc 
sources.  Declines in zinc concentrations may also occur as zinc is gradually mobilized and 
transported through surface water drainage.  Two surface water monitoring sites are located 
upgradient of any remedial actions and show significant trends of declining zinc concentrations 
(SW-C8 (DNR C8-2), R2 = 0.33, p = 0.012; and SW-C3, R2 = 0.34, p = 0.046)(Figure 7).  This 
indicates that a past source, possibly associated with past mining activities, could have deposited 
zinc in the drainage areas for these sites.  It also suggests higher zinc concentrations may have 
been present prior to 2004 when monitoring began at these sites.  If the zinc concentrations at 
these sites were due solely to naturally occurring background sources, one would expect the 
concentrations to remain fairly stable over time. 
   
Rates of concentration decline and R2 values are lower for zinc than for copper.  Less enrichment 
of zinc than copper, and the presence of more zinc sources not related to mining activity may 
account for this.  Slower mobilization of deposited zinc is another possibility.  
 
Site SW-C8 has had surface water zinc concentrations ranging from 15 to100 ug/l.  Site SW-C3 
has had surface water zinc concentrations ranging from 6.4 to 56 ug/l (one outlier removed).  
Potential mine related zinc sources are the same as those identified for copper at these sites. 
 
 

 
Acute and Chronic Toxicity Test Results 

There was no significant acute or chronic toxicity found in the June 19, 2011 samples collected 
from Stream C and the reference stream.  The acute toxicity test exposed 10 day old fathead 
minnows (Pimephales promlas) and water fleas (Ceriodaphnia dubia) to stream water and lab 
control water for 48 to 96 hours.  No significant mortality was found. 
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The chronic toxicity test observes fathead minnow growth and survival, and water flea 
reproduction and survival over about 7 days.  None of these measures showed any significant 
chronic toxicity effects.  The chronic toxicity test also measures the growth of an algae 
(Selenastrum capricornutum) over the same time period.  Algae growth in the Stream C water 
was significantly lower (20% reduction) than in the lab control water.  However, standard testing 
protocols require a growth reduction of greater than 50% before chronic toxicity is verified. 
 
The June 19, 2011 sample from Stream C had a copper concentration of 23 ug/l that was 4.1 
times higher than the ATC.  It had a zinc concentration of 41 ug/l that was 1.05 times higher than 
the ATC.  The lack of observed toxicity in the lab indicates other factors have influence.  Copper 
toxicity is known to be reduced by the presence of dissolved organic matter (Erickson et al. 1996, 
De Schamphelaere et al

 

. 2004).  Copper will attach to dissolved organic matter, which reduces its 
availability for uptake by aquatic organisms.  The Stream C sample had a moderately high 
dissolved organic carbon (DOC) concentration (11 mg/l), which is an indicator of dissolved 
organic matter.  Wetlands in the Stream C watershed are probably the main source of the DOC.  
For comparison, the reference stream, with less wetland influence had a DOC concentration of 
3.3 mg/l.  The degree to which dissolved organic matter reduces copper toxicity varies with the 
type of dissolved organic matter that is present.  Site specific information is generally needed to 
quantify this effect. 

Further testing would be needed to reach more definitive conclusions regarding the biological 
effects of the observed concentrations of copper and zinc.  In the tests conducted on the June 19, 
2011 samples only two to three organisms were tested using water from a single point in time.  
ATC’s are based on a broader and varied group of aquatic organisms and are meant to be 
protective of a full range of aquatic life thoughout their life cycles.  For example, the water flea, 
Ceriodaphnia dubia, used in the lab tests is 10 times more tolerant of copper than another water 
flea, Daphnia magna (Johnson, et al

 

. 2008)  Some fish species are present in Stream C, but it is 
unknown if they can successfully reproduce.  Fish eggs or newly hatched larval fish may be more 
sensitive to copper and zinc concentrations than adults.      

 
SEDIMENT MONITORING RESULTS 

DNR sediment monitoring results are listed in Table 3.  Site locations are shown in Figures 4 and 
2.  Metal concentrations in sediment can be assessed using consensus-based sediment quality 
guidelines (DNR 2003).  Threshold effect concentrations (TEC’s) are sediment metal 
concentrations, below which toxicity to benthic dwelling organisms is unlikely.  Probable effect 
concentrations (PEC’s) are sediment metal concentrations, above which toxicity to benthic 
dwelling organisms is probable.   
 
Metals concentrations were highest in the biofilter pond sediments.  Only cadmium and lead 
concentrations were less than TEC’s.  Arsenic, chromium, iron, manganese, mercury, nickel, and 
zinc concentrations were above TEC’s, but less than PEC’s, suggesting marginal levels of 
toxicity from these metals may be occurring.  Copper concentrations were 10 to 16 times higher 
than the PEC (up to 2,450 mg/kg), indicating toxicity to benthic organisms from copper is highly 
likely.  Biofilter pond sediment samples collected by FMC showed similar levels of metals, with 
sediment furthest from the inlet tending to have lower levels (Foth and Van Dyke 2006, Foth 
2008).  Biofilter pond sediments are scheduled to be removed and placed in a landfill in spring of 
2012 (Foth 2011). 
 
Stream sediment samples from Stream C and the reference stream had concentrations of nearly all 
metals less than TEC’s.  Only manganese concentrations exceeded TEC’s at two sites on Stream 
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C.  None of the stream sediment samples collected by DNR had metals concentrations exceeding 
PEC’s.   
 
Sediment samples collected from Stream C were similar to samples collected from the reference 
stream except for copper and zinc concentrations.  Copper concentrations in Stream C sediment 
(mean = 13.7 mg/kg) were 2.5 times higher than in the reference stream sediment (mean = 5.4 
mg/kg).  Zinc concentrations in Stream C sediment (49 mg/kg) were 1.8 times higher than the 
reference stream sediment (27 mg/kg). 
 
One of two Stream C sediment samples collected by FMC had higher metal concentrations than 
found in samples collected by DNR (Foth 2008).  The sampling site was just below Copper Park 
Lane.  The stream bed was dry at the time of sample collection.  The copper concentration was 
180 mg/kg, which exceeds the PEC.  The zinc concentration was 320 mg/kg, which exceeds the 
TEC, but is below the PEC.  Since the stream was dry, the sample may have contained finer-
grained or organically enriched material deposited during an earlier period of declining stream 
flow.  These materials tend to have higher copper and zinc concentrations.  Close proximity to 
Copper Park Lane where high soil concentrations of copper and zinc have been found may also 
be a factor. 
 
FMC also collected six sediment samples from the constructed wetland pond near the mouth of 
Stream B (Foth 2008).  Copper concentrations ranged from 28 to 71 mg/kg (mean = 44 mg/kg).  
Zinc concentrations ranged from 51 to 69 mg/kg (mean = 60 mg/kg).  Five of the six samples 
exceeded the copper TEC, but all were below the copper PEC.  All zinc samples were below the 
zinc TEC.   
 

 
FISH SURVEY RESULTS 

Fish survey results are summarized in Table 4.  Comparisons of fish populations in the reference 
stream and Stream C are limited by physical differences between the streams.  Both streams are 
intermittent and have similar watershed sizes, but the reference stream has a higher gradient, less 
meanders, and more cobble/boulder substrate.  This results in the reference stream having a much 
smaller volume of water present in its channel.  Total stream volume in the reference stream 
appeared to be only about 25% or less of stream volume in Stream C.  The larger stream volume 
in Stream C gives it a greater potential to support fish. 
 
Stream C had more fish species than the reference stream in both fall (6 and 3, respectively) and 
spring (6 and 4, respectively).  The reference stream had more fish per 100 meters of stream 
length than Stream C in both fall (28 and 6, respectively) and spring (19 and 16, respectively).  A 
larger percentage of the fish in Stream C than in the reference stream were species tolerant of low 
dissolved oxygen concentrations (42 – 65% in Stream C; 2 – 14% in the reference stream).  
Brook stickleback, central mudminnows, and fathead minnows are the low oxygen tolerant 
species present.  Stream C is more influenced by wetland drainage that can result in low dissolved 
oxygen concentrations at times. 
 
Brook sticklebacks full of eggs and creek chubs with spawning coloration were noted in Stream 
C, indicating these fish were prepared to spawn.  The reference stream contained mostly juvenile 
fish and is probably not large enough to support much fish spawning. 
 
Intermittent streams commonly support fish populations seasonally.  A fish-based index of biotic 
integrity has been developed for intermittent streams in Wisconsin (Lyons 2006).  Application of 
the index requires a fish population > 25 fish per 100 meters.  Intermittent streams like Stream C 
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and the reference stream, with watershed areas less than 1.5 mi2, often do not support a 
population of this density. 
 
Eleven fish were captured along 200 feet of shoreline in the biofilter pond near the outlet.  
Species captured were fathead minnows, central mudminnows, and a brook stickleback.  The fish 
appeared to be in good condition.   
  

 
MACROINVERTEBRATE SAMPLING RESULTS 

A detailed report on the fall macroinvertebrate sample results was prepared by Jeff Dimick of the 
Aquatic Entomology Laboratory at the University of Wisconsin, Stevens Point. 
The report is contained in Appendix 3.  Biotic index values and number of species for samples is 
listed in Table 5. 
 
The fall Stream C sample was dominated by chironomids (82%) and contained 27 species of 
macroinvertebrates.  Several genera of chironomids found in Stream C are known to be tolerant to 
metals.  The short life cycles of many chironomids allow them to survive in streams with 
intermittent flow.  The riffle site sampled on Stream C was more subject to seasonal flow loss 
than the riffle site sampled on the reference stream. 
 
The fall reference stream sample was dominated by isopods and amphipods (89%) and contained 
13 species of macroinvertebrates.  Isopods and amphipods are known to be especially sensitive to 
copper.  Spring samples from the reference stream and Stream C both contained seventeen 
species of macroinvertebrates. 
 
The macroinvertebrate index of biotic integrity (MIBI) is generally not sensitive to stream metals 
concentrations.  In northern Wisconsin the MIBI reflects impairments to streams due to land use, 
bank erosion, embedded substrate, lack of buffer strips, and lack of habitat diversity. The 
Hilsenhoff biotic index is also generally not sensitive to stream metals concentrations.  It 
responds primarily to organic pollution that results in lowered dissolved oxygen concentrations. 
  
There were no indications of metals influence in the Flambeau River samples.  Differences noted 
in these samples are probably mostly due to differences in fine sediment deposition and 
periphyton growth that caused shifts in the dominant mayfly species.  Hilsenhoff biotic index 
(HBI) values were poorer below Stream C than above Stream C.  Deposition of sediment below 
Stream C would be expected. 
 
HBI values were better below the reference stream than above the reference stream.  The 
Flambeau River sampling sites below the reference stream were more affected by scouring and 
had noticeably less fine sediment present than the sites above the reference stream.  Further 
investigation would be needed to more definitively identify the reasons for the observed 
differences in the macroinvertebrate communities at the Flambeau River sites.    
 
SUMMARY OF FINDINGS 
 

x With the exception of Stream C, streams in the reclaimed areas of the Flambeau mine site 
(Stream A and B watersheds) exhibit low copper and zinc concentrations similar to a 
nearby reference stream (RS-10) uninfluenced by past mining activities. 
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x Monitoring of the Flambeau River before, during, and after mining activities has not 
shown any significant changes in copper and zinc concentrations.  The Flambeau River 
has a very high dilutional capacity and fairly substantial inputs of copper and zinc would 
be needed to produce significant changes. 

 
x The Stream C watershed includes the Industrial Outlot area at the southeast corner of the 

mine site, and a section of the rail spur used to transport ore.  This area was not 
completely stripped of surface soils and revegetated as initially proposed in the 
Reclamation Plan, since the City of Ladysmith requested that the buildings and 
infrastructure be maintained and re-used. 

 
x Surface water copper and zinc concentrations at multiple sites in the Stream C watershed   

exceed the acute toxicity criteria on a frequent basis. 
 
x 1.8 million tons of ore containing approximately 181,000 tons of copper and no more 

than 900 tons of zinc were extracted from the mine.  The copper sulfide ore was stored 
and loaded in the Industrial Outlot area and along the rail spur.  Copper and zinc could 
potentially have been redistributed during mining activities in this area by wind 
transported dust, losses of fine particulate ore from rail car spillage, and tracking of 
copper rich soil and dust by vehicles. 

 
x Soil sampling in the Industrial Outlot area and along the rail spur found multiple sites 

with elevated copper concentrations. 
 

x Areas with elevated soil copper concentrations were generally correlated with elevated 
runoff water copper concentrations. 

 
x Past remedial actions taken by FMC to remove or cap soils with elevated copper 

concentrations have been effective at reducing copper concentrations in runoff water.  
For the one remedial action where zinc data is available, zinc concentrations in runoff 
water were also reduced.   

 
x Other potential sources of copper to Stream C include highway runoff and residential 

wastewater (in the case of one apparently leaking holding tank). 
 

x The zinc content of the ore (0.05% or less) was much less than the approximate copper 
content (10.1%).  Other potential sources of zinc include highway runoff and zinc 
galvanized surfaces on culverts, buildings, fences, signs and power line posts.  White 
paint and some lubricants also contain zinc. 

 
x At two sites in the Stream C watershed (SW-C3 and SW-C8) unaffected by any past 

remedial actions, copper and zinc concentrations show significant declining trends over 
time.  This suggests that past deposition of copper and zinc occurred in the drainage areas 
for these sites, and that the metals are gradually being mobilized from the soils and 
transported by runoff.  If the copper and zinc concentrations at these sites were due solely 
to naturally occurring background sources, one would expect the concentrations to 
remain fairly stable over time. 
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x FMC is currently pursuing additional remedial actions that are likely to result in 
noticeable reductions in copper and zinc concentrations in Stream C.  In Fall of 2011 an 
infiltration basin was constructed at the west end of the Industrial Outlot and drainage 
modifications were made to divert more runoff to the basin.  Actions scheduled for 
Spring 2012 include removal of the geomembrane liner and overlying sediment in the 
biofilter pond.  The sediment will be landfilled and the biofilter pond will be converted to 
an infiltration basin.  A third infiltration basin that captures the drainage from the SW-C8 
drainage area will also be constructed.  The remaining rail spur bed in the Industrial 
Outlot area will be removed along with the two large culverts currently passing beneath 
the rail spur bed. 

 
x There was no significant acute or chronic toxicity found in the June 19, 2011 sample 

from Stream C.  In the chronic toxicity test, algae growth was significantly lower (20% 
less) in the Stream C sample than in lab control water.  However, standard testing 
protocols require a growth reduction of greater than 50% before toxicity is verified.  
Dissolved organic matter in Stream C may be reducing the toxicity of copper and zinc.  
Further testing would be needed to assess toxicity more fully and to determine the 
influence dissolved organic matter may be having. 

 
x The most heavily contaminated sediment was found in the biofilter pond, with copper 

being the contaminant of greatest concern.  Biofilter pond sediments are scheduled to be 
removed and placed in a landfill in Spring of 2012.  

 
x Fall and spring fish surveys of Stream C found 6 species of fish present during each 

survey.  Fish densities were lower in Stream C than in a reference stream, even though 
the volume of habitat in Stream C was considerably greater.  About half of the fish 
present in Stream C were species that are tolerant of low dissolved oxygen 
concentrations.  Wetland drainage in the Stream C watershed probably results in low 
dissolved oxygen concentrations at times. 

 
x Macroinvertebrate samples from the Flambeau River showed no indications of metals 

influence.  Stream C macroinvertebrate samples showed a good number of species 
present (17-27).  Several genera of chironomids found in Stream C are known to be 
tolerant to metals.    
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Figure 6.  Copper Concentration Trends at Sites SW-C3 and SW-C8 
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Figure 7.  Zinc Concentration Trends at Sites SW-C3 and SW-C8 
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TABLE 1.  SURFACE WATER CONCENTRATION MEANS FOR THE FLAMBEAU MINE 
Based on combined DNR and FMC data      
*DNR monitoring 
site          
     Site mean values     
Stream C Watershed  Copper Zinc Hardness Conductivity Sulfate Iron Manganese pH 

 Sites  ug/l ug/l mg/l CaCO3 umhos/cm mg/l mg/l ug/l 
SW-C3 

s.u. 
  11 27 16.8 45.9 7.7 0.93 134 6.6 

SW-C2    12 47 10.6 29 2.5 0.19 11 6.2 
MC3-3*   8 14 11.1 30.7 9.1 1.3 48 5.8 
SW-C8 / C8-2*   93 48 20 356 7.2 1.77 153 6.4 
SW-C7    26 233 25 128 9.6   6.7 
BFSW-C1    651 99 51 220 38 0.32 168 6.7 
BFSW-C2 / BO-1*   30 10 26 167 5.7 0.9 92 6.8 
SW-C5    28 57 18.5 129 5.2 0.77 36 6.5 
SW-CP-02    162 36 134 529 21 2.6 215 6.95 
CP-4*   144 95 8 155 15.8 2.2 35 6.4 
SW-C1/ C1-5*    27 52 19.7 123 6.7 1.2 62 6.6 
SW-C4 / EB-6*    6.9 13 15.1 120 9 0.75 106 6.7 
SW-C6 / SC-7*    19 34 36.5 142 9.4 1.42 101 6.6 
SEB-11*   10 8.7 33.1 306 10.2 0.97 48 6.1 
ED-14*   13 19 38.4 179 17.5 1.35 206 5.4 
           
Stream C Watershed          
Site Means =    82.7 52.8 30.9 177.3 11.6 1.2 101.1 6.4 
           
Other           

 Sites          
SW-B1 / SB-12*   3 3.3 19.5 53 3.4 0.88 58 6.7 
SW-A1 / SA-13*   2.7 4.8 25.5 72 6.1 0.75 43 6.8 
SW-3 / FB-9*    2.7 7.3 42 108 7.2 0.88 93 7.2 
SW-2 / FA-8*    1.5 4.6 40.5 98 6.6 0.64 76 7.3 
RS-10*   2.2 6.4 42.7 90 8.3 1.24 110 6.5 
ND-15*   20 32 9.6 158 11.6 1 63 5.6 
MB-16*   4.6 40 56.2 119 10.1 1.33 250 7.3 
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TABLE 2.  SUMMARIZED TOTAL RECOVERABLE COPPER AND ZINC CONCENTRATIONS FOR   
FLAMBEAU MINE SURFACE WATER MONITORING SITES     
Arranged from lowest to highest mean copper concentrations      
*DNR sites        
**Concentrations below detection limits were assumed to be 1/2 of the detection limit for mean calculations  
  Copper Concentrations (ug/l) 
 

Zinc Concentrations (ug/l) 
   No. of   No. of 

Site Description Range Mean** Samples Range Mean** 
SW-2 / FA-8* 

Samples 
Flambeau R. above Stream C 0.32 - 4 1.5 22 <2 - 8.8 4.6 22 

RS-10* Reference stream, <2 - 4 2.2 5 <3 - 13 6.4 5 
 2 1/2 mi. SW of Stream C       
SW-3 / FB-9* Flambeau R. below Stream C <1.3 - 5.6 2.7 10 <5 - 11 7.3 10 
SW-A1 / SA-13* Stream A at the Flambeau mine site <1.3 - 5 2.7 7 <3 - 10 4.8 7 
SW-B1 / SB-12* Stream B at the Flambeau mine site <1.3 - 5.9 3.0 9 <3 - 7.8 3.3 9 
MB-16* Meadow Brook  4.2 - 5 4.6 2 12 - 67 39.5 2 
SW-C4 / EB-6* East tributary to Stream C; 3.1 - 9 6.9 5 11 - 15 13 5 
 enters below Copper Pk. Ln.       
MC3-3* Drainage from mostly S of rail spur, 2 - 15 8 3 11 - 17 14 3 
 E of hwy. 27       
SEB-11* Smaller east tributary to Stream C;  6 - 15 10 3 6 - 11 8.7 3 
 enters below Copper Pk. Ln.       
SW-C2 Drainage along south side of rail spur 12 - 12 12 2 36 - 58 47 2 
SW-C3 Drainage along north side of rail spur 6 - 18 12.4 13 6.4 - 160 27 13 
ED-14* Drainage from N of rail spur,  5 - 21 13 2 4 - 34 19 2 
 east of hwy. 27       
SW-C6 / SC-7* Stream C near mouth 8 - 36 19.1 10 20 - 70 34 10 
ND-15* Hwy 27 ditch at Blackberry Ln 11 - 29 20 2 32 - 33 32.5 2 
SW-C7 Stream C above biofilter outlet 14 - 41 25.8 4 38 - 600 233 4 
SW-C1 / C1-5* Stream C below Copper Pk Ln 9 - 77 27.5 13 37 - 78 52 13 
SW-C5 Stream C below biofilter outlet,  9.1 - 74 28 19 32 - 100 57 19 
 above Copper Pk. Ln.       
BFSW-C2 / BO-1* Biofilter outlet 4.8 - 67 30.2 19 <3 - 53 10 18 
SW-C8 / C8-2* Drainage along west side of hwy 27, 9 - 390 92.8 18 15 - 100 48.4 18 
 just north of Stream C       
CP-4* Ditch along N side of Copper Pk Ln,  57 - 266 144 3 47 - 127 95.3 3 
 east of Stream C       
SW-CP-02 Ditch along N side of Copper Pk Ln,  56 - 340 162 4 31 - 41 36 2 
 west of Stream C       
BFSW-C1 Biofilter inlet 15 - 2000 651 18 4.7 - 365 99 17 
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TABLE 3.  FLAMBEAU MINE DNR SEDIMENT SAMPLE DATA            
                  
BIOFILTRATION POND SEDIMENT DATA               
                  
  TEC/PEC's*: 9.8/33 0.99/5 43/110 32/150 20,000/40,000 36/130 460/1,100 0.18/1.1 23/49 120/460      

 SWIMS  arsenic cadmium chromium copper iron lead manganese mercury nickel zinc solids solids solids solids solids 
Site Sta. No. Date  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) % (mg/kg) % volatile %clay %sand 
S-1 

%silt 
10032169 12/22/2010 21 0.1 43.9 1,550 32,700 23 598 0.153 30 189 11.3 21.8 12 55 33 

N-2 10032170 12/22/2010 25 < 0.1 46.5 2,450 33,400 26 487 0.186 33 186 27.9 12.3 17 41 42 
                  

Site Latitude Longitude  Description             
S-1 45.43703 -91.11333 3 ft. water depth; 4.5 in. of dark brown fines with Nitella (an algae) at surface, underlain by 1.5 in. brown sandy layer, underlain by clayey layer 
N-2 45.4372 -91.11337 5 ft. water depth; 4.5 in. of dark brown fines, unerlain by clayey layer         

                  
Samples were collected with stainless steel Eckmann dredge.  Top 4 in. of sediment was sampled.         
                  
STREAM SEDIMENT DATA                
                  
  TEC/PEC's*: 9.8/33 0.99/5 43/110 32/150 20,000/40,000 36/130 460/1,100 0.18/1.1 23/49 120/460      

 SWIMS  arsenic cadmium chromium copper iron lead manganese mercury nickel zinc solids solids solids solids solids 
Site Sta. No. Date  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) % (mg/kg) % volatile %clay %sand 

CSED-MID 
%silt 

10031970 05/11/2011 3 <0.1 9.6 14.1 8630 6 419 0.018 6 50 66.9 3.1 0 90 10 
CSED-MAX 10031970 05/11/2011 5 <0.1 10.2 10.5 15500 5 481 0.02 9 46 73.8 2.6 5 89 6 
CSED -30 10033614 05/11/2011 4 <0.1 10.7 13.1 12400 5 225 <0.015 7 45 72.6 2.4 5 78 17 
CSED-100 10033615 05/11/2011 3 <0.1 18.9 17 7770 4 483 <0.015 7 55 36.4 10.9 1 80 19 
                  
RSED-MID 10031973 05/11/2011 4 <0.1 8.4 5.1 11000 3 258 <0.015 6 24 71 1.9 3 94 3 
RSED-MAX 10031973 05/11/2011 4 <0.1 9.3 5.7 13700 4 391 <0.015 7 30 53.1 5.3 5 89 6 
                  

Latitude Site Longitude Description              
CSED-MID 45.43235 -91.1178 10 m upstream of stream C mouth; 0.5 ft. water depth; medium brown sandy sediment, with some organic debris    
CSED-MAX 45.43235 -91.1178 10 m upstream of stream C mouth; 1 ft. water depth; medium brown sandy sediment       
CSED -30 45.43525 -91.11511 30 m upstream of horse bridge on stream C; 0.5 ft. water depth; medium brown sandy sediment      
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TABLE 3.  FLAMBEAU MINE DNR SEDIMENT SAMPLE DATA (Cont.)    
Latitude Site Longitude Description    

CSED-100 45.4358 -91.11533 100 m upstream of horse bridge on stream C; 0.8 ft. water depth; medium brown sandy sediment with decaying leaves    
                  
RSED-MID 45.42125 -91.16392 15 m upstream of reference stream mouth; 0.7 ft. water depth; medium brown sandy sediment      
RSED-MAX 45.42125 -91.16392 16 m upstream of reference stream mouth; 1.2 ft. water depth; medium brown sandy sediment with some decaying leaves   
                  
Samples were collected with a stainless steel trowel.  Top 0.2 ft. of sediment was sampled.          
                  
*TEC's are threshold effect concentrations at which toxicity to benthic dwelling organisms is unlikely.         
PEC's are probable effect concentrations a which toxicity to benthic dwelling organisms is probable. (DNR, 2003)        
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TABLE 4.  FLAMBEAU MINE FISH SURVEYS, 2010-2011      
        
FLAMBEAU MINE STREAM C AND REFERENCE STREAM FISH SURVEY DATA, 09-27-2010   
Single upstream pass with backpack shocker used.       
        

  Segment Number Number of No. fish 
No. 

crayfish 
No. of 
fish 

Stream Segment End Points 
length 

(m) of fish 
rusty 

crayfish 
per 100 

m per 100 m 

Stream C 

species 
mouth to Copper 

Park 912 57 7 6 0.8 6 
flow 0.26 cfs Lane culvert @       
Temp 7.7C, D.O. 7.9 mg/l 45.43644       
 91.1127       
        
        

Reference stream 
30 m above mouth* 

to 165 46 6 28 3.6 3 

flow 0.21 cfs 
start of grass swale 

@       
Temp 10.1C, D.O. 5.0 mg/l 45.4203       
 91.16227       
        
 *high water in Flambeau River prevented start at mouth    
        
        
Stream C fish species  Number captured      
brook stickleback 23       
creek chub 18       
central mudminnow 10       
fathead minnow 4       
pumpkinseed 1       
yellow perch 1       
Total 57       
        
Reference stream fish 
species  Number captured      
white sucker 23       
creek chub 22       
fathead minnow 1       
Total 46       
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TABLE 4.  FLAMBEAU MINE FISH SURVEYS, 2010-2011 (Cont.)    
   
FLAMBEAU MINE STREAM C AND REFERENCE STREAM FISH SURVEY DATA, 05-06-2011   
Single upstream pass with backpack shocker used.       
        

  Segment Number Number of 
No. 
fish 

No. 
crayfish 

No. of 
fish 

Stream Segment End Points 
length 

(m) of fish rusty crayfish 
per 

100 m per 100 m 

Stream C 

species 
mouth to Copper 

Park 912 146 1 16 0.1 6 
flow 0.21 cfs Lane culvert @       
Temp 6.7C, D.O. 11.8 mg/l 45.43644       
 91.1127       
        
Reference stream mouth to  195 37 1 19 0.5 4 

flow 0.12 cfs 
start of grass swale 

@       
Temp 13.2 C, D.O. 8.7 mg/l 45.4203       
 91.16227       
        
Stream C fish species  Number captured      
creek chub 75       
brook stickleback 32       
fathead minnow 19       
central mudminnow 11       
white sucker 8       
nothern red bellied dace 1       
Total 146       
        
Reference stream fish 
species  Number captured      
creek chub 25       
white sucker 7       
fathead minnow 4       
central mudminnow 1       
Total 37       
        
FLAMBEAU MINE BIOFILTER POND FISH SURVEY, 10-05-
2010      
Backpack shocker used along 200 ft. of shoreline at northeast corner of 
pond.     
Abundant filamentous algae and cattails limited capture 
efficiency.      
        

Fish species Number captured  Lengths in inches    
fathead minnow 8 1.8, 1.3,  1.1, 1.2,  1.5, 1.6, 1.3, 1.3   
central mudminnow 2 3.5, 3.3      
brook stickleback 1 1.2      

 



 39 

TABLE 5.  FLAMBEAU MINE STREAM MACROINVERTEBRATE INDICES    
       
  October 13, 2010 samples    
SWIMS  Macroinvertebrate Value  Hilsenhoff Value No. of 
Station 

No. Site Description IBI Description BI Description 
10032094 

Species 
Flambeau R. 5m UST of stream C mouth 3.65 fair 2.60 excellent 14 

10032095 Flambeau R. 10m UST of stream C mouth 4.69 fair 2.90 excellent 19 
10032092 Flambeau R. 6m DST of stream C mouth 6.38 good 3.90 very good 22 
10032093 Flambeau R. 10m DST of stream C mouth 8.01 excellent 3.57 very good 22 

10032099 
Flambeau R. 279m UST of ref. stream 
mouth 5.59 good 3.81 very good 15 

10032100 
Flambeau R. 278m UST of ref. stream 
mouth 6.20 good 3.73 very good 18 

10032097 
Flambeau R. 12m DST of ref. stream 
mouth 3.54 fair 2.40 excellent 21 

10032098 
Flambeau R. 16m DST of ref. stream 
mouth 3.84 fair 2.32 excellent 23 

       
10032096 Stream C 70m UST of mouth 8.74 excellent 6.98 fairly poor 27 
10032101 Ref. stream 33m UST of mouth 4.26 fair 7.45 fairly poor 13 
       
       
  May 11, 2011 samples    
  Macroinvertebrate Value  Hilsenhoff Value No. of 
  IBI Description BI Description 
10031970 

Species 
Stream C 35m UST of mouth 7.01 good 4.63 fair 17 

10031973 Ref. stream 40m UST of mouth 1.17 poor 4.51 fair 17 
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TABLE 6.  MACROINVERTEBRATE SAMPLING SITE DESCRIPTIONS FOR THE FLAMBEAU MINE 
      
    SWIMS  
FIELD NO. SITE DESCRIPTION LATITUDE LONGITUDE  ID NO. 
20101013-55-01 

WBIC 
Flambeau R. 10m downstream of stream C mouth 45.43236 91.11788 10032092 2225000 

20101013-55-02 Flambeau R. 6m downstream of stream C mouth 45.43235 91.11787 10032093 2225000 
20101013-55-03 Flambeau R. 5m upstream of stream C mouth 45.43246 91.11776 10032094 2225000 
20101013-55-04 Flambeau R. 10m upstream of stream C mouth 45.43275 91.11784 10032095 2225000 
20101013-55-05 Stream C 70m upstream of mouth 45.43245 91.11732 10032096  

20101013-55-06 
Flambeau R. 12m downstream of reference stream 
mouth 45.42142 91.16415 10032097 2225000 

20101013-55-07 
Flambeau R. 16m downstream of reference stream 
mouth 45.42141 91.16415 10032098 2225000 

20101013-55-08 Flambeau R. 279m upstream of reference stream mouth 45.42362 91.16265 10032099 2225000 
20101013-55-09 Flambeau R. 278m upstream of reference stream mouth 45.42361 91.16265 10032100 2225000 
20101013-55-10 Reference stream 33m upstream of mouth 45.42105 91.16393 10032101 5006202 
      
20110511-55-01 Stream C 35m upstream of mouth 45.43242 91.11746 10031970  
20110511-55-02 Reference stream 40m upstream of mouth 45.42109 91.16393 10031973 5006202 
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