Flambeau Mine Monitoring Well Locations
and
Graphs of Ground Water Quality Data for Select Constituents:

Specific Conductivity
Sulfate
Copper

Iron
Manganese
Zinc

(measured concentrations vs. baseline vs. predictive modeling vs. relevant water quality standards)

an excerpt from:

Flambeau Mine: Water Contamination and Selective “Alternative Facts”, Robert E. Moran, Ph.D.
(Michael-Moran Associates, Golden, Colorado, U.S.A.; remwater.org),
May 2019 (posthumous), Figures 6, 7, 8 and 9a-9f.

This excerpt from Dr. Robert Moran’s work has been provided by Deer Tail Scientific
for educational purposes. For a copy of the full report, go to:
https://deertailscientific.wordpress.com/moran-report/

Deer Tail Scientific
Duluth, Minnesota, U.S.A.
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Figure 6. Flambeau Mine backfilled pit cross section with groundwater monitoring wells. Relative position and depth of Flambeau River is also shown (140 ft. from pit; approximately 5 ft. deep in vicinity of the
225-ft. deep backfilled pit). (Figure adapted from Figure 4-3 in: 2013 Annual Report, FMC, Jan 2014 and Figure 7 in: Environmental Impact Statement for the FMC Proposed Copper Mine, Wisconsin DNR, 1976).
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Figure 7. State of Wisconsin-established compliance boundary for enforcement of
ground water quality standards at Flambeau Mine plus current monitoring well (MW)
locations (Adapted from Figure 1 in: Groundwater Monitoring Well Nest Installation at
Compliance Boundary, FMC, 2000).
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Figure 8. Flambeau Mine shallow potentiometric surface map showing locations of active ground water monitoring wells (Figure 4-2 in: FMC 2016 Annual Report).




Figure 9a. MEDIAN (2014-16)* Flambeau Mine ground water SPECIFIC CONDUCTIVITY measurements? compared to baseline (1987-88)2, predictive modeling (1989)%, and relevant water quality standards®

Specific Conductance (p.S/(:m)2
Baseline for Overall Project Site {1987-88 median) 236 uS/cm®
FMC Prediction for Contact Groundwater Leaving Backfilled Pit Not Reparted
Wells in Backfilled Pit (2014-16 median):
MW-1014C (Depth = 154 ft) 1025 pS/cm
MW-1015C (Depth = 198 f) I 3116 e
MW-10148 (Depth = 102 ) e e O 2750 usfert
MW-10138 (Depth = 84 f | | | | | 3184 pS/em
MWC1004A (Depth = 61 1 L/ | | | 2168 /e
MW-1013A (Depth = 44 ft} ——— 972 ps/cm
MW-1014 (Depth = 31 ft} _ 677 uS/cm
MW-1013 (Depth = 22 ft} _ 1116 pS/ecm
Wells Between Backfilled Pit and River (2014-16 median):
MW-1010P (Depth = 115 ft} 350 pS/em
MW-1000PR (Depth = 58 ft} 796 uS/cm
MW-1000R (Depth = 24 ft) —— 613 puS/cm
Water Quality Standards and Guidelines: |
U.S. EPA Primary or Secondary Drinking Water Standard | None Listed
Wiscansin Preventive Action Limit for Ground Water | 200 pS/cm over baseline - Field
U.S. EPA Fresh Water Aquatic Life Criterion | None Listed
Health Canada Fresh Water Aquatic Life Criterion | Mone Listed
0 500 1000 1500 2000 2500 3000 3500

1. Specific conductivity is measured in ground water by FMC on a quarterly basis. Reported measurement for each individual well is a 2014-16 median value (n = 12) determined by author using historical data presented in: 2016 Annual Report, FMC, Jan 2017. For details, see
Table 6 — Ground water quality data.

2. There was no “field” or “lab” designation for baseline (1987-88) measurements of specific conductance (S.C.) reported by FMC in their 1989 Environmental Impact Report. Nor was there any such designation for later S.C. values reported in the summary table of “Historical
Groundwater Results — Quarterly Parameters” found in FMC's 2016 annual report and used for preparation of the present figure. Perusal of other FMC documents suggests reported values are “field.” Any measurements clearly designated as “field” or “lab” by U.S. EPA or other
government authorities in regulatory documents have been so indicated.

3. Baseline median determined by author using data presented in: Environmental Impact Report for the Kennecott Flambeau Project, Foth & Van Dyke, 1989. For details, see Table 6 — Ground water quality data.

4. Figures for projected ground water quality of contact water leaving the Flambeau backfilled pit were provided by Foth in: Mining Permit Application for the Flambeau Project, Volume 2, Appendix L, Dec 1989. Also see Table 8 — Projected ground water quality.

5. For details, see Table 2 — Water quality standards.

6. Baseline Median = 236 pS/cm; Range = 84 - 954 uS/cm; n = 192; 100% detects.




Figure 9b. MEDIAN (2014-16)' Flambeau Mine ground water SULFATE concentrations? compared to baseline (1987-88)3, predictive modeling (1989)*, and relevant water quality standards®

Sulfate {(mg/L)’

Bazeline for Overal| Project Site [1957-85 median] |10 r'ng,ffa
FIWIC Prediction for Contact Groundwater Leaving Backfilled Pit 1100 g /L
Wells in Backfilled Pit {2014-16 median}: -
NW-1014C (Depth = 154 ft) 210 mefL
WW-1013C (Depth = 195 ft) 1520 rmghL
| (| | | |
WW-10148 [ Depth = 102 ft) 1300 rmg/L
| (| | | |
WW-10138 | Depth = 24 ft) 1600 gL
| | | |
WMW-10144 | Depth = 61 ft) 930 rg)/L
WW-10134 | Depth =44 ft) 184 gL
MW-1014 {Depth = 31 ft) 110 mg/L
WMW-1013 | Depth = 22 ft) 26 ma/L

Wells Between Backfilled Pit and River {2014-16 median):

MW-1010P {Depth = 115 ft) 22 rmg/L
MW-1000PR (Depth =58 ft) 190 rng /L
MW-100CR [ Depth = 24 ft) 90 gL

Water Quality Standards and Guidelines:

U.5. EPASecondary Drinking Water Standard [ 0 S0 mg/fL

U5, EPA Fresh Water Aquatic Life Criterion [acute) |Mone Listed

5. EPA Fresh Water Aquatic Life Criterion (chronic) F 10 mg/Lfor wild ricewaters’
L]

o 200 400 o0 00 1,000 1,200 1400 1,200 1,800

1. Sulfate concentrations are measured in ground water by FMC on a quarterly basis. Reported concentration for each individual well is a 2014-16 median value (n = 12) determined by author using historical data presented in: 2016 Annual Report, FMC, Jan 2017. For
details, see Table 6 - Ground water quality data.

2. There was no “Total” or “Dissolved” designation for baseline (1987-88) concentrations of sulfate reported by FMC in their 1989 Environmental Impact Report. Nor is there any such designation for later values reported in the summary tables of “Historical Groundwater
Results” found in the company’s annual reports. Perusal of other FMC documents suggests reported values are Dissolved. Any concentrations clearly designated as “Total” or “Dissolved” by U.S. EPA or other government authorities in regulatory documents have been so
indicated.

3. Baseline median determined by author using data presented in: Environmental Impact Report for the Kennecott Flambeau Project, Foth & Van Dyke, 1989. For details, see Table 6 — Ground water quality data.

4. Figures for projected ground water quality of contact water leaving the Flambeau backfilled pit were provided by Foth in: Mining Permit Application for the Flambeau Project, Volume 2, Appendix L, Dec 1989. Also see Table 8 — Projected ground water quality.

5. For details, see Table 2 — Water quality standards.

6. Baseline Median = 10 mg/L; Range = <5 - 48 mg/L; n = 193; 75% detects.

7. This criterion is specific for wild rice waters and was approved by U.S. EPA for the Fond du Lac Band of Lake Superior Chippewa, Grand Portage Band of Lake Superior Chippewa, and State of Minnesota. See Table 2 — Water quality standards, for more details.




Figure 9c. MEDIAN (2014-16)* Flambeau Mine ground water COPPER concentrations? compared to baseline (1987-88)2, predictive modeling (1989)*, and relevant water quality standards®

Copper (pg/L)’

Baseline for Overall Project Site [1987-88 median)

FM C Prediction for Contact Groundwater Leaving Backfilled Pit
Wells in Backfilled Pit (2014-16 median]:

MW-1014C (Depth = 154 ft)

MW-1013C (Depth = 198 ft)

MW-10148 (Depth = 102 ft) 470 pgfL

MW-10138 (Depth = 84 ft) 503 pe/fL

MW-10144 (Depth = 61 ft) | 4.6 pg/L
MW-10134 (Depth = 44 f) | < 1pg/l
MW-1014 (Depth=31f) | 5.4 ug/l

MW-1013 (Depth =22 #) 12 pg/L

Wells Between Backfilled Pit and River {2014-16 median]:

MW-1010P (Depth =115 f) |« 1 pg/L

MW-1000PR (Depth = 58ft) | 4.3 g/l
MW-10008 (Depth = 24 ft) [N 74 pefL
Water Quality Standards and Guidelines:

IJ.5. EPA Primary Drinking Water Standard 1300 pg/L
Health Canada Drinking Water Guideline
L1 5. EPA Fresh Water Aquatic Life Criterion (acute]

L1 5. EPA Fresh Water Aquatic Life Criterion (chronic)

) 200 400 600 800 1,000 1,200 1,400

x ¥ ¥

1. Copper concentrations are measured in ground water by FMC on a quarterly basis. Reported concentration for each individual well is a 2014-16 median value (n = 12) determined by author using historical data presented in: 2016 Annual Report, FMC, Jan
2017. For details, see Table 6 - Ground water quality data.

2. There was no “Total” or “Dissolved” designation for baseline (1987-88) concentrations of copper reported by FMC in their 1989 Environmental Impact Report. Nor is there any such designation for later values reported in the summary tables of “Historical
Groundwater Results” found in the company’s annual reports. Perusal of other FMC documents suggests reported values are Dissolved. Any concentrations clearly designated as “Total” or “Dissolved” by U.S. EPA or other government authorities in regulatory
documents have been so indicated.

3. Baseline median determined by author using data presented in: Environmental Impact Report for the Kennecott Flambeau Project, Foth & Van Dyke, 1989. For details, see Table 6 — Ground water quality data.

4. Figures for projected ground water quality of contact water leaving the Flambeau backfilled pit were provided by Foth in: Mining Permit Application for the Flambeau Project, Volume 2, Appendix L, Dec 1989. Also see Table 8 — Projected ground water quality.
5. For details, see Table 2 — Water quality standards.

6. Reported baseline median was a non-detect (< 10 pg/L); Range = < 5 - 85 pg/L; n = 193; 39% detects.

7. Values shown here were calculated for the Flambeau River, in the vicinity of the Flambeau Mine site, using EPA’s Biotic Ligand Model (BLM). For details, see Table 2 — Water quality standards.




Figure 9d. MEDIAN (2014-16)' Flambeau Mine ground water IRON concentrations? compared to baseline (1987-88)%, predictive modeling (1989)*, and relevant water quality standards®

Iron (pg/L)’

Baseline for Overall Project Site (1987-88 median) <100 ug/L6
FMC Prediction for Contact Groundwater Leaving Backfilled Pit 320 pg/L

Wells in Backfilled Pit (2014-16 median):

MW-1014C (Depth = 154 ft) 4900 pg/L
MW-1013C (Depth = 198 ft) 14,000 pg/L
MW-1014B (Depth = 102 ft) |< 18 ug/L
MW-1013B (Depth = 84 ft) || 60 pg/L
MW-1014A (Depth =61 ft) | 14 pg/L
MW-1013A (Depth = 44 ft} I 86 pg/L
MW-1014 (Depth =31 ft) |< 18 pg/L
MW-1013 (Depth = 22 ft) 3740 pg/L

Wells Between Backfilled Pit and River (2014-16 median):

MW-1010P (Depth = 115 ft) |< 18 pg/L
MW-1000PR (Depth = 58 ft) 780 pg/L
MW-1000R (Depth = 24 ft) |< 18 pg/L

Water Quality Standards and Guidelines:

U.S. EPA Secondary Drinking Water Standard 300 pg/L
Health Canada Fresh Water Aquatic Life Criterion {chronic) | 300 pg/L - Total
British Columbia Fresh Water Aquatic Life Criterion {acute) ] 350 pg/L - Dissolved
British Columbia Fresh Water Aquatic Life Criterion (acute) ] 1000 pg/L-Total
o 2000 4000 6000 8000 10000 12000 14000 16000

1. Iron concentrations are measured in ground water by FMC on a quarterly basis. Reported concentration for each individual well is a 2014-16 median value (n = 12) determined by author using historical data presented in: 2016 Annual Report, FMC, Jan 2017. For details, see
Table 6 - Ground water quality data.

2. There was no “Total” or “Dissolved” designation for baseline (1987-88) concentrations of iron reported by FMC in their 1989 Environmental Impact Report. Nor is there any such designation for later values reported in the summary tables of “Historical Groundwater Results” found
in the company’s annual reports. Perusal of other FMC documents suggests reported values are Dissolved. Any concentrations clearly designated as “Total” or “Dissolved” by U.S. EPA or other government authorities in regulatory documents have been so indicated.

3. Baseline median determined by author using data presented in: Environmental Impact Report for the Kennecott Flambeau Project, Foth & VVan Dyke, 1989. For details, see Table 6 — Ground water quality data.

4. Figures for projected ground water quality of contact water leaving the Flambeau backfilled pit were provided by Foth in: Mining Permit Application for the Flambeau Project, Volume 2, Appendix L, Dec 1989. Also see Table 8 — Projected ground water quality.

5. For details, see Table 2 — Water quality standards.

6. Reported baseline median was a non-detect (< 100 pg/L); Range = < 60 - 21,000 ug/L; n = 193; 46% detects.




Figure 9e. MEDIAN (2014-16)* Flambeau Mine ground water MANGANESE concentrations? compared to baseline (1987-88)3, predictive modeling (1989)%, and relevant water quality standards®

Manganese (pg/L)’
Baseline for Qverall Project Site (192 7-88 median) 230 ug,.-rLE
FIM C Prediction for Contact Groun dwater Leaving Backfilled Pit 550 pesfL
Wells in Backfilled Pit {2014-16 median]:
MW-1014C (Depth = 154 ft) 1700 pgfL
MW-1013C (Depth = 1928 ft) Q650 pefL
WW-101 4B (Depth = 10 2t) 11,100 pgfL
MW-10136 (Depth =24 ft) 33,500 pg fL
MW-10144 (Depth =61 ft) 214 pefL
MW-10134 (Depth = 44 ft) 4200 pefL
WW-1014 (Depth =31 fit) 1200 pefL
NW-1013 (Depth =22 1t) 26,100 pefL
Wells Between Backfilled Pit and River (2014-16 median]: -
MW-1010F (Depth = 115 ft) - 49 pefL
KW-1000FR (Depth =52 ft) - 2100 pefL
MW-1000R {Depth =24 ft) L 3450 g/l
Water Quality Standards and Guidelines: 1
L5 EPA Secondary Drinking Water Standard 1 50 pg L
L5 EPA Fresh Water Aquatic Life Criterion {acute) 1 Mone Listed
U5 EPA Fresh Water Aquatic Life Criterion {chronic) 1 Mone Listed
British Columbia Fresh Waer Aquatic Life Criterion {acute) - 1100 pg/L - Total”
British Colurnbia Fresh Water Aquatic Life Criterion {(chronic) 200 pefL -Tl:ntal?
II.I 5000 10000 15000 20000 2000 o000 35000 40000

1. Manganese concentrations are measured in ground water by FMC on a quarterly basis. Reported concentration for each individual well is a 2014-16 median value (n = 12) determined by author using historical data presented in: 2016 Annual Report, FMC,
Jan 2017. For details, see Table 6 - Ground water quality data.

2. There was no “Total” or “Dissolved” designation for baseline (1987-88) concentrations of manganese reported by FMC in their 1989 Environmental Impact Report. Nor is there any such designation for later values reported in the summary tables of “Historical
Groundwater Results” found in the company’s annual reports. Perusal of other FMC documents suggests reported values are Dissolved. Any concentrations clearly designated as “Total” or “Dissolved” by U.S. EPA or other government authorities in regulatory
documents have been so indicated.

3. Baseline median determined by author using data presented in: Environmental Impact Report for the Kennecott Flambeau Project, Foth & Van Dyke, 1989. For details, see Table 6 — Ground water quality data.

4. Figures for projected ground water quality of contact water leaving the Flambeau backfilled pit were provided by Foth in: Mining Permit Application for the Flambeau Project, Volume 2, Appendix L, Dec 1989. Also see Table 8 — Projected ground water quality.
5. For details, see Table 2 — Water quality standards.

6. Baseline Median = 230 pg/L; Range = < 50 - 1400 pg/L; n = 193; 72% detects.

7. Hardness-dependent toxicity; reported value is for a hardness of 50 mg/l.




Figure 9f. MEDIAN® (2014-16) Flambeau Mine ground water ZINC concentrations? compared to baseline (1987-88)%, predictive modeling (1989)%, and relevant water quality standards®

Zinc (pug/L)’

Baseline for Overall Project Site {1987-88 median) <50 ug/Lﬁ

FMC Prediction for Contact Groundwater Leaving Backfilled Pit Not Reported

Wells in Backfilled Pit (2014-16 median):

MW-1014C {Depth = 154 ft)
MW-1013C {Depth = 198 ft)
MW-1014B {Depth = 102 ft) 1200 pg/L

MW-1013B {Depth = 84 ft) 170 pg/L

<50 pg/L
MW-1013A {Depth = 44 ft) | <5 pg/L

MW-1014A {Depth = 61 ft)

MW-1014 (Depth = 31 ft) | 14 pg/L
MW-1013 {Depth =22 ft) | 5 pg/L

Wells Between Backfilled Pit and River (2014-16 median):

MW-1010P {Depth = 115 ft) | <5 pg/L
MW-1000PR {Depth = 58 ft) [N 330 ug/L
MW-1000R {Depth = 24 ft) | <5 pg/L

Water Quality Standards and Guidelines:

U.S. EPA Secondary Drinking Water Standard — 5000 pg/L
British Columbia Fresh Water Aquatic Life Criterion (acute) 33 g/l - Total”

British Columbia Fresh Water Aquatic Life Criterion (chronic) 8 ug/l - Total’

0 1000 2000 3000 4000 5000 6000

1. Zinc concentrations are measured in ground water by FMC on a quarterly basis. Reported concentration for each individual well is a 2014-16 median value (n = 12) determined by author using historical data presented in: 2016 Annual Report, FMC, Jan 2017. For detalils,
see Table 6 - Ground water quality data.

2. There was no “Total” or “Dissolved” designation for baseline (1987-88) concentrations of zinc reported by FMC in their 1989 Environmental Impact Report. Nor is there any such designation for later values reported in the summary tables of “Historical Groundwater
Results” found in the company’s annual reports. Perusal of other FMC documents suggests reported values are Dissolved. Any concentrations clearly designated as “Total” or “Dissolved” by U.S. EPA or other government authorities in regulatory documents have been so
indicated.

3. Baseline median determined by author using data presented in: Environmental Impact Report for the Kennecott Flambeau Project, Foth & Van Dyke, 1989. For details, see Table 6 — Ground water quality data.

4. Figures for projected ground water quality of contact water leaving the Flambeau backfilled pit were provided by Foth in: Mining Permit Application for the Flambeau Project, Volume 2, Appendix L, Dec 1989. Also see Table 8 — Projected ground water quality.

5. For details, see Table 2 — Water quality standards.

6. Reported baseline median was a non-detect (< 50 pg/L); Range = < 10 - 1800 pg/L; n = 193; 23% detects.

7. Hardness-dependent toxicity; reported value is for a hardness < 90 mg/I.






